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ABSTRACT

Computing Connection Number-Based Indices for Graphs Derived
from Metal Organic

Metal-organic networks consist of metals and organic ligands, forming their two
distinctive components. In the realm of Mathematical Chemistry, metals are
elements that exhibit metallic bonding and possess a propensity to readily form
positive ions. Ligands, on the other hand, encompass neutral molecules or ions
that attach to the central atoms or ions of metals, forming bonds. The recent surge
in the significance of distance-based topological indices has led to their
widespread use in exploring the structure-property relationship among molecules.
Given their importance, this thesis focuses specifically on distance-based
topological indices. It delves into Metal-organic Networks, examining their
characteristics and properties. The thesis also involves the computation of several
connection-based Zagreb indices to gain insights into the Metal-organic
Networks. By emphasizing the role of distance-based topological indices, this
study aims to contribute to our understanding of Metal-organic Networks and
their structural features. The examination of these indices offers valuable
information regarding connectivity and complexity, facilitating further research
and potential applications in fields such as materials science, catalysis, and drug
discovery.
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Chapter 1

Introduction



1.1 History

The Seven Bridges of Konigsberg problem first arise roughly 300 years ago, at a time when
nobody was familiar with the field of graph theory. At the time, Konigsberg was a Ger-
man city; today, it is a Russian city situated alongside the Pregel river. This city has seven
bridges, and they were used to connect it to two islands. The residents of Konigsberg have
long wondered whether it is possible to cross all seven bridges without having to do it more
than once. Leonhard Euler (1707-1783) was the person who had figured out the problem
in 1736[17]. Euler’s conclusion regarding the issue was that it was either impossible or
impractical to cross the bridges in a single attempt except cross the other bridges more than
one time. In order to mark the problem in a fairly straightforward manner, he used the dots
to represent the landmasses as vertices and lines to represent the seven bridges as edges. He
not only demonstrated that it is impossible, but he also provided the explanation for why
this is the case.He simplify this by introducing the new term valence or degree of vertex
as a count of edges connecting to a specific vertex. The Eulerian graph is the result of
the Euler idea.Actually, this Eulerian idea created a brand-new branch of the mathematics
called ”Graph Theory”.

After a century, Kirchhoff assemble still another advancement in that area when he was
experimenting with electronic networks[7]. The characteristics of a brand-new class of
graphs termed trees has been put out by Sylvester and Caley. A different area of mathemat-
ics called linear algebra and graph theory are closely related. Poincare made yet another
discovery in the foundations of graph theory that is related to incidence matrix and matrix
theory. Mobius made the discovery of the family’s collection of complete graphs in 1840.
The four color problem was created by Gutherie in the theory of graphs in 1852. Graph
theory is a subject that is currently being utilized in many scientific domains, including
computer science like networks, chemistry like chemical graphs, electronics like electroni-
cally circuits, operations research as drainage systems, traffics flow, and telephone lines. It
is also utilized in optimization issues. Graph theory has several uses that are extremely ben-
eficial to people. Although graph theory belongs to Mathematics, its roots can be found in

many other fields including statistical data, Mechanical, Civil and Chemical Engineering.



1.2 Elements of Basic Graph Theory

In this section we discussed some basic definations of graph theory that is useful for under-

standing the chemical structures.

1.2.1 Graph

A graph [ is made up of non-empty finite set V(IF) of vertices (or nodes) and a non-empty
finite set E(IF) of different unordered pairs of vertices V(IF) called edges.We refer E(F) as
edge set and V(IF) as vertex set.

V(F)={vi,v2,v3,v4,vs5}, E(F)={e1,e2,€3,e4,€5,€6,€7,€3}

Figure 1.1: A graph F

1.2.2 Subgraph

If a vertex set V(I') and edge set E(F’) of F’ are subsets of the vertex set V(IF') and edge
set E(F') of F. Then we say that F’ is a subgraph of .

V1

Wy V5

V3

Figure 1.2: Subgraph(F”)



1.2.3 Size and Order of Graph

A graph’s |V | number of the vertices determines the order of graph.A graph’s size is defined

by its number of edges, or |E|.

Figure 1.3: |V(G)|=5 and |E(G)|=8

1.2.4 Degree of Vertex

The amount of edges that are connected to a vertex is called the degree of that vertex in the

graph.This is denoted by d(v).

» =

Figure 1.4: Vertices with degree

d(v1)=3
d(vy)=2
d(v3)=2
d(vs)=1



1.2.5 Isolated Vertex

A vertex is called an isolated vertex, if no edge is connected to that vertex.In other words,

the vertex of 0 degree is called isolated vertex.

v
4
Vs

@’

Figure 1.5: v is an isolated vertex.

1.2.6 Pendant Vertex

A vertex of the degree 1 is called pendant vertex. In Figure 1.5 v3,v4,v5 are pendant

vertices.

1.2.7 Odd Vertex

A vertex is said to be an odd vertex, if number of edges connected to that vertex is odd. In

other words, the vertex of odd degree is called an odd vertex.

1 \.":_;
® ®

Figure 1.6: All the vertices are odd.



1.2.8 Even Vertex
A vertex is said to be an even vertex, if number of edges are connected to that vertex is

even. In other words, the vertex of even degree is called even vertex.

vy Vg

Vg

Yy V3

Figure 1.7: All the vertices are even.

1.2.9 Adjacent Vertices

If an edge connects two vertices in a graph, those vertices will be considered as adja-
cent.The single edge here that connects these two vertices keeps their vertices adjacent. In
Fig 1.8,v; is adjacent to the v,,v3, except to vq4,vs. Similarly, v, is only adjacent to the

v1,v3, v3 is adjacent to the v, v, v4, v4 1s adjacent to v3,vs and vs is only adjacent to the v4.

V1

'\.‘3 V | V5

Figure 1.8: Graph with adjacent vertices.



1.2.10 Neighborhood Vertex Set

The neighbourhood vertex set (Np(v)) of every vertex v in a graph F consists of all the

vertices adjacent to that vertex. Neighborhood of all vertices of Fig 1.1 are as follows:

Nr(vi)={v2,va,vs}

Ng(v2)={v1,v3,vs}
Ng(v3)={v2,vs,vs}
Ng(v4)={v1,v3,vs}
Nr(vs)={vi,v2,v3,v4}

1.2.11 Loop

When an edge which joins the vertex to itself is known as loop, e7 is a loop in this graph.

Figure 1.9: Graph with loop and multiple edges.

1.2.12 Multiple Edges

In a graph, multiple edges are any two or more than two edges these are connected to the
same pair of two vertices.

In Fig 1.9, e3 and e4 are multiple edges.



1.2.13 Adjacent Edges

In a graph, two or more edges that are adjacent edges if these edges have the common

vertex.

In Fig 1.10, e3,e4,e; are adjacent edges at v;.

Figure 1.10: Graph with adjacent edges.

1.2.14 Pendent Edges

A graph [F’s edge will be considered a pendant edge when any one of its vertices is a

pendant vertex.

In Fig 1.11 e is the pendent edge.

Vi €1 V2
2 €4
e
v3 ° V4

Figure 1.11: Graph with pendent edge.



1.2.15 Simple Graph

A simple graph is one that is unweighted, undirected, and free of loops or multiple edges.

The graph in Fig 1.12 is simple graph.

V1 V2 Lk}

Vg Vg Vy

Figure 1.12: Graph with no loop and multiple edges.

1.2.16 Multiple Graph

If a graph F’s has multiple edges or at least one loop, then its called multiple graph. The

graph in Fig 1.13 is a multiple graph.

Vi V2 Vi

Figure 1.13: Graph with multiple edges.



1.2.17 Finite Graph

A graph is called finite if it has number of edges and vertices are finite.

¥q Vo

1;4 Lk]

Figure 1.14: Finite graph

1.2.18 Infinite Graph

A graph is known as infinite if they have the number of edges and vertices are infinite.

Figure 1.15: 2-Regular infinite graph

1.2.19 Planar Graph

If a graph is drawn on a plane aside from any edges are crossing, then it is said to be planar.

V1 Vg V3

Vi Vg Wy

Figure 1.16: Planar graph
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1.2.20 Non-Planar Graph

If a graph can be draw on a plane and if any two edges crossing each other, then it is said

to be non-planar.

Figure 1.17: Non-planar graph

1.2.21 Regular Graph

If the degree of each vertex in the graph is equal, then this graph is said that regular.If each

vertex’s degree is K, a graph is said to be K regular..

v oV

Figure 1.18: 3-Regular graph

1.2.22 Walk

A walk is a pattern of a graph’s vertices and edges, therefore if we pass over the graph, we

obtain a walk. In Fig 1.19 vi— > vs— > vg— > vo— > v3— > v4— > v3— > vy is a walk.

11



1.2.23 Path

A Path is like walk but no vertex and edge is repeated in this walk. In Fig 1.19 vi— >

vp— > v3— > vy 1S a path.

Figure 1.19: Graph with walk and path

1.2.24 Cyclic Graph

A graph that has at least one cycle, or a path that starts and end at the same vertex without
going through any other vertices again, is referred to as cyclic graph. In Fig 1.20 vi— >

v3— > vg— > vy is cycle.

Vi €1 V2
€9 &4
e
v3 ’ V4

Figure 1.20: cyclic graph

12



1.2.25 Operation on Graphs

Take two graphs G1=(V},E}) and G,=(V3, E>), then union of G| and G, is G=(V, E). Where
V=V UW, .E=E| UE;.
V(Vl UVZ) = V(Vl) UV(V2)

E(E\UEy) = E(E1)U(E)

vivinwh) =v(Vi)nv(\L)

E(E\NEy) =E(E1)N(E)

G2

3%
1

G1UG2 G11G2|

Figure 1.21: Operations on graph
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2.1 Introduction

A branch of mathematics called chemical graph theory that merge chemistry and graph
theory. Chemical graph theory focuses on all aspects of applying graph theory to chem-
istry, including computational, theoretical, mathematical, and organic chemistry, as well as
bioinformatics and chemoinformatics. Topological indices are mathematical invariants of
chemical graphs, have shown to be useful tools for studying compounds’ physio-chemical
properties. In chemical graph theory, topological indices are especially important for the
study of (QSPR/QSAR).

The topological index can be seen as a distance metric that employs each chemical struc-
ture’s numerical value as a descriptor for the molecule under study. The Zagreb index,Weiner
index, sum connectivity index is well known indices in graph theory. In 2021, we find the
degree based topological indices of Supramolecular chain In dialkyltin complexes Of N-
salicylidene-L-valine[1]]. Degree-based topological indices, distance-based topological in-
dices and spectrum-based topological indices are the three types of topological indices that
are commonly used. Recently distance based topological indices gain great importance and
use in the set of several different types of topological indices. They’re often used to inves-
tigate the structure-property relationship between molecules. Because of the importance of
distance-based topological indices in this thesis we will focus on the distance-based topo-
logical indices.

Recently, Naji et al. [16]], has introduced the three connection based topological indices
named as,

First Zagreb Connection Index.

Second Zagreb Connection Index.

Third Zagreb Connection Index.

15



2.2 Connection Number of Vertex

The connection number of a vertex v is defined as the number of the vertices at a distance

two from that vertex v. It is denoted by w(v).

Figure 2.1: Connection number of v{,v2,v3,Vg is 2 and connection number of v4,vs is 1.

Y1 Vo

".I’4 UEI

Figure 2.2: Connection number of all vertices is 3.

16



Figure 2.3: Connection number of v,, is 0 and connection number of all other vertices is 3.

Vi

Figure 2.4: Connection number of all other vertices is 6.

17



2.3 Distance Based Topological Indices

Topological indices can be calculated using the concept of degree of vertices and/or dis-
tance between two vertices. In this thesis, we discussed the distance based topological
indices.

One of the most famous and oldest topological index is Wiener Index W(G). Wiener in-
dex is defined as the sum of distances between any two atoms(vertices) in the molecules, in
terms of bonds (or edges). This index introduced by chemist Harold Wiener[21]] in 1947. In
1972, Gutman and Trinajsti “c[13] defined the first degree-base topological index named as
first Zagreb index(M1) to calculate the pi-energy of linked molecules. After that year, the
2nd Zagreb Index (M2) was created by Gutman et al[14]. Many scientists and mathemati-
cians later used these topological indices thanks to theory and applications like operations
on graphs[18,8]]. Furtula and Ivan Gutman[10] introduced the third Zagreb index(forgotten
index) in 2015. Zagreb type indices have various applications in mathematical chemistry
and computational graph theory that’s why lot of researchers work on the Zagreb type
indices|[l6, 115, 15]].

Recently, first Zagreb connection index(ZCj)was introduced by Naji.[20] in 2017 and sec-
ond Zagreb connection index (ZC,) was introduced by Naji and Soner in 2018. Ali and
Trinajstic[3] introduced modified first Zagreb connection index(ZCf) in 2018. Similarly
modified Zagreb connection indices and multiplicative modified Zagreb connection indices
are recently introduced by Javaid[19]. We cite for further information on the characteristics

and investigations of Zagreb connection indices[9} 4, [11, [12].

18



2.4 Zagreb Connection Index

First Zagreb connection index of graph([F) is

ZGi(F) =Y. [wr()]?, (24.1)
veV(F)

and second Zagreb connection index of graph(IF)is :

ZG(F) =Y [wr(u) xwe(v)], (242)
uveE(FF)

where w(u) represent connection number of u and w(v) represent the connection number

of v to the edge uv.

2.5 Modified Zagreb Connection Indices(mZCI)

Modified Zagreb connection indices are:

ZCi(F)= Y. [wr(u) +wr(v)] (2.5.1)
uveE (F)

2G(F)= Y, [de(w)wr(v) +dg(v)wp(u)] (2.5.2)
uveE (F)

ZG5(F)= ), [dp(u)wr(u)+dr(v)Wr(v)] (2.5.3)
uveE(F)

2C;(F) =Y. [dr(u)wg(u) x dp(v)wg(v)] (2.5.4)
uveE(F)

Where,
ZC; (F) represent 1" mZCl.
ZC;(F) represent 2" mZCI.
C; (F) represent 3 mZCL.
ZC; (F) represent 4" mZCI.

N

19



2.6 Multiplicative Zagreb Connection Indices(MZCI)

Multiplicative Zagreb connection indices are:

MZCy(F) = [T we(v)]®

veV(F)
MZC(F) = [ wr(u) x wg(v)]
uveE (F)
MZC3(F) = [ [dr(u) x wr(v)]
uveE(F)
MZC4(]F) = H [WF(M) +WF(V)]
uveE (F)
where,
MZC,(F) represent 15 MZCIL.
MZC(F) represent 2 MZCL.
MZC5(F) represent 3% MZCL
MZCy(F) represent 4 MZCI.

(2.6.1)

(2.6.2)

(2.6.3)

(2.6.4)

2.7 Modified Multiplicative Zagreb Connection Indices(mMZCI)

Modified multiplicative Zagreb connection indices are:

MZC(F) = [T [de(u)wr(v)+dp(v)iwe(u)]
uveE(F)

MZC(F) = [T [dr(u)we(u) +dp(v)wg(v)]
uveE (F)

MZC3(F) = H( )[dF(M)WIF(M) X dg (v)wr(v)]
uveE (F

Where,

MZC} (F) represent 1% mMZCL.
MZC;(F) represent 2 mMZCL
MZC3(F) represent 3 mMZCL

20
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Chapter 3

Metal-Organic Networks

21



In this chapter, we calculate the results for topological indices, which are based on de-
gree of vertices and connection number of vertices in metal-organic networks. We compute
Zagreb and modified Zagreb connection indices,multiplicative and modified multiplicative

Zagreb connection indices of metal-organic networks.

3.1 First Metal-Organic Network(M ON;(p))

In this section, we review metal-organic networks [2]. Firstly we discuss basic metal-
organic network which are made up of two different components metals and organic lig-
ands.The smaller vertices are organic ligands, while the bigger vertices/atoms are met-
als,that are zeolite imidazole which is shown in Fig. (3.1). Moreover, the metal-organic
network(MON (p)) is established by joining the metals of the two key layers of the funda-
mental metal-organic network in such a way that the outer layers two metals are connected
to the inner layers metals. For p > 2, the |V(MON;(p))| = |V(MON,(p))| = 48p and
|E(MON;(p))| = |[E(MON>(p))| =72p — 12p. For p = 2 first metal-organic network is
shown in Fig. (3.2).

Figure 3.1: Basic metal-organic network(MON (p))

22



Figure 3.2: First metal-organic network(MON; (p) for p = 2)

Vi | Vel
Vi 12
Va 18
V5 6p —6
Vs 6p+12
V7 12p
Vs 12p—24
V9 6p —6
V10 6p —6

Table 3.1: Vertex partition of MON; (p) on the basis of vertex connection number

23



Exy () | 1 Ew(u)mo)l
E 4 24
E 7 2
Esg 24
E577 12p —12
Ee7 12p
Ers | 12p—24
E79 12p
E879 12p —24
E9710 12p —12

Table 3.2: Edge partition of MON; (p) on the basis of connection number

W) [ g
Eawaw) | Faw.aw) |
E}S 24
E)) 12
E;S 24
B 12
2 p—12
£ 12
2.4 P
E)S 12p—24
EJ, 12
2,6
E, 12p—12
ES, | 12p-24
E,' | 12p—12

Table 3.3: Edge partition of MON; (p) on the basis of degree-connection number

3.2 Main result of MON;(p)

Theorem 3.2.1. For the first metal organic network F = MON,(p), the first Zagreb con-

nection index 2C (F) is,

ZC1(F) = 2808p — 1944,

Proof. By using Defination 2.4.1:

ze\(F) =Y, [we())*.

veV(F)
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By using Table:3.1

2y (F) =(3)*(12) + (4)*(18) +(5)*(6p — 6) + (6)*(6p + 12) + (7)*(12p) +(8)*(12p — 24)+
(9)*(6p —6) +(10)*(6p —6)

After solving it, we get our result:
= 2808p — 1944.

O

Theorem 3.2.2. For the first metal organic network F = MON\(p), the second Zagreb

connection index 2C>(F) is,

2C>(F) = 4296p — 3456.

Proof. By using Defination 2.4.2:

2C(F) = Z [Wr(u) X wr(v)].
uveE(F)

By using Table:3.2

2C5(F) =(3x 4)(24) + (3 x 7)(12) + (4 x 6)(24) + (5 x 7)(12p — 12) + (6 x 7)(12p)+
(7 x 8)(12p — 24) + (7 x 9)(12p) + (8 x 9)(12p — 24) + (9 x 10)(12p — 12)

After solving it, we get our result:
= 4296p — 3456.

O

Theorem 3.2.3. For the first metal organic network F = MON(p), the modified first Za-

greb connection index ZC; (F) is,
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ZCt(F) = 1104p — 612.

Proof. By using Defination 2.5.1:

By using Table:3.2

2CHF) =(34+4)(24) + (3+7)(12) + (4 +6)(24) + (5+7)(12p — 12) + (6 + 7)(12p) +
(7+8)(12p —24) + (7T+9)(12p) + (8+9)(12p — 24) + (9 +10)(12p — 12)

After solving it, we get our result:
=1104p —612.

O

Theorem 3.2.4. For the first metal organic network F = MON;(p), the modified second

Zagreb connection index ZC3(TF) is,

ZC5(F) = 4080p — 3120.
Proof. By using the Defination 2.5.2;

ZG(F)= Y, [dp(u)wg(v) +dr(v)wr(u)].

uveE (F)

By using Table:3.2

ZC3(F) =((3)(4) +(2)(3))(24) + ((3)(7) + (2)(3))(12) + ((4)(6) + (2)(4)) (24) +

((12)(7) + (4)(5))(12p = 12) + ((2)(7) + (4)(6)) (12p) + (4)(8) + (2)(7)) (12p — 24)+
((2)(9)+(6)(7)(12) + ((4)(9) + (6)(7)) (12p — 12) + ((2)(9) + (6)(8)) (12p — 24)+
((6)(10) +(2)(9))(12p - 1)
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After solving it, we get our result:
= 4080p — 3120.

O
Theorem 3.2.5. For the first metal organic network F = MON\(p), the modified third
Zagreb connection index ZC}(F) is,
Z2C5(F) = 4176p — 2892.

Proof. By using the Defination 2.5.3;

Z2C5(F) = Z [dr(u)wr(u) + dp(v)Wwr(v)].
uveE (F)

By using Table:3.3

ZC3(F) =((3)(3) +(2)(4)) (24) + ((3)(3) + (2)(7))(12) + ((4)(4) + (2)(6)) (24) +
((2)(5) +(4)(7))(12p = 12) + ((2)(6) + (4)(7))(12p) + (4)(7) + (2)(8)) (12p — 24) +
((2)(7) +(6)(9)(12) + ((4)(7) +(6)(9)) (12p — 12) + ((2)(8) + (6)(9)) (12p — 24)+
((6)(9) +(2)(10))(12p — 12)

After solving it, we get our result:
=4176p — 2892.

L]

Theorem 3.2.6. For the first metal organic network F = MON\(p), the modified fourth

Zagreb connection index ZC;j(F) is,

Z2C;(F) = 54240p — 49032.
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Proof. By using Defination 2.5.4:

ZCi(F)= Y, [dp(u)wg(u) x dp(v)wg(v)].
uveE (F)

By using Table:3.3

ZC3(F) =((3)(3) x (2)(4))(24) +((3)(3) x (2)(7))(12) + ((4)(4) x (2)(6))(24)+
((2)(5) x (4)(7))(12p — 12) + ((2)(6) x (4)(7))(12p) + ((4)(7) x (2)(8))(12p — 24)+
((2)(7) x (6)(9))(12) + ((4)(7) x (6)(9))(12p — 12) + ((2)(8) x (6)(9))(12p — 24)+
((6)(9) x (2)(10))

After solving it, we get our result:
= 54240p — 49032.

O

Theorem 3.2.7. For the first metal organic network F = MON(p), the first multiplicative
Zagreb connection index MZCy(F) is,

MZCy(F) = 132705010046730240000p° — 398115030140190720000p° —
132705010046730240000p* +1.4597551105140326e +21 p? — 1.592460120560763¢ 421 p> +
530820040186920960000p.

Proof. By using Defination 2.6.1:

za\(F) = [ e

veV(F)
By using Table:3.1
MZCi(F) =(3)%(12) x (4)*(18) x (5)%(6p — 6) x (6)*(6p + 12) x (7)*(12p) x (8)*(12p —24) x

(9)*(6p—6) x (10)*(6p —6)
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After solving it, we get our result:

—132705010046730240000p° — 398115030140190720000p° — 132705010046730240000p* +
1.4597551105140326¢ + 21 p° — 1.592460120560763¢ + 21 p* + 530820040186920960000p.

O

Theorem 3.2.8. For the first metal organic network F = MON; (p), the second multiplica-

tive Zagreb connection index MZC>(TF) is,
MZC>(F) = 4.194922147985984¢ +24p° —2.5169532887915904¢ +25p* +5.453398792381779¢ +
25p — 1.033906577583181¢ +25p> + 1.6779688591943936¢ 4 25p.

Proof. By using the Defination 2.6.2;

MZC>(F) = H [Wr(u) x wp(v)].
uveE(TF)

By using Table:3.2

MZC>(F) =(3 x 4)(24) x (3 x 7)(12) x (4 x 6)(24) x (5 x 7)(12p — 12) x (6 x 7)(12p) x
(7 x 8)(12p —24) x (7 x 9)(12p) x (8 x 9)(12p — 24) x (9 x 10)(12p — 12)

After solving it, we get our result:

—4.194922147985984¢ + 24 p° — 2.5169532887915904¢ + 25p* + 5.453398792381779¢ + 25p° —
1.033906577583181e +25p” + 1.6779688591943936¢ + 25p.

L]

Theorem 3.2.9. For the first metal organic network F = MON (p),nthe third multiplica-

tive Zagreb connection index MZC5(F is,

MZC5(F) = 6.57489838704742¢ + 24 p® — 4.602428870933194¢ +25p° + 1.2492306935390098¢ +
26p* —1.643724596761855¢ +26p> +1.0519837419275872¢ +26p> —2.629959354818968¢ +-
25p.
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Proof. By using Defination 2.6.3:

MZC3(F) = [] ldw(u)xwr(¥)).
uveE(F)

By using Table:3.3
MZC3(F) =(3 x 4)(24) x (3 x 7)(12) x (4 x 6)(24) x (2 x 7)(12p — 12) x (2 x 7)(12p) x

(4 x 8)(12p —24) x (2 x 9)(12) x (4 x 9)(12p — 12) x (2 x 9)(12p — 24) x
(6 x 10)(12p — 12)

After solving it, we get our result:

—6.57489838704742¢ + 24 p% — 4.602428870933194¢ + 25p° 4 1.2492306935390098¢ + 26 p* —
1.643724596761855¢ +26p° + 1.0519837419275872¢ + 26p* — 2.629959354818968¢ + 25p.

O

Theorem 3.2.10. For the first metal organic network F = MON (p), the fourth multiplica-

tive Zagreb connection index MZCy(F is,

MZCy(F) = 174713960317059072000p°% — 1.0482837619023544¢ +-21p° 4+-2.271281484121768¢ +
21p* —2.0965675238047089 + 21 p> + 698855841268236288000p°.

Proof. By using Defination 2.6.4:

M2C4(F) = [ [we() +wr(v)].
uveE(TF)

By using Table:3.2

MZC4(F) =(3+4)(24) x (3+7)(12) X (4+6)(24) x (5+7)(12p — 12) x (6 +7)(12p) x

(7+8)(12p —24) x (7+9)(12p) x (8+9)(12p— 24) x (9 +10)(12p — 12)
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After solving it, we get our result:

=174713960317059072000p° — 1.0482837619023544e + 21 p° +2.271281484121768¢ + 21 p* —
2.0965675238047089¢ + 21 p° + 698855841268236288000>.

O

Theorem 3.2.11. For the first metal organic network F = MON\(p), the modified first
multiplicative Zagreb connection index MZC; (F) is,

MZC;(F) = 5.515227556984977¢ + 27 p5 — 3.8606592898894836¢ + 28 p° +
1.0478932358271454¢ 4 29p* — 1.3788068892462441¢ +29p> + 8.824364091175963¢ +
28p? —2.2060910227939907¢ + 28 p.

Proof. By using Defination 2.7.1:

MZCi(F) = H [dr (u)wr(v) + dr (v)wr(u)).
uveE(F)

By using Table:3.3

After solving it, we get our result:

—5.515227556984977¢ 427 p°® — 3.8606592898894836¢ + 28p° 4 1.0478932358271454¢ +29p* —
1.3788068892462441e +29p° 4 8.824364091175963¢ + 28p* — 2.2060910227939907¢ + 28 p.

O

Theorem 3.2.12. For the first metal organic network F = MON\(p), the modified second

multiplicative Zagreb connection index MZC;(F) is,
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MZC;(F) = 5.237885853114462¢ + 27p5 — 3.666520097180123¢ + 28 p° +
9.951983120917477¢ + 28p* — 1.3094714632786155¢ + 29p3 + 8.380617364983138¢ -+
28p% — 2.0951543412457846¢ + 28p.

Proof. By using the Defination 2.7.2;

MZC3(F) = H [dr (u)wr(u) + dr(v)Wr(v)].
uveE(F)

By using Table:3.3

MZC3(F) =((3)(3) + (2)(4))(24) x ((3)(3) + (2)(7)(12) x ((4)(4) + (2)(6))(24) x
(2)(5) +(4)(7))(12p — 12) x ((2)(6) + (4)(7))(12p) x ((4)(7) + (2)(8)) (12p — 24) X
((2)(7)+(6)(9))(12) x ((4)(7) +(6)(9))(12p — 12) x ((2)(8) + (6)(9)) (12p — 24) X
((6)(9) +(2)(10))(12p — 12)

After solving it, we get our result:

—5.237885853114462¢ + 27 p% — 3.666520097180123¢ + 28p° +9.951983120917477¢ + 28p* —
1.3094714632786155¢ 4 29p> + 8.380617364983138¢ + 28p” — 2.0951543412457846¢ + 28p.

O

Theorem 3.2.13. For the first metal organic network F = MON,(p), the modified third
multiplicative Zagreb connection index MZC}(F) is,

MZC;(F) = 1.9393809682103555¢ 4 37p°® — 1.357566677747249¢ +

38p° +3.684823839599675¢ + 38 p* —4.848452420525888¢ +38p? +3.1030095491365685¢ +
38p? —7.757523872841422¢ + 37 p.

Proof. By using Defination 2.7.3:

MZCi(F) = [] [dr(w)wr(u) x dp(v)wp(v)].
uveE(F)
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By using Table:3.3

MZC3(F) =((3)(3) x (2)(4))(24) x ((3)(3) x (2)(7))(12) x ((4)(4) x (2)(6))(24) %
((2)(5) x (4)(7))(12p — 12) x ((2)(6) x (4)(7))(12p) x ((4)(7) x (2)(8)) (12p — 24) X
((2)(7) x (6)(9))(12) x ((4)(7) x (6)(9))(12p — 12) > ((2)(8) x (6)(9))(12p — 24) X
((6)(9) x (2)(10))

After solving it, we get our result:

—1.9393809682103555¢ -+ 37p° — 1.357566677747249¢ + 38p° + 3.684823839599675¢ + 38 p* —
4.848452420525888¢ + 38p> + 3.1030095491365685¢ + 38p2 — 7.757523872841422¢ + 37p.

O
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3.3 Second Metal-Organic Network(MON,(p))

In this section, we discussed the formation of second metal organic-network(MON:(p)).
In section 3.1 we discussed about the basic metal organic network.Now second metal-
organic network(MON;(p)) is established by the bonding of the organic ligands of two
fundamental metal-organic networks, in which the organic ligands of two layers above
one fundamental metal-organic network are connected with those of two layers below the
second fundamental metal-organic network. For p = 2 second metal-organic network is

shown in Fig. (3.4).

Figure 3.3: Basic metal-organic network(MON (p))
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Figure 3.4: Second metal-organic network(MON, (p) for p = 2)

Vi) | [Vaw
V3 12
V4 6p+12
Vs | 18p—6
Ve |6p—12
Vg 6p—6
V9 6p—6

Table 3.4: Vertex partition of MON,(p) on the basis of vertex connection number
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Exy () | 1 Ew(u)mo)l

E34 24
E37 12
E475 6p +6
E4s 12p
E5 5 6p —6

Esq 12p—12
ESS 12p— 12
Eeo 12p—12
Egg 12p— 12

Table 3.5: Edge partition of MON>(p) on the basis of connection number

Equyit) | Eatugdt)
E}S 24
E3; 12
Ey) 6p— 6
E}3 12
Ey? 12p—12
E;® 12
E; 6p—6
E3? 12p—12
E)S 12p—12
E5, 12p—12
Ey, 12p—12

Table 3.6: Edge partition of MON;(p) on the basis of degree-connection number

3.4 Main result of MON,(p)
Theorem 3.4.1. For the second metal organic network F = MON,(p), the first Zagreb
connection index ZCy(F) is,

2C,(F) = 1848p — 936.

Proof. By using Defination 2.4.1:

2C1(F) =Y [wr(v)]*

veV(F)
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By using Table:3.4
2C1(F) =(3)*(12) + (4)*(6p+ 12) + (5)*(18p — 6) + (6)*(12p — 6) +(8)*(6p — 6) + (9)*(6p — 6)
After solving it, we get our result:

= 1848 p —936.

O

Theorem 3.4.2. For the second metal organic network F = MON;(p), the second Zagreb

connection index 2C>(F) is,

Z2C»(F) =2910p — 1914,

Proof. By using Defination 2.4.2:

By using Table:3.5

2C5(F) =(3 x 4)(24) + (3 x 5)(12) + (4 x 5)(6p + 6) + (4 x 6)(12p) + (5 x 5)(6p — 6)+
(5% 6)(12p — 12) + (5 x 8)(12p — 12) + (6 x 9)(12p — 12) + (8 x 9)(12p — 12)

After solving it, we get our result:
=2910p —1914.

O

Theorem 3.4.3. For the second metal organic network F = MON,(p), the modified first

Zagreb connection index ZC; (F) is,

Z2Ct(F) = 906p — 414.
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Proof. By using Defination 2.5.1:

By using Table:3.5

ZCHF) =(3+4)(24) + (3+5)(12) + (44 5)(6p +6) + (4 +6)(12p) + (5+5)(6p — 6)+
(5+6)(12p —12) + (5+8)(12p — 12) + (6+9)(12p — 12) + (8 +9) (12p — 12)

After solving it, we get our result:
= 906p — 414.

L]

Theorem 3.4.4. For the second metal organic network F = MON-(p), the modified second

Zagreb connection index ZC3(F) is,
2G5 (F) = 2904p — 1500.

Proof. By using the Defination 2.5.2;

uveE (F)
By using Table:3.6
2G5 (F) =((3)(4) +(2)(3))(24) + ((3)(5) + (2)(3))(12) + ((3)(5) + (2)(4)) (6p — 6)+
((4)(5) +(2)(4)(12) + ((3)(6) + (3)(4))(12p — 12) + ((4)(6) + (2)(4)) (12)+
((2)(5)+(3)(5))(6p—6) +((3)(6) + (3)(5))(12p = 12) + ((2)(8) + (4)(5)) (12p — 12)+
((3)(9)+(4)(6))(12p —12) + ((4)(9) + (4)(8))(12p - 12)
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After solving it, we get our result:
= 2904p — 1500.

O

Theorem 3.4.5. For the second metal organic network F = MON;(p), the modified third

Zagreb connection index ZC}(F) is,
ZC5(F) = 3006p — 1722.

Proof. By using Defination 2.5.3:

ZC3(F) =((3)(3) +(2)(4))(24) + ((3)(3) + (2)(5))(12) + ((3)(4) + (2)(5)) (6p — 6) +
((4)(4) +(2)(5))(12) + ((3)(4) + (3)(6))(12p — 12) + ((4)(4) + (2)(6)) (12)+
((2)(5) +(3)(5))(6p = 6) +((3)(5) + (3)(6))(12p — 12) +-((2)(5) + (4)(8)) (12p — 12)+
((3)(6) +(4)(9))(12p — 12) + ((4)(8) + (4)(9))(12p — 12)

After solving it, we get our result:
= 3006p — 1722.

]

Theorem 3.4.6. For the second metal organic network F = MON:(p), the modified fourth

Zagreb connection index ZC}(TF) is,

Z2C;(F) = 32892p — 26580.
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Proof. By using Defination 2.5.4:

2C4(F) =((3)(3) x (2)(#))(24) + ((3)(3) x (2)(5))(12) + ((3)(4) x (2)(5))(6p — 6)+
((4)(4) x(2)(5))(12) + ((3)(4) x (3)(6))(12p — 12) + ((4)(4) x (2)(6))(12)+
((2)(5) x (3)(5))(6p = 6) + ((3)(5) x (3)(6))(12p — 12) +-((2)(5) x (4)(8))(12p — 12)+
((3)(6) x (4)(9))(12p — 12) + ((4)(8) x (4)(9))(12p — 12)

After solving it, we get our result:
= 32892p —26580.

O

Theorem 3.4.7. For the second metal organic network F = MON,(p), the first multiplica-

tive Zagreb connection index MZC1 (F)is,
MZC,(F) = 376147987660800p° — 313456656384000p* — 1065752631705600p° +
1692665944473600p — 814987306598400p + 125382662553600.

Proof. By using Defination 2.6.1:

2C(F) = [ wr)]*

veV(F)

By using Table:3.4

MZCy(F) =(3)%(12) x (4)*(6p+12) x (5)*(18p — 6) x (6)*(12p — 6) x (8)*(6p — 6) x

(9)*(6p—6)
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After solving it, we get our result:

—=376147987660800p° — 313456656384000p* — 1065752631705600p° + 1692665944473600p> —
814987306598400p + 125382662553600.

O

Theorem 3.4.8. For the second metal organic network F = MON->(p), the second multi-

plicative Zagreb connection index MZC>(F)is,
MZCZ(IF) =2.5999348907114496¢+22p" — 1.0399739562845798¢+23 p° + 1.299967445355724 8¢+
23p°> —1.2999674453557248e+23p> +1.0399739562845798¢+23 p* —2.5999348907114496¢+22p.

Proof. By using the Defination 2.6.2;

MZC>(F) = H [Wr(u) x wp(v)].
uveE(TF)

By using Table:3.5

MZC>(F) =(3 x 4)(24) x (3 x5)(12) x (4 x 5)(6p +6) x (4 x6)(12p) x (5x 5)(6p —6)x
(5% 6)(12p—12) x (5% 8)(12p — 12) x (6 x 9)(12p — 12) x (8 x 9)(12p — 12)

After solving it, we get our result:

—=2.5999348907114496¢ +22p" — 1.0399739562845798¢ + 23p° + 1.2999674453557248¢ 423 p° —
1.2999674453557248e + 23 p° 4 1.0399739562845798¢ + 23p* — 2.5999348907114496¢ +22p.

L]

Theorem 3.4.9. For the second metal organic network F = MON,(p), the third multiplica-

tive Zagreb connection index MZC3(F)is,

MZC5(F) =2.36539996409015 1 426 p® — 1.4192399784540906¢ + 27 p° 4 3.5480999461352264¢ +
27 p* —4.730799928180302¢ 427 p> +3.5480999461352264¢ +27 p* — 1.4192399784540906¢ +
27p+2.365399964090151e + 26.
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Proof. By using Defination 2.6.3:

MZC3(F) = [] ldw(u)xwr(¥)).
uveE(F)

By using Table:3.6
MZC5(F) =(3x 4)(24) x (3% 5)(12) x (3% 5)(6p — 6) x (4 x 5)(12) x (3 x 6)(12p — 12)x

(4% 6)(12p—12) x (2x 5)(6p—6) x (3x 6)(12p — 12) x (2 x 8)(12p — 12) x
(3x9)(12p—12) x (4 x 9)(12p — 12)

After solving it, we get our result:

—=2.365399964090151¢ 4 26p° — 1.4192399784540906¢ + 27p° 4 3.5480999461352264¢ + 27 p* —
4.730799928180302¢ +27p° + 3.5480999461352264¢ + 27 p* — 1.4192399784540906¢ + 27 p+
2.365399964090151e + 26.

L]

Theorem 3.4.10. For the second metal organic network F = MON,(p), the fourth multi-

plicative Zagreb connection index MZCy(F)is,
MZC4(IF) = 4741415041499136000p7 — 18965660165996544000p° +23707075207495680000p° —
23707075207495680000p° + 18965660165996544000p> — 4741415041499136000p.

Proof. By using Defination 2.6.4:

MZCy(F) = ] wr(w)+we()).
uveE(TF)

By using Table:3.5

MZC4(F) =(344)(24) x (3+5)(12) x (44 5)(6p+6) x (4 +6)(12p) x (5+5)(6p —6)x
(54+6)(12p —12) x (54+8)(12p — 12) x (64+9)(12p — 12) x (8 4+9)(12p — 12)
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After solving it, we get our result:

—4741415041499136000p" — 18965660165996544000p° 4 23707075207495680000p° —
23707075207495680000p° + 18965660165996544000p — 4741415041499136000p.

O

Theorem 3.4.11. For the second metal organic network F = MON,(p), the modified first
multiplicative Zagreb connection index MZC} (F) is,

MZC; (F) = 8.94227762957117¢+27p” —6.25959434069982 1 ¢ +28 p© 4- 1.877878302209946¢ +
29p° —3.1297971703499102¢ 429 p* 4 3.1297971703499102¢ +29p> — 1.877878302209946¢ +
29p +6.259594340699821¢ + 28 p — 8.94227762957117¢ +27.

Proof. By using Defination 2.7.1:

MZC{(F) = [] [dr(w)ws(v)+ dr(v)wr(u)).
uveE(F)

By using Table:3.6

MZCY(F) =((3)(4) +(2)(3))(24) x ((3)(5) + (2)(3))(12) x ((3)(5) + (2)(4)) (6p — 6) X
() (5) +(2)(4))(12) x ((3)(6) + (3)(4))(12p — 12) x ((4)(6) +(2)(4)) (12) X
((2)(5)+ (3)(5))(6p —6) x ((3)(6) +(3)(5))(12p — 12) x ((2)(8) + (4)(5))(12p — 12) x
((3)(9) +(4)(6))(12p — 12) x ((4)(9) + (4)(8))(12p — 12)

After solving it, we get our result:

=8.94227762957117¢ +27p" — 6.259594340699821¢ + 285 + 1.877878302209946¢ + 29p° —
3.1297971703499102¢ + 29p* + 3.1297971703499102¢ + 29p° — 1.877878302209946¢ + 29 p>+
6.259594340699821¢ +28p — 8.94227762957117¢ +27.

]

Theorem 3.4.12. For the second metal organic network F = MON;(p), the modified sec-
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ond multiplicative Zagreb connection index MZC3(F) is,

MZC3;(F) =5.078630501577105¢ 427 p7 —3.5550413511039732¢ +28 p© 4-1.066512405331192 1 e +-
29p° —1.777520675551987¢ 429 p* +1.777520675551987¢ +29p> — 1.0665124053311921 ¢+

29p? +3.5550413511039732¢ 4 28 p — 5.078630501577105¢ + 27.

Proof. By using the Defination 2.7.2;

MZC(F) = [ [dr(w)wr(u)+dp(v)wg(v)].
uveE(F)

By using Table:3.6

MZC5(F) =((3)(3) + (2)(4))(24) x ((3)(3) + (2)(5))(12) x ((3)(4) + (2)(5))(6p — 6) X
((4)(4) +(2)(5))(12) x ((3)(4) + (3)(6))(12p — 12) x ((4)(4) +(2)(6))(12) X
((2)(5)+(3)(5))(6p —6) x ((3)(5) +(3)(6))(12p — 12) x ((2)(5) + (4)(8))(12p — 12) x
((3)(6) +(4)(9))(12p — 12) x ((4)(8) + (4)(9))(12p — 12)

After solving it, we get our result:

—5.078630501577105¢ +27p" — 3.5550413511039732¢ + 28p° + 1.0665124053311921e +29p° —
1.777520675551987¢ +29p* + 1.777520675551987¢ +29p° — 1.0665124053311921e +29p°+
3.5550413511039732¢ + 28 p — 5.078630501577105¢ + 27.

O

Theorem 3.4.13. For the second metal organic network F = MON-(p), the modified third
multiplicative Zagreb connection index MZC} (F) is,

MZC:(F) = 1.8545024515607018¢ +37p” — 1.2981517160924912¢ + 38 p°® +3.894455148277474e +
38p° —6.490758580462456¢ + 38 p* +6.490758580462456¢ + 38 p> — 3.804455148277474e +

38p? 4 1.2981517160924912¢ + 38 p — 1.8545024515607018¢ + 37.
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Proof. By using Defination 2.7.2:

MZC;(F) = [] [dr(w)wr(u) x dp(v)wp(v)].
uveE(F)

By using Table:3.6

MZC;(F) =((3)(3) x (2)(4))(24) x ((3)(3) x (2)(5))(12) x ((3)(4) x (2)(5))(6p — 6) X
((4)(4) x (2)(5))(12) x ((3)(4) x (3)(6))(12p — 12) x ((4)(4) x (2)(6))(12) X
((2)(5) x (3)(5))(6p — 6) x ((3)(5) x (3)(6))(12p — 12) x ((2)(5) x (4)(8))(12p — 12) x
((3)(6) x (4)(9))(12p — 12) x ((4)(8) + (4)(9))(12p — 12)

After solving it, we get our result:

—1.8545024515607018¢ +37p’ — 1.2981517160924912¢ + 38 % + 3.894455148277474¢ + 38 p° —
6.490758580462456¢ + 38 p* + 6.490758580462456¢ + 38p” — 3.894455148277474e + 38 p*+
1.2981517160924912¢ + 38p — 1.8545024515607018e + 37.
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Chapter 4

Conclusion
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In this thesis we studied history, definition of that terms which is useful to understand
the structures such as (Graph, Subgraph, Size and Order of Graph, Degree of Vertex, Iso-
lated Vertex, Pendent Vertex, Odd Vertex, Even Vertex, Adjacent Vertices, Neighborhood
of Vertices, Adjacent Edges, Pendent Edges, simple Graph, Multiple Graph, Finite Graph,
Infinite Graph, Cyclic graph, Regular Graph, Planar and Non-Planar Graph, Walk, Path,
Operations on Graph). Then we discussed the structures and its formation. After that, we
studied some distance based topological indices and in this thesis we computed the Zagreb

connection based indices for metal-organic networks.

47



Chapter 5

References

48



[1]

(2]

(3]

(4]

[5]

[6]

[7]

(8]

[9]

Siddiqui, H. M. A., Nadeem, M. F., Azeem, M., Arshad, M. A., Haider, A., & Malik,
M. A. (2022). Topological properties of supramolecular chain of different complexes

of N-Salicylidene-L-Valine. Polycyclic Aromatic Compounds, 42(9), 6185-6198.

Ahmad, A., Asim, M. A., & Nadeem, M. F. (2022). Polynomials of degree-based
indices of metal-organic networks. Combinatorial Chemistry & High Throughput

Screening, 25(3), 510-518.

Ali, A., & Trinajsti¢, N. (2018). A novel/old modification of the first Zagreb index.
Molecular informatics, 37(6-7), 1800008.

Ali, U. S. M. A. N, & Javaid, M. (2020). Zagreb connection indices of disjunction and
symmetric difference operations on graphs. Journal of Prime Research in Mathematics,

16(2), 1-15.

Boroviéanin, B., Furtula, B., & Gutman, 1. (2017). Bounds for Zagreb indices. MATCH

Communications in Mathematical and in Computer Chemistry.

Das, K. C., & Gutman, 1. (2004). Some properties of the second Zagreb index. MATCH
Commun. Math. Comput. Chem, 52(1), 3-1.

de Coulon, F., Forte, E., & Rivera, J. M. (1993). KIRCHHOEFF: An educational soft-
ware for learning the basic principles and methodology in electrical circuits modeling.

IEEE Transactions on Education, 36(1), 19-22.

Deng, H., Sarala, D., Ayyaswamy, S. K., & Balachandran, S. (2016). The Zagreb in-
dices of four operations on graphs. Applied Mathematics and Computation, 275, 422-
431.

Ducoffe, G., Marinescu-Ghemeci, R., Obreja, C., Popa, A., & Tache, R. M. (2018,
September). Extremal graphs with respect to the modified first Zagreb connection in-

dex. In 2018 20th International Symposium on Symbolic and Numeric Algorithms for

Scientific Computing (SYNASC) (pp. 141-148). IEEE.

[10] Furtula, B., & Gutman, I. (2015). A forgotten topological index. Journal of mathe-

matical chemistry, 53(4), 1184-1190.

49



[11] Gong, D., Han, Y., & Sun, J. (2018). A novel hybrid multi-objective artificial
bee colony algorithm for blocking lot-streaming flow shop scheduling problems.

Knowledge-Based Systems, 148, 115-130.

[12] Gong, D., Xu, B., Zhang, Y., Guo, Y., & Yang, S. (2019). A similarity-based co-
operative co-evolutionary algorithm for dynamic interval multiobjective optimization

problems. IEEE Transactions on Evolutionary Computation, 24(1), 142-156.

[13] Gutman, 1., Trinajsti‘'c, N. (1972). Graph theory and molecular orbitals. Total -

electron energy of alternant hydrocarbons. Chemical physics letters, 17(4), 535-538.

[14] Gutman, 1., Ru?? I¢, B., Trinajsti¢, N., & Wilcox Jr, C. E. (1975). Graph theory
and molecular orbitals. XII. Acyclic polyenes. The journal of chemical physics, 62(9),
3399-3405.

[15] Liu, J. B., Zhao, J., Min, J., & Cao, J. (2019). The Hosoya index of graphs formed by
a fractal graph. Fractals, 27(08), 1950135.

[16] Manzoor, S., Fatima, N., Bhatti, A. A., & Ali, A. (2018). Zagreb connection indices

of some nanostructures. Acta Chemica Iasi, 26(2), 169-180.

[17] Paoletti, T. (2011). Leonard Euler’s solution to the Konigsberg bridge problem.
URL http://www. maa. org/press/periodicals/convergence/leonard-eulerssolution-to-

the-konigsberg-bridge-problem.(Cited on pages 9 and 10).

[18] Reti, T., Gutman, I., & Vukicevic, D. (2011). On Zagreb indices of pseudo-regular

graphs. Journal of Discrete Mathematics and Its Applications, 1(1-2), 1-12.

[19] Sattar, A., Javaid, M., & Bonyah, E. (2021). Connection-based multiplicative Zagreb

indices of dendrimer nanostars. Journal of Mathematics, 2021, 1-14.

[20] Todeschini, R., & Consonni, V. (2010). New local vertex invariants and molecular de-
scriptors based on functions of the vertex degrees. MATCH Commun. Math. Comput.

Chem, 64(2), 359-372.

50



[21] Wiener, H. (1947). Structural determination of paraffin boiling points. Journal of the

American chemical society, 69(1), 17-20.

51



	Complete Thesis adeel 1.pdf (p.1-34)
	Title Pages(M.Adeel1).pdf (p.1-9)
	Final thesis(M.Adeel).pdf (p.10-64)
	Introduction
	History
	 Elements of Basic Graph Theory
	Graph
	Subgraph
	Size and Order of Graph
	Degree of Vertex
	Isolated Vertex
	Pendant Vertex
	Odd Vertex
	Even Vertex
	Adjacent Vertices
	Neighborhood Vertex Set
	Loop
	Multiple Edges
	Adjacent Edges
	Pendent Edges
	Simple Graph
	Multiple Graph
	Finite Graph
	Infinite Graph
	Planar Graph
	Non-Planar Graph
	Regular Graph
	Walk
	Path
	Cyclic Graph
	Operation on Graphs


	Literature Review
	Introduction
	Connection Number of Vertex
	Distance Based Topological Indices
	Zagreb Connection Index
	Modified Zagreb Connection Indices(mZCI)
	Multiplicative Zagreb Connection Indices(MZCI)
	Modified Multiplicative Zagreb Connection Indices(mMZCI)

	Metal-Organic Networks


	Complete Thesis adeel 2.pdf (p.35-58)
	Complete Thesis adeel 3.pdf (p.59-64)
	Conclusion
	References


