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Abstract
To characterize the topological features of the carbon atom skeleton,

or a graph of a hydrocarbon molecule, a number of topological indices
have been proposed by chemists. This paper presents some topological
indices, like the Wiener index W (Cm ◦ Cn), the degree distance index
DD(Cm ◦Cn) and the hyper-Wiener index WW (Cm ◦Cn) of the Corona
of the cycles Cm and Cn, using the novel methodologies.
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1 Introduction

The process of drug discovery is long and tedious. Besides, it is relatively
inefficient in terms of hit rate. The identification of candidates through ex-
perimental testing is expensive and requires extensive data on the mechanisms
of the target protein in order to develop efficient assays. The modeling of
the molecular properties and activities can considerably accelerate the pro-
cess by quickly evaluating large databases of compounds and determining the
most likely to bind to a biological activity or physical/chemical property of
a molecule. One of the challenges faced by Chemo-informatics is to be able
to describe compounds in a simple way, in ordre to use them in similarity
studies or to predict their activity, based on information contained in already
known compounds. In recent decades, much researches have been carried out
to find the best way of representing the information contained in the structure
of molecules, and these structures themselves, into a set of real numbers called
topological indices; Once these numbers are available, it is possible to establish
a relationship there between a molecular property or activity, using the tradi-
tional modeling tools. These topological indices realize this is an encoding of
chemical information into a vector of real numbers [5].
More than ten million of chemical substances have hitherto been known. Most
of them contain carbon atom(s) and are called organic compounds only with a 
few exceptions (e.g. CO, CO2, HCN). Hydrocarbon molecules composed of 
carbon (C) and hydrogen (H) atoms and depicted as CmHn (see Figure 2 (a)), 
play principal role in the whole family of organic compounds. A saturated hy-
drocarbon is a hydrocarbon that can no longer bind with more hydrogen atoms 
without destroying its carbon atom skelton. The others are known as unsatu-
rated hydrocarbons, such as benzene (see Figure 1 (a)) carry free electrons, 
and show interesting electronic and sometimes magnetic properties. The topo-
logical structure of a molecule is conventionally expressed by the structural 
formula composed of the atomic symbols for the components and connecting 
lines for the chemical bonds, or adjacency relations between the component 
atoms. In a structural formula, saturated bonds are expressed by single lines 
(see Figure 2 (c)) while unsaturated bonds are depicted by multiple lines de-
pending on the degree of unsaturation (see Figure 1 (c)). If one substitutes 
all the atomic symbols and multiple lines of the structural formula into points 
and single lines, respectively, one gets nothing else except what is called a 
connected undirected graph defined i n t he g raph t heory. This g raph may be 
called a molecular graph. Further, in serval cases, all the vertices representing 
hydrogen atoms and the incident edges are suppressed to give smaller graphs. 
In the Figure 1 and 2 are given the molecular formulas, structural formulas, 
and molecular graphs (of the carbon atom skeletons) of saturated and unsat-
urated hydrocarbon molecules Hexane and benzene, respectively [4][11].
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Figure 1: Example of an unsaturated hydrocarbons : Benzene

A graph G is a triplet consisting of a vertex set V (G), an edge set E(G), and
a relation that associates with each edge two vertices, called its endpoints (see 
for example Figure 3). We denote |V (G)| = n is the vertex number of G and |
E(G)| = m is the edges number of G. A graph which contains neither multiple 
edges nor loops (the edge uv with u = v) is a simple graph. A named path is 
a simple graph whose vertices can be ordered so that two vertices are adjacent 
if and only if they are consecutive in the list (see Figure 2 (c)). A graph G is 
connected if each pair of the vertices in G belongs to a path. A graph which 
represents in the plan is called a planar graph. The degree of vertex v in a 
graph G, which is written deg(v), is the number of edges incident to v, except 
that each loop at v counts twice, and we call distance between two distinct 
vertices of graph G, u and v, the smallest length of path between u and v in G.
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The diameter of G, denoted by D(G), is defined as the maximum distance be-
tween any two vertices of G, that is, D(G) = max{d(u, v) : ∀(u, v) ∈ V (G)2},
see [5][12][16] for more details. In the following, we consider only the simple
planar connected graphs.
Let dG(k) be the number of pairs of vertices of G that are at distance k, λ a

C C C C C CH H

H H H H H H

H H H H H H
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Figure 2: Example of a Hydrocarbon molecules : Hexane

real number, and Wλ(G) = Σk≥1dG(k)kλ. Wλ(G) is called the Wiener-type in-
variant of G associated with the real number λ [6][10]. The Wiener index of the
graph G equals to the sum of distances between all pairs of vertices of the graph
W (G) = Σ{u,v}⊆V (G)d(u, v), and we define the Wiener index of a vertex u in the
graph G as w(u,G) = Σv∈V (G)d(u, v) [6][10]. The hyper-Wiener index, is de-
fined asWW (G) = 1

2
(W1(G)+W2(G))[10]. The degree distance index DD(G)

of a graph G is defined a s DD(G) =  Σ{u,v}⊆V (G)(deg(u) + deg(v))d(u, v ), see 
[5-7][10][15] for more details. The Corona G1 ◦ G2 of two graphs G1 and G2 
(where Gi has ni vertices and mi edges) is defined a s t he g raph G  obtained 
by taking one copy of G1 and n1 copies of G2, and then joining by an edge the ith 

vertex of G1 to every vertex in the ith copy of G2 (see Figure 4). It follows from 
the definition of the Corona that G1 ◦ G2 has n1(1 + n2) vertices and m1 + 
n1(m2 + n2) edges. This fact allows us to recognize that the asso-ciative law 
never holds G1 ◦ (G2 ◦ G3) and (G1 ◦ G2) ◦ G3 are strictly different graphs. 
Indeed, the first one has n1(1 + n2 + n2n3) vertices while the second has n1(1 + 
n2)(1 + n3) vertices, and these numbers are not at all equal, see [1-3][8-9][13-14]
[17] for more details.
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Figure 3: The cycle planar graph C

2 The main Result

Given two cycles Cn1 and Cn2 ; we note by Cn1 ◦ Cn2 the Corona of Cn1 and 
Cn2 , is defined as the graph obtained by taking n 1 copies of C n2 and for each 
i, inserting edges between the ith vertex of Cn1 and each vertex of the ith copy of 
Cn2 for 1 ≤ i ≤ n1 [3][8] (see Figure 4).

Figure 4: The Corona Cn1 ◦ Cn2 of the cycles Cn1 and Cn2
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2.1 The Wiener index of the Corona Cn1
◦ Cn2

Lemma 2.1. Let Cn1 and Cn2 be the cycles with n1 > 4 and n2 > 4 vertices,
respectively. The number of vertices and edges of Cn1 ◦ Cn2 is n = n1 + n1n2

and m = n1 + 2n1n2 respectively. And, we have : D(Cn1 ◦ Cn2) = n1

2
+ 2 if n1

is even, and D(Cn1 ◦ Cn2) = n1−1
2

+ 2 if n1 is odd. Then,

dCn1◦Cn2
(k) =



n1 + 2n1n2, if k = 1;
n1 + 2n1n2 +

n1(n2−3)n2

2 , if k = 2;
n1 + n1n

2
2 + 2n1n2, if n1 is even, 3 ≤ k ≤ D(Cn1 ◦ Cn2)− 3 and D(Cn1 ◦ Cn2) > 5

n1 + n1n
2
2 + 2n1n2, if n1 is odd, 3 ≤ k ≤ D(Cn1 ◦ Cn2)− 2 and D(Cn1 ◦ Cn2) > 4

n1

2 + 2n1n2 + n1n
2
2, if n1 is even and k = D(Cn1

◦ Cn2
)− 2;

n1n2 + n1n
2
2, if n1 is even and k = D(Cn1

◦ Cn2
)− 1;

n1n
2
2

2 , if n1 is even and k = D(Cn1
◦ Cn2

);
n1n

2
2, if n1 is odd and k = D(Cn1 ◦ Cn2);

n1n
2
2 + 2n1n2, if n1 is odd and k = D(Cn1 ◦ Cn2)− 1.

Proof. By calculation.

Theorem 2.1. Let Cn1 and Cn2 be the cycles with n1 > 4 and n2 > 4 vertices,
respectively, then :

W (Cn1 ◦ Cn2) =

{
n3
1

8 (n2 + 1)2 + n2
1(n

2
2 + n2)− 2n1n2, if n1 even

n3
1

8 (n2 + 1)2 + n2
1(n

2
2 + n2)− 2n1n2 − n1

8 (n2 + 1)2, if n1 is odd

Proof. For n1 is even, we use the Lemma 2.1, and the theorem 1 in [10] :

W (Cn1
◦ Cn2

) = n(n− 1)−m+

D(Cn1
◦Cn2

)∑
k=3

(k − 2)dCn1◦Cn2
(k)

= (n1 + n1n2)(n1 + n1n2 − 1) + (D(Cn1
◦ Cn2

)− 3)(n1n2 + n1n
2
2)−

(n1+2n1n2)+(D(Cn1
◦Cn2

)−4)(n1

2
+2n1n2+n1n

2
2)+(D(Cn1

◦Cn2
)−2)n1n

2
2

2

+(n1 + n1n
2
2 + 2n1n2)

D(Cn1◦Cn2 )−3∑
k=3

(k − 2)

=
n3
1

8
(n2 + 1)2 + n2

1(n
2
2 + n2)− 2n1n2

Similarly, when n1 is odd.
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2.2 The hyper-Wiener index of the Corona Cn1
◦ Cn2

Theorem 2.2. Let Cn1 and Cn2 be the cycles with n1 > 4 and n2 > 4 vertices,
respectively. Then :

WW (Cn1
◦Cn2

) =

{
n4
1

48 (n2 + 1)2 +
n3
1

16 (5n
2
2 + 6n2 + 1) +

n2
1

24 (37n
2
2 + 26n2 + 1)− 7

2n1n2, if n1 even
n4
1

48 (n2 + 1)2 +
n3
1

16 (5n
2
2 + 6n2 + 1) +

n2
1

48 (71n
2
2 + 46n2 − 1)− n1

48 (15n
2
2 + 186n2 + 3), if n1 odd

Proof. For n1 is even, we use the Lemma 2.1, and the theorem 2 in [10], then :

WW (Cn1
◦ Cn2

) =
1

2
(3n(n− 1)− 4m+

D(Cn1
◦Cn2

)∑
k=3

(k2 + k − 6)dCn1◦Cn2
(k))

=
1

2
((3m+ 3n1n2)(n1 + n1n2 − 1)− 4(n1 + 2n1n2) + ((D(Cn1 ◦ Cn2)− 2)2+

(D(Cn1
◦Cn2

)−2)−6)(n1

2
+2n1n2+n1n

2
2)+

D(Cn1◦Cn2 )∑
k=3

n1(k
2+k−6)(n2+1)2+

(D(Cn1◦Cn2)
2+D(Cn1◦Cn2)−6)

mn2

2
+((D(Cn1◦Cn2)−1)2+(D(Cn1◦Cn2)−

1)− 6)(n1n2 + n1n
2
2))

=
n3
1

16
(5n2

2 + 6n2 + 1) +
n2
1

24
(37n2

2 + 26n2 + 1) +
n4
1

48
(n2 + 1)2 − 7

2
n1n2

Similarly, when n1 is odd.

2.3 The degree distance index of the Corona Cn1
◦ Cn2

Lemma 2.2. Let Cn1 and Cn2 be the cycles with n1 > 4 and n2 > 4 ver-
tices, respectively, let u and v the vertices of Cn1 ◦ Cn2 which have as degree
respectively n2 + 2 and 3, then :

w(u,Cn1 ◦ Cn2) =

{
1
4 (n

2
1 + 4n1n2 + n2

1n2), if n1 even
1
4 (n

2
1 − 1)(n2 + 1) + n1n2, if n1 odd

w(v, Cn1
◦ Cn2

) =

{
n2
1

4 (n2 + 1) + n1(2n2 + 1)− 4, if n1 even
n2
1

4 (n2 + 1) + n1(2n2 + 1)− 1
4 (n2 + 17), if n1 odd

Proof. By calculation.
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Theorem 2.3. Let Cn1 and Cn2 be the cycles with n1 > 4 and n2 > 4 vertices,
respectively, then :

DD(Cn1
◦Cn2

) =

{
n3
1

2 (2n2
2 + 3n2 + 1) + n2

1(7n
2
2 + 5n2)− 12n1n2, if n1 even

n3
1

2 (2n2
2 + 3n2 + 1) + n2

1(7n
2
2 + 5n2)− n1

2 (2n2
2 + 27n2 + 1), if n1 odd

Proof. For n1 is even, we use the Lemma 2.1, the Lemma 2.2, and the 
theorem 3 in [10], then :

DD(Cn1 ◦ Cn2) =
∑
u∈G

w(u,Cn1 ◦ Cn2)deg(u)

=
∑

u∈Cn1◦Cn2

w(u,Cn1 ◦ Cn2)deg(u) +
∑
v∈G

w(v, Cn1 ◦ Cn2)deg(v)

= mw(u,Cn1 ◦ Cn2)(n2 + 2) + 3n1n2w(v, Cn1 ◦ Cn2)

=
n3
1

2
(2n2

2 + 3n2 + 1) + n2
1(7n

2
2 + 5n2)− 12n1n2

Similarly, when n1 is odd.

3 Conclusion

Finally it might be observed that the corona operation allows us to obtain
another graph whose group is in general isomorphic to the wreath product of
the groups of the graphs G1 and G2, a sufficient condition being this time only
that G2 have no isolated points.

A unified approach to the Wiener topological index and its various recent
modifications, is presented. Among these modifications particular attention
is paid to the Kirchhoff, Harary, Szeged, Cluj and Schultz indices, as well as
their numerous variants and generalizations. Relations between these indices
are established and methods for their computation are described. The mutual
correlation of the proposed topological indices and the correlation of these
indices with physico-chemical properties of molecules, are examined.

In conclusion, in this paper we have presented the Corona of two graphs
Cn1 and Cn2 , and some topological indices, like the index Wiener W (Cn1 ◦
Cn2), the degree distance index DD(Cn1 ◦ Cn2) and the hyper-Wiener index
WW (Cn1 ◦ Cn2)) of it.
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