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Abstract Topological indices as a molecular descriptors are important tools in ðQSARÞ/ðQSPRÞ
studies. The graph entropies with topological indices inspired by Shannon’s entropy concept

become the information-theoretic quantities for measuring the structural information of chemical

graphs and complex networks. The graph entropy measures are playing an important role in a vari-

ety of problem areas including, discrete mathematics, biology, and chemistry. Our contribution is to

explore graph entropies that are based on a novel information functional, which is the number of

vertices of different degree together with the number of edges between different degree vertices.

In this paper, we study the chemical graph of crystal structure of titanium difluoride TiF2 and

crystallographic structure of cuprite Cu2O. Also, we compute entropies of these structures by mak-

ing a relation of degree based topological indices namely first redefined Zagreb index, second rede-

fined Zagreb index, third redefined Zagreb index, fourth Atom Bond Connectivity index, fifth

Geometric Arithmetic index, Sanskruti index with the help of information function.
� 2020 Published by Elsevier B.V. on behalf of King Saud University. This is an open access article under

the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Graph theory plays an important role in modeling and design-
ing any chemical network. A large number of properties like

physico-chemical properties, thermodynamic properties,
chemical activity and biological activity are determined by
the chemical applications of graph theory. These properties
can be characterized by certain graph invariants referred to
as topological indices. In chemical graph theory, molecular

graph is a simple finite graph in which vertices denote the
atoms and edges denote the chemical bonds in underlying
chemical structure. The topological index is a numeric value
or a sequence for a given structure under discussion, which

actually shows the physical, chemical and biological properties
of graph.

Chemical graph theory is a branch of mathematical chem-

istry in which tools of graph theory are applied to model the
chemical phenomenon mathematically. Also, it relates to the
nontrivial applications of graph theory for solving molecular

problems. This theory contributes a prominent role in the field
of chemical sciences, see for details (Gao et al., 2018). Also
Chem-informatics is new subject which is a combination of
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chemistry, mathematics and information science. It examines
Quantitative structure-activity relationship ðQSARÞ and
Quantitative Structure-Property Relationship ðQSPRÞ that

are utilized to predict the bioactivity and physiochemical prop-
erties of chemical compounds (Wu et al., 2015).

Let G be a graph with VðGÞ be the vertex set and EðGÞ be the
edge set of G. The degree nðrÞ of a vertex r is the number of edges
of G incident with vertex r. The length of a shortest path in a graph
G is a distance dðr; sÞ between r and s. IfG is a graph with p vertices

and q edges, then we say the order ofG is p and the size ofG is q. A
graph of order p and size q is addressed as ðp; qÞ-graph.

In chemical graph, the vertices represent atoms and edges
refer as the chemical bonds in underlying chemical structure.

A topological index is a numerical value that is computed
mathematically from the molecular graph. It is associated with
chemical constitution indicating for correlation of chemical

structure with many physical, chemical properties and biolog-
ical activities. The exact formulas of topological indices for
chemical graphs have been computed in (Siddiqui et al.,

2016; Siddiqui et al., 2016). For further detail of application
point see (Gao et al., 2017; Imran et al., 2018).

The concept of entropy was introduced first in Shannon’s

famous paper (Shannon, 1948) as ‘‘ The entropy of a probabil-
ity distribution is known as a measure of the unpredictability
of information content or a measure of the uncertainty of a
system”. Later, entropy was initiated to be applied to graphs

nd chemical networks. It was developed for measuring the
structural information of graphs and chemical networks. In
1955, Rashevsky, (Rashevsky, 1955) introduced the concept

of graph entropy based on the classifications of vertex orbits.
Recently, graph entropies have been widely applied in many
different fields, such as chemistry, biology, ecology and sociol-

ogy (Dehmer and Graber, 2013; Ulanowicz, 2004).
The graph entropy measures that associate probability distri-

butions with elements (vertices, edges, etc.) of a graph can be clas-

sified as intrinsic and extrinsic measures. There are several
different types of such graph entropy measures (Mowshowitz
and Dehmer, 2012). The degree powers are extremely significant
invariants and studied extensively in graph theory and network

science, and they are used as the information functionals to
explore the networks (Cao et al., 2014; Cao and Dehmer, 2015).
Dehmer introduced graph entropies based on information func-

tionals, which capture structural information, and studied their
properties (Dehmer, 2008; Dehmer et al., 2012). For more expan-
sive research, Estrada et.al proposed a physically-sound entropy

measure for networks/graphs (Estrada and Hatano, 2007) and
studied the walk-based graph entropies (Estrada, 2010).

2. Application of degree based entropies

Shannon’s seminal work (Shannon, 1948) in the late nineteen-
forties marks the starting point of modern information theory.
Following early applications in linguistics and electrical engi-

neering, information theory was applied extensively in biology
and chemistry, see, (Morowitz, 1953; Quastler, 1954). Here,
the main novelty was the idea of considering a structure as

an outcome of an arbitrary communication (Bonchev, 2003).
With the aid of this insight, Shannon’s entropy formulas
(Shannon, 1948) were used to determine the structural infor-

mation content of a network (Sol and Valverde, 2004). As a
result, this method has been used for exploring living systems,
e.g., biological and chemical systems by means of graphs.
These applications are closely related to the work of
Rashevsky (1955) and Trucco (1956). In what follows, we

review in chronological order graph entropy measures that
have been used for studying biological and chemical networks.

Moreover entropy measures for graphs have been widely

applied in biology, computer science and structural chemistry,
see, (Dehmer and Mowshowitz, 2011). Broadly speaking, the
applications for entopic network measures range from quanti-

tative structure characterization in structural chemistry or soft-
ware technology to explore biological or chemical properties of
molecular graphs. We emphasize that the just mentioned appli-
cations relate to solve an underlying data analysis problem,

e.g., a clustering or classification task. However, the so-called
structural interpretation needs to be investigated as well. This
calls to examine what kind of structural complexity does the

measure detect. This problem is intricate as it is not clear on
which graph class the measure should be evaluated. We conjec-
ture that the introduced degree-based entropy can be used to

measure network heterogeneity. Similar entopic measures
which are based on vertex-degrees to detect network hetero-
geneity have been introduced by Sol and Valverde (2004)

and Tan and Wu (2004).
3. Research aim and methodology

Our aim in this article, is to discuss the chemical graph of crys-
tallographic structure of cuprite Cu2O½m; n; t� and crystal struc-
ture of titanium difluoride TiF2½m; n; t�. Also, we compute
entropies of these structures by making a relation of degree

based topological indices namely first redefined Zagreb index,
second redefined Zagreb index, third redefined Zagreb index,
fourth Atom Bond Connectivity index, fifth Geometric Arith-

metic index, Sanskruti index with the help of information
function.

The methodology of this article is as follows. In Section 4,

we introduce the definition of degree based topological indices
of graph. In Section 5, we introduce the definition of degree
based and edge weight based entropy of Graph. In Section 6,

we discuss the crystallographic structure of Molecule
Cu2O½m; n; t� and compute the corresponding entropies. In Sec-
tion 7, we discuss the crystal structure of titanium difluoride
TiF2½m; n; t� and compute the corresponding entropies. In Sec-

tion 8, we present the comparisons of these computes results
for Cu2O. In Section 9, we present the comparisons of these
computes results for TiF2½m; n; t�. In Section 10, we represent

the conclusion of this paper.
4. Degree based topological indices of graph

The modified version of the Zagreb indices were introduced by
Ranjini et al. (2013), namely, the redefined first, second and
third Zagreb index for a graph G as;

ReZG1ðGÞ ¼
X

rs2EðGÞ

nðrÞþnðsÞ
nðrÞnðsÞ

ReZG2ðGÞ ¼
X

rs2EðGÞ

nðrÞnðsÞ
nðrÞþnðsÞ

ReZG3ðGÞ ¼
X

rs2EðGÞ
ðnðrÞnðsÞÞðnðrÞ þ nðsÞÞ
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The fourth version of atom bond connectivity index ABC4 of a

graph G is introduced by Ghorbani and Hosseinzadeh (2010):

ABC4ðGÞ ¼
X

rs2EðGÞ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Sr þ Ss � 2

SrSs

s

where Sr ¼
P

rs2EðGÞnðsÞ and Ss ¼
P

rs2EðGÞnðrÞ.
The fifth version of geometric arithmetic index GA5 of a

graph G is introduced by Graovac et al. (2011) as:

GA5ðGÞ ¼
X

rs2EðGÞ

2
ffiffiffiffiffiffiffiffiffi
SrSs

p
Sr þ Ss

In 2016, Hosamani (2016) introduced the Sanskruti index SðGÞ
for a molecular graph G as:

SðGÞ ¼
X

rs2EðGÞ

Sr � Ss

Sr þ Ss � 2

� �3
5. Degree based and edge weight based entropy of graph

In 2014, Chen et al. (2014a) introduced the definition of the
entropy of edge weighted graph. For an edge weighted graph,

G ¼ ðVðGÞ;EðGÞ;wðrsÞÞ, where VðGÞ , EðGÞ and wðrsÞ denote
the vertex set, the edge set and the edge weight of edge ðrsÞ,
respectively. Then the entropy of edge weighted graph is repre-

sented in Eq. (1).

ENTwðGÞ ¼ �
X

r0s02EðGÞ

wðr0s0ÞX
rs2EðGÞ

wðrsÞ log
wðr0s0ÞX

rs2EðGÞ
wðrsÞ

2
664

3
775 ð1Þ

� The Redefined first Zagreb Entropy

If wðrsÞ ¼ nðrÞþnðsÞ
nðrÞnðsÞ , thenX

rs2EðGÞ
wðrsÞ ¼

X
rs2EðGÞ

nðrÞ þ nðsÞ
nðrÞnðsÞ ¼ ReZG1ðGÞ

Now Eq. (1) reduced in the following from and is called The
Redefined first Zagreb Entropy.

ENTReZG1
ðGÞ ¼ log ReZG1ðGÞð Þ � 1

ReZG1ðGÞð Þ

� log
Y

rs2EðGÞ

nðrÞ þ nðsÞ
nðrÞnðsÞ

� � nðrÞþnðsÞ
nðrÞnðsÞ

h i2
64

3
75 ð2Þ

� The Redefined Second Zagreb Entropy

If wðrsÞ ¼ nðrÞnðsÞ
nðrÞþnðsÞ, thenX

rs2EðGÞ
wðrsÞ ¼

X
rs2EðGÞ

nðrÞnðsÞ
nðrÞ þ nðsÞ ¼ ReZG2ðGÞ

Now Eq. (1) reduced in the following from and is called The
redefined second Zagreb Entropy.
ENTReZG2
ðGÞ ¼ log ReZG2ðGÞð Þ � 1

ReZG2ðGÞð Þ

� log
Y

rs2EðGÞ

nðrÞnðsÞ
nðrÞ þ nðsÞ

� � nðrÞnðsÞ
nðrÞþnðsÞ

h i2
64

3
75 ð3Þ

� The Redefined Third Zagreb Entropy

If wðrsÞ ¼ nðrÞnðsÞð Þ nðrÞ þ nðsÞð Þ, thenX
rs2EðGÞ

wðrsÞ ¼
X

rs2EðGÞ
nðrÞnðsÞð Þ nðrÞ þ nðsÞð Þ ¼ ReZG3ðGÞ

Now Eq. (1) reduced in the following from and is called The
redefined third Zagreb Entropy.

ENTReZG3
ðGÞ¼ log ReZG3ðGÞð Þ

� 1
ReZG3ðGÞð Þ log

Y
rs2EðGÞ

nðrÞnðsÞð Þ nðrÞþnðsÞð Þ½ � nðrÞnðsÞð Þ nðrÞþnðsÞð Þ½ �
" #

ð4Þ

� The Fourth Atom Bond Connectivity Entropy

If wðrsÞ ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffi
SrþSs�2

SrSs

q
, then

X
rs2EðGÞ

wðrsÞ ¼
X

rs2EðGÞ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Sr þ Ss � 2

SrSs

s
¼ ABC4ðGÞ

Now Eq. (1) reduced in the following from and is called The

Fourth Atom Bond Connectivity Entropy.

ENTABC4
ðGÞ ¼ log ABC4ðGÞð Þ � 1

ABC4ðGÞð Þ

� log
Y

rs2EðGÞ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Sr þ Ss � 2

SrSs

s" # ffiffiffiffiffiffiffiffiffiffiffi
SrþSs�2

SrSs

ph i2
664

3
775 ð5Þ

� The Fifth Geometric Arithmetic Entropy

If wðrsÞ ¼ 2
ffiffiffiffiffiffiffi
SrSs

p
SrþSs

, then

X
rs2EðGÞ

wðrsÞ ¼
X

rs2EðGÞ

2
ffiffiffiffiffiffiffiffiffi
SrSs

p
Sr þ Ss

¼ GA5ðGÞ

Now Eq. (1) reduced in the following from and is called the
Fifth Geometric Arithmetic Entropy.

ENTGA5
ðGÞ ¼ log GA5ðGÞð Þ � 1

GA5ðGÞð Þ

� log
Y

rs2EðGÞ

2
ffiffiffiffiffiffiffiffiffi
SrSs

p
Sr þ Ss

� � 2
ffiffiffiffiffiffi
SrSs

p
SrþSs

� �2
4

3
5 ð6Þ
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� The Sanskruti Entropy

If wðrsÞ ¼ Sr�Ss
SrþSs�2

	 
3

, then

X
rs2EðGÞ

wðrsÞ ¼
X

rs2EðGÞ

Sr � Ss

Sr þ Ss � 2

� �3

¼ SðGÞ

Now Eq. (1) reduced in the following from and is called the

Sanskruti Entropy.

ENTSðGÞ ¼ log SðGÞð Þ � 1

SðGÞð Þ

� log
Y

rs2EðGÞ

Sr � Ss

Sr þ Ss � 2

� �3
" # Sr�Ss

SrþSs�2ð Þ3
� �2

64
3
75 ð7Þ
6. Crystallographic structure of Cu2O½m; n; t�

Among various transition metal oxides, Cu2O has attracted

large attention in recent years owing to its distinguished prop-
erties and non-toxic nature, low-cost, abundance, and simple
fabrication process (Chen et al., 2014b). Nowadays, the
promising applications of Cu2O mainly focus on chemical sen-

sors, solar cells, photocatalysis, lithium-ion batteries and catal-
ysis (Yuhas and Yang, 2009). The chemical graph of
Crystallographic structure of Cu2O described in Fig. 1 and

Fig. 2, see details in (Zhang et al., 2006). Let
G ffi Cu2O½m; n; t� be the chemical graph of Cu2O with m� n
unit cells in the plane and t layers. We construct this graph first

by taking m� n unites in the mn-plane and then storing it up in
t layers. The number of vertices and edges of Cu2O½m; n; t� are
ðmþ 1Þðnþ 1Þðtþ 1Þ þ 5mnt and 8mnt, respectively.

To compute our result we make the partitions of the ver-

tices and edge. More preciously the vertex partition of
Cu2O½m; n; t� based on degrees of each vertex is depicted in
Table 1. Also the edge partition of Cu2O½m; n; t� based on

degrees of end vertices of each edge are depicted in Table 2.
Fig. 1 Crystallographic structure of Molecule Cu2O. (a) Structural

lattice is formed by interpenetrating the Cu and O lattices with each o

spheres, and oxygen atoms are shown as large red spheres. In the Cu2O

atom is coordinated with four Cu atoms.
6.1. Results for crystallographic structure of Cu2O½m; n; t�

In this section we computes the entropies of the crystallo-
graphic Structure of molecule Cu2O.

� The Redefined First Zagreb Entropy of Cu2O½m; n; t�

Now using Eq. (2), and Table 2, we computed the Rede-
fined first Zagreb entropy in the following way:

It is easy to see that the Redefined first Zagreb index by
using Table 2 is

ReZG1ðGÞ ¼ nþmþ t� 3þ nmþ ntþmtþ 6nmt

Since Cu2O½m; n; t� has three types of edges, So Eq. (2), with
Table 2 can take the form:

ENTReZG1
ðCu2OÞ ¼ log ReZG1ðGÞð Þ� 1

ReZG1ðGÞð Þ

� log
Y

rs2E1ðGÞ

nðrÞþnðsÞ
nðrÞnðsÞ

h i nðrÞþnðsÞ
nðrÞnðsÞ

h i2
4

�
Y

rs2E2ðGÞ

nðrÞþnðsÞ
nðrÞnðsÞ

� �½nðrÞþnðsÞ
nðrÞnðsÞ �

�
Y

rs2E3ðGÞ

nðrÞþnðsÞ
nðrÞnðsÞ

h i nðrÞþnðsÞ
nðrÞnðsÞ

h i3
5

ENTReZG1
ðCu2OÞ ¼ log ReZG1ðGÞð Þ

� 1
ReZG1 ðGÞð Þ log ½ð4nþ4mþ4t�8Þ� 3

2

� � 3
2ð Þ�

h

�½ð4nmþ4ntþ4mt�8n�8m�8tþ12Þ�

�½4ð2nmt�nm�nt�mtþnþmþ t�1Þ� 3
4

� � 3
4ð Þ�
i

Now using the value of the Redefined first Zagreb index in
above equation, we obtained the exact value of Redefined first

Zagreb entropy in following expression.
characteristics of Cu and O atoms in the Cu2O lattice. The Cu2O

ther. (b) Unit cell of Cu2O. Copper atoms are shown as small blue

lattice, each Cu atom is coordinated with two O atoms, and each O



Fig. 2 Crystallographic structure of Cu2O½3; 2; 3�.

Table 1 Vertex partition of Cu2O½m; n; t� based on degrees of

each vertex.

nðrÞ Frequency Set of

Vertices

1 4mþ 4nþ 4t� 8 V1

2 4mntþ 2mnþ 2mtþ 2nt� 4n� 4m� 4tþ 6 V2

4 2nmt� nm� nt�mtþ nþmþ t� 1 V3

Table 2 Edge partition of Cu2O½m; n; t� based on degrees of

end vertices of each edge.

ðnðrÞ; nðsÞÞ Frequency Set of

Edges

ð1; 2Þ 4nþ 4mþ 4t� 8 E1

ð2; 2Þ 4nmþ 4ntþ 4mt� 8n� 8m� 8tþ 12 E2

ð2; 4Þ 4ð2nmt� nm� nt�mtþ nþmþ t� 1Þ E3
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ENTReZG1
ðCu2OÞ ¼ log nþmþ t�3þnmþntþmtþ6nmtð Þ

�
log ½ð4nþ4mþ4t�8Þ� 3

2ð Þ
3
2ð Þ�

h i
nþmþt�3þnmþntþmtþ6nmtð Þ

� log ð4nmþ4ntþ4mt�8n�8m�8tþ12Þ½ �
nþmþt�3þnmþntþmtþ6nmtð Þ

�
log ½4ð2nmt�nm�nt�mtþnþmþt�1Þ� 3

4ð Þ
3
4ð Þ�

h i
nþmþt�3þnmþntþmtþ6nmtð Þ
� The Redefined Second Zagreb Entropy of Cu2O½m; n; t�

Now using Eq. (3), and Table 2, we computed the Rede-
fined second Zagreb entropy in the following way:

It is easy to see that the Redefined second Zagreb index by

using Table 2 is

ReZG2ðGÞ ¼ 4

3
� 4

3
nm� 4

3
nt� 4

3
mtþ 32

3
nmt

Since Cu2O½m; n; t� has three types of edges, So Eq. (3), with
Table 2 can take the form:

ENTReZG2
ðCu2OÞ ¼ log ReZG2ðGÞð Þ

� 1
ReZG2 ðGÞð Þ log

Y
rs2E1 ðGÞ

nðrÞnðsÞ
nðrÞþnðsÞ

h i nðrÞnðsÞ
nðrÞþnðsÞ

h i2
4

�
Y

rs2E2 ðGÞ

nðrÞnðsÞ
nðrÞþnðsÞ

h i nðrÞnðsÞ
nðrÞþnðsÞ

h i
�

Y
rs2E3ðGÞ

nðrÞnðsÞ
nðrÞþnðsÞ

h i nðrÞnðsÞ
nðrÞþnðsÞ

h i3
5

¼ log ReZG2ðGÞð Þ� 1
ReZG2ðGÞð Þ log ½ð4nþ4mþ4t�8Þ� 3

2

� � 3
2ð Þ
��

�½ð4nmþ4ntþ4mt�8n�8m�8tþ12Þ�
�½4ð2nmt�nm�nt�mtþnþmþ t�1Þ� 3

4

� � 3
4ð Þ�
i

Now using the value of the Redefined second Zagreb index in

above equation, we obtained the exact value of Redefined sec-
ond Zagreb entropy in following expression.

ENTReZG2
ðCu2OÞ ¼ log 4

3
� 4

3
nm� 4

3
nt� 4

3
mtþ 32

3
nmt

� �
�

log ½ð4nþ4mþ4t�8Þ� 2
3ð Þ

2
3ð Þ�

h i
4
3�4

3nm�4
3nt�4

3mtþ32
3 nmtð Þ

� log ð4nmþ4ntþ4mt�8n�8m�8tþ12Þ½ �
4
3�4

3nm�4
3nt�4

3mtþ32
3 nmtð Þ

�
log ½4ð2nmt�nm�nt�mtþnþmþt�1Þ� 4

3ð Þ
4
3ð Þ�

h i
4
3�4

3nm�4
3nt�4

3mtþ32
3 nmtð Þ
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� The Redefined Third Zagreb Entropy of Cu2O½m; n; t�

Now using Eq. (4), and Table 2, we computed the Rede-
fined third Zagreb entropy in the following way:

It is easy to see that the Redefined third Zagreb index by
using Table 2 is

ReZG3ðGÞ ¼ 88nþ 88mþ 88t� 48� 128nm� 128nt� 128mt

þ 384nmt

Since Cu2O½m; n; t� has three types of edges, So Eq. (4), with
Table 2 can take the form:

ENTReZG3
ðCu2OÞ ¼ log ReZG3ðGÞð Þ

� 1
ReZG3 ðGÞð Þ log

Y
rs2E1 ðGÞ

nðrÞnðsÞð Þ nðrÞþnðsÞð Þ½ � nðrÞnðsÞð Þ nðrÞþnðsÞð Þ½ �
"

�
Y

rs2E2 ðGÞ
nðrÞnðsÞð Þ nðrÞþnðsÞð Þ½ � nðrÞnðsÞð Þ nðrÞþnðsÞð Þ½ �

�
Y

rs2E3 ðGÞ
nðrÞnðsÞð Þ nðrÞþnðsÞð Þ½ � nðrÞnðsÞð Þ nðrÞþnðsÞð Þ½ �

#

¼ log ReZG3ðGÞð Þ� 1
ReZG3ðGÞð Þ log ½ð4nþ4mþ4t�8Þ�ð6Þð6Þ

��
�½ð4nmþ4ntþ4mt�8n�8m�8tþ12Þ�ð16Þð16Þ�
�½4ð2nmt�nm�nt�mtþnþmþ t�1Þ�ð48Þð48Þ�

i

Now using the value of the Redefined third Zagreb index in
above equation, we obtained the exact value of Redefined third

Zagreb entropy in following expression.

ENTReZG3
ðCu2OÞ¼ log 88nþ88mþ88t�48�128nmð

�128nt�128mtþ384nmtÞ
� log ½ð4nþ4mþ4t�8Þ� 46656ð Þ�½ �

88nþ88mþ88t�48�128nm�128nt�128mtþ384nmtð Þ

�
log ð4nmþ4ntþ4mt�8n�8m�8tþ12Þ� ð16Þð16Þ

	 
h i
88nþ88mþ88t�48�128nm�128nt�128mtþ384nmtð Þ

�
log ½4ð2nmt�nm�nt�mtþnþmþt�1Þ� 48ð Þ 48ð Þ�

h i
88nþ88mþ88t�48�128nm�128nt�128mtþ384nmtð Þ

� The Fourth Atom Bond Connectivity Entropy of Cu2O½m; n; t�

The Table 3 shows the edge partition of the chemical graph
Cu2O½m; n; t� based on the degree sum of end vertices of each

edge.
Now using Eq. (5), and Table 3, we computed the fourth

atom bond connectivity entropy in the following way:
Table 3 Edge partition of Cu2O½m; n; t� with m; n; t P 2 based

on degree sum of end vertices.

ðSs; StÞ Frequency Set of

Edges

ð2; 4Þ 4mþ 4nþ 4t� 8 E1

ð4; 6Þ 4mnþ 4mtþ 4nt� 8m� 8n� 8tþ 12 E2

ð5; 8Þ 4nþ 4mþ 4t� 8 E3

ð6; 8Þ 4mnþ 4mtþ 4nt� 8m� 8n� 8tþ 12 E4

ð8; 8Þ 8mnt� 8mn� 8mt� 8ntþ 8mþ 8nþ 8t� 8 E5
It is easy to see that the fourth atom bond connectivity
index by using Table 3 is

ABC4ðCu2OÞ ¼ ffiffiffiffiffi
14

p
mntþ 4ffiffi

3
p � ffiffiffiffiffi

14
p þ2

	 

ðmnþmtþntÞ

�4
ffiffiffi
2

p þ4
ffiffiffi
3

p � ffiffiffiffiffi
14

p � 2
ffiffiffiffiffi
110

p
5

þ6

þ 2
ffiffiffi
2

p � 8ffiffi
3

p þ ffiffiffiffiffi
14

p þ
ffiffiffiffiffi
110

p
5

�4
	 


ðmþnþ tÞ
ð8Þ

Since Cu2O½m; n; t� has five types of edges, So Eq. (5), with
Table 3 can take the form:

ENTABC4
ðGÞ ¼ log ABC4ð Þ� 1

ABC4ð Þ log
Y

rs2E1ðGÞ

ffiffiffiffiffiffiffiffiffiffiffiffiffi
SrþSs�2

SrSs

qh i ffiffiffiffiffiffiffiffiffiffiffi
SrþSs�2

SrSs

ph i2
4

�
Y

rs2E2 ðGÞ

ffiffiffiffiffiffiffiffiffiffiffiffiffi
SrþSs�2

SrSs

qh i ffiffiffiffiffiffiffiffiffiffiffi
SrþSs�2

SrSs

ph i
�

Y
rs2E3 ðGÞ

ffiffiffiffiffiffiffiffiffiffiffiffiffi
SrþSs�2

SrSs
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SrþSs�2
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ph i

�
Y

rs2E4 ðGÞ
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Y
rs2E5 ðGÞ

ffiffiffiffiffiffiffiffiffiffiffiffiffi
SrþSs�2

SrSs

qh i ffiffiffiffiffiffiffiffiffiffiffi
SrþSs�2

SrSs

ph i3
5

ENTABC4
ðG Þ¼ log ABC4ð Þ� 1

ABC4ð Þ log ð4mþ4nþ4t�8Þ� 1ffiffi
2

p
	 
 1ffiffi

2
p

	 
2
4

3
5

2
4

� ð4mnþ4mtþ4nt�8m�8n�8tþ12Þ� 1ffiffi
3

p
	 
 1ffiffi

3
p

	 
2
4

3
5

� ð4nþ4mþ4t�8Þ�
ffiffiffiffi
11
58

q	 
 ffiffiffi
11
58

p� �" #

� ð4mnþ4mtþ4nt�8m�8n�8tþ12Þ� 1ffiffi
2

p
	 
h i

� ð8mnt�8mn�8mt�8ntþ8mþ8nþ8t�8Þ�
ffiffiffiffi
7
32

q	 
 ffiffiffi
7
32

p� �" ##

Now using the value of the fourth atom bond connectivity

index from Eq. (8), we obtained the exact value of fourth atom
bond connectivity entropy in following expression.

ENTABC4
ðGÞ ¼ log ABC4ð Þ� 1

ABC4ð Þ log ð4mþ4nþ4t�8Þ� 1ffiffi
2

p
	 
 1ffiffi

2
p

	 
2
4

3
5

2
4

3
5

� 1
ABC4ð Þ log ð4mnþ4mtþ4nt�8m�8n�8tþ12Þ� 1ffiffi

3
p

	 
 1ffiffi
3

p
	 
2

4
3
5

2
4

3
5

� 1
ABC4ð Þ log ð4nþ4mþ4t�8Þ�

ffiffiffiffi
11
58

q	 
 ffiffiffi
11
58

p� �" #" #

� 1
ABC4ð Þ log ð4mnþ4mtþ4nt�8m�8n�8tþ12Þ� 1ffiffi

2
p

	 
h ih i

� 1
ABC4ð Þ log ð8mnt�8mn�8mt�8ntþ8mþ8nþ8t�8Þ�

ffiffiffiffi
7
32

q	 
 ffiffiffi
7
32

p� �" #" #

� The Fifth Geometric Arithmetic Entropy of Cu2O½m; n; t�

Now using Eq. (6), and Table 3, we computed the fifth geo-

metric arithmetic entropy in the following way:
It is easy to see that the fifth geometric arithmetic index by

using Table 3 is:

GA5ðGÞ ¼ 8mntþ 16
ffiffi
3

p
7

þ 8
ffiffi
6

p
5
� 8

	 

ðmnþmtþ ntÞ

� 16
ffiffi
2

p
3

þ 48
ffiffi
3

p
7

þ 24
ffiffi
6

p
5

� 32
ffiffiffiffi
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p
13

� 8

þ 8
ffiffi
2

p
3
� 32

ffiffi
3

p
7

� 16
ffiffi
6

p
5

þ 16
ffiffiffiffi
10

p
13

þ 8
	 


ðmþ nþ tÞ
ð9Þ
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Since Cu2O½m; n; t� has five types of edges, So Eq. (6), with

Table 3 can take the form:

ENTGA5
ðGÞ ¼ log GA5ð Þ� 1

GA5ð Þ log
Y

rs2E1ðGÞ

2
ffiffiffiffiffiffiffi
SrSs

p
SrþSs

h i 2
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SrSs
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ENTGA5
ðGÞ ¼ log GA5ð Þ� 1

GA5ð Þ log ð4mþ4nþ4t�8Þ� 2
ffiffi
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 4
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 4
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3

p
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Now using the value of the fifth geometric arithmetic index

from Eq. (9), we obtained the exact value of fifth geometric
arithmetic entropy in following expression.

ENTGA5
ðGÞ ¼ log GA5ð Þ� 1

GA5ð Þ log ð4mþ4nþ4t�8Þ� 2
ffiffi
2

p
3

	 
 2
ffiffi
2

p
3

� �" #" #

� 1
GA5ð Þ log ð4mnþ4mtþ4nt�8m�8n�8tþ12Þ� 2

ffiffi
6

p
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 2
ffiffi
6

p
5
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� 1
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ffiffiffiffi
10

p
13

	 
 4
ffiffiffi
10

p
13
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� 1
GA5ð Þ log ð4mnþ4mtþ4nt�8m�8n�8tþ12Þ� 4

ffiffi
3

p
7

	 
 4
ffiffi
3

p
7
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� 1
GA5ð Þ log ð8mnt�8mn�8mt�8ntþ8mþ8nþ8t�8Þ½ �½ �

� The Sanskruti Entropy of Cu2O½m; n; t�
Now using Eq. (7), and Table 3, we computed the Sanskruti

entropy in the following way:
It is easy to see that the Sanskruti index by using Table 3 is:

SðGÞ ¼ 262144mnt

343
�137292mn

343
�137292mt

343
�137292nt

343

þ118974696n

456533
þ118974696t

456533
þ118974696m

456533
�55213740

456533

Since Cu2O½m; n; t� has five types of edges, So Eq. (7), with
Table 3 can take the form:

ENTSðGÞ ¼ log SðGÞð Þ� 1
SðGÞð Þ log

Y
rs2E1ðGÞ

Sr�Ss

SrþSs�2

	 
3
� � Sr�Ss

SrþSs�2ð Þ3
� �2
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�
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rs2E2 ðGÞ
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3
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SrþSs�2ð Þ3
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�
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Sr�Ss

SrþSs�2

	 
3
� � Sr�Ss

SrþSs�2ð Þ3
� �3

5

ENTSðGÞ ¼ log SðGÞð Þ� 1
SðGÞð Þ log ð4mþ4nþ4t�8Þ�ð8Þð8Þ

h ih
� ð4mnþ4mtþ4nt�8m�8n�8tþ12Þ�ð27Þð27Þ
h i

� ð4nþ4mþ4t�8Þ� 64000
1331

� � 64000
1331ð Þh i

� ð4mnþ4mtþ4nt�8m�8n�8tþ12Þ�ð64Þð64Þ
h i

� ð8mnt�8mn�8mt�8ntþ8mþ8nþ8t�8Þ� 32768
343

� � 32768
343ð Þh ii

Now using the value of the Sanskruti index, we obtained the
exact value of Sanskruti entropy in following expression.

ENTSðGÞ ¼ log SðGÞð Þ � log ð4mþ4nþ4t�8Þ�ð8Þð8Þ½ �½ �
SðGÞð Þ

� log ð4mnþ4mtþ4nt�8m�8n�8tþ12Þ�ð27Þð27Þ½ �½ �
SðGÞð Þ

�
log ð4nþ4mþ4t�8Þ� 64000

1331ð Þ 64000
1331ð Þh ih i

SðGÞð Þ

� log ð4mnþ4mtþ4nt�8m�8n�8tþ12Þ�ð64Þð64Þ½ �½ �
SðGÞð Þ

�
log ð8mnt�8mn�8mt�8ntþ8mþ8nþ8t�8Þ� 32768

343ð Þ 32768
343ð Þh ih i

SðGÞð Þ
7. Crystallographic Structure of TiF2½m; n; t�

Titanium Difluoride is a water insoluble Titanium source for
use in oxygen-sensitive applications, such as metal production.
Fluoride compounds have diverse applications in current tech-

nologies and science, from oil refining and etching to synthetic
organic chemistry and the manufacture of pharmaceuticals.
The chemical graph of crystal structure of titanium difluoride

TiF2½m; n; t� is described in Fig. 3, for more details see (Cotton
et al., 1999). Let G ffi TiF2½m; n; t� be the chemical graph of
TiF2 with m� n unit cells in the plane and t layers. We con-

struct this graph first by taking m� n unites in the mn-plane
and then storing it up in t layers. The number of vertices
and edges of TiF2½m; n; t� are 12mntþ 2mnþ 2mtþ 2ntþ
mþ nþ tþ 1 and 32mnt, respectively.

To compute our result we make the partitions of the ver-
tices and edge. More preciously the vertex partition of
TiF2½m; n; t� based on degrees of each vertex is depicted in

Table 4. Also the edge partition of TiF2½m; n; t� based on
degrees of end vertices of each edge are depicted in Table 5.

7.1. Results for Crystallographic Structure of TiF2½m; n; t�

In this section we computes the entropies of the Crystal Struc-
ture of Titanium Difluoride TiF2½m; n; t�.

� The Redefined First Zagreb Entropy of TiF 2½m; n; t�

Now using Eq. (2), and Table 5, we computed the Rede-
fined first Zagreb entropy in the following way:

It is easy to see that the Redefined first Zagreb index by
using Table 5 is

ReZG1ðGÞ ¼ 1þmþ nþ tþ 2mnþ 2mtþ 2ntþ 12mnt

Since TiF2½m; n; t� has three types of edges, So Eq. (2), with
Table 5 can take the form:



Fig. 3 Crystal Structure Titanium Difluoride TiF2½m; n; t�, (a) represents unit cell of TiF2½m; n; t� with Ti atoms in red and F atoms in

green (b) crystal structure of TiF2½4; 1; 2�.

Table 4 Vertex partition of TiF2½m; n; t� based on degrees of

each vertex.

nðrÞ Frequency Set of

Vertices

1 8 V1

2 4mþ 4nþ 4t� 12 V2

4 8mntþ 4mnþ 4mtþ 4nt� 4n� 4m� 4tþ 6 V3

8 4mnt� 2ðmnþmtþ ntÞ þmþ nþ t� 1 V4
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ENTReZG1
ðTiF2 Þ¼ log ReZG1ðGÞð Þ� 1

ReZG1ðGÞð Þ log
Y

rs2E1ðGÞ
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h i

�
Y

rs2E4ðGÞ

nðrÞþnðsÞ
nðrÞnðsÞ
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h i3
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ENTReZG1
ðTiF2Þ¼ log ReZG1ðGÞð Þ� 1

ReZG1ðGÞð Þ log ½ð8Þ� 5
4

� � 5
4ð Þ�

h
�½ð8ðmþnþ t�3ÞÞ� 3

4

� � 3
4ð Þ�

�½ð16ðmnþmtþntÞ�16ðmþnþ tÞþ24Þ� 1
2

� � 1
2ð Þ�

�½ð32mnt�16ðmtþmnþntÞþ8ðmþnþ tÞ�8Þ� 3
8

� � 3
8ð Þ�
i

Table 5 Edge partition of TiF2½m; n; t� based on degrees of end

vertices.

ðnðrÞ; nðsÞÞ Frequency Set of

Edges

ð1; 4Þ 8 E1

ð2; 4Þ 8ðmþ nþ t� 3Þ E2

ð4; 4Þ 16ðmnþmtþ ntÞ � 16ðmþ nþ tÞ þ 24 E3

ð4; 8Þ 32mnt� 16ðmtþmnþ ntÞ þ 8ðmþ nþ tÞ � 8 E4
Now using the value of the Redefined first Zagreb index in

above equation, we obtained the exact value of Redefined first
Zagreb entropy in following expression.

ENTReZG1
ðTiF2Þ ¼ log 1þmþnþ tþ2mnþ2mtþ2ntþ12mntð Þ

�
log ½ð8Þ� 5

4ð Þ
5
4ð Þ�

h i
1þmþnþtþ2mnþ2mtþ2ntþ12mntð Þ

�
log ð8ðmþnþt�3ÞÞ� 3

4ð Þ
3
4ð Þ

h i
1þmþnþtþ2mnþ2mtþ2ntþ12mntð Þ

�
log ð16ðmnþmtþntÞ�16ðmþnþtÞþ24Þ� 1

2ð Þ
1
2ð Þ

h i
1þmþnþtþ2mnþ2mtþ2ntþ12mntð Þ

�
log ½ð32mnt�16ðmtþmnþntÞþ8ðmþnþtÞ�8Þ� 3

8ð Þ
3
8ð Þ�

h i
1þmþnþtþ2mnþ2mtþ2ntþ12mntð Þ

� The Redefined Second Zagreb Entropy of TiF 2½m; n; t�

Now using Eq. (3), and Table 2, we computed the Rede-
fined second Zagreb entropy in the following way:

It is easy to see that the Redefined second Zagreb index by

using Table 2 is

ReZG2ðTiF2Þ ¼ 16

15
� 32

3
mn� 32

3
mt� 32

3
ntþ 256

3
mnt

Since Cu2O½m; n; t� has three types of edges, So Eq. (3), with

Table 2 can take the form:

ENTReZG2
ðTiF2Þ ¼ log ReZG2ðGÞð Þ� 1

ReZG2ðGÞð Þ log
Y

rs2E1ðGÞ

nðrÞnðsÞ
nðrÞþnðsÞ

h i nðrÞnðsÞ
nðrÞþnðsÞ

h i2
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h i nðrÞnðsÞ
nðrÞþnðsÞ

h i
�

Y
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nðrÞnðsÞ
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h i nðrÞnðsÞ
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¼ log ReZG2ðGÞð Þ� 1
ReZG2ðGÞð Þ log ½ð8Þ� 4

5
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h
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i



Table 6 Edge partition of TiF2½m; n; t�;m; n; s P 2 based on

degree sum of end vertices of each edge.

ðSs; StÞ Frequency Set of edges

ð4; 13Þ 8 E1

ð8; 18Þ 8ðmþ nþ t� 3Þ E2

ð13; 16Þ 16 E3

ð16; 18Þ 16ðmnþmtþ ntÞ � 16ðmþ nþ tÞ þ 8 E4

ð16; 24Þ 32mnt� 16ðmnþmtþ ntÞ þ 8 E5

ð18; 32Þ 8ðmþ nþ t� 2Þ E6
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Now using the value of the Redefined second Zagreb index in

above equation, we obtained the exact value of Redefined sec-
ond Zagreb entropy in following expression.

ENTReZG2
ðTiF2Þ ¼ log 16
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� 32
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mn� 32

3
mt� 32

3
ntþ 256

3
mnt
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� The Redefined Third Zagreb Entropy of TiF 2½m; n; t�

Now using Eq. (4), and Table 5, we computed the Rede-

fined third Zagreb entropy in the following way:
It is easy to see that the Redefined third Zagreb index by

using Table 5 is

ReZG3ðTiF2Þ ¼ 12288mnt� 992þ 1408mþ 1408nþ 1408t

� 4096mn� 4096mt� 4096nt

Since Cu2O½m; n; t� has three types of edges, So Eq. (4), with
Table 5 can take the form:
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Now using the value of the Redefined third Zagreb index in
above equation, we obtained the exact value of Redefined third
Zagreb entropy in following expression.
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� The Fourth Atom Bond Connectivity Entropy of TiF 2½m; n; t�

The Table 6 shows the edge partition of the chemical graph
TiF2½m; n; t� based on the degree sum of end vertices of each

edge.
Now using Eq. (5), and Table 6, we computed the fourth

atom bond connectivity entropy in the following way:
It is easy to see that the fourth atom bond connectivity

index by using Table 6 is:
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Since TiF2½m; n; t� has six types of edges, So Eq. (5), with
Table 6 can take the form:
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Now using the value of the fourth atom bond connectivity
index from Eq. (10), we obtained the exact value of fourth
atom bond connectivity entropy in following expression.
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Fig. 4 (a) The Redefined first Zagreb entropy, (b) The Redefined second Zagreb entropy, (c) The Redefined third Zagreb entropy.

Fig. 5 (a) The ABC4 entropy, (b) The GA5 entropy, (c) The Sanskruti entropy.
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� The Fifth Geometric Arithmetic Entropy of TiF 2½m; n; t�
Table 7 Comparison of the Redefined Zagreb Entropies for

Cu2O½m; n; t�.
½m; n; t� ENTReZG1

ENTReZG2
ENTReZG3

½1; 1; 1� 0:22 0:41 0:22

½2; 2; 2� 0:45 0:82 0:52

½3; 3; 3� 0:84 1:65 0:92

½4; 4; 4� 1:27 2:13 1:42

½5; 5; 5� 2:53 2:68 2:32

Table 8 Comparison of the ABC4;GA5 and Sanskruti S

Entropies for Cu2O½m; n; t�.
½m; n; t� ENTABC4

ENTGA5
ENTS

½1; 1; 1� 1:32 1:21 1:12

½2; 2; 2� 1:65 1:32 2:22

½3; 3; 3� 1:84 2:45 3:32

½4; 4; 4� 2:87 3:53 4:42

½5; 5; 5� 3:63 4:68 4:52

Table 9 Comparison of the Redefined Zagreb Entropies for

TiF2½m; n; t�.
½m; n; t� ENTReZG1

ENTReZG2
ENTReZG3

½1; 1; 1� 0:12 0:21 0:32

½2; 2; 2� 0:35 0:92 0:92

½3; 3; 3� 0:14 1:35 1:32

½4; 4; 4� 1:37 2:83 1:82

½5; 5; 5� 2:63 2:78 2:12

Table 10 Comparison of the ABC4;GA5 and Sanskruti S

Entropies for TiF2½m; n; t�.
½m; n; t� ENTABC4

ENTGA5
ENTS

½1; 1; 1� 1:42 1:61 1:72

½2; 2; 2� 1:85 1:92 2:62

½3; 3; 3� 2:84 2:35 3:82

½4; 4; 4� 3:57 3:43 4:62
Now using Eq. (6), and Table 6, we computed the fifth geo-
metric arithmetic entropy in the following way:

It is easy to see that the fifth geometric arithmetic index by
using Table 6 is:
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Since TiF2½m; n; t� has six types of edges, So Eq. (6), with
Table 6 can take the form:

ENTGA5
ðGÞ ¼ log GA5ð Þ � 1

GA5ð Þ log
Y

rs2E1ðGÞ

2
ffiffiffiffiffiffiffi
SrSs

p
SrþSs

h i 2
ffiffiffiffiffiffi
SrSs

p
SrþSs

� �"

�
Y

rs2E2ðGÞ

2
ffiffiffiffiffiffiffi
SrSs

p
SrþSs

h i 2
ffiffiffiffiffiffi
SrSs

p
SrþSs

� �
�

Y
rs2E3ðGÞ

2
ffiffiffiffiffiffiffi
SrSs

p
SrþSs

h i 2
ffiffiffiffiffiffi
SrSs

p
SrþSs

� �

�
Y

rs2E4ðGÞ

2
ffiffiffiffiffiffiffi
SrSs

p
SrþSs

h i 2
ffiffiffiffiffiffi
SrSs

p
SrþSs

� �
�

Y
rs2E5ðGÞ

2
ffiffiffiffiffiffiffi
SrSs

p
SrþSs

h i 2
ffiffiffiffiffiffi
SrSs

p
SrþSs

� �

�
Y

rs2E6ðGÞ

2
ffiffiffiffiffiffiffi
SrSs

p
SrþSs

h i 2
ffiffiffiffiffiffi
SrSs

p
SrþSs

� �#

ENTGA5
ðGÞ ¼ log GA5ð Þ� 1

GA5ð Þ log ð8Þ� 4
ffiffiffiffi
13

p
17

	 
 4
ffiffiffi
13

p
17

� �" #"

� ð8ðmþnþ t�3ÞÞ� 12
13

� � 12
13ð Þh i

� ð16Þ� 8
ffiffiffiffi
13

p
29

	 
 8
ffiffiffi
13

p
29

� �" #

� ð16ðmnþmtþntÞ�16ðmþnþ tÞþ8Þ� 12
ffiffi
2

p
17

	 
 12
ffiffi
2

p
17

� �" #

� ð32mnt�16ðmnþmtþntÞþ8Þ� 9
ffiffi
6

p
5

	 
 9
ffiffi
6

p
5

� �" #

� ð8ðmþnþ t�2ÞÞ� 6
5

� � 6
5ð Þh ii

Now using the value of the fifth geometric arithmetic index
from Eq. (9), we obtained the exact value of fifth geometric
arithmetic entropy in following expression.
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� The Sanskruti Entropy of TiF 2½m; n; t�

Now using Eq. (7), and Table 6, we computed the Sanskruti

entropy in the following way:
It is easy to see that the Sanskruti index by using Table 6 is:

SðGÞ ¼ 226492416
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On entropy measures of molecular graphs
Since TiF2½m; n; t� has six types of edges, So Eq. (7), with

Table 6 can take the form:
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Fig. 6 (a) The Redefined first Zagreb entropy, (b) The Redefined second Zagreb entropy, (c) The Redefined third Zagreb entropy.

Fig. 7 (a) The ABC4 entropy, (b) The GA5 entropy, (c) The Sanskruti entropy.
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ENTSðGÞ ¼ log SðGÞð Þ� 1
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Now using the value of the Sanskruti index, we obtained the

exact value of Sanskruti entropy in following expression.
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8. Comparisons and discussion for Cu2O½m; n; t�

Since the degree based entropy has lot of application in differ-

ent branches of science, namely pharmaceutical, chemistry,
biological drugs and computer science. So the numerical and
graphical representation of these calculated results are helpful

to scientist. So in this section, we have computed numerically
all degree based entropies for different values of m; n; t for
Cu2O½m; n; t�. In addition, we construct Tables 7, 8 for small
values of m; n; t for degree based entropy to numerical compar-

ison for the structure of Cu2O½m; n; t�. Now, from Tables 7, 8,
we can easily see that all the values of entropy are in increasing
order as the values of m; n; t are increases. The graphical repre-
sentations of computed results are depicted in Fig. 4 and Fig. 5
for certain values of m; n; t.

9. Comparisons and discussion for TiF2½m; n; t�

Since the degree based entropy has lot of application in differ-
ent branches of science, namely pharmaceutical, chemistry,

biological drugs and computer science. So the numerical and
graphical representation of these calculated results are helpful
to scientist. So in this section, we have computed numerically

all degree based entropies for different values of m; n; t for
TiF2½m; n; t�. In addition, we construct Tables 9, 10 for small
values of m; n; t for degree based entropy to numerical compar-
ison for the structure of Cu2O½m; n; t�. Now, from Tables 9, 10,
we can easily see that all the values of entropy are in increasing
order as the values of m; n; t are increases. The graphical repre-
sentations of computed results are depicted in Fig. 6 and Fig. 7
for certain values of m; n; t.

10. Conclusion

In this paper, based on Shannon,s entropy and Chen et.al
entropy definitions, we study the graph entropies related to a

new information function. We introduces a relation between
the degree based topological indices with degree based entro-
pies. We computed the degree based entropies for crystallo-

graphic Structure of Copper Oxide Cu2O½m; n; t� and
Titanium Difluoride TiF2½m; n; t�. We also computed the
numerical values of these entropies in Tables and give the com-

parison between the degree based topological indices and
degree based entropies, which leads us to know the Physico-
chemical properties of these crystallographic Structure of Cop-
per Oxide Cu2O½m; n; t� and Titanium Difluoride TiF2½m; n; t�.

In future, we want to extended this idea other chemical
structures which explore the new direction of researcher in this
field.
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