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Carbon nanotubes
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Studying the processes of ion movement through nanotubes
taking into account the channeling effect
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Channeling of low-energy ions in carbon nanotubes
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Opportunities for experimental verification of the channeling effect in nanotubes
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Channeling in the channels of holes

A network of CNTs hanging on
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Opening the ends of CNTs using ion irradiation
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Recent works of channeling phenomena in
aligned-CNTs array
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The aim of the study

The aim of the work Is to establish the effect of CNT wall
perturbations caused by a particle moving along the
channel on the motion of the particle



Limits of Applicability of the Classical Approach to Modeling the Processes of Particle

Channeling in CNTs
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lon neutralization

Energy (eV)

—
on

Time evolution of the Kohn-Sham energy at the
moment of collision of the H atom with graphene. A
hydrogen atom with an energy of 3 keV passed along
the normal to the graphene plane to the center of the
hexagon. After the collision, the hydrogen atom lost 20
eV [1].
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Energy transfer in single wall carbon nanotube
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Simulation method .
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Interaction of an incident particle with a carbon atom
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TD-DFT Calculation detalls

TD-DFT Octopus code
Ehrenfest MD
E cuttof =400 Ry

SWCNTs(5,0) to (10,10) with 1*1*12 unit
cell



Molecular dynamic simulation initial condition

Calculation parameters
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Many-Particle Effects in the Channeling of Atomic Particles
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d - cross-sectional diameter of ion entry

P — incident energy of the ion
into CNT

¢ — azimuthal angle
D — CNT diameter
L — nanotube length

C. S. Moura, L. Amaral // J Phys Chem B. — 2005. — V. 109, Ne 28. — P. 13515-8.
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9) at the third
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Determination of the particle energy range in which the
Interaction with the perturbation takes place

Phonon | Velocity, | \elocity,
type km/s Alps
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Incident angle, degree

| —the energy of the particle after the first collision with the wall.

Emin, Emax — lower and upper limits of the kinetic energy of ion motion Ar* with an

initial energy of 100 eV flies into the tube (11.9) at different angles, at which the ion
velocity is close to the perturbation propagation velocity; in this case, an interaction of
the ion and the perturbation arises.



Energy losses during the third collision depending on the angle of entry

with and without allowance for the perturbation
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Energy loss during the third collision depending on the angle of entry,

taking into account the perturbation
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Energy loss during the third collision of the Ar+ ion with the CNT wall for
"chair" (10.10), "chiral" (11.9) and "zig-zag" (17.0) nanotubes
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Energy loss for Ar+ in the third collision with the CNT wall (11.9) with
allowance for the perturbation of the CNT wall at different initial
temperatures CNT 300 K and CNT 0.1 K with allowance for the
perturbation and without perturbation of the CNT wall at 300 K
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Conclusions

Channeled in carbon nanotubes (CNTSs), low-energy particles with masses
of 4-40 a.m.u., interacting with the elastic perturbations of the nanotube
wall caused by them, lose less energy than with the same motion
parameters without taking into account the perturbation, if the particle
velocities are close to to the propagation velocity of the perturbation.

Taking into account the perturbation during the channeling of particles
with angles close to critical, for a CNT temperature of 300 K, in contrast
to 0.1 K, the dependence of energy losses during collisions with the wall
Is fluctuating. If perturbations are not taken into account, fluctuations are
practically absent at both temperatures.



Thank you for your attention!
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