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Topological index (TI) is a graph-theoretic tool that is used to study di�erent physical and structural properties of the networks in
various disciplines of science such as computer science, chemistry, and information technology. In this article, we study transition
metal tetra-cyano-benzene organic networks by computing their M-polynomials and various topological indices (TIs). At the end,
a comparison is also included between all the computed degree-based topological indices to show their betterness.

1. Introduction

Metal-organic networks (MONs) is a modern class of
porous materials constructed with organic linkers based on
secondary building units and metal clusters, with signi�-
cant attention in the last years. Consequently, their
structural diversity, high-grade porosity, and composi-
tional tenability represent the exciting of the various
physicochemical characteristics such as the grafting active
group [1], postsynthetic ligand, changing organic ligand
[2], preparing composites with various substances [3, 4],
ions exchange [5], and impregnating suitable active ma-
terials [6], methane, and hydrogen storage materials that
involve magnesium-decorated fullerenes within metal-or-
ganic frameworks [7, 8]. Seetharaj et al. [9] studied the
relationship among di�erent solvents, architecture, tem-
perature, molar ratio, and pH of the MONs. �erefore,
MONs are also studied for the puri�cation and separation
of various liquids and gases, energy storage tools in bat-
teries [10], and precursor for the formation of nano-
structures [11–13] and later on, the idea of composition of
linkers with the assistance of MONs for topological insight
[14–16].

Graph theory presents the modern tools which are used
to study the chemical compounds and to discuss their
properties. �e calculated TIs of the molecular graphs are
the numeric values that describe chemical reactivity, bio-
logical activity, and physical property of chemical com-
pounds such as heat of evaporation and formation; melting,
boiling and �ash points, surface tension, retention time in
chromatography, pressure, temperature, density, and par-
tition coe�cients [17]. Bruckler et al. [18] considered
Q-indices that consist of contributions of vertex pairs that
exponentially decrease with distance; Gonzalez-Diaz et al.
[19] reviewed and commented on the “quo vadis” and
challenges in the de�nition of TIs as we enter the new
century; Klavzar and Gutman [20] used the bound
4W<MTI< 6.93W that implies thatW andMTI are linearly
correlated not only in the case of acyclic molecules but also
in the case of molecules with arbitrarily many cycles;
Matamala and Estrada [21] provided the role of topological
structure in the study of molecular physicochemical prop-
erties; Randic [22] reported that the sensitivity of TIs for
structural changes within comprehensive groups of cyclic
saturated hydrocarbons is evaluated. For more details, see
[23–25].
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Moreover, Wiener defined a distance-based topological
index in graph theory for the boiling point of paraffin [26].
Gutman and Trinajstic [27] defined TIs named as 1st and
2nd Zagreb indices to compute the total π-electrons energy
of different organic molecules [27]. TIs represent a valuable
role in the quantitative structure-activity/property rela-
tionships to characterize a graph (network) with a biological
and chemical property or activity. 'is mathematical rela-
tionship is represented as P � f(M), where P is an activity or
property and M is any network [28, 29]. 'erefore, TIs of
many networks such as silicate, honeycomb, and hexagonal
networks [30], rhombous silicate and rhombus oxide net-
works [31], titania nanotube [32], superconductingmaterials
[33], MOFs [34], hexagonal parallelogram nanotube [35],
fullerene networks and carbon nanotube [36], regular
hexagonal lattice [37], graphs with given number of cut
vertices [38], and explore trees in terms of given number of
vertices of maximum degree [39] are studied in the
literature.

In this article, we solve the new M-polynomials, and by
using these M-polynomials, the different TIs are calculated
for the metal-organic networks. In the end, some com-
parisons between the computed TIs with the help of graphs
are also included. 'e remaining portion is arranged as
follows: Section 2 contains various definitions as well as
techniques that are used in calculated results. Sections 3 and
4 present the main results of M-polynomials which are
utilized in topological indices. Section 5 involves the nu-
merical and graphical demonstration and final remarks.

2. Preliminaries

A network G � (V(G), E(G)), where V(G) � x1, x2,

x3, . . . , xn} and E(G)⊆V(G) × V(G) are the organic ligands
(metal node) and bonds between the nodes of G, respec-
tively. |V(G)| � v and |E(G)| � e are defined as the order
and size of a graph G. In connected and simple graphs, a
path is occurring between two atoms (vertices) and the
distance between two atoms x and y is the length of the
shortest path that is shown as φ(x, y), in G [22, 40].

1st and 2nd Zagreb indices: let G be a simple graph;
then, its 1st and 2nd Zagreb indices are

M1(G) � 
x∈V(G)

[φ(x)]
2

� 
xy∈E(G)

[φ(x) + φ(y)],

M2(G) � 
xy∈E(G)

[φ(x) × φ(y)].
(1)

General Randic index: for a graphG, set of real number
R, and β ∈ R, the general Randi c′ index is

Rβ(G) � 
xy∈E(G)

[φ(x)φ(y)]
β
. (2)

Symmetric division deg index: let G be a simple and
connected graph; then, the symmetric division deg
index is

SDD(G) � 
xy∈E(G)

min(φ(x),φ(y))

max(φ(x), φ(y))
 

+
max(φ(x), φ(y))

min(φ(x),φ(y))
 .

(3)

Harmonic index: let G be a simple graph; then, its
harmonic index is

H(G) � 
xy∈E(G)

2
φ(x) + φ(y)

. (4)

Inverse sum index: let G be a simple graph; the inverse
sum index is

IS(G) � 
xy∈E(G)

φ(x)φ(y)

φ(x) + φ(y)
. (5)

Augmented Zagreb index: letG be a simple graph; then,
the augmented Zagreb index is

AZI(G) � 
xy∈E(G)

φ(x) × φ(y)

φ(x) + φ(y) − 2
 

3

. (6)

M-polynomial: for a graphG and ms,t(G), s, t≥ 1 be the
number of bonds (edges) e � xy of G in such a way
φ(x)φ(y)  � g, h . 'en, M-polynomial of G is

M(G, g, h) � 
s≤ t

ms,t(G)g
s
h

t
. (7)

In Tables 1 and 2, the relationship among the aforesaid
TIs and the M-polynomial is given.

Moreover, Dg � ϕ(f(g, h))/ϕ(g), Dh � ϕ(f(g, h))/
ϕ(h), Sg � 

g

0(ϕ(f(t, h))/t)dt, Sh � 
h

0(ϕ(f(g, t))/t)dt,
J(f(g, h)) � (f(g, g)), and Qβ(f(g, h)) � gβ(f(g, h)),
where β≠ 0. For further detailed discussion, refer to [41].
Metal-organic networks are considered such types of net-
works that are investigated for constant porosity. 'erefore,
these porous materials are filled with gas or liquid. Such
types of pores are made with the help of metal nodes and
organic ligands. 'e organic molecules are organic ligands
that might be held together to form coordination. In organic
chemistry, ligands are recognized as molecules or ions that
are related to different types of functional groups attached to
a central atom to form complicated coordination, i.e., co-
ordinate covalent bonds between the central atom and li-
gands. 'ese networks with porosity form in such a way that
ligands attached in different places and metals place only in
the middle of the network. Moreover, MONs are considered
to be in two or three-dimensional networks. In the current
discussion, we are dealing with MON, TM-TCNB (TM,
transition metals of the 3rd series: titanium, vanadium,
chromium, and zinc, where transition metals (group B el-
ements) occupy the middle section (d-block) of the periodic
table; TCNB, tetra-cyano-benzene). 'e two-dimensional
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MON of TM-TCNB is shown in Figure 1 which represents
four colors consisting of blue, cyano, red, and yellow,
representing N, TM, H, and N, respectively. 'erefore, N
stands for nitrogen, TM for transition metals, H for hy-
drogen, and C for carbon atom. 'e degree-based TI is a
modern tool that opens up exciting discussion for many
networks in the field of degree-based TIs. 'e modern
contribution of these TIs based on degree is to compute the
exact form of more than ten degrees and connection
number-based descriptors.

Now, we take TM-TCNB as the primary network, and it
does not recognize double or triple bonds (that is the pri-
mary reason to eliminate the hydrogen atoms). Further-
more, we eliminated eight hydrogen atoms from the network

of TM-TCNB that were available at paranodes (vertices) of
every benzene ring (present at the middle of every metal).
After eliminating hydrogen’s atoms from the middle of the
benzene ring, the rest of the network is presented as (TM-
TCNB)1, and this is our first metal-organic network. After
that, we are going through the importance of the gained
network of (TM-TCNB)1. So, we are left at the point to add
four new benzene rings (adjacent to middle benzene into
first network (TM-TCNB)1). Now, the resultant structure is
TM-TCNB2, and we know it as our second metal-organic
network, as shown in Figure 2.

3. Main Results

In this section, we find the M-polynomial and different TIs
with the help of this M-polynomial for the of the transition
metal tetra-cyano-benzene organic network type-I (TM-
TCNB)1 and type-II (TM-TCNB)2.

Theorem 1. Let G1 � (TM − TCNB)1 be a transition metal
tetra-cyano-benzene organic network type-I. /en, the
M-polynomial of G1 is

M G1, g, h(  � (8z + 8)g
2
h
2

+(56z − 8)g
2
h
3

+(60z − 20)g
3
h
3

+(16z)g
3
h
4
.

(8)

Proof. From Figure 2, we note that 3 distinct types of
vertices exist in (TM-TCNB)1 as follows:

V1 � x ∈ V G1( |φ(x) � 2 ,

V2 � x ∈ V G1( |φ(x) � 3 ,

V3 � x ∈ V G1( |φ(x) � 4 ,

(9)

such that

Figure 1: Transition metal tetra-cyano-benzene organic network.

Figure 2: Transition metal tetra-cyano-benzene organic network
type-I.

Table 1: Derivation of TIs from M-polynomial.

Indices f(g, h) Derivation from M(G, g, h)

M1 g + h (Dg + Dh)(M(G, g, h))|g�1�h

M2 gh (DgDh)(M(G, g, h))|g�1�h

MM2 1/gh (SgSh)(M(G, g, h))|g�1�h

Rβ (gh)β, β ∈ N (D
β
gD

β
h)(M(G, g, h))|g�1�h

RβRβ (1/(gh)β), β ∈ N (S
β
gS

β
h)(M(G, g, h))|g�1�h

SDD g2 + b2/gh (DgSh + DhSg)(M(G, g, h))|g�1�h

Table 2: Some other TIs from M-polynomial.

Indices f(g, h) Derivation from M(G, g, h)

H 2/g + h 2SgJ(M(G, g, h))|g�1�h

IS gh/g + h SgQ2JDgDh(M(G, g, h))|g�1�h

AZI (gh/g + h − 2)3 S3gJD3
gD3

h(M(G, g, h))|g�1�h
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V1


 � 36z + 4,

V2


 � 64z − 16,

V3


 � 4z.

(10)

Moreover,

V(TM − TCNB)1(n)


 � V1


 + V2


 + V3


 � 104z − 12.

(11)

We have 4 distinct types of edges that is based on the
degrees of end vertices in G1 that are 2, 2{ }, 2, 3{ },

3, 3{ }, 3, 4{ }, such that

E2,2 � e � xy ∈ E G1( |φ(x) � 2,φ(y) � 2 ,

E2,3 � e � xy ∈ E G1( |φ(x) � 2,φ(y) � 3 ,

E3,3 � e � xy ∈ E G1( |φ(x) � 3,φ(y) � 3 ,

E3,4 � e � xy ∈ E G1( |φ(x) � 3,φ(y) � 4 with

E1


 � 8z + 8,

E2


 � 56z − 8,

E3


 � 60z − 20,

E4


 � 16z.

Moreover, E G1( 


 � E1


 + E2


 + E3


 + E4


 � 140z − 20.

(12)

Now, the partition of the vertex set and edge set of the
type-1 MON are given in Tables 3 and 4.

Now, by using definitions of M-polynomial Tables 3 and
4, we have

M G1, g, h(  � 
s≤ t

Es,t G1( 


g
s
h

t
 

� 
2≤ 2

E2,2 G1( 


g
2
h
2

 

+ 
2≤ 3

E2,3 G1( 


g
2
h
3

 

+ 
3≤ 3

E3,3 G1( 


g
3
h
3

 

+ 
3≤ 4

E3,4 G1( 


g
3
h
4

  � E1


g
2
h
2

+ E2


g
2
h
3

+ E3


g
3
h
3

+ E4


g
3
h
4

� (8z + 8)g
2
h
2

+(56z − 8)g
2
h
3

+(60z − 20)g
3
h
3

+(16z)g
3
h
4
.

(13)

□

Theorem 2. Let G1 � (TM − TCNB)1 be the transition
metal tetra-cyano-benzene organic network type-I. /en,

M1 G1(  � 784z − 128,

M2 G1(  � 1100z − 196,

MM2 G1(  � 20z −
14
9

,

Rβ G1(  � (4)
β
(8z + 8) +(16)

β
(56z − 8)

+(9)
β
(60z − 20) +(12)

β
(16z),

RRβ G1(  �
1

(4)
β (8z + 8) +

1
(6)

β (56z − 8)

+
1

(9)
β (60z − 20) +

1
(12)

β (16z),

SDD G1(  �
872
3

 z −
124
3

.

(14)

Proof. Let f(g, h) � M(G1, g, h) be the M-polynomial of
the type-1 ('eorem 1) MON; then,

f(g, h) � (8z + 8)g
2
h
2

+(56z − 8)g
2
h
3

+(60z − 20)g
3
h
3

+(16z)g
3
h
4
.

(15)

First, we find the required partial derivatives and inte-
grals as

Table 3: 'e partition of the vertex set of (TM − TCNB)1.

Vertex partition V1 V2 V3

Cardinality 36z + 4 64z − 16 4z

Table 4: 'e partition of the edge set of (TM − TCNB)1.

Edge partition E1 E2 E3 E4

Cardinality 8z + 8 56z − 8 60z − 20 16z
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Dg(f(g, h)) �
z(f(g, h))

zg

� 2(8z + 8)gh
2

+ 2(56z − 8)gh
3

+ 3(60z − 20)g
2
h
3

+ 3(16z)g
2
h
4
,

Dh(f(g, h)) �
z(f(g, h))

zh

� 2(8z + 8)g
2
h + 3(56z − 8)g

2
h
2

+ 3(60z − 20)g
3
h
2

+ 4(16z)g
3
h
3
,

Dg Dh(f(g, h))(  � 4(8z + 8)gh + 6(56z − 8)gh
2

+ 9(60z − 20)g
2
h
2

+ 12(16z)g
2
h
3
,

Tg(f(g, h)) � 
g

0

f(u, h)

u
du

f(u, h) � (8z + 8)u
2
h
2

+(56z − 8)u
2
h
3

+(60z − 20)u
3
h
3

+(16z)u
3
h
4

f(u, h)

u
� (8z + 8)uh

2
+(56z − 8)uh

3
+(60z − 20)u

2
h
3

+(16z)u
2
h
4


g

0

f(u, h)

u
du �

(8z + 8)

2
u
2
h
2

+
1
2

(56z − 8)u
2
h
3

+
1
3

(60z − 20)u
3
h
3

+
1
3

(16z)u
3
h
4





g

0

�
1
2

(8z + 8)g
2
h
2

+
1
2

(56z − 8)g
2
h
3

+
1
3

(60z − 20)g
3
h
3

+
1
3

(16z)g
3
h
4
,

Th(f(g, h)) � 
h

0

f(g, u)

u
du

f(g, u) � (8z + 8)g
2
u
2

+(56z − 8)g
2
u
3

+(60z − 20)g
3
u
3

+(16z)g
3
u
4

f(g, u)

u
� (8z + 8)g

2
u +(56z − 8)g

2
u
2

+(60z − 20)g
3
u
2

+(16z)g
3
u
3


h

0

f(g, u)

u
du �

1
2

(8z + 8)g
2
u
2

+
1
3

(56z − 8)g
2
u
3

+
1
3

(60z − 20)g
3
u
3

+
1
4

(16z)g
3
u
4





h

0

�
1
2

(8z + 8)g
2
h
2

+
1
3

(56z − 8)g
2
h
3

+
1
3

(60z − 20)g
3
h
3

+
1
4

(16z)g
3
h
4
,

TgTh(f(g, h)) � Tg Th(f(g, h))( 

�
1
2

(8z + 8)u
2
h
2

+
1
3

(56z − 8)u
2
h
3

+
1
3

(60z − 20)u
3
h
3

+
1
4

(16z)u
3
h
4

�
1
2

(8z + 8)uh
2

+
1
3

(56z − 8)uh
3

+
1
3

(60z − 20)u
2
h
3

+
1
4

(16z)u
2
h
4

�
1
4

(8z + 8)u
2
h
2

+
1
6

(56z − 8)u
2
h
3

+
1
9

(60z − 20)u
3
h
3

+
1
8

(16z)u
3
h
4





g

0

�
1
4

(8z + 8)g
2
h
2

+
1
6

(56z − 8)g
2
h
3

+
1
9

(60z − 20)g
3
h
3

+
1
8

(16z)g
3
h
4
,

Dh Tg(f(g, h))  � Dh

1
2

(8z + 8)g
2
h
2

+
1
2

(56z − 8)g
2
h
3

+
1
3

(60z − 20)g
3
h
3

+
1
3

(16z)g
3
h
4

 

�
2
2

(8z + 8)g
2
h +

3
2

(56z − 8)g
2
h
2

+
3
3

(60z − 20)g
3
h
2

+
4
3

(16z)g
3
h
3

� (8z + 8)g
2
h +

3
2

(56z − 8)g
2
h
2

+(60z − 20)g
3
h
2

+
4
3
(16z)g

3
h
3
,

Dg Th(f(g, h))(  � Dg

1
2

(8z + 8)g
2
h
2

+
1
3

(56z − 8)g
2
h
3

+
1
3

(60z − 20)g
3
h
3

+
1
4

(16z)g
3
h
4

 

� (8z + 8)gh
2

+
2
3

(56z − 8)gh
3

+(60z − 20)g
2
h
3

+
3
4

(16z)g
3
h
3
.

D
β
g D

β
h(f(g, h))  � (4)

β
(8z + 8) +(6)

β
(56z − 8)gh

2
+(9)

β
(60z − 20)g

2
h
2

+(12)
β
(16z)g

2
h
3

T
β
g T

β
h(f(g, h))  �

(8z + 8)

(4)
β g

2
h
2

+
1

(6)
β (56z − 8)g

2
h
3

+
1

(9)
β (60z − 20)g

3
h
3
,

+
1

(12)
β (16z)g

3
h
4
.

(16)
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Now, by substituting h � g � 1,

Dg(f(g, h))g�1�h � 356z − 60,

Dh(f(g, h))g�1�h � 428z − 68,

Dg Dh(f(g, h))( g�1�h � 1100z − 196,

Tg(f(g, h))g�1�h �
172
3

 z −
20
3

,

Th(f(g, h))g�1�h �
140
3

 z −
16
3

,

TgTh(f(g, h))g�1�h � 20z −
14
9

,

Dh Tg(f(g, h)) 
g�1�h

�
520
3

 z − 24,

Dg Th(f(g, h))( g�1�h �
352
3

 z −
52
3

,

D
β
g D

β
h(f(g, h)) 

g�1�h
� (4)

β
(8z + 8) +(6)

β
(56z − 8)

+(9)
β
(60z − 20) +(12)

β
(16z),

T
β
g T

β
h(f(g, h)) 

g�1�h
�

(8z + 8)

(4)
β +

1
(6)

β (56z − 8)

+
1

(9)
β (60z − 20) +

1
(12)

β (16z).

(17)

Using these values in formulae of Table 1,

M1 G1(  � Dg + Dh f(g, h)g�1�h

� Dgf(g, h)g�1�h + Dhf(g, h)g�1�h

� 784z − 128,

M2 G1(  � DgDhf(g, h)g�1�h

� Dg Dhf(g, h)( g�1�h � 1100z − 196,

MM2 G1(  � Tg Th(f(g, h))( g�1�h � 20z −
14
9

,

Rβ G1(  � D
β
g D

β
h(f(g, h)) 

g�1�h

� (4)
β
(8z + 8) +(6)

β
(56z − 8)

+(9)
β
(60z − 20) +(12)

β
(16z),

RRβ G1(  � T
β
g T

β
h(f(g, h)) 

g�1�h

�
(8z + 8)

(4)
β +

1
(6)

β (56z − 8)

+
1

(9)
β (60z − 20) +

1
(12)

β (16z),

SDD G1(  � DgTh + DhTg



f(g, h)
g�1�h

� DgThf(g, h)
g�1�h

+ DhTgf(g, h)
g�1�h

�
872
3

 z −
124
3

.

(18)

□

Theorem 3. Let G1 � (TM − TCNB)1 be the transition
metal tetra-cyano-benzene organic network type-I. /en,

H G1(  �
1784
35

z −
88
15

,

IS G1(  �
6742
35

z −
158
5

,

AZI G1(  �
103763

5
z − 3965.

(19)

Proof. Let f(g, h) � M(G1, g, h) be the M-polynomial of
MON; then,

Figure 3: Transition metal tetra-cyano-benzene organic network
type-II.
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M G1, g, h(  � (8z + 8)g
2
h
2

+(56z − 8)g
2
h
3

+(60z − 20)g
3
h
3

+(16z)g
3
h
4

J(f(g, h)) � (8z + 8)g
4

+(56z − 8)g
5

+(60z − 20)g
6

+(16z)g
7

Sg(J(f(g, h))) �
1
4

(8z + 8)g
4

+
1
5

(56z − 8)g
5

+
1
6

(60z − 20)g
6

+
1
7

(16z)g
7

J Dg Dh(f(g, h))(   � 4(8z + 8)g
2

+ 6(56z − 8)g
3

+ 9(60z − 20)g
4

+ 12(16z)g
8

Q2 J Dg Dh(f(g, h))(    � 4(8z + 8)g
4

+ 6(56z − 8)g
5

+ 9(60z − 20)g
6

+ 12(16z)g
7

Sg Q2 J Dg Dh(f(g, h))(     � (8z + 8)g
4

+
6
5

(56z − 8)g
5

+
9
6

(60z − 20)g
6

+
12
7

(16z)g
7

J D
3
g D

3
h(f(g, h))   � (4)

3
(8z + 8)g

2
+(6)

3
(56z − 8)g

3

+(9)
3
(60z − 20)g

4
+(12)

3
(16z)g

5

S
3
g J D

3
g D

3
h(f(g, h))    �

4
2

 
3
(8z + 8)g

2
+

6
3

 
3
(56z − 8)g

3

+
9
4

 
3
(60z − 20)g

4
+

12
5

 
3
(16z)g

5

Sg(J(f(g, h)))g�1�h �
892
35

z −
44
15

Sg Q2 J Dg Dh(f(g, h))(    
g�1�h

�
6742
35

 z −
158
5

S
3
g J D

3
g D

3
h(f(g, h))   

g�1�h
�
103763

5
z � 3965

J(f(g, h)) � Jf(g, h) � (8z + 8)g
4

+(56z − 8)g
5

+(60z − 20)g
6

+(16z)g
5

Sg(J(f(g, h))) � 
g

0

f(J(f(g, h)))

u
du

� 
g

0

(8z + 8)u
4

+(56z − 8)u
5

+(60z − 20)u
6

+(16z)u
7

u
du

� 
g

0
(8z + 8)u

3
+(56z − 8)u

4
+(60z − 20)u

5
+(16z)u

7du

�
(8z + 8)u4

4
+
1
5

(56z − 8)u
5

+
1
6

(60z − 20)u
6

+
(16z)

7
u
7





g

0

�
(8z + 8)g

4

4
+
1
5

(56z − 8)g
5

+
1
6

(60z − 20)g
6

+
(16z)

7
g
7

J Dg Dh(f(g, h))(   � 4(8z + 8)g
2

+ 6(56z − 8)g
3

+ 9(60z − 20)g
4

+ 12(16z)g
5

Q2 J Dg Dh(f(g, h))(    � Q2 4(8z + 8)g
2

+ 6(56z − 8)g
3

+ 9(60z − 20)g
4

+ 12(16z)g
5

 

� 4(8z + 8)g
4

+ 6(56z − 8)g
5

+ 9(60z − 20)g
6

+ 12(16z)g
7

Sg Q2 J Dg Dh(f(g, h))(     � Sg 4(8z + 8)g
4

+ 6(56z − 8)g
5

+ 9(60z − 20)g
6

+ 12(16z)g
7

 

� 
g

0
4(8z + 8)u

3
+ 6(56z − 8)u

4
+ 9(60z − 20)u

5
+ 12(16z)u

6
 du

�
4
4

(8z + 8)u
4

+
6
5

(56z − 8)u
5

+
9
6

(60z − 20)u
6

+
12
7

(16z)u
7





g

0

� (8z + 8)g
4

+
6
5

(56z − 8)g
5

+
3
2

(60z − 20)g
6

+
12
7

(16z)g
7

J D
3
g D

3
h(f(g, h))   � (4)

3
(8z + 8)g

2
+(6)

3
(56z − 8)g

3
+(9)

3
(60z − 20)g

4
+(12)

3
(16z)g

5

S
3
g J D

3
g D

3
h(f(g, h))    � (4)

3
(8z + 8)u

2
+(6)

3
(56z − 8)u

3

+(9)
3
(60z − 20)u

4
+(12)

3
(16z)u

5

� 
g

0
(4)

3
(8z + 8)u +(6)

3
(56z − 8)u

2
+(9)

3
(60z − 20)u

3
+(12)

3
(16z)u

4
du

�
64
2

(8z + 8)u
2

+
216
3

(56z − 8)u
3

+
729
4

(60z − 20)u
4

+
1728
5

(16z)u
5





g

0

�
64
2

(8z + 8)g
2

+
216
3

(56z − 8)g
3

+
729
4

(60z − 20)g
4

+
1728
5

(16z)g
5
,

(20)
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therefore,

Sg(J(f(g, h)))g�1�h �
1
4

(8z + 8) +
1
5

(56z − 8) +
1
6

(60z − 20) +
16
7

z

�
892
35

z −
44
15

,

Sg Q2 J Dg Dh(f(g, h))(    
g�1�h

� (8z + 8) +
6
5

(56z − 8) +
3
2

(60z − 20) +
12
7

(16z)

�
6742
35

 z −
158
5

,

S
3
g J D

3
g D

3
h(f(g, h))   

g�1�h
�
64
2

(8z + 8) +
216
3

(56z − 8) +
729
4

(60z − 20) +
1728
5

(16z)

�
103763

5
z − 3965,

H G1(  � 2Sg(J(f(g, h)))g�1�h

� 2
892
35

 z −
44
15

  �
1784
35

z −
88
15

,

IS G1(  � Sg Q2 J Dg Dh(f(g, h))(    
g�1�h

�
6742
35

z −
158
5

,

AZI G1(  � S
3
g J D

3
g D

3
h(f(g, h))   

g�1�h
�
103763

5
z − 3965.

(21)

□
Theorem 4. Let G2 � (TM − TCNB)2 be the transition
metal tetra-cyano-benzene organic network type-II. /en, the
M-polynomial of G2 is

M G2, g, h(  � 8(z + 1)g
2
h
2

+ 16(5z − 1)g
2
h
3

+ 11(6z − 2)g
3
h
3

+(16z)g
3
h
4
.

(22)

Proof. From Figure 3, we show the partition of the vertex
set and the edge set of G2 according to degrees of the
vertices. In this way, we get 3 distinct types of vertices inG2
as follows:

V1 � x ∈ V G2( |φ(x) � 2 ,

V2 � x ∈ V G2( |φ(x) � 3 ,

V3 � x ∈ V G2( |φ(x) � 4 ,

(23)

such that

V1


 � 48z,

V2


 � 56z − 20,

V3


 � 4z.

(24)

Also,

G2


 � x � V1


 + V2


 + V3


 � 128z − 20. (25)

Now, we get distinct types of edges based on the degree
of end vertices of G2 that are

2, 2{ }, 2, 3{ }, 3, 3{ }& 3, 4{ }

E2,2 � e � xy ∈ E G2( |φ(x) � 2,φ(y) � 2 ,

E2,3 � e � xy ∈ E G2( |φ(x) � 2,φ(y) � 3 ,

E3,3 � e � xy ∈ E G2( |φ(x) � 3,φ(y) � 3 ,

E3,4 � e � xy ∈ E G2( |φ(x) � 3,φ(y) � 4 with

E G2


 � e � E2,2


 + E2,3


 + E3,3


 + E3,4


 � 170z − 30.

(26)
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'erefore, partition of the vertex set and the edge set of
the metal-organic network (TM − TCNB)2 are given in
Tables 5 and 6.

By using definition of M-polynomial, Tables 5 and 6, we
have

M G2, g, h(  � 
s≤ t

Es,t G2( 


g
s
h

t
 

� 
2≤ 2

E2,2 G2( 


g
2
h
2

  + 
2≤ 3

E2,3 G2( 


g
2
h
3

 

+ 
3≤ 3

E3,3 G2( 


g
3
h
3

  + 
3≤ 4

E3,4 G2( 


g
3
h
4

 

� E1


g
2
h
2

+ E2


g
2
h
3

+ E3


g
3
h
3

+ E4


g
3
h
4
.

M G2, g, h(  � 8(z + 1)g
2
h
2

+ 16(5z − 1)g
2
h
3

+ 11(6z − 2)g
3
h
3

+(16z)g
3
h
4
.

(27)

□
Theorem 5. Let G2 � (TM − TCNB)2 be a transition metal
tetra-cyano-benzene organic network type-II. /en,

M1 G2(  � 940z − 180,

M2 G2(  � 1298z − 98,

MM2 G2(  � 24z −
28
9

,

Rβ G2(  � (4)
β8(z + 1) +(6)

β16(5z − 1) +(9)
β11(6z − 2) +(12)

β
(16z),

RRβ G2(  �
8

(4)
β (z + 1) +

16
(6)

β (5z − 1) +
11

(9)
β (6z − 2) +

1
(12)

β (16z).

(28)

Proof. Let f(g, h) � M(G2, g, h) be the M-polynomial of
second MON:

M G2, g, h(  � 8(z + 1)g
2
h
2

+ 16(5z − 1)g
2
h
3

+ 11(6z − 2)g
3
h
3

+(16z)g
3
h
4
.

(29)

'e needed derivatives and integrals are calculated as

Table 6: 'e partition of the edge set of (TM − TCNB)2.

Edge partition E2,2 E2,3 E3,3 E3,4

Cardinality 8(z + 1) 16(5z − 1) 11(6z − 2) 16z

Table 5: 'e partition of the vertex set of (TM − TCNB)2.

Vertex partition V1 V2 V3

Cardinality 48z 76z − 20 4z

Journal of Mathematics 9



Dg(f(g, h)) �
z(f(g, h))

zg

� 16(z + 1)gh
2

+ 32(5z − 1)gh
3

+ 33(6z − 2)g
2
h
3

+ 3(16z)g
2
h
4

Dg(f(g, h))g�1�h � 16(z + 1) + 32(5z − 1) + 33(6z − 2) + 3(16z) � 422z − 82,

Dh(f(g, h)) �
z(f(g, h))

zh
� 16(z + 1)g

2
h + 48(5z − 1)g

2
h
2

+ 33(6z − 2)g
3
h
2

+ 4(16z)g
2
h
3

Dh(f(g, h))g�1�h � 16(z + 1) + 48(5z − 1) + 33(6z − 2) + 4(16z) � 518z − 98,

Dg Dh(f(g, h))(  � 32(z + 1)gh + 96(5z − 1)gh
2

+ 99(6z − 2)g
2
h
2

+ 12(16z)g
2
h
3

Dg Dh(f(g, h))( g�1�h � 32(z + 1) + 96(5z − 1) + 99(6z − 2) + 12(16z) � 1298z − 262,

Sg(f(g, h)) � 
g

0

f(u, h)

u
du

� 
g

0

8(z + 1)u
2
h
2

+ 16(5z − 1)u
2
h
3

+ 11(6z − 2)u
3
h
3

+(16z)u
3
h
4

u
du


g

0

f(u, h)

u
du �

8(z + 1)

2
u
2
h
2

+
16
2

(5z − 1)u
2
h
3

+
11
3

(6z − 2)u
3
h
3

+
1
3

(16z)u
3
h
4





g

0

�
8
2

(z + 1)g
2
h
2

+
16
2

(5z − 1)g
2
h
3

+
11
3

(6z − 2)g
3
h
3

+
1
3

(16z)g
3
h
4
,

Sg(f(g, h))g�1�h �
8
2

(z + 1) +
16
2

(5z − 1) +
11
3

(6z − 2) +
1
3

(16z) �
214
3

z −
34
3

,

Sh(f(g, h)) � 
h

0

f(g, u)

u
du

f(g, u) � 8(z + 1)g
2
u
2

+ 16(5z − 1)g
2
u
3

+ 11(6z − 2)g
3
u
3

+(16z)g
3
u
4

f(g, u)

u
� 8(z + 1)g

2
u + 16(5z − 1)g

2
u
2

+ 11(6z − 2)g
3
u
2

+(16z)g
3
u
3


h

0

f(g, u)

u
du �

8
2

(z + 1)g
2
u
2

+
16
3

(5z − 1)g
2
u
3

+
11
3

(6z − 2)g
3
u
3

+
1
4

(16z)g
3
u
4





h

0

�
8
2

(z + 1)g
2
h
2

+
16
3

(5z − 1)g
2
h
3

+
11
3

(6z − 2)g
3
h
3

+
1
4

(16z)g
3
h
4

Sh(f(g, h))g�1�h �
8
2

(z + 1) +
16
3

(5z − 1) +
11
3

(6z − 2) +
1
4

(16z) �
170
3

z −
26
3

,

SgSh(f(g, h)) � Sg Sh(f(g, h))( 

� 2(z + 1)g
2
h
2

+
8
3

(5z − 1)g
2
h
3

+
11
9

(6z − 2)g
3
h
3

+
1
12

(16z)g
3
h
4

SgSh(f(g, h))g�1�h � 2(z + 1) +
8
3

(5z − 1) +
11
9

(6z − 2) +
1
12

(16z) � 24z −
28
9

,

Dh Sg(f(g, h))  � Dh

8
2

(z + 1)g
2
h
2

+
16
2

(5z − 1)g
2
h
3

+
11
3

(6z − 2)g
3
h
3

+
1
3

(16z)g
3
h
4

 

�
2(8)

2
(z + 1)g

2
h +

3(16)

2
(5z − 1)g

2
h
2

+
3(11)

3
(6z − 2)g

3
h
2

+
4
3

(16z)g
3
h
3

� 8(z + 1)g
2
h + 24(5z − 1)g

2
h
2

+ 11(6z − 2)g
3
h
2

+
4
3

(16z)g
3
h
3

Dh Sg(f(g, h)) 
g�1�h

� 8(z + 1) + 24(5z − 1) + 11(6z − 2) +
4
3

(16z) �
646
3

z − 38,

Dg Sh(f(g, h))(  � Dg

8
2

(z + 1)g
2
h
2

+
16
3

(5z − 1)g
2
h
3

+
11
3

(6z − 2)g
3
h
3

+
1
4

(16z)g
3
h
4

 

� 8(z + 1)gh
2

+
32
3

(5z − 1)gh
3

+ 11(6z − 2)g
2
h
3

+
3
4

(16z)g
2
h
4

Dg Sh(f(g, h))( g�1�h � 8(z + 1) +
32
3

(5z − 1) + 11(6z − 2) +
3
4

(16z) �
418
3

z −
74
3

,

D
β
g D

β
h(f(g, h))  � (4)

β8(z + 1)gh +(6)
β
(16)(5z − 1)gh

2
+(9)

β
(11)(6z − 2)g

2
h
2

+(12)
β
(16z)g

2
h
3

D
β
g D

β
h(f(g, h)) 

g�1�h
� (4)

β8(z+) +(6)
β
(16)(5z − 1) +(9)

β
(11)(6z − 2) +(12)

β
(16z)

S
β
g S

β
h(f(g, h))  �

8(z + 1)

(4)
β g

2
h
2

+
16

(6)
β (5z − 1)g

2
h
3

+
11

(9)
β (6z − 2)g

3
h
3

+
1

(12)
β (16z)g

3
h
4

S
β
g S

β
h(f(g, h)) 

g�1�h
�
8(z + 1)

(4)
β +

16
(6)

β (5z − 1) +
11

(9)
β (6z − 2) +

1
(12)

β (16z).

(30)
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Now, by substituting g � h � 1,

Dg(f(g, h))g�1�h � 422z − 82,

Dh(f(g, h))g�1�h � 518z − 98,

Dg Dh(f(g, h))( g�1�h � 1298z − 262,

Sg(f(g, h))g�1�h �
214
3

z −
34
3

,

Sh(f(g, h))g�1�h �
170
3

z −
26
3

,

SgSh(f(g, h))g�1�h � 24z −
28
9

,

Dh Sg(f(g, h)) 
g�1�h

�
646
3

z − 38,

Dg Sh(f(g, h))( g�1�h �
418
3

z −
74
3

,

D
β
g D

β
h(f(g, h)) 

g�1�h
� (4)

β8(z + 1) +(6)
β
(16)(5z − 1) +(9)

β
(11)(6z − 2) +(12)

β
(16z),

S
β
g S

β
h(f(g, h)) 

g�1�h
�
8(z + 1)

(4)
β +

16
(6)

β (5z − 1) +
11

(9)
β (6z − 2) +

1
(12)

β (16z),

M1 G2(  � Dg + Dh f(g, h)g�1�h

� Dgf(g, h)g�1�h + Dhf(g, h)g�1�h � 940z − 180,

M2 G2(  � DgDhf(g, h)g�1�h

� Dg Dhf(g, h)( g�1�h � 1298z − 98,

MM2 G2(  � Sg Sh(f(g, h))( g�1�h � 24z −
28
9

,

Rβ G2(  � D
β
g D

β
h(f(g, h)) 

g�1�h

� (4)
β
(8)(z + 1) +(6)

β
(16)(5z − 1) +(9)

β
(11)(6z − 2) +(12)

β
(16z),

RRβ G2(  � S
β
g S

β
h(f(g, h)) 

g�1�h
�
8(z + 1)

(4)
β +

16
(6)

β (5z − 1) +
11

(9)
β (6z − 2) +

1
(12)

β (16z),

SDD G2(  � DgSh + DhSg



f(g, h)
g�1�h

� DgShf(g, h)
g�1�h

+ DhSgf(g, h)
g�1�h

�
1064
3

 z −
188
3

.

(31)

□
Theorem 6. Let G2 � (TM − TCNB)2 be a transition metal
tetra-cyano-benzene organic network type-II. /en,

H G2(  �
438
7

z −
146
15

,

IS G2(  �
1613
7

z −
221
5

,

AZI G2(  �
6707861
4000

z −
10067
32

.

(32)

Proof. Let f(g, h) � M(G2, g, h) be the M-polynomial of
second MON; then,
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M G2, g, h(  � 8(z + 1)g
2
h
2

+ 16(5z − 1)g
2
h
3

+ 11(6z − 2)g
3
h
3

+(16z)g
3
h
4
,

J(f(g, h)) � 8(z + 1)g
4

+ 16(5z − 1)g
5

+ 11(6z − 2)g
6

+(16z)g
7
,

Sg(J(f(g, h))) �
8
4

(z + 1)g
4

+
16
5

(5z − 1)g
5

+
11
6

(6z − 2)g
6

+
1
7

(16z)g
7
,

J Dg Dh(f(g, h))(   � 32(z + 1)g
2

+ 96(5z − 1)g
3

+ 99(6z − 2)g
4

+ 12(16z)g
5
,

Q2 J Dg Dh(f(g, h))(    � 32(z + 1)g
4

+ 96(5z − 1)g
5

+ 99(6z − 2)g
6

+ 12(16z)g
7
,

Sg Q2 J Dg Dh(f(g, h))(     �
32
4

(z + 1)g
4

+
96
75

(5z − 1)g
5

+
99
6

(6z − 2)g
6

+
12
7

(16z)g
7

D
3
g D

3
h(f(g, h))  � (4)

38(z + 1)gh +(16)
3
(16)(5z − 1)gh

2

+(9)
3
(11)(6z − 2)g

2
h
2

+(12)
3
(16z)g

2
h
3
,

J D
3
g D

3
h(f(g, h))   � (4)

38(z + 1)g
2

+(16)
3
(16)(5z − 1)g

3

+(9)
3
(11)(6z − 2)g

4
+(12)

3
(16z)g

5
,

S
3
g J D

3
g D

3
h(f(g, h))    �

4
2

 
3
(8)(z + 1)g

2
+

6
3

 
3
(16)(5z − 1)g

3

+
9
4

 
3
(11)(6z − 2)g

4
+

12
5

 
3
(16z)g

5
,

Sg(J(f(g, h)))g�1�h �
219
7

z −
73
15

,

Sg Q2 J Dg Dh(f(g, h))(    
g�1�h

�
1613
7

z −
221
5

,

S
3
g J D

3
g D

3
h(f(g, h))   

g�1�h
�
6707861
4000

z −
10067
32

,
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Table 8: Comparison between different TIs of (TM-TCNB)2.

Z M1(G2) M2(G2) MM1(G2) SDD(G2)

1 760 1200 20.8889 292
2 1700 2498 44.8889 646.6667
3 2640 3796 68.8889 1001.3333
4 3580 5094 92.8889 1356.0000
5 4520 6392 116.8889 1710.6667
6 5460 7690 140.8889 2065.3333
7 6400 8988 164.8889 2420.0000
8 7340 10286 188.8889 2774.6667
9 8280 11584 212.8889 3129.3333
10 9220 12882 236.8889 3484

Table 9: Comparison among different TIs of (TM-TCNB)1.

z H(G1) IS(G1) AZI(G1)

1 45.1048 161.0286 16787.6
2 96.0762 353.6571 37540.2
3 147.0476 546.2857 58292.8
4 198.0190 738.9143 79045.4
5 248.9905 931.5429 99798
6 299.9619 1124.1714 120550.6
7 350.9333 1316.8 141303.2
8 401.9048 1509.4286 162055.8
9 452.8762 1702.0571 182808.4
10 503.8476 1894.6857 203561

Table 10: Comparison among different indices of (TM-TCNB)2.

z H(G2) IS(G2) AZI(G2)

1 52.8381 186.2286 1362.3715
2 115.4095 416.6571 3039.3367
3 177.9810 647.0857 4716.3020
4 240.5524 877.5143 6393.2672
5 303.1238 1107.9429 8070.2325
6 365.6952 1338.371 9747.1977
7 428.2667 1568.8000 11424.1630
8 490.8381 1799.2286 13101.1282
9 553.4095 2029.6571 14778.0935
10 715.9810 2260.0857 16455.0587

Table 7: Comparison among different TIs of (TM-TCNB)1.

z M1(G1) M2(G1) MM1(G1) SDD(G1)

1 658 904 17.7778 249.3333
2 1440 2004 37.1111 540
3 2224 3104 56.4444 830.6667
4 3008 4204 75.7778 1121.3333
5 3792 5304 95.1111 1412
6 4576 6404 114.4444 1702.6667
7 5360 7504 133.7778 1993.3333
8 6144 8604 153.1111 2284
9 6928 9704 172.4444 2574.6667
10 7712 10804 191.7778 2865.3333
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Figure 4: Comparison of computed TIs of (TM-TCNB)1.
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Figure 5: Comparison between different Zagreb indices of (TM-
TCNB)2.
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Now, using Table 2,
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Figure 7: Comparison among different indices of (TM-TCNB)2.
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□

4. Comparison and Conclusion

In this section, we calculate various degree-based topological
indices and present the results in the form of tables and
graphs as given Tables 7–10.

4.1. Comparison between M1(G1) M2(G1), MM1(G1), and
SDD(G1) of (TM-TCNB)1. 'e comparison of first Zagreb
M1(G1), second Zagreb M2(G1), second modified Zagreb
MM1(G1), and symmetry division deg SDD(G1) of
(TM-TCNB)1 is computationally computed with the help of
M-polynomials, as given in Table 3. We also computed these
indices for different values of z. When z increases, then all
TIs are increased in the same order. We show the graphical
presentation of all the aforesaid topological indices in Fig-
ure 4 for the particular values of z.

4.2. Comparison between M1(G2) M2(G2), MM1(G2), and
SDD(G2) of (TM-TCNB)2. 'e comparison of first Zagreb
M1(G1), second Zagreb M2(G1), second modified Zagreb
MM1(G1), and symmetry division deg SDD(G1) of (TM-
TCNB)2 is computationally computed with the assistance of
aforesaid M-polynomials given in Table 4. We calculated
these indices for different values of z. When z increases, then
all the TIs are increased in the same order. We show the
graphical representation of all the degree-based TIs in
Figure 5 for the particular values of z.

4.3. Comparison between H(G1), IS(G1), and AZI(G1) of
(TM-TCNB)1. 'e comparison of the harmonic (H), in-
verse sum (IS), and augmented Zagreb index (AZI) of (TM-
TCNB)1 is computationally computed with the assistance of
M-polynomial given in Table 5. We calculated these indices
for different values of z. When z increases, then all the TIs
are increased in the same order. We show the graphical
representation of all the degree-based TIs in Figure 6 for the
particular values of z.

4.4. Comparison between H(G2), IS(G2), and AZI(G2) of
(TM-TCNB)2. 'e comparison of the harmonic H(G2),
inverse sum IS(G2), and augmented Zagreb index AZI(G2)

of (TM-TCNB)2 is computationally computed with the
assistance of M-polynomial given in Table 6. We calculated
these indices for different values of z. When z increases, then
all the TIs are increased in the same order. We show the
graphical representation of all the degree-based TIs in
Figure 7 for the particular values of z.

In this work, we discussed the M-polynomials of (TM-
TCNB)1 and (TM-TCNB)2. We also work out on the
modern degree-based TIs, including 1st Zagreb (M1), 2nd
Zagreb (M2), 2nd modified Zagreb (MM2), general Randic
(RRc), symmetry division deg (SDD), harmonic (H), in-
verse sum (IS), and the augmented Zagreb index (AZI) and
showed their behavior for (TM-TCNB)1 and (TM-TCNB)2.
In addition, all the obtained results are also compared with
the help of the numerical values provided in the tables, (see
Tables 7–10).'e problem is still open for the computational
results related to different topological indices of the various
metal-organic networks.
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