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ABSTRACT

The ordinary energy of graph is defined as the sum of the absolute values of Eigen values obtained from the
adjacency matrix of the molecular graph for a given chemical compound. There has always been a limitation that the
adjacency matrix obtained from the molecular graph has no information about the bonds and the atoms connected.
Hence to overcome this limitation, we are considering the atom connectivity and connectivity matrix which gives
more information about the types of bonds and atom connectivity of a chemical compound in the molecular graph
and the matrix calculations. In this paper we define atom connectivity energy and connectivity energy also find
energy of few hydrocarbons and their comparison with the ordinary energy.

Keywords: Adjacency matrix, Energy of Graph, Domination Matrix, Distance Domination Matrix Atom
Connectivity Matrix, Connectivity Matrix, Molecular Graph, Laplacian Matrix

1. INTRODUCTION

The concept of graph energy arose in theoretical chemistry where certain numerical quantities, as the heat of
formation of a hydrocarbon are related to total 77T electron energy that can be calculated as the energy of
corresponding molecular graph. The molecular graph is representation of molecular structure of a hydrocarbon
whose vertices are the position of carbon atoms and two vertices are adjacent, if there is a bond connecting them.

Eigenvalues and eigenvectors provide insight into the geometry of the associated linear transformation. The energy
of a graph is the sum of the absolute values of the eigenvalues of its adjacency matrix. From the pioneering work of
Coulson (Zhou, 2017) there exists a continuous interest towards the general mathematical properties of the total 77

electron energy ¢ as calculated within the framework of the Huckel Molecular Orbital (HMO) model. These efforts
enabled one to get an insight into the dependence of & on molecular structure. The properties of g(G) are
discussed in detail in (Basak et al. ,1988) (Zhou, 2007) (Coulson, 1940) (Bonchev et al., 2002).

The energy so obtained represents the physical and chemical properties of the molecules. The above concept energy
of graph has few limitations. In energy of graph various types of bonds are represented in the form a single edge,
more over different atoms are also represented as nodes and the corresponding adjacency matrix too have neither
information of the various types of atoms nor the types of the bonds in the molecule hence the significant of double
bond, triple bond or atoms cannot be interpreted in energy of graph. Hence, we are overcoming the above limitations
by introducing the various energy of graph through atom connectivity matrix (ACM) and in general connectivity
matrix (CM) (Cvetkovic, 1980) (Gutman et al., 2017).
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The purpose of this study is to investigate the various energy of graph through the new perspective of atom
connectivity matrix and in general connectivity matrix. The current study is innovative as the connectivity matrix
approach has not yet been studied. Moreover, the new study will explore the various possible applications in the
field of applied sciences.

2. LITERATURE REVIEW

Over the last 30 years there has been extensive research on these topics with hundreds of research papers published
in recent years all over the Globe. It is noteworthy that there are more than 60 different types of energy of graph
defined with various applications in the field of sciences particularly in chemistry (Gutman, 1978).

In order to display the structure of the molecule on a computer screen there must be a specific input about the
information about the molecule. Till date there is no uniform accepted specific way to input the information about
the molecules in the computer. Connectivity matrix and atom connectivity matrix are one among many ways to
represent the atom in the computer which have the information of bonds and the atoms connectivity (Cvetkovic,
1980) (Gutman et al, 2017).

Various researchers introduced many different types of energy of graphs and produced various results in the energy
of graph which led to the significant interest among mathematicians all over the world. The lists of few familiar
energies of graph are given as below (Gutman, 1978). Energy of Graph, Domination Energy of Graph, Distance
Energy of Graph, Distance Domination Energy of Graph, Laplace Energy of Graph, Distance Laplace Energy of
Graph, Signless Laplace Energy of Graph, Signless Distance Laplace Energy of Graph, Sum-Connectivity Energy,
Color Energy, and others. To show the molecule on the computer screen, the computer must be told about molecular
structure. Molecular modeling software requires that this information be provided in the form of a sketch on the
screen which is usually done with a mouse or some other pointing device, or prompts the user for a name of the disk
file where the information is stored.

Most of the energies of graph defined above are oriented towards adjacency matrix. Atom connectivity and
connectivity matrix was introduced by S.C. BASAK and V.R. MAGNUSON in 1988 (Cvetkovic, 1980). For
computer representation of molecules, Spialter (Sampath, 2010; Gutman et al., 2017) introduced the concept of atom
connectivity matrix. Mathavi Manisekar and S. Lalitha have also obtained few results in Dissociation Energy for
Amino Acids (Gutman, 1986).

The atom-connectivity matrix, denoted by ACM, has been proposed by Spialter (1963, 1964, 1964) for the use in
computer-oriented chemical nomenclature. This matrix represents the structural formula of a molecule and is given

by

b; if vertices i and j are adjacent
[ACM ], =1, ifi= ]
0 otherwise

where b is the bond order between atoms iand j, and S;stands for the chemical symbol of the atom i, for

matrix calculation S; is considered to be zero. The values of bond orders in most cases are 1, 1.5, 2, and 3 for
single, aromatic, double and triple bonds, respectively.

If only the molecular skeleton without hydrogen atoms is considered, then one gets the hydrogen-suppressed
structure. Spialter called the corresponding structural matrix the hydrogen-suppressed atom-connectivity matrix,
denoted by HS-ACM (Spialte, 1964, 1964; Von Knop et al., 1975). The advantage of using HS-ACM instead
of ACM at that time (1964) was in reducing the size of the matrix to save computer time.

Similarly in the atom connectivity matrix the diagonal includes the atomic number of the connected atom then the

matrix is called connectivity matrix denoted by CM, similarly hydrogen-suppressed connectivity matrix is denoted
by HS-CM.
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b; if vertices i and j are adjacent
[CM]; =1, if i=j
0 otherwise

where D is the bond order between atoms i and j , and n; stands for the atomic number of the atom i .

3. RESEARCH METHODOLOGY

3.1 Definition and Notation (Frank, 1975; Gutman, 2017; Gutman, 1978)
Graph Energies

All the equations has been chosen so as to be fully analogous to the definition of Energy of Graph:

n
- Z |’1i |
i=1
where 4, 24, 24, >,......... ,> A, are the ordinary graph eigenvalues, that is, the eigenvalues of the adjacency

matrix of G A(G)
Distance Energy of Graph,

Ep = ED(G): g|ﬂi|

where f4, 2, 2 [l 2,......... ,2 M, are the eigenvalues obtained from distance matrix of G D(G)
Laplace Energy of Graph,

n
=2 lwil
i=1
where v, 2V, 2, 2. >, are the eigenvalues obtained from Laplacian matrix L(G) of G,

L(G)=d(G)- A(G), A(G) and d(G) are the adjacency matrix and diagonal matrix with vertex degree of G
Signless Laplace Energy of Graph,

EL_ESL Z|Q|

where q; 20, 203 2,...c.ee. ,2 0, are the eigenvalues obtalned from Signless Laplacian matrix SL(G)of G,

SL(G)=d(G)+ AG) , A(G) and d(G) are the adjacency matrix and diagonal matrix with vertex degree of G
Laplace distance energy

Eo _ELD Z'ﬂ'

where B, =2 3, =2 5 2. ,> 3. are the eigenvalues obtained from Laplacian distance matrix LD(G) of

G, LD(G)=d(G)-D(G), D(G) and d(G) are the distance matrix and diagonal

matrix with vertex degree of G
Signless Laplace distance energy,

Esio =Esip (G): Z|pi|

where p; =2 py, 2 P53 2, ,= p,, are the eigenvalues obtained from Laplacian distance matrix LD(G) of G,

LD(G): d(G)+ D(G) , D(G) and d (G) are the distance matrix and diagonal matrix with vertex degree of G.
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Domination energies

Domination Energy of Graph: where x; 2k, 2 K; 2,......... ,2 K, are the eigenvalues obtained from the

domination matrix of G A/(G)
n
Distance Domination Energy of Graph, E,, = E, (G) = Z|0'i|
i=1

where 0, 20, 20, 2,........ ,= 0, are the eigenvalues obtained from distance domination matrix of G
D, (G)

Laplace Domination Energy of Graph, E , =E (G) = Zn:|ai|
i=1l

where a; 2a, 2a; 2,......... ,= &, are the eigenvalues obtained from Laplacian Domination matrix Ly (G) of
G, L,(G)=d(G)- A, G), A, (G) and d (G) are the domination matrix and diagonal matrix with vertex degree
of G

n
Signless Laplace Domination Energy of Graph, Eg , =Eg,(G)=)"|5|

i=1

where 0, 20, 205 2. ,>0, are the eigenvalues obtained from Signless Laplacian domination matrix
SL(G)of G, SL, (G): d(G)+ A, (G) A, (G) and d(G) are the adjacency matrix and diagonal matrix with
vertex degree of G

n
Laplace distance domination energy: E p, =E 5, (G)=> ||
i=1

where ¢ 2@, 2@; 2,.......... ,> @, are the eigenvalues obtained from Laplacian distance domination matrix
LD, (G) of G, LDy(G)=d(G)- D, G), D, (G) and d(G) are the distance domination matrix and diagonal
matrix with vertex degree of G

n
Signless Laplace distance domination energy: Egp, =Egp, (G)= Z|’7i|
i=1

where 7, 217, 215 2,......... ,=2n, are the eigenvalues obtained from signless Laplacian distance domination
matrix SLD, (G) of G, SLDy(G)=d(G)+ D, G) , D, (G)and d(G) are the distance domination matrix and

diagonal matrix with vertex degree of G

Laplacian energies
From the above Laplace and signless Laplace energies, one could obtain the Laplacian and Signless Laplacian

2m
energies by subtracting —— from the respective Eigen values, where m is the number of edges and n is the number
n

of vertices of a graph G. Here the Laplacian energy E (number of edges with bound) and E (number of edges
without bound) are separately evaluated.

2m
El ZELn(G)ZZ Vi ———

n
i=1 n

n

Estn = Esty (G)= Z

i=1

2m
Qi ———
n
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. 2m
Eio =ELp (G):z B _T
i=1
: 2m
Esto = Esuo (G)— Z Pi Y
i=1
: 2m
ELn;/_ELny(G):; i _T
i=
. 2m
ESLny ESLn;/ (G):Z 5i _T
i=1
s 2m
ELnDy = ELnDy(G)=Z & _T
i=1
: 2m
Estnoy = Estiny (G): Z i _T‘
i=1

Atom connectivity energy and Connectivity energy

The energy calculates with respect to the atom connectivity matrix and connectivity matrix is called atom
connectivity energy and connectivity energy respectively. lllustrations are given below:

Ethyne CH,
H-C=CH  C=C

A FESSe
non-hydrogen-suppressed hydrogen-suppressed

Figure 1: Ethyne

Table 1: Initial Matrices
non-hydrogen-suppressed matrix

Adjacency Matrix Atom Connectivity Matrix Connectivity Matrix
1 2 3 4 1 2 3 4 1 2 3 4
1|1 0 1 1 0 1] 0 3 1 0 1| 6 3 1 0
21 1 0 0 1 21 3 0 0 1 21 3 6 0 1
31 1 0 0 0 31 1 0 0 0 31 1 0 1 0
41 0 1 0 0 41 0 1 0 0 41 0 1 0 1

hydrogen-suppressed matrix

1 2 1 2 1 2
1 11 O 3 3
1 0 21 3 0 21 3 6

Domination matrix is obtained from the adjacency matrix A(G) of G by replacing the @; element by 1 if and only
if v; €S . S being the dominating set. For connectivity matrix a;; =n; +1 , n; stands for the atomic number of
the atom i and 1 ifand only if v; € S. S being the dominating set.

45



Global Journal of Modeling and Intelligent Computing (GJMIC)

ISSN: 2767-1917, Vol. 2, No.2, July 2022

Table 2: Domination Matrices
non-hydrogen-suppressed matrix
Domination Matrix Domination Atom Connectivity Domination Connectivity Matrix
Matrix
1 2 3 4 1 2 3 4 1 2 3 4
1] 1 1 1 0 1] 1 3 1 0 1] 7 3 1 0
21 1 1 0 1 21 3 1 0 1 21 3 7 0 1
3| 1 0 0 0 31 1 0 0 0 31 1 0 1 0
41 0 1 0 0 41 0 1 0 0 41 0 1 0 1
hydrogen-suppressed matrix
1 2 1 2 1 2
1 1 1 3 7 3
0 21 3 0 3 6
Distance matrix D(G):[dij], where d; is the shortest distance between the vertex Vv; and V; in G. For

connectivity matrix a;; :dij +bij . b

ij

is the bond order between atoms i and j .

Table 3: Distance Matrices

non-hydrogen-suppressed matrix

Distance Matrix

Distance Atom Connectivity Matrix

Distance Connectivity Matrix

1 2 3 4 1 2 3 4 1 2 3 4
11 O 1 1 2 11 0 4 2 2 1| 6 4 2 2
21 1 0 2 1 21 4 0 2 2 2|1 4 6 2 2
3] 1 2 0 3 3] 2 2 0 3 3] 2 2 1 3
41 2 1 3 0 41 2 2 3 0 41 2 2 3 1

hydrogen-suppressed matrix

1 2 1 2 1 2

0 1 0 4 6 4

1 0 4 0 4 6

Distance Domination matrix is obtained from the distance matrix D(G) of G by replacing the @ element by 1 if

and only if v; € S. S being the dominating set. For connectivity matrix a; =n; +1 , n; stands for the atomic

number of the atom i and 1 if and only if v, € S. S being the dominating set.

Table 4: Distance Domination Matrices

non-hydrogen-suppressed matrix

Distance Matrix

Distance Atom Connectivity Matrix

Distance Connectivity Matrix

A wWw DN -

1

2

3

NI T

RN |-

WIO[IN|F-

O|W|lkFL (N~

1 2 3 4

w N
NN~
NN >
WO
O|lWIN(IN

1

2

3

4

A W DN P
NN

NININ >

2
2
1
3

R WIN[IN

hydrogen-suppressed matrix
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1 2
1 4
0

Table 5: Laplace Matrices

non-hydrogen-suppressed matrix

Laplace Matrix

Laplace Atom Connectivity Matrix

Laplace Connectivity Matrix

1 2 3 4 1 2 3 4 1 2 3 4
1] 2 -1 -1 0 11 2 -3 -1 0 1| -4 -3 -1 0
2| -1 2 0 -1 21 -3 2 -1 21 -3 -4 0 -1
3| -1 0 1 0 3| -1 1 3| -1 0 0 0
41 0 -1 0 1 41 0 -1 0 1 41 0 -1 0 0
hydrogen-suppressed matrix

1 2 1 2 1 2

1 -1 1 -3 -5 -3

-1 1 -3 1 -3 -5

Table 6: Laplace Domination Matrices
non-hydrogen-suppressed matrix
Laplace Matrix Laplace Atom Connectivity Matrix Laplace Connectivity Matrix
1 2 3 4 1 2 3 4 1 2 3 4
11 1 -1 -1 0 11 1 -3 -1 0 1| -5 -3 -1 0
21 -1 1 0 -1 21 -3 1 -1 21 -3 -5 0 -1
3| -1 1 0 3] -1 1 3 -1 0 0 0
41 0 -1 0 1 41 0 -1 0 1 41 0 -1 0 0
hydrogen-suppressed matrix

1 2 1 2 1 2

0 -1 0 -3 -6 -3

-1 1 -3 1 -3 -5

Table 7: Laplace Distance Matrix

non-hydrogen-suppressed matrix

Laplace Distance Matrix

Laplace Distance Atom
Connectivity Matrix

Laplace Distance Connectivity
Matrix

A W N P
N N
1
N
=Y
1
w

1 2 3 4

w N
|
i
N
1
N
1
N

A W N
1
N
1
N
o
1
w

hydrogen-suppressed matrix
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1 2
1 -1
-1 1

1 2
1| -4
4] 1

12
5 | -4
4 | 5

Table 8: Laplace Distance Domination Matrix

non-hydrogen-suppressed matrix

Laplace Distance Matrix

Laplace Distance Atom
Connectivity Matrix

Laplace Distance Connectivity
Matrix

1 2 3 4 1 2 3 4 1 2 3 4
1] 1 -1 -1 -2 11 1 -4 -2 -2 1] -5 -4 -2 -2
21 -1 1 -2 -1 2| -4 1 -2 -2 2| -4 -5 -2 -2
3 -1 -2 1 -3 3| -2 -2 1 -3 3| -2 -2 0 -3
41 -2 -1 -3 1 41 -2 -2 -3 1 41 -2 -2 -3 0
hydrogen-suppressed matrix

1 2 1 2 1 2

0 -1 0 -4 -6 -4

-1 1 -4 1 -4 -5

Table 9: Signless Laplace Matrix
non-hydrogen-suppressed matrix
Signless Laplace Matrix Signless Laplace Atom Signless Laplace Connectivity
Connectivity Matrix Matrix
1 2 3 4 1 2 3 4 1 2 3 4
11 2 1 1 0 1| 2 3 1 0 1| 8 3 1 0
21 1 2 0 1 21 3 2 0 1 21 3 8 0 1
3] 1 0 1 0 3] 1 0 1 0 31 1 0 2 0
41 0 1 0 1 41 0 1 0 1 41 0 1 0 2
hydrogen-suppressed matrix

1 2 1 2 1 2

1 1 1 3 7 3

3 1 3 7

Table 10: Signless Laplace Domination Matrix

non-hydrogen-suppressed matrix

Signless Laplace Matrix Signless Laplace Atom Signless Laplace Connectivity
Connectivity Matrix Matrix

1 2 3 4 1 2 3 4 1 2 3 4

1] 3 1 1 0 1] 3 3 1 0 1] 9 3 1 0

21 1 3 0 1 21 3 3 0 1 21 3 9 0 1

3 1 0 1 0 3 1 0 1 0 3 1 0 2 0

41 0 1 0 1 41 0 1 0 1 41 0 1 0 2

hydrogen-suppressed matrix
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Table 11: Signless Laplace Distance Matrix

non-hydrogen-suppressed matrix

Signless Laplace Distance Matrix

Signless Laplace Distance Atom
Connectivity Matrix

Signless Laplace Distance
Connectivity Matrix

1 2 3 4 1 2 3 4 1 2 3 4
1| 2 1 1 2 11 2 4 2 2 11 8 4 2 2
21 1 2 2 1 21 4 2 2 2 21 4 8 2 2
3] 1 2 1 3 3| 2 2 1 3 3| 2 2 2 3
4| 2 1 3 1 41 2 2 3 1 41 2 2 3 2
hydrogen-suppressed matrix

1 2 1 2 1 2

1 1 4 7 4

4 1 4 7

Table 12: Signless Laplace Distance Domination Matrix

non-hydrogen-suppressed matrix

Signless Laplace Distance Matrix

Signless Laplace Distance Atom
Connectivity Matrix

Signless Laplace Distance
Connectivity Matrix

1 2 3 4 1 2 3 4 1 2 3 4
11 3 1 1 2 1] 3 4 2 2 1] 9 4 2 2
21 1 3 2 1 2| 4 3 2 2 2| 4 9 2 2
31 1 2 1 3 31 2 2 1 3 3| 2 2 2 3
41 2 1 3 1 41 2 2 3 1 41 2 2 3 2

hydrogen-suppressed matrix

1 2 1 2 1 2

2 1 2 4 8 4

1 4 1 4 7

3.2 Calculations of characteristic polynomial and Eigen values of hydrogen-suppressed matrix and non-

hydrogen-suppressed matrix

Hydrogen-suppressed matrix considers only the molecular skeleton without hydrogen atoms. whereas non hydrogen
suppressed matrix is the molecular structure considering all the compounds in the structure. The characteristic
polynomial, Eigen values and the calculations of various energies defined in sections 3.1 and 3.2 from the datasets

are calculated by using some simple

MATLAB codes.
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Table 13: The characteristic polynomial, Eigen values and Various
Energies of Ethyne - C2H2 — With Hydrogen

1) Graph Energy

From Adjacency Matrix

From Atom Connectivity Matrix

From Connectivity Matrix

>
N
\l
N
=S
w
ol
©
ol
N
(e}
©
a1

A, -11,7+1=0

2 2 2 2

(E), =7.21110255

At -142° +504.°
~52], +16=0

Ao =2-+12,2+2

5-417,5++/17

(E), -14

2) Distance Energy

From Distance Matrix

From Distance Atom Connectivity
Matrix

From Distance Connectivity Matrix

wt=20u" -324-12=0
u=—-+2-22-2
—J10+2,410+2

E, =10.3245532

=417 112, —48=0
Hp =—4,-3

7 65 7 65

2 2’2 2
(Ep), =15.0622577

/Uc4 _14ﬂc3 + 20,“02

+56. —96=0
e =—2,2,2,12
(Ep). =18

3) Laplace Energy

From Laplace Matrix

From Laplace Atom Connectivity
Matrix

From Laplace Connectivity Matrix

w' =6y’ +10p° -4y =0
v =0,2

~2+2,\2+2

E =6

' =6y, +2y," +12y, ~8=0

o =3-+/5,3+/5,42,—/2

(EL )A =8.8284271247

Wc4+8V/c3+5V/C2_8V/C +1=0

5 1451
¢ 2 2'2 2
J53 7 53 7

4) Laplace Distance Energy

From Laplace Distance Matrix

From Laplace Distance Atom
Connectivity Matrix

From Laplace Distance Connectivity
Matrix

B -68° —752+883-121
E,, =13.708203932499

Bl —6B,2—28,2 +2163, — 286
(Ewn), =18

ﬂc4 +8,Bc3 - 25ﬂc2 - 24:Bc =0
(ELD )c =14
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5) Signless Laplace Energy

From Signless Laplace Matrix

From Signless Laplace Atom
Connectivity Matrix

From Signless Laplace Connectivity
Matrix

q*-69° +109° —4q =0
E, =6

q,' -6q,°+2q,” +12q,-8=0
(ESL )A =8.828427124746

9.* —20q.° +1219.°
—2649. +189=0
(ESL )c =20

6) Signless Laplace Distance Energy

From Signless Laplace Distance
Matrix

From Signless Laplace Distance Atom
Connectivity Matrix

From Signless Laplace Distance
Connectivity Matrix

ot =60 —Tp? +24p-9={ py' —6p,—28p," -8p,+32=0 p.° ~20p.° +91p.> —64p. —176 =0
Eyp =10.60555127546 | (Egy), =14 (Esip ), =22
7) Laplacian Energy
From Laplace Matrix From LaplaceMA;tc;gw( Connectivity From Laplace Connectivity Matrix
4 3 2 _
v =6y +10p° — 4y =0 | A SOV Y mB=0 1 4By 4Byt By +1=0
£, - 4828427124746 | (Fv,), =7:4721359549905 (E.), =14
E, =5.828427 (E,, ), =9.47213595 (E.), =18
8) Laplacian Distance Energy
From Laplace Distance Matrix FromCLapIacg pistance_ Atom From Laplace Dista_nce Connectivity
onnectivity Matrix Matrix
‘-6, —283,%+2163, — 288
ﬂ4_6ﬂ3_7ﬂ2+88ﬂ_121 ﬂA ﬂA ﬁA + ﬂA ﬂc4+8ﬂc3—25ﬂcz—24ﬁc:0
E, , =10.708203932499 (Eo), =15 (EL,) =17
_ ~ LD ) =
E, o, =8.9442719 (Eo), =14 (E.0) -19
LD )c
9) Signless Laplacian Energy
. . From Signless Laplace Atom From Signless Laplace Connectivity
From Signless Laplace Matrix Connectivity Matrix Matrix
0" —20q.° +121q.% — 2649, +189=0

q*-6q°®+10q°-49=0
E,_ =4.828427124746

q,'—69,°+2q,”+12q,-8=0
(Es, ), =7.4721359549995
nJA

Eq =5.8284271

(Es., ), =9.472135954999

(Es, ), =14
(Es, ), =12.82509573
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10) Signless Laplacian Distance Energy

From Signless Laplace Distance
Matrix

From Signless Laplace Distance Atom
Connectivity Matrix

From Signless Laplace Distance
Connectivity Matrix

pt—6p°-Tp°+24p-9=
Es o =10.082762530298

Eq o =12.08276253

pa' —6p,° —28p,* —8p,+32=0

(Eso ), =15.246211251235
(Eso), =17.2462

o —20p.% +91p. > —64p. —176
(ESLHD)C =19
(ESLHD )c =17

Table 14: The characteristic polynomial, Eigen values and Various Domination Energies of Ethyne - C2H2 - With

Hydrogen

11) Domination Energy

From Domination Matrix

From Domination Atom Connectivity
Matrix

From Domination Connectivity Matrix

K2k —2xk? + 2Kk +1=0
Ey =4.828427124746

k' —2x,° ~10k,” + 2K, +1=0

(E, ), =7.300563079745769

Kt —16K.° +67K.° — 78k, +27 =0

(£, -1¢

12) Distance Domination Energy

From Distance Domination
Matrix

From Distance Domination Atom
Connectivity Matrix

From Distance Domination Connectivity
Matrix

c*-20°-196°-40+3=
EDV =9.68831380576

o' —20,°'-400," 780, -9 =

(Es, )A —14.246211251235

o' —160.° +370.° +620, —168 =

&), -

13) Laplace Domination Energy

From Laplace Domination
Matrix

From Laplace Domination Atom
Connectivity Matrix

From Laplace Domination Connectivity
Matrix

at -4 +3a® +2a-1=0
EL7 =5.2360679774

~4a,’-5a,’ +18a, —9=0
(E. ) =86055512754
7 /A

4
ap

ac' +10a’ +14a.” —10a, +1=0

(E, )C ~11.07463837598

14) Laplace Distance Domination Energy

From Laplace Distance
Domination Matrix

From Laplace Distance Domination
Atom Connectivity Matrix

From Laplace Distance Domination
Connectivity Matrix

¢' —44° —14¢° +68¢—63 =
E., =12.32455532

8, — 44, —35¢,2 +1904, — 200
(Ew, )A =17.062257748

#.* +104.> —164.> —584. —33=0
(ELDV )C ~16
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15) Signless Laplace Domination

Energy

From Signless Laplace
Domination Matrix

From Signless Laplace Domination
Atom Connectivity Matrix

From Signless Laplace Domination
Connectivity Matrix

5 —85°+195° ~145 +3 =
E, =8

5.t -85, +115,>+25,-5=0
(Eq, )A = 9.2360679774

(ESLV )C —22

5. —2265,.° +1465,% —3385, + 253 =

16) Signless Laplace Distance Domination Energy

From Signless Laplace
Distance Domination Matrix

From Signless Laplace Distance
Domination Atom Connectivity
Matrix

From Signless Laplace Distance
Domination Connectivity Matrix

n* —8n° +2n° +40n -35=
Eqp, =12.47213595

77A4 —877A3 —1977A2 +14n, +24 =

(ESLDy )A ~14

ne' —22n.° +116n.° 1067, —245

(Eap, ), =24

17) Laplacian Domination Energy

From Laplace Domination
Matrix

From Laplace Domination Atom
Connectivity Matrix

From Laplace Domination Connectivity
Matrix

a*—4a® +3a® +2a-1=0

(EL, )=44721359549995

a,' -4a,’-5a,” +18a, -9=0

(., ), =+13+4=7.605551273

ac' +10a.’ +14a .’ -10a, +1=0

(E.). =16

E, )=6.236067977 (EL ) ~\13+6=9.605551275 (E, | =20
Loy v /A by Je
18) Laplacian Distance Domination Energy

From Laplace Distance
Domination Matrix

From Laplace Distance Domination
Atom Connectivity Matrix

From Laplace Distance Domination
Connectivity Matrix

¢* —4¢4° —14¢* + 684 —63 =
E,_p =9.32455532

E o, =9.828427

8,* —44,° —354, +1904, — 200
) —14.062257748
A

.* +104.> —164.> —584. —33=0
(ELnDy )c ~19

19) Signless Laplacian Dominatio

n Energy

From Signless Laplace
Domination Matrix

From Signless Laplace Domination
Atom Connectivity Matrix

From Signless Laplace Domination
Connectivity Matrix
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5*—86°+195° -145 +3 =
Eg, =5.84161925296

Ey =5.84161925296

5,0 85,2 +115,2+25, -5=0

(Es, ), =7.6212327846

5.4 —225.2 +1465.2 — 3385, + 253

(Ea, ), =16

I
o

(Es, )A =9.385164807 (Es., )C =14.67017498

20) Signless Laplacian Distance Domination Energy

From Signless Laplace Distance
Domination Atom Connectivity
Matrix

From Signless Laplace Distance
Domination Connectivity Matrix

From Signless Laplace
Distance Domination Matrix

net —22n.° +116n.° —1067, — 245
(ESLnDy )c =21

ny —8n,>—19n,2 +14n, + 24 =

n'—8n°+2n° +40n-35=
(Eao, )A ~14.544003745

Eq. o, =10.472135954

Eyp, =11 (Eqo, ), =16.544003745 (Eao, ). =19
Table 15: The characteristic polynomial, Eigen values and Various Energies of Ethyne - C2H2 — Without
Hydrogen
Various Energies Adjacency Matrix Atom Connectivity Matrix Connectivity Matrix
Graph Energy 22-1=0 ﬂAZ_gzo ﬂ,cz -124. +27=0
E=2 (E), =6 (E), =12
Distance Energy qu -1=0 ,UAZ ~16=0 ,Uc2 124, +20=0
E,=2 (ED)A:8 (ED)c =12
Laplace Energy w?—2p =0 Wl —2y, —8=0 Wt +10p. +16=0
E =2 (E),=6 (E.), =10
Laplace Distance Energy ,32 -28=0 ﬂAZ -2pB,-15=0 ﬂcz +10ﬂC +9=0
Ep=2 (ELD)A:8 (E,_D)C =10
Signless Laplace Energy q2 -2q=0 qAZ -2q,-8=0 qc2 _14qC +40=0
E, =2 (ESL)A:6 (ESL)C =14
Signless Laplace 2_9,— 2 _ —15= 2_ =
Distance Energy pr=2p=0 Px 2P ~15=0 pet ~14pc +33=0
Esp =2 (Esp), =8 (Esio )c =14
Laplacian Energy w?—2y =0 W -2y,—8=0 w.>+10p. +16=0
ELﬂ =2 (E'-n )A: (E'-n )c =12
E =4 = =
. (E.),= (E, ), =16
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Laplacian Distance Energy ,BZ -28=0 ﬁAz -24,-15=0 ﬂCZ +108. +9=0
ELHD =2 (Eo), =8 (Euo), =12
Fost | (E), 8 (Eo), -6

Signless Laplacian Energy q2 -2q=0 qu -29,-8=0 qu ~14q. +40=0
(E), =6 (E). -2
S, = (B, ), =6 (Es. )c =8

Signless LaEpnlsfé?/n Distance pZ —2p=0 PA2 ~-2p,-15=0 pCZ ~14p. +33=0
'fs,LnD =2 (Eso), =8 (Esio), =12
ot | (B, (Eco), -8

Table 16: The characteristic polynomial, Eigen values and Various Domination Energies of Ethyne - C2H2 -
Without Hydrogen

Domination Energy

Kk2—Kk-1=0

E, =2.236067977

K, —Kk,—9=0

K.’ =13k, +33=0

(E,), =6.082762530298 | (E,)_ =13
?—0-1=0
Distance Domination c e 0, ~0,-16=0 0.’ 130, +26=0
Energy E, =2.23606797
4 (Es, )A -8.0622577 | (Ep, )C =13
o d?—a—-1=0 a,' —a,—9=0 a’ +1la, +21=0
Laplace Domination Energy
E, =2.23606 (E, )A =6.0827625 | (E_ )C ~11
2_ 4 _1p_ 2 _
Laplace Distance ¢ —p-1=0 $a" — ¢, —16=0 ¢." +11g +14=0
Domination E B B
omination Energy E,, =2.23606 (Ew, )A =8.06225 (Ew, )C =11
2 _ 2 _
Signless Laplace 6°-36+1=0 Oy =30,-7=0 6" —156, +47=0
Domination Energy E, =3 (ESLV )A —6.08276 (ESLV )C _15
2 2_3p, -14= 2_ =
Signless Laplace Distance n =3n+1=0 M — 31, ~14=0 ne” —15nc +40=0
Domination Energy Esp, =3 (Ewwo, ) =806225 | (Egp ) =15

Laplacian Domination
Energy

a’-a-1=0

(., )=2.236067977 (

(E )=5

al—a,—9=0

E, ), =6.082762

(E.)

/4

L= 6.082762

o’ +1la. +21=0
(E., )C =13

(ELW )C ~17
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F—g-1=0 ¢ —$,—16=0 ¢’ +11¢ +14=0
Laplacian Distance E =8.06225 E =13
Domination Energy E o, =2.23606 ( b )A ( b )C
Eo =5 (Ewo, )A =8.06225 (Ewo, )c =17
5°-35+1=0 5,0-35,-7=0 8.'—156, +47=0
Signless Laplacian ESLny =2.236067977 (ESL ) =6.08276 (ESLn ) =13
Domination Energy E _3 " IA r/c
Stor (Es, )A =6.08276 (E, )C =9
n®—3n+1=0 17,2 =31, -14=0 1.2 157, +40=0
Signless Laplacian Distance ESLHDV =2.2360673 (ESL 5 ) =8.062257 (ESL”D ) =13
Domination Energy E _3 A r/c
Sk, (Eao, )A 8062257 | (Eqp, )C =9

5. BOUNDS OF DOMINATION IN GRAPHS

In the below bounds, |S| is the cardinality of the set considered for finding the set energy. whereas in the atom

connectivity and connectivity matrices, |S| is considered as atomic number of the molecule in case of connectivity

matrices. Moreover, without loss of generality except Laplace and Laplace distance energies, it can be noted that
energy obtained from adjacency matrix < energy obtained from atom connectivity matrices matrix < energy

obtained from connectivity matrices matrix

Theorem. LetG # K, N >3. Then, \/2m+|S|+ n(n —1)(det A)Z/n <E, win (G) < 1/i2m+|8|in :

Proof: Let the Eigen values of G be K ,K, , K5 ,...... ,K,, corresponding to the minimal dominating set. By the

G):Zn:|/(i|.
(Ey_Min(G))2 :(Z;”KU ZK‘ +2) |x; ”K“

i#]

definition of domination energy we have, E%Mm(

The arithmetic mean of a set of positive number is greater than or equal to thelr geometric mean, we have.

o bl [T

i#j
n 2(n-1) n(n -1) 2
Tl (1)
i=1
Using Zn:(l(, )2 =2m +|S|,
i=1
We obtain (E, y,,(G)f = 2m+|S|+n(n—1)(det A)>")

Therefore, lower bound holds.

To prove the other inequality, we apply Holder’s inequality to the two vectors in R" ,
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u= QK1|,|K2|, ...... ,|K'n|) and V= (1,1, ..... ;I.).

This gives
n n
>l <[> k2 < Jlem+[s]hn.
i=1 i=1
Therefore, upper bound holds. Hence proved. O

6. OPEN PROBLEM

e Study of atom connectivity and connectivity energy for other compounds.

e Find the significance of these energies with respect to the physical properties of the compound.

e Compare energies and atom connectivity and connectivity energies of different compounds and
characterize them.

¢ Finding the relationship between the structure of a compound and the energy of the compound.

7. CONCLUSION

The purpose of this study is to investigate the various energy of graph through the new perspective of atom
connectivity matrix and connectivity matrix. The current study is innovative, and this approach has not yet been
studied. Moreover, the new study will explore the various possible applications in the field of applied sciences.

In this paper we introduced the various energy of graph through atom connectivity matrix (ACM) and in general
connectivity matrix (CM). In the previous studies the significance of double bond, triple bond or atoms are not
properly interpreted in energy of graph. Here we are defined the various energies by considering the types of the
bonds in the molecule and the significant of double bond, triple bond or atomic number are interpreted in energy of
graph. Calculations of characteristic polynomial and Eigen values, various energies from the hydrogen-suppressed
matrix and non-hydrogen-suppressed matrix are calculated in the compound Ethyne - C2H2.

In future works, the significance of these energies with respect to the physical properties of the compounds need to
be developed. The various results, theorem related to the atom connectivity and connectivity energies in new
perspective are to include in future works.
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