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FORTH ATOM-BOND CONNECTIVITY INDEX OF
SOME FAMOUS NANOTUBES

MARYAM VEYLAKI?, MOHAMAD J. NIKMEHR?’,
HAMID AGHA TAVALLAEE?

ABSTRACT. Let G = (V, E) be a simple connected graph. The sets of vertices
and edges of G are denoted by V =V(G) and E = E(G), respectively. In
such a simple molecular graph, vertices represent atoms and edges represent
bonds. The goal of this paper is to compute the ABC, index for some nanotubes
designed by Diudea.
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INTRODUCTION

Chemical graph theory is a branch of graph theory whose focus of
interest is to find topological indices of chemical graphs (i.e. graphs that
represent chemical molecules) which correlate well with chemical properties
of the corresponding molecules. A molecular graph is a collection of points
representing the atoms in the molecule and a set of lines representing the
covalent bonds. These points are hamed vertices and the lines are named
edges in the graph theory language.

Many topological indices are closely correlated with some physico-
chemical characteristics of the underlying compounds. All graphs considered
in this study are finite, simple and connected graphs (without loops and
multiple edges). For a connected graph G, V(G) and E(G)denote the set of
vertices and edges, and |V (G)| and |E(G)| the number of vertices and edges,
respectively. The degree d,, of a vertex u € V(G) is the number of vertices of
G adjacent to wu.

A connected graph is a graph such that there is a path between all
pairs of vertices. Among topological descriptors, connectivity indices are very
important and they have a prominent role in chemistry. First connectivity
index has been introduced in 1975 by Milan Randic¢ [1]; it reflects the molecular
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branching and by this reason was called the branching index, later becaming
the well-known Randi¢ connectivity index. It is defined as:

© -
X = -
e=uveE(G) dud”
In 2009, Furtula et al. [2] introduced the Atom-Bond Connectivity
(ABC) index, which found applications in the study of stability of alkanes and
cycloalkanes. This index is defined as follows:

d,+d, -2

ABC,(G) = T
u~tv

UVEE(G)

Recently, M. Ghorbani et al. [3] introduced a new version of atom-
bond connectivity index, named ABC.:

Sy +S,-2

ABC,(G) = <
uvv

UveEE(G)

where S, is the sum of degrees of all vertices adjacent to vertex v. In other
words, Sy, = Yyengw) dv and Ng(w) = {v € V(G)|uv € E(G)}.

The goal of this paper is to compute a close formula of ABC, index of
a famous family of nanotubes such as HC;C,,V(5C, and VACs;C, designed
by Diudea [4]. Our notation is standard and for more information and background
biography, refers to paper series [5-12].

RESULTS AND DISCUSSION

The structure of HC;C,,V(Cs;C, and VAC;C, nanotubes consists of
cycles with the length five and seven (or CsC; net). A C5C, net is a trivalent
decoration made by alternating C5 and C7. It can cover either a cylinder or
a torus. For a review, historical details and further bibliography see refs. [4]
and the 3-dimensional lattice of HCsC,, VCsC, and VACsC, nanotubes in Figures
1,4and 7.

Theorem 1. Let G be the nanotube VCsC,[p, q]. Then the fourth atom
bond connectivity index of G is

/11
ABC,(VCsCrlp,q) = 10pq | =+ 11pq<

3V2 + 4
)
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Figure 2. The 2D lattice of V(5C,[16,8] = V(5C,[4p, 4q] nanotube

Proof. We denoted the number of paired pentagons in the first row
by p. In this nanotube the two first rows of vertices and edges are repeated
alternatively and we denoted the number of this repetition by g. Consider the
nanotube G = V(sC,[p, q]. The number of vertices in this nanotube is equal
to [V(VCsC,[p,q])| = 16pq and obviously the number of edges is equal to
|E(VCsC,[p,q])| = 24pq — 3p. There are two partitions V, = {v € V(G)|d, = 2}
and V; = {v € V(G)|d, = 3} of (VCsCy[p,ql), and E(VCsC,[p,q]) can be
divided in three partitions,

Ey = {u,v € VVC;Cylp, q)) | dy = dy = 23, Es = (v € V(VCsCy[p,qDldy, = 3 8d, = 2)
and Eg = {u,v e V(VCsCy[p, q))ldy = d,, = 3}.

From Figure 2, it is easy to see that the size of edge partitions E,, Es
and Eg are equal to p, 10p and 24pq — 14p , respectively. We assume u, v,
uy, Uy, Uz and b are some of the vertices of this graph. From Figure 3, one
can see that for every atoms

uev,S, =3+3=6,S,=2+2+3=7,5, =S,, =2+3 =5and
Sy, =3+3+3=0.
Also for all other vertices b (which belongto V), S, =3 x3 =09.
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Figure 3. A particular of 2D lattice of VCsC;[p, q] nanotube
ABC, (VCsCy[p, q])

:z Su+Sv_2+ Z S,,+Su1—2+ Z ’5u1+5b_2
UvEEs Su X Sy vu,€EEg Sy X Su1 bu,€E, Sul X S

Suy + Suy =2

Sy, XS
UpU3EE, U2 us

872 L 2apg— 14p) 1272 4 (2apg — 14p) |22
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5 + 5 -2 16
_— = 10p — + (24pq — 14p) — + (24pq — 14p) + p

(4 + 3«F 2)(24pq — 14p)
; (5% ?>

=10p

Theorem 2. Let G be the nanotube HC;C,[p, q]. Then the fourth
atom bond connectivity index of G is
9V14 + 6v30 + 32>

ABC4(HCsCy[p,q]) = 4p + (12pq — 5P)( 36

Figure 5. The 2D lattice of HC5C,[16, 8] nanotube
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Proof. In this nanotube we denoted the number of heptagons in one
row by p, and the three first rows of vertices and edges are repeated
alternatively, we denoted the number of this repetition by g. Consider
the nanotube G = HCsC,[p,q]. The number of vertices in this nanotube
is equal to |V(HCsC,[p,ql)| = 16 pq and the number of edges is equal
to |E(HCsC,[p,q])| = 24pq — 2p. There are two partitions V, and V; of
V(HCsCy[p,ql) and E(HC5C,[p, q]) can be divided in two partitions Es and Ee.
From Figure 5, it is easy to see that, the size of edge partitions Es and Egs are
equal to 8p and 24pq — 10p, respectively. From Figure 6, one can see that
for every atom u € V,, §,,=3+3=6, S,=2+3x2=8, §,,=2+3%2=8, Su1=3+3+3=9,
and Vb € V3, 5,=3%3=0.

Figure 6. A particular of 2D lattice of HC:C;[p, q] nanotube

ABC, (HCsCq[p, q]

S, +S, —2 S, + S, Sy +Su, =2
TS, XS, S8, xS, Sy X Sy,
quES vwEE6 vuleEE,
z +Sl7
bu,€Eg Xsb
_2+(24 10p) 8+9-2
8 Pa— ) 789
9+9-2
9x%x9
12 14 15 16
= 8p E+(Z4pq—10p) —+(24pq—10p) —+(24pq—10p) a1

9V14 + 630 + 32
=4p+(12pq—5p)< 3g_ )

21 4pq — 10p) |2
5 pq —10p) [—¢

+ (24pq — 10p)

Theorem 3. Let G be the nanotube VACsC,[p, q]. Then the fourth atom
bond connectivity index of G is:
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42 + 24/110 + 20
ABC,(VACsCy[p,q]) = P( s ) +
914 + 630 + 32
(24pq — 13p + 3) ( 7 >

Figure 8. The 2D lattice of VAC;C,[16,8] nanotube

Proof. Consider the nanotube = VAC:C,[p, q]. The number of vertices
in this nanotube is equal to |[V(VACsC;[p,ql)| = 16pq + 2 and the number of
edges is equal to |[E(VAC5C,[p, q])| = 24pq — 3p + 3. There are two partitions
V, and V5 of V(VACsC,[p,ql), and E(VACsC,[p, q]) can be divided in three
partitions E,, Ez and E,. From Figure 8, it is easy to see that the size of edge
partitions E,, E5 and E are equal to 2p, 8p and 24pq — 13p + 3, respectively.
From Figure 9, one can see that for every atoms u and

vEV,S,=S,=2+3=5S5,=2+3%x2=8,5, =2+3%x2=8,
Sy, =3+3=6,5,=3+3+3=9

and for all other vertices b (which belong to /), S, =3 x3 =09.
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Figure 9. A particular of 2D lattice of VACsC,[p, q] nanotubes

It follows that:

ABC, (G)
’S +S, ’S + Sy Z Sw+ Sy, —2
uveE4 Su X Sy vwEES Sv X Sw U WEE, Sw X Suy
Su, +Su, —
U Uz €Es Suy X Suz
4 Z .S'u1+.5'u3 Z 5u3+5b—2
U U3€EE, Sul X Su3 buz€EE, S X Sp

4+/2 + 24110 + 20
=p< c >+(24pq—13p+3)<

9V14 + 630 + 32>
72 '
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