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Abstract

Topological indices which are graph invariants derived from molecular graphs of molecules are used in QSPR researches for
modeling physicochemical properties of molecules. Topological indices are important tools for determining the underlying topology
of a molecule in view of theoretical chemistry. The second harmonic index has been defined recently. In this study we compute the
second harmonic index of Titania nanotubes.
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Introduction

Graph theory which is one of the most important branches of of paraffin molecules and named this graph invariant as “path

. . . L number”. The Wiener index of a simple connected graph G defined
applied mathematics and chemistry has many applications from

- . . . . . as follows:
the basic sciences to the engineering sciences especially for solving

and modeling of real world problems. Chemical graph theory is the W=wG)= { }Z;(G) d (”’V) 1)
common place for graph theory and chemistry. Topological indices ’

are indispensable tools for QSPR researches in view of theoretical Many years later the path number renamed as “Wiener index

chemistry and chemical graph theory. Topological indices have to honor Professor Harold Wiener for valuable contribution to

been used more than seventy years predicting and modeling mathematical chemistry. In t he same year, the first degree based

physicochemical properties of chemical substances. A graph topological index was proposed by Platt for modeling physical

G=(V,E) consists of two nonempty sets v and 2-element subsets of v properties of alcanes [2]. The Platt index of a simple connected

namely E. The elements of v are called vertices and the elements of graph G defined as follows;

E are called edges. For a vertex v de*(v) show the number of edges Iy =1,(G)= Y [deg(u)+deg(v)—2] )

. . . . . . uveE(G)
thatincident to V. The set of all vertices which adjacent to is called -

the open neighborhood of and denoted by N(v). If we add the vertex
V to N(v), then we get the closed neighborhood of V,N() . For the the well-known degree based Zagreb indices were defined by
Gutman and Trinajsti¢ to modeling m-electron energy of alternant

After these both studies, approximately twenty five years later

vertices u and Vv, d(u,v) denotes the distance between u and v

which means that minimum number of edges between u and v. The carbons [3]. The first Zagreb index of a simple connected graph

largest distance from the vertex v to any other vertex u called the ~definedas;

eccentricity of v and denoted by “v. M, =M (G)= z deg(V)z (3)
vel (G)

The first distance based topological index is the Wiener index And the second Zagreb index of a simple connected graph

which was defined by H. Wiener to modeling the boiling points  jafined as:

of paraffin molecules [1]. In his study Wiener computed the all M,=M,(G)= ). deg(u)deg(v)
distances between the all atoms (vertices) in the molecular graph B (4)
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An alternative definition of the second Zagreb index of a simple
connected graph is given the following formula:
M,=M,(G)= ), (deg(u)+deg(v) 5
uveE(G) ( )
In 1975, Randi¢ defined the “Randi¢ index” [4] to modeling
molecular branching of carbon skeleton atoms as follows:

R=R(G)= Y (deg(u).deg()) "
uveE(G) (6)

Among the all topological indices, the above mentioned
topological indices have been used for QSPR researches more
considerably than any other topological indices in chemical and
mathematical literature. We refer the interested reader to the
following citations for up to date information about these well-
known and the most used topological indices [5-15].

Harmonic index of a simple connected graph G was defined by
Zhong in 2012 [16] as follows
2
HO= 2. Seatr +dez 7
Since then, there are more than one hundred papers in
mathematical and chemical literature about Harmonic index and
its applications. We refer the interested reader to [17,18] and

references cited in these articles.

The novel harmonic indices have been defined recently by
9], the fifth harmonic index of
H-Naphtalenic nanotube and TUC4 [m, n] nanotube were calculated.

the present authors [19]. In [1

Harmonic indices were defined in [20] as

2
H G)=
D 2040 Q

Where Qu is a unique parameter which is acquired from the
vertex u € (G).

The first kind of this Harmonic indices was studied by Zhong by

considering %u to be the degree of the vertex u:
2

The second kind of this class was defined by considering %u to
be the number "u of vertices of G lying closer to the vertex u than to
the vertex v for the edge uv of the graph G:

HG)= Y —2

wek(G) N, T 1,

(10)

The third type of this class was defined by considering %u to be
the number ™u of edges of G lying closer to the vertex Vv than to the
vertex u for the edge uv of the graph G:

2
H(G)= )

weE(G) M, +m,

(11)

The fourth type of this class was defined by considering u to be
the eccentricity of the vertex u:

H4(G)= Z 2

wek(G) €, T e,

(12)

The fifth type of this class was defined by considering %u to be
the: S, = 2 deg(v)

veN (u)

2
= 13
Hy(G) ZH oS, (13)
And the sixth type of this class was defined by considering Qu
tobe the: M, = H_dfl(g()\/)
HG- Y — (14)

e MM,

For topological indices of Titania nanotubes, we refer the
interested reader [20-28] and references therein. The aim of this
paper is to compute the exact value of the second harmonic index
of Titania nanotubes.

Results and Discussion

In this section we compute the exact values of the second
harmonic index of Titania Nanotubes (Figure 1). Rezaei et al. [28]
computed edge vertex version of Co-Pi index of Titania nanotubes
[28]. The following table given the classifications of the vertices of
TiO, [m,n] with respect to the parameter 7. . We get the results
with the help of the article of Rezai et al. [30]. From the help of Table

H,=(G)= — 1, we can state our main result (Figure 2).
(©= 2, dea - dez) ) (Figure 2)

s 2\
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Figure 1: A graphical figure of Titania Nano tubes TiO,[m, n].
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Table 1: The edge classification of the vertices of TiO2 [m, n] with respect to the parameter.

n.;: Edge: e=uv The number 1y i
of edge
g =wvi, i =12,...,n+1 2(m+ 1) n,=2(m+1)3i—-2) n,,=2(m+1)Bn—-3i+4)
fi=wv,i=12,...,n+1 2m+1 n,, = (m+1)(6i — 5) ny, =3(m+1)(2n — 2i + 3)
gi=wv,i=12,..,n+1 2m+1 ny, = (m +1)(6i + 3) ny, = (m+1)(6n — 6i + 1)
h; =wv,i=1.2,...,n 2(m+1) ny,, =2(m+1)(3i — 1) n, =6(m+1)(n—i+1)
L =uwri=12,..,n 2(m+ 1) Ny, = 6i(m + 1) ny,=3(m+1)(3n—-2i +2)
/ R\
G FiCe Fs Cs Faps 1:52»-:
i 9
— _-
H
i
L
Figure 2: Orthogonal cuts representation of the Titania Nano tubes.
S J

Theorem 1. The second harmonic index of Titania Nanotubes
TiO,[m ,n] is given as;
1 2Qm+D)(n+1) 10

H,(Ti0[m.n]) = 2~ )

m+1

Proof. From the definition of the second harmonic index and
Table 1, we can write that:

H(Ti0,[m.n]) = 2
weETi0yImn)) M, + 1,
2 2 2 2 2
= + + + +
ivee, M, N, aZg om0, ATyn,tn, AT on, R, ogn,+n,
n+l
=>2(m+1) - 2
< 2(m+1D)Bi—2)+2(m+1)(3n—3i +4)
n+l
+> @2m+1) 2
= (m+1)(6i—5)+3(m+1)(2n—2i +3)
n+l
+> (2m+1) 2
= (m+1)(6i+3)+(m+1)(6n—6i+1)
+2(m+1) - 2 .
< 2(m+D@Bi—1)+6(m+1)(n—i+1)
+>°2(m+1) 2
< 6i(m+1)+3(m+1)(3n—2i+2)
_20m+D (D 2m+l (a+D2m+l 20 4
3n+2 3n+2 m+1 3n+2 m+1 3n+2 303n+2)
= 1 (2n+2-+—2m+1(n+1)+2m+1(n+1)+2n+i
3n+2 m+1 m+1 3
__ L 2@m+Dn+d 10
3n+2 m+1
Conclusion

In this study we found the exact values of newly defined the
second harmonic index of Titania nanotube. This calculation will
help to predict and model some physicochemical, optical and
biological properties of Titania nanotube. It can be interesting
to compute the novel harmonic topological indices of some
other nanotubes and networks for further studies. It can also be
interesting to study the mathematical and QSPR properties of these
novel harmonic indices.
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