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Abstract. In this study we presented a theoretical investigation of the channeling inter-
action potential between proton and the radial deformed (12, 0)@(8, 0)@Q(4, 0) triple-wall
carbon nanotubes (TWNTs). Multi-wall nanotubes (MWNTSs) can be technically realised
with better channeling performance than the single-wall nanotubes (SWNTs) and that is
why we believe that these investigations can be useful for guiding of nanosized ion beams.
Obtained results show that the channeling potential is strongly influenced of level of radial
deformation of nanotube.

1. INTRODUCTION

After the discovery of the carbon nanotubes, a lot of theoretical groups started to
work on theoretical modeling and computer simulation of ion channeling through
carbon nanotubes, see Artru et al. 2005 and Borka et al. 2011 and references therein.
The experimental advancement in this area is still in the very beginning (Zhu et al.
2005, Chai et al. 2007). The both mentioned experiments are performed with the
well aligned MWNTSs, and that is why we study MWNTs in this paper.

Carbon nanotube can be radially deformed if we apply external mechanical stress
(Hasegawa & Nishidate 2006, Imtani & Jindal 2007) or external electric field (Shtogun
& Woods 2009, Kan et al. 2010) or if we use atomic force microscope (Shtogun &
Woods 2009). The presence of deformations influence strongly on the nanotube’s
channeling properties (Abu-Assy & Soliman 2016). This work is continuation of our
previous investigation (Borka Jovanovi¢ et al. 2017, Borka & Borka Jovanovié¢ 2019,
Borka & Galijag 2019). In this work we have presented a theoretical investigation of
the channeling potential with the radial deformed TWNTs(12, 0)Q(8, 0)Q(4, 0).

2. THEORY

In this work we assumed the continuum model approximation (Lindhard 1965, Gem-
mel 1974). We calculate the proton nanotube interaction potential U(z,y) as a
function of the proton-atom distance r. We used the Moliere’s approximation of
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the Thomas-Fermi interaction potential (Moliere 1947) V(r) in the following form:

Uz, y) =0, éffooo Vv («/pi + z2> dz, where the k-th term in the sum represents
the continuum interaction potential of the proton and the k-th atomic string, with
the distance d between average centres of two adjacent carbon atoms along the row,
while the py is the distance between the proton and k-th string. The total number of
atomic strings in the nanotube is indicated by J and in our case it is 48 (see Figure

1).

3. RESULTS AND DISCUSSION
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Figure 1: The view along axes of short TWNTs(12, 0)Q(8, 0)@(4, 0) under different
radial strains: (left top) n = 0 (perfect nanotube); (right top) n = 0.1; (left down) n
= 0.2; (right down) n = 0.3, respectively.

Here, we have analyzed from theoretical aspect the channeling interaction poten-
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tial of protons and the radial deformed TWNT(12, 0)@Q(8, 0)@(4, 0). We take into
account the effect of the radial deformation because majority of nanotubes are radi-
ally deformed. Radial deformation is characterized by the dimensionless parameter
n = (R — Ry)/R, where R, is semi-minor axis and R is the radius of underfomed
nanotube (Shtogun & Woods 2009). Also, we can express the semi-axis as a function
of the radius R and the parameter n: R, = R(1—n)~! and R, = R(1 — 7).

We study 4 different cases of short TWNT(12, 0)@(8, 0)@(4, 0): for perfect nan-
otube (n = 0) and under three different radial strains: n = 0.1, 0.2 and 0.3. From
Figure 1 we can see that the intersection of the nanotube with the transverse plane
gives an ellipse with semi-major axis R, and semi-minor axis R,. We can conclude
that the radial cross section of the nanotube can take different elliptical shapes de-
pending on the values of parameter 7.
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Figure 2: Contour plot of the channeling interaction potential U(z,y) in the zy plane
between proton and TWNTs(12, 0)@(8, 0)@(4, 0) under different radial strains: (left
top) n = 0; (right top) n = 0.1; (left down) n = 0.2; (right down) n = 0.3, respectively.
Values for potential U(x,y) within nanotube are presented in atomic units.

The radius of carbon nanotube R is: R = Iv/3(2m) ™1 (n? + nm + m2)1/2, where
the (n,m) represents chiral index and [ represents interatomic length (the bond
length between carbon atoms ~ 0.144 nm (Saito et al. 2001)). The position of
the carbon atom of the k-th atomic string in a plane perpendicular to the nan-

R
otube axis is determined by the angle: 6, = arctan <Ry tan (27 (k — 1)/N)>, rel-

X
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ative to the semi-major axis and the distance from the nanotube center: Rj =

(R;2? —sin® 0, (R;2 — R;z))fw.

The interaction potential can be calculated using following equation: U(z,y) =
2
% X Zszl 25:1 a; Ko <bj 2?2 +y? + R} — 2¢/x? + y? Ry, cos Qk), where Z; =
1 and Z5 = 6 are the atomic numbers of the proton and carbon atom, respectively, e
is the elementary charge, a; = 0.35, ag = 0.55, ag = 0.1, by = 0.3/a.s, ba = 1.2/a,y,
by = 6/ass, where a;p = (972/(12825))'/3ay is the screening Thomas-Fermi radius,
and ag is Bohr radius.

We can notice that the TWNT(12, 0)@Q(8, 0)@Q(4, 0) consists of SWNT(12, 0),
SWNT(8, 0) and SWNT(4, 0). We can calculate the total interaction potential like:
Uz, y)rwnt = U(z,y)swnraz, o) + U@, y) swares, o) + U2, y) swar, o)

Figure 2 shows contour plots of the channeling interaction potential U(x,y) in the
2y plane of proton and TWNT(12, 0)Q(8, 0)@(4, 0) for perfect straight nanotube
(n = 0) and for nanotubes under three different radial strains. Values for potential
U(x,y) within nanotubes are presented in atomic units. The potential is changing
very quickly close to atomic rows and the changing of potential is very slowly near
the nanotube center where is the minimum value of potential. We can conclude that
the nanotube channeling potential depends strongly on the radial strain.
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