NANOTUBE FORMATION WITH CONTROLLED PROPERTIES ON
CATALYTIC SURFACE BY FULLERENE FLOW

V.I. Maslov, G.A. Skorobagat’ko*, A.M. Yegorov, I.N. Onishchenko
NSC Kharkov Institute of Physics & Technology, Kharkov, Ukraine,
E-mail: vmaslov@wkipt.kharkov.ua
*V.N. Karazin Kharkov National University, Kharkov, 61108, Ukraine;

It has been shown that the bombardment of the nanotubes, growing on the catalytic surface, by fullerenes leads to
that if the fullerene molecule kinetic energy exceeds small part of the binding energy of all carbon atoms of the nanotube
the nanotube can brake. For convenient further use the nanotubes are oriented in the ordered comb by an electric field.
For this purpose the electric field should be more than determined value and it also should be less than other determined

value.
PACS: 52.27.Lw

INTRODUCTION

It has been shown theoretically that the bombardment
of the growing nanotubes by fullerenes leads in typical
conditions to that on the catalytic surface the observed [1]
uncontrolled number of twisted nanotubes is formed.
Furthermore if the fullerene molecule kinetic energy
exceeds 1% of the binding energy of all carbon atoms of
the nanotube the nanotube can be braken, as it observed in
[1]. For convenient further use the nanotubes are oriented
in the ordered comb by an electric field. Thus not number
of twisted nanotubes but their oriented comb is formed.
For this purpose the electric field should be more than
determined value and it also should be less than other
determined value. It is determined by that this electric
field should not change strongly the kinetic energy of
fullerene molecules. These boundary values of the electric
field have been determined. At small energies of fullerene
molecules the single-wall nanotubes are formed. The
mechanism of nanotube filling by fullerene molecules at
molecule large energies has been considered. The role of
bombardment for the formation of ideal azimuthally
symmetrical nanotubes is considered.

CRITERION OF ONE-WALL NANOTUBE
BREAK AS A RESULT OF IMPACTS WITH
FULLERENES

Let's consider vertically directed nanotube on
catalytic surface which is bombarded by fullerenes. Such
nanotube tests constant impacts from the fullerenes and as
a result to be bent. Nanotube deformation is non-
uniformly distributed on its length, and in a point of a
break it is maximal. Critical deformation of the nanotube
at which it breaks, determined by critical value of
displacement of several atoms of its wall, forming cross-
section of the nanotube and, taking place in a place of its
break. Each such cross-section of the nanotube forms
approximately a ring consisting of 12 carbon atoms. At a
bend the everyone (i-th) ring turns concerning next on
some corner ¢; .

Let at fullerene impact with nanotube it is bent in a
vertical plane. Then there is some direction (an axis 0x) of
displacement from balance position for each atom. We
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determine X ; displacement of j-th atom in this direction.
Then the critical
xkpj =pr :

Let Ae ;j 1s the energy of displacement of j-th atom

value of such displacement is:

in a nanotube wall as a result of its bend. Then
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where X ; is the displacement of j-th atom in a nanotube
wall in some direction. We enter:
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U jj 1s the energy of displacement of j-th atom of a tube

on unit of the area of displacement of i-th rings of the

nanotube. Le. U is the energy density of an i-th ring

ij
bend of the nanotube, belonging to unit area, passing by
this (i-th) ring at its bend concerning the next ring on the
corer @, . Here A4S, is the area on a surface of the

tube, turning out as a result of displacement of i-th ring of
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the nanotube. With the account ¢ =~ at X=X _
Kp P

we write down
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is the connection energy of one carbon atom

U(x)=ﬁx2, B= 3)

where E 6
in a nanotube wall, 4S wp 18 the size of the area of
displacement of i-th ring at which the nanotube breaks.
Xp= Va7 <l, ', is the inter-nuclear distance.

For 4S8 ; itis possible to write down:
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Let's write down
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Full critical energy of a nanotube bend is equal:
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Let's proceed from the sum on NV ¢ rings to integral
on
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The dependence for €, > can be presented through
connection energy £ ce > Of all nanotube with the fixed

N + - Then for energy of a nanotube break of the fixed

length in dependence on its connection full energy in our
approximation the following estimation is correct:
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As a result we have derived the dependence of energy
of a critical nanotube bend concerning its bend on full
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connection energy of carbon atoms in nanotube and on
quantityof fullerenes from which it was generated.

Let us write down a condition of a nanotube growth
without breaks in conditions of their bombardment by
fullerenes of environmental plasma. Namely, average

kinetic energy of fullerene, falling on nanotube from
2
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environmental plasma, is equal K j:# , where
2

V_f is the average fullerene velocity, 7, is its mass.

Then for a nanotube formation without breaks the
performance of a condition of restriction from above

values K , is necessary:
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r K =162 . Here €, is the connection energy of
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all carbon atoms in fullerene, € is the energy of one

is the length of the

c—=cC
carbon - carbon connection, L,

nanotube, d r is the diameter of fullerene.

NANOTUBE STRAIGHTENING IN THE
ELECTRIC FIELD

For that the external electric field £, orders

nanotubes and insignificantly changed kinetic energy of

falling fullerenes it should satisfy
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@, s the allowable corner of a nanotube deviation; h is

the distance, passed by fullerene in the electric field.
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®OPMHUPOBAHHUE HAHOTPYBOK C KOHTPOJINPYEMBIMH CBOMCTBAMHA
HA KATAJIMTAUYECKOI MOBEPXHOCTH IIOTOKOM ®YJIJIEPEHOB

B.U. Macnos, I A. Cxopobazamvko, A.M. Ezopos, H.H. Onuuwienko

[TokazaHo, uro OOMOapIMpOBKa pacTylIMX HAHOTPYOOK ¢yiiepeHaMu BeieT K TOMY, YTO, €CJIM KHHETHYecKas
SHEPrHsi MOJIEKYJIbl (yJulepeHa TPEBhIIIaeT MaIyI0 4acTh JHEPTHU CBS3U BCEX aTOMOB yIJIepojia HaHOTPYOKH, TO OHa
MOXeT ciomarbcs. {1 yJoOHOrO HCHONB30BaHUS HAHOTPYOOK OHU OPHUEHTUPYIOTCS B TPEOCHKY DIIEKTPHYECKUM



II0JIEM. Z[J'ISI OTOI'0 JJICKTPUYECKOEC I10JI€ IOJLKHO OBITH OOJIBLIE OIPCACIICHHOI'O 3HAa4Y€HUsA, HO MCHLUIC ApYroro
3Ha4YCHMUA.

O®OPMYBAHHSA HAHOTPYBOK I3 KOHTPOJIBOBAHUMMU BJIACTUBOCTAMU
HA KATAJITUYHINA IOBEPXHI IOTOKOM ®YJIEPEHIB

B.I. Macnoe, I'.0O. Cropobazamevxo, O.M. €zopos, 1. M. Onuwienko

[TokazaHo, mo 6omOapyBaHHs (hyjepeHaMn HaHOTPYOOK, IO POCTYTh, BEJE JI0 TOTO, IO SIKIIO KIHETHYHA CHepris
MOJIEKyJI (ysiepeHa TepeBUIlye Maly YacTHHY €Heprii 3B'SI3Ky BCIX aTOMiB BYIJICIIO HAaHOTPYOKH, TO BOHa MOXeE
3naMaTucs. st 3py4HOr0 BUKOPUCTaHHSI HAHOTPYOOK BOHHU OPIEHTYIOThCSI B TPEOIHKY EJIEKTPUYHMM 1ojieM. J{iis boro
SJICKTPUYHE TI0JIE TIOBUHHO OyTH OLIbIIIEe BU3HAUYEHOTO 3HAUEHHS, aJI¢ MEHIIIE 1HIIOTO 3HAYECHHS.



