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Abstract: Let G = (V,E) be a simple connected molecular graph. In such a simple

molecular graph, vertices represent atoms and edges represent chemical bonds, we denoted

the sets of vertices and edges by V (G) and E(G), respectively. If d(u, v) be the notation

of distance between vertices u, v ∈ V (G) and is defined as the length of a shortest path

connecting them.Then, the eccentricity connectivity index of a molecular graph G is defined

as ξ(G) =
∑

v∈V (G) deg(v)ec(v), where deg(v) is degree of a vertex v ∈ V (G), and is defined

as the number of adjacent vertices with v. ec(v) is eccentricity of a vertex v ∈ V (G) , and

is defined as the length of a maximal path connecting to another vertex of v. In this paper,

we establish the general formulas for the eccentricity connectivity index of some classes of

chemical trees.
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1. Introduction

A critical step in pharmaceutical drug design continues to be the identification
and optimization of compounds in a rapid and cost effective way. The prediction
of physic-chemical, pharmacological and toxicological properties of a compound
directly from its molecular structure is an important tool in this work. This
analysis is known as the study of the quantitative structureactivity relationship
(QSAR). In chemistry, a molecular graph represents the topology of a molecule,
by considering how the atoms are connected. This can be modelled by a graph,
where the points represent the atoms, and the edges symbolize the covalent
bonds. Relevant properties of these graph models are then studied, giving rise
to numerical graph invariants.

Many such graph invariant topological indices have been investigated. The
first one, and most well-known parameter, the Wiener index, was introduced in
the late 1940s in an attempt to analyse the chemical properties of alkanes [14].
This is a distance-based index, whose mathematical properties and chemical
applications have been widely researched. Numerous other indices have been
defined, and more recently, indices such as the eccentric distance sum, and the
adjacency cum distance-based eccentric connectivity index have been studied
[4], [5], [7]-[13]. These topological indices have been shown to give a high degree
of predictability of pharmaceutical properties, and may provide leads for the
development of safe and potent anti-HIV compounds. Amendments of some of
these indices have also been considered. For example, the augmented eccentric
connectivity index [1, 2 and 6] and the super augmented eccentric connectivity
index [3] have been found to be useful indicators in chemical research.

In graph theory, the degree of each vertex represents the valence (number
of bonds incident on a vertex) of the molecule in molecular graph. Number of
covalent Bonds:4 for carbon and 1 for hydrogen. If deg(v) = 1, then v is said
to be a pendent vertex. An edge incident to a pendent vertex is said to be a
pendent edge. A chemical tree is a tree in which the maximal vertex degree
does not exceed 4.

In this paper, we establish the general formulas for the eccentricity connec-
tivity index of some classes of chemical trees.
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2. Eccentric Connectivity Index of Some Classes of Chemical Trees

In this section, we construct the general formulas for the eccentric connectivity
index of some classes of chemical trees.

Alkanes are hydrocarbons with only single bonds between the atoms, and
it has a general formula CnH2n+2, where n is number of carbon atoms.

Figure 1: Classes of Alkanes CnH2n+2

Figure 2: Iso-alkanes (2-methyl alkanes)

Figure 3: Iso-alkanes (2,2-methyl alkanes)

Theorem 2.1. Let n be number integer positive, then the eccentric con-
nectivity index of a graph G = CnH2n+2 (see Figure 1) is

ξ(G) =

{

1
2(9n

2 + 14n+ 4); if n is even; n ≥ 2,
1
2(9n

2 + 14n+ 1); if n is odd; n ≥ 1.

Proof. We will prove by mathematical induction in several cases:

Case 1. If n is even. Let n=2 then G = C2H6, whose graph is as follows:
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Thus ξ(C2H6)=34. Hence it is true that, ξ(G) = 1
2(9n

2 + 14n + 4),when
n=2. Let n=k and Gk = CkH2k+2, assume that it is true for k ≥ 2; k is even,
ξ(G) = 1

2 (9n
2 + 14n + 4).

Construct the graph Gk+2 = Ck+2H2k+6 as follows: The graph Gk has the
form:

Here Ci denoted the position of the carbon vertex at the ith the position, and
e the edge connecting the vertex Ck in graph Gk with the end hydrogen vertex
H.

Let G∗ be the graph obtained from Gk by removing the edge e:

ξ(G∗) = ξ(GK)− (k + 1) =
9

2
k2 + 6k + 1.

Connect the graph G∗ with the graph R

Here the 2 Carbon vertices which is adjacent to 5 hydrogen vertices by connect-
ing Ck with C, to obtain the graph Ck+2H2k+6 is in the (k + 2)th the position
of the carbon vertex of this graph as follows:

In this case, will get an increase in the eccentricity to (12k + 1) of vertices
carbon, where (12k) increase by 2, and one vertex increase by 1,so the eccentric
connectivity index increase is (12k)(4)(2)+(4)(1). Also will get an increase in
eccentricity to k+1 of vertices hydrogen by 2, and just two vertices increase by
1, so the eccentric connectivity index increase is (k+1)(1)(2)+(2)(1)(1).

Thus
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ξ(Gk+2H2k+6) = ξ(G∗) + ξ(R) + ξ(increases)

= (
9

2
k2 +6k+1)+ (13k+25) + (

1

2
k)(4)(2) + (4)(1) + (k+1)(1)(2) + (2)(1)(1)

=
9

2
k2 + 25k + 34

is true when n = k + 2.

Hence, ξ(G) is true when n=2, also as the assumption that it is true for
n=k and shown that it is true for n=k+2, so we have

ξ(G) =
1

2
(9n2

− 14n + 4),

for all n is even and n ≥ 2.

Case 2. If n is odd. Let n=1 then G = C1H4 , whose graph is as follows:

Thus ξ(C1H4) = (4)(1)(2) + (1)(4)(1) = 12. Hence

ξ(G) =
1

2
(9n2 + 14n + 1),

when n=1. Let n=k and Gk = CkH2k+2. Assume that n ≥ 1; k is odd, and

ξ(G) =
1

2
(9n2 + 14n + 1).

Construct the graph Gk+2 = Ck+2H2k+6 as follows. The graph Gk has the
form:

Here Ci denoted the position of the Carbon vertex at the ith the position, and
e the edge connecting the vertex Ck in graph Gk with the end hydrogen vertex
H.

Let G∗ be the graph obtained from Gk by removing the edge e:
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ξ(G∗) = ξ(GK)− (k + 1) =
9

2
k2 + 6k −

1

2
.

Connect the graph G∗ with the graph R

Here the 2 Carbon vertices which is adjacent to 5 hydrogen vertices by connect-
ing Ck with C, to obtain the graph Ck+2H2k+6 is in the (k + 2)th the position
of the carbon vertex of this graph as follows:

In this case, will get an increase in the eccentricity to 1
2(k + 1) of vertices

carbon, where (12k) increase by 2, and one vertex increase by 1,so the eccentric
connectivity index increase is 1

2(k + 1)(4)(2). Also will get an increase in ec-
centricity to k+2 of vertices hydrogen by 2, so the eccentric connectivity index
increase is (k+2)(1)(2)+(2).

Thus

ξ(Gk+2H2k+6) = ξ(G∗) + ξ(R) + ξ(increases)

= (
9

2
k2 + 6k −

1

2
) + (13k + 25) + (

1

2
k + 1)(4)(2) + (k + 2)(1)(2)

=
9

2
k2 + 25k +

65

2
.

is true when n=k+2.

Hence, ξ(G) is true when n=1, also as the assumption that it is true for
n=k and shown that it is true for n=k+2, so we have

ξ(G) =
1

2
(9n2 + 14n + 1),

for all n is odd; n ≥ 1.
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Theorem 2.2. Let n be number integer positive, then the eccentric con-
nectivity index of a graph G=2-methyl alkanes (see Figure 2) is

ξ(G) =

{

1
2(9n

2 + 8n− 10), if n is even, n ≥ 4,
1
2(9n

2 + 8n− 7), if n is odd, n ≥ 5.

Proof. We will prove by mathematical induction in several cases.

Case 1. If n is even. Let n=4 then G = C4H10, whose graph is as follows:

Thus ξ(C4H10)=83. Hence it is true that, ξ(G) = 1
2 (9n

2+8n− 10), when n=4.
Let n=k and Gk = CkH2k+2,
Assume that it is true for k ≥ 4; k is even, ξ(G) = 1

2(9k
2 + 8k − 10).

Construct the graph Gk+2 = Ck+2H2k+6 as follows: The graph Gk has the
form:

Here Ci denoted the position of the carbon vertex at the ith the position, and
e the edge connecting the vertex Ck in graph Gk with the end hydrogen vertex
H.

Let G∗ be the graph obtained from Gk by removing the edge e that is:

ξ(G∗) = ξ(GK)− (k) =
9

2
k2 + 3k − 5.

Connect the graph G∗ with the graph R
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Here the 2 Carbon vertices which is adjacent to 5 Hydrogen vertices by connect-
ing Ck with C, to obtain the graph Ck+2H2k+6 is in the (k + 2)th the position
of the Carbon vertex of this graph as follows:

In this case, will get an increase by 2 in the eccentricity 1
2(k + 2) of carbon

atoms,so the eccentric connectivity index of increases is 1
2 (k + 2)(4)(2).

Also will get an increase by 2 in eccentricity for k+3 of hydrogen atoms, so
the eccentric connectivity index of increases is (k+3)(1)(2).

Thus

ξ(Gk+2H2k+6) = ξ(G∗) + ξ(R) + ξ(increases)

= (
9

2
k2 + 3k − 5) + (13k + 12) +

1

2
(k + 2)(4)(2) + (k + 3)(1)(2)

=
9

2
k2 + 22k + 21.

Is true when n=k+2. Hence, ξ(G) is true when n=2, also as the assumption
that it is true for n=k and shown that it is true for n=k+2, so we have

ξ(G) =
1

2
(9n2 + 8n− 10),

for all n is even; n ≥ 4.

Case 2. If n is odd. Let n=5 then G = C5H12 , whose graph is as follows:

Thus ξ(C5H12) = 129. Hence it is true that, ξ(G) = 1
2 (9n

2+8n−7), when n=5.
Let n=k and Gk = CkH2k+2. Assume that it is true for k ≥ 5; k is odd,

ξ(G) = 1
2 (9k

2 + 8k − 7).
Construct the graph Gk+2 = Ck+2H2k+6 as follows: The graph Gk has the

form:
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Where Ci denoted the position of the Carbon vertex at the ith the position,
and e the edge connecting the vertex Ck in graph Gk with the end hydrogen
vertex H.

Let G∗ be the graph obtained from Gk by removing the edge e that is:

ξ(G∗) = ξ(GK)− (k) =
9

2
k2 + 3k −

7

2
.

Connect the graph G∗ with the graph R that is:

Where the 2 carbon vertices which is adjacent to 5 hydrogen vertices by con-
necting Ck with C, to obtain the graph Ck+2H2k+6 is in the (k+2)th the position
of the carbon vertex of this graph as follows:

In this case, will get an increase in the eccentricity to 1
2(k+3) of carbon atoms,

where 1
2(k+1) of them increase by 2, and one vertex increase by 1,so the eccen-

tric connectivity index for increases of carbon atoms is 1
2(k+1)(4)(2)+(1)(4)(1).

Also will get an increase in eccentricity to k+4 of hydrogen atoms, where (k+2)
of them increase by 2 and two of them by 1, so the eccentric connectivity index
for increases of hydrogen atoms is (k+2)(1)(2)+(2)(1)(1).

Thus

ξ(Gk+2H2k+6) = ξ(G∗) + ξ(R) + ξ(increases)
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= (
9

2
k2 + 3k −

7

2
) + (13k + 12) +

1

2
(k + 1)(4)(2) + (k + 2)(1)(2) + (2)(1)(1)

=
9

2
k2 + 22k +

45

2
.

Is true when n=k+2.

Hence, ξ(G) is true when n=1, also as the assumption that it is true for
n=k and shown that it is true for n=k+2, so we have

ξ(G) =
1

2
(9n2 + 8n− 7),

for all n is odd; n ≥ 5.

Theorem 2.3. Let n be number integer positive, then the eccentric con-
nectivity index of a graph G=(2,2-methyl alkanes) (see Figure 3) is

ξ(G) =

{

1
2(9n

2 + 2n− 24), if n is even, n ≥ 6,
1
2(9n

2 + 2n− 27), if n is odd, n ≥ 5.

Proof. We will prove by mathematical induction as follows:

Case 1. If n is even. Let n=6 then G = C6H14, whose graph is as follows:

Thus ξ(C6H14)=156. Hence it is true that, ξ(G) = 1
2(9n

2 + 2n − 24), when
n=6.

Let n=k and Gk = CkH2k+2, assume that it is true for k ≥ 6; k is even,
ξ(G) = 1

2 (9k
2 + 2k − 24). Construct the graph Gk+2 = Ck+2H2k+6 as follows:

The graph Gk has the form:
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Where Ci denoted the position of the carbon vertex at the ith the position, and
e the edge connecting the vertex Ck in graph Gk with the end hydrogen vertex
H.

Let G∗ be the graph obtained from Gk by removing the edge e that is:

ξ(G∗) = ξ(GK)− (k − 1) =
9

2
k2 − 11.

Connect the graph G∗ with the graph R

Where the 2 Carbon vertices which is adjacent to 5 hydrogen vertices by con-
necting Ck with C, to obtain the graph Ck+2H2k+6 is in the (k+2)th the position
of the carbon vertex of this graph as follows:

In this case, will get an increase in the eccentricity to (12k+2) of vertices carbon
,where (12k + 1) increase by 2, and one vertex increase by 1, so the eccentric
connectivity index of increases is (12k + 1)(4)(2)+(1)(4)(1).

Also will get an increase in eccentricity to (k+3) of vertices hydrogen by
2,and just two vertices increase by 1 , so the eccentric connectivity index in-
creases is (k+3)(1)(2)+(2)(1)(1).

Thus

ξ(Gk+2H2k+6) = ξ(G∗) + ξ(R) + ξ(increases)

= (
9

2
k2 − 11) + (13k − 1) + (4k + 12) + (2k + 8)
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=
9

2
k2 + 19k + 8.

Is true when n=k+2. Hence, ξ(G) is true when n=2, also as the assumption
that it is true for n=k and shown that it is true for n=k+2, so we have

ξ(G) =
1

2
(9n2 + 2n− 24),

for all n is even; n ≥ 6.

Case 2. If n is odd. Let n=5 then G = C5H12 , whose graph is as follows:

Thus ξ(C5H12) = 104. Hence it is true that, ξ(G) = 1
2(9n

2 + 2n − 27),when
n=5. Let n=k and Gk = CkH2k+2, assume that it is true for k ≥ 5; k is odd,
ξ(G) = 1

2 (9k
2 + 2k − 27). Construct the graph Gk+2 = Ck+2H2k+6 as follows:

The graph Gk has the form:

Here Ci denoted the position of the carbon vertex at the ith the position, and
e the edge connecting the vertex Ck in graph Gk with the end hydrogen vertex
H.

Let G∗ be the graph obtained from Gk by removing the edge e that is:

ξ(G∗) = ξ(GK)− (k + 1) =
9

2
k2 −

25

2
.

Connect the graph G∗ with the graph R that is:
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Where the 2 Carbon vertices which is adjacent to 5 hydrogen vertices by con-
necting Ck with C, to obtain the graph Ck+2H2k+6 is in the (k+2)th the position
of the carbon vertex of this graph as follows:

In this case, will get an increase by 2 in the eccentricity to 1
2 (k + 3) of vertices

carbon, so the eccentric connectivity index increase is 1
2(k + 3)(4)(2).

Also will get an increase in eccentricity to k+4 of vertices hydrogen by 2,
so the eccentric connectivity index increase is (k+4)(1)(2).

Thus

ξ(Gk+2H2k+6) = ξ(G∗) + ξ(R) + ξ(increases)

= (
9

2
k2 −

25

2
) + (13k − 1) +

1

2
(k + 3)(4)(2) + (k + 4)(1)(2)

=
9

2
k2 + 19k +

13

2

is true when n=k+2.

Hence, ξ(G) is true when n=5, also as the assumption that it is true for
n=k and shown that it is true for n=k+2, so we have

ξ(G) =
1

2
(9n2 + 2n− 27),

for all n is odd; n ≥ 5.
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