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On a New Variant Sombor Matrix and Energy of Total Transformation Graphs of Regular
Graphs
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ABSTRACT: In this paper, we study the spectral properties of a new variant of Sombor matrix N'So(G) for
simple graph G. The N'So(G) is defined as, for i # j its (4, j)-entry is equal to 1/d? + d? and 0 otherwise,

where d; represents the degree of it" vertex. Explicit expressions for the spectrum, the spectral radius 71
and the Sombor energy Ears,(G) are obtained for total transformation graphs G*¥# of regular graphs using
the relation Earso(G) = 2n1. Also as an application, a set of 26 hetero atoms with total m-electron energy is
analyzed, and a regression analysis is performed using Enso(G) for the hetero atoms. The linear regression
model yields a correlation coefficient of » = 0.982.
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1. Introduction

Let G = (V, E) be a simple graph, where V(G) denotes the vertex set with |V(G)| = n and E(G)
denotes the edge set with |E(G)| = m. For a vertex v; € V(G), the degree of v;, denoted by d;, is
the number of edges incident with v;. The maximum and minimum degrees among all vertices of G are
denoted by A and §, respectively, while the maximum and minimum degrees among all edges are denoted
by A’ and ¢’. A graph G is called a complete graph if every pair of distinct vertices is adjacent. In this
case, each vertex has degree n — 1, and the graph is denoted by K,. A graph G is said to be bipartite if
its vertex set can be divided into two disjoint subsets M and N, with |M| = p and |N| = ¢, such that
every edge joins a vertex of M to a vertex of N. If every vertex in M is adjacent to every vertex in
N, then G is called a complete bipartite graph and is denoted by K, ,. The complete bipartite graph
K -1 is known as a star graph and is denoted by S,,. Moreover, when p = ¢, the graph K, ;, is referred
to as an equi-bipartite graph. A graph G is called s-regular, if every vertex of G has the same degree
5. The complement of a graph G, denoted by G, is the graph defined on the same vertex set as G in
which two distinct vertices are adjacent if and only if they are not adjacent in G. The Petersen graph is
a well-known cubic (3-regular) graph consisting of 10 vertices and 15 edges.

Spectral graph theory provides powerful tools for studying structural properties of graphs using ma-
trices and their eigenvalues. Among various graph matrices, the adjacency matrix has been extensively
studied, with the associated graph energy, introduced by I. Gutman [3], playing a significant role in chem-
ical graph theory and related fields. In recent years, numerous alternative matrices and their energies
have been explored to capture different structural and topological features of graphs.
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Notable examples include the extended adjacency matrix [17], the edge-weighted matrix [11], the
Randi¢ matrix [4], and the arithmetic-geometric matrix [7]. The Sombor matrix, derived from the
Sombor index, has also been investigated for its spectral properties and energy [18,13]. Other variants,
such as the degree sum matrix [8], degree square sum matrix [1], common neighbourhood matrix [15],
eccentricity sum matrix [10], combined degree sum matrix [2], and degree sum exponent distance matrix
[12], have gained attention due to their applications in chemical graph theory, QSPR analysis, and network
analysis.

Motivated by these studies, a new variant of the Sombor matrix, denoted by N'So(G), has been
introduced in [14]. For a simple graph G with vertex set V(G) = {v1, va,...,v,} and vertex degrees d;,
the (7, 7)-entry of N'So(G) is defined as

2 2 s
./\/SO(G)UZ{ di +dj, i # ],

0, i=j.

The characteristic polynomial for N'So(G) is defined as (G, n) = [nI —NSo(G)| = " +91n" 1+ ...+ 0,
here I represents the identity matrix of order n. Since N'So(G) is a real symmetric matrix, the roots
of ¥(G,n) = 0 are real and it can written in descending order as m; > 75 > ... > n,. The spectral
radius 7, is defined as the absolute value of the largest eigenvalue, and the Sombor energy Ears,(G) is
the sum of the absolute values of all eigenvalues. For certain classes of graphs, it has been shown that
ENSO(G) = 2771

The paper is structured as follows. In Section 2, we recall necessary preliminaries and definitions
related to N'So(G) and total transformation graphs. Section 3 presents preliminary results and lemmas
essential for our computations. Section 4 lists auxiliary results for standard graphs, while Section 5
contains the spectral analysis and QSPR applications.
Example: Let G be a simple graph as shown in the Figure 1.

Figure 1: Simple graph G.

The degree of each vertex of G is d; = 1, dy = 3, d3 = 2, dy = 2. A new variant of Sombor matrix

NSo(G) of G is
0 V10 V5 5
VIO 0 V13 V13
NSo@ =115 vz 0 22
VB V13 2v/2 0

The eigenvalues are n; = 8.9153, g = —4.04155, n3 = —2.82843, ny = —2.04532.
The Sombor energy Enrso(G) is 17.8306.

In 2001, Wu and Meng [16] gave new transformation G*¥* for G generalizing the concept of the total
Graph. The total transformation graph is defined as follows.

Definition 1.1 For graph G on n > 3 vertices and x,y, z be three variables taking values + or —. Total
transformation graph G*Y* for G, is a graph having VU E as a vertex set and for u,v € VUE, u and v
are adjacent in G®Y* if and only if

o u,v €V, u and v are adjacent in G if x = + and are nonadjacent in G if x = —.
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e u,veFE, uandv are adjacent in G if y = + and are nonadjacent in G if y = —.

e uecVandv € E, u and v are incident in G if z = 4+ and are nonincident in G if z = —.

The eight graphical transformations for a given graph G, are G*++, G=t*, G*—F, G**~ and their
complements G=~~, Gt~~, G=T~, G~~T. Many other transformation graphs is discussed in [5].

2. Preliminary Results

Proposition 2.1 [9] For a s-regular graph G, let u,v € V and e = uwv € E. Then the degrees of
corresponding vertices in G*Y* are:

o dg+++(v) =2s and dg+++(€) = 2s

o dg++-(v) =m and dg++-(e) =2s +n—4

o dg+—+(v) =2s and dg+-+(e) =m —2s+3

.dg++’(): 71anddg++():28

v)=n—1anddg--+(e) =m—2s+3

L4 -+

e dg-+-(v)=n+m—2s—1and dg-+-(e) =2s+n—4

)
(v)
(v)
(v)
e dg——-(v)=n+m-—2s—1anddg---(e) =n+m—2s—1
(v)
(v)
(v) =

o do+—-(v)=m and dg+--(e) =n+m —2s — 1

Lemma 2.1 [9] If a and b are scalars then,

a b b
b a - b

@l +0(J = Dlpsn=|. . . .|=(a=b)""a+(n—1),
b b - a

where I is the identity matrix and J is the matriz with all the entries as 1.

Lemma 2.2 [9] If a, b, ¢ and d are real numbers then the characteristic polynomial of the determinant

()\ + a)In — aJn _CJnXm . . n—1 m—1 _ _ _ _

A O+ B) Lo — b N is given by (A +a)" " tA+b)m A= (n—1)a][A = (m
1)b] — nmed}. Also if A1, A2, ...y Anpm are eigenvalues of the same determinant then the eigenvalues are
given by

—a (n — 1)times
spectra = { —b (m — 1)times
[a(n — 1) +b(m — 1) £ /[a(n — 1) m — 1)]2 + dnmed) /2

Further, Case(i): If (n —1)(m — 1)ab < nmed,

n+m

/\1:Z|)\i|=[ (n—1)+b(m—1)++/[a(n — 1) m — 1)]2 4+ dnmed] /2

Case(ii): If (n — 1)(m — 1)ab > nmcd,

n+m

MAd =Y N[ =a(n—1)+bm-1)
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Where,
n+m
A=Y Al =a(n = 1) +b(m — 1) + \/[a(n — 1) — b(m — 1)]2 + dnmcd] /2
i=2
and

n+m

Ao = D" Ml = [a(n = 1)+ bm — 1) = /[a(n = 1)~ b(m — 1 + dnmed]/2

3. Auxiliary Results
e The Enso(K,) is 2v/2(n —1)2

(
The Epso(G) of s-regular graph is 2v/2s(n — 1)
The Enso(Cy) is 4v/2(n — 1)

(

The Enso(Kpn) is 2v2n(2n — 1)

4. Main Results

In this section, we have obtained Sombor energy for total transformation graphs. By the definition of
total transformation graphs of an s-graph G' with n vertices and m = %* edges, G*¥* have n+m vertices.
Let the vertices be labelled as v;, ¢ = 1,2, ...,n and the edges as e;,  =1,2,...,m.

Theorem 4.1 For any s-reqular graph G, we have

Enso(GTTT) = 2v2s(ns + 2n — 2)

Proof: As G is a s-regular graph, by the definition of G*++ and Lemma 2.1, we have characteristic
polynomial of Sombor matrix as |nl — NSo(GT+T)| = 0.

Now,
n 225 —2v/2s5 .- —2\@5 72\/55
—24/2s n —2\/53 e —2\/58 —2\/55
—9v/2s —2/2s n e —=2v/25  —24/2s
InI — NSo(GT++)| = . ) . . . .
—2v/2s =225 —2v2s --- n —24/25
—2v/25 —2v/2s —2v/2s .-+ —2/2s n

(n+m)x (n+m)

By using Lemma 2.1,

NI — NSo(GTHH)| = (n +2v2s)" Py — (n +m — 1)2v/2s] = 0

spectra(N'So(GH ) = <(njr2n\lf2$ ) 2v/2s(n ;— m— 1))

Hence
Enso(GTTH) = 4v2s(n +m — 1) = 2v/2s(ns + 2n — 2)

Theorem 4.2 For any s-reqular graph G, we have

Enso(GT77) = %(ns +2n —2)(2n + ns — 4s — 2)
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Proof: As G is a s-regular graph, by the definition of G~~~ and Lemma 2.1, we have characteristic
polynomial of Sombor matrix as [l — NSo(G~~7)| = 0.
Now,

InI = NSo(G=~7)| = |nl —vV2(n+m—2s—1)(J — I)|(ntm) x (n-m)
By using Lemma 2.1,
InI —NSo(G~"7 )| =n+V2(n+m—2s—1)" """ n—(n+m—-1)vV2(n+m—2s—1)] =0

—V2(n+m—2s—1) (n+m—1)\/§(n+m—2s—1)>

spectra(NSo(G~~7)) = ( (n+m-—1) 1

Hence

(ns+2n —2)(2n+ ns —4s — 2)

Sl

Enso(GT77)=2V2(n+m—1)(n+m—2s—1) =

Theorem 4.3 For any s-reqular graph G, we have
Enso(GYTT) = V2m(n—1)+V2(m —1)(2s +n —4)
+ \/[\/im(n —1) = V2(m —1)(25 + n — 4)]2 + dnm[m?2 + (25 + n — 4)2]

Proof: As G is a s-regular graph, by the definition of G*+~ and Lemma 2.2, we have characteristic
polynomial of Sombor matrix as |[nl — N So(GT+7)| = 0.
Now, |nl = NSo(GT17)| =

n —V2Zm —V2m —\/m2 4 (2s + n — 4)2 e —ym2 4 (25 +n — 4)2
—V2m n —V2m —/m2 4 (25 + n — 4)2 —y/m2 4 (25 + n — 4)2
—V2m —V2Zm - n —/m2 (25 +n —4)2 . Jm2 + (2s +n — 4)2
7\/77L2+(25+7L74)2 7\/1n2+(2s+n74)2 n —V2(2s +n —4) .- —V2(2s +n —4)
—y/m2 4 (2s + n — 4)2 —y/m2 4 (25 + n — )2 —V2(2s + n — 4) n —V2(2s +n —4)
—\/m?2 4+ (25 + n — 4)2 —y/m2 4+ (25 + n — 4)2 —V2(2s +n —4) —V2(2s +n — 4) n
ie.,
(NI —2m(J —I))nxn (—/m2+ (25 +n — 4)2) Jnsm

I - NSo(GTT7)| =
n A = T @5t n =) o (0] = V2(25 41— 4)(T — 1))
Expanding using the Lemma 2.2 we get

InI = NSo(GTH7)| = (n+vV2m)" L(n+ V225 +n—4)""n— (n — 1)vV2m]
[n—(m— 1)\/5(28 +n—4)] —nmm?+ (2s+n—-4)* =0

Nl = NSo(GT)| = (n+vV2m)" ' (n+ vV2(2s +n —4))" " [n* = y(n — 1)v2m
+ (m—1)V22s+n—4)]+2m(n—1)(m —1)(2s +n — 4)
— nm[m?+ (2s+n—4)?] =0
spectra(N'So(GT17))

—V/2m (n — 1)times

—V2(25 +n —4) (m — 1)times

[V2m(n —1) +v2(m — 1)(2s +n — 4)+

VIVEm(n — 1) — v2(m — 1)(2s +n — D] + dnmlm? + (2 +n — 4)%])/2
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In this,
m = [V2m(n—1)+v2(m—1)2s+n—4)
+ \/V2mln— 1) — V3(m — 1)(2s +n — 42 + dnmlm? + (25 +n — 4)2])/2

is the largest and only one positive eigenvalue.
Hence

Enso(GYTT) = 2p =V2m(n—1)+V2(m —1)(2s +n — 4)
+ \/[\/im(n —1) = V2(m —1)(2s + n — 4)]2 + dnm[m?2 + (25 + n — 4)?]

Theorem 4.4 For any s-reqular graph G, we have
Enso(G™™F) = V2(n—1)2+V2(m—1)(m —25+3)
+ V3 - 12— V3(m - 1)(m — 25 + 3)]?
+ dnm[(n — 1)+ (m — 2s + 3)%] /2
Proof: As G is a s-regular graph, by the definition of G™~F and Lemma 2.2, we have characteristic

polynomial of Sombor matrix as [nl — NSo(G~~1)| = 0.
ie., InI —NSo(G=1)| =

(I =vV2(n = 1)(J = I)nxn (—=v/(n =12+ (m = 25 + 3)) Juxm
(= =12+ (m =25 +3)) Jimxn (0] = vV2(m =25 +3)(J = ) mxm
Expanding using the Lemma 2.2, we get
] =NSo(G=")| = (n+V2(n—1))"""(n+v2(m - 25 +3))" 'y — V2(n - 1)*]
[N — (m —1)V2(m — 25+ 3)] —nm[(n —1)% + (m — 25 + 3)?] = 0

InI = NSo(G™~1)] (n+V2(n = 1) (1 + V2(m — 25 + 3))" ' " —n[V2(n —1)°
+  (m—1)V2(m —2s+3)] +2(n — 1)%(m — 1)(m — 2s + 3)

— nam[(n—1)?+(m—25+3)*] =0

spectra(NSo(G~~1))
—V/2(n—1) (n — 1)times
—V2(m — 25+ 3) (m — 1)times
[V2(n —1)2 +v2(m —1)(m — 25+ 3)+
VIVE(n = 1) = v/2(m — 1)(m — 25 + 3)]2 + dnml(n — 1)2 + (m — 25 + 3)%]}/2

In this,
m = [V2(n—1)?+V2(m—1)(m —2s+3)
+ \/[\/ﬁ(n —1)2 = V2(m — 1)(m — 25+ 3)]2 4+ 4nm[(n — 1)2 + (m — 25 + 3)2]]/2

is the largest and only one positive eigenvalue.

Hence
Enso(GT7T) = 2m =v2(n—1)>+v2(m —1)(m — 25 + 3)
+ [[V2(n —1)* = V2(m — 1)(m — 25 + 3)]?
+ dnm[(n —1)% 4 (m — 2s + 3)2]]1/2
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Theorem 4.5 For any s-reqular graph G, we have

Enxso(GY™7) = V2mn—1)+vV2(m —1)(n+m —2s—1)
+ [V2m(n—1) = V2(m —1)(n +m —2s — 1))
+ dnm[m? + (n+m — 2s — 1)?]]'/2
Proof: As G is a s-regular graph, by the definition of G*~~ and Lemma 2.2, we have characteristic

polynomial of Sombor matrix as [nl — NSo(G+~7)| = 0.
Le., [nI = NSo(GT~7)| =

(nI —V2m(J — 1))pxn (—v/m2+(n+m—2s—1)2)Jnxm
(—v/mZ+(n+m—25—1)2)Jpxn (] —V2(n+m—2s—1)(J = I))mxm

Expanding using the Lemma 2.2, we get
9= NSo(G* ) = (n+vVam)™(+ vVa(n+m—2s — )™y — (n — 1)v/3m]
[n—(m—1)V2(n+m—2s—1)] —nmm?+ (n+m—2s—1)% =0
spectra(NSo(GT~7))

—/2m (n — 1)times
—V2(n+m—2s—1) (m — 1)times

[V2m(n — 1)+ v2(m — 1)(n+m —2s — 1)+

\/[\/im(n —1) = v2(m —1)(n+m —2s — 1)]2 + dnm[m?2 + (n +m — 2s — 1)2]]/2

In this,
m = [V2mn—1)+vV2(m—1)(n+m—2s—1)
+ \/[\@m(n — 1) —V2(m —1)(n+m —2s —1)]2 + 4nm[m? + (n + m — 2s — 1)2]]/2

is the largest and only one positive eigenvalue.
Hence

Enso(GT7) 2m = V2m(n — 1) +V2(m — 1)(n+m — 25 — 1)
[[V2m(n —1) = V2(m — 1)(n +m — 2s — 1)]?

dnm[m? + (n+m — 2s — 1)%]]'/2

Theorem 4.6 For any s-reqular graph G, we have
Enso(G™T) = V2(n—1)2+2V2s(m — 1)
+ \/[ﬁ(n —1)2 = 2v2s(m — 1)]2 + dnm[(n — 1)2 + 4s2]

Proof: As G is a s-regular graph, by the definition of G™* and Lemma 2.2, we have characteristic
polynomial of Sombor matrix as [nf — NSo(G~1)| = 0. ie.,

_ oG~ _ (nI — \@(n —D(J = )axn (= (n—=1)2+(25)?)Jnxm
G e e Wy R o A B
Expanding using the Lemma 2.2, we get
nl = NSo(G™*H)| = (n+v2(n—1))"""(n+2v25)" ' [n - V2(n - 1)?]
[n— (m —1)2v2s] —nm[(n — 1)® + 4s*] = 0
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spectra(NSo(G=1T))

—/2(n —1) (n — 1)times

—92v/2s (m — 1)times

[V2(n —1)% + 2v/2s(m — 1)+

\/[\/ﬁ(n —1)2 = 2v/2s(m — 1)]2 + 4nm[(n — 1)2 + 4s2]] /2

In this,
mo= [V2(n—1)*+2v2s(m - 1)
+ \/ V2(n —1)2 = 2v/2s(m — 1)]2 4 4nm[(n — 1)2 + 4s2]] /2

is the largest and only one positive eigenvalue.
Hence

Enso(G™TH) = 2m =V2(n—1)% +2V2s(m — 1)
+ V2 — 1)2 = 2V3s(m — 1)]2 + dnml(n — 1)2 + 457]

Theorem 4.7 For any s-reqular graph G, we have
Enso(GT™T) = 2v2s(n—1)+V2(m —2s+3)(m — 1)

[[2v2s(n — 1) — V2(m — 25 4 3)(m — 1)]?
+  dnml4s® + (m — 2s + 3)%]]V/2

+

Proof: As G is a s-regular graph, by the definition of G*~F and Lemma 2.2, we have characteristic
polynomial of Sombor matrix as |[nl — NSo(GT~1)| = 0.
Le., [nI = NSo(GT—1)| =

(] = 2v/35(J = 1)) xn (—y/@5)7 + (m = 25 + 37%) Jum
(—y/@)7 F (m =25+ 3)2) T (0] = v/2(m — 25 +3)(J = 1))y

Expanding using the Lemma 2.2, we get
InI — NSo(GT=F)| = (n+2v2s)" 1+ vV2(m — 254 3))" " — (n — 1)2v/2s]
[ — (m —1)V2(m — 25 4 3)] — nm[ds® + (m — 25 + 3)?] = 0
spectra(NSo(GT~1))

—2v/2s (n — 1)times

—V2(m — 25+ 3) (m — 1)times

[2v/2s(n — 1) + V2(m — 25 + 3)(m — 1)+

\/[2\/55(71 —1) = V2(m — 25+ 3)(m — 1)]2 + dnm[4s2 + (m — 2s + 3)2]] /2

In this,
m = [2V2s(n—1)+V2(m —2s+3)(m —1)
+ /2V2s(n — 1) — V2(m — 25+ 3)(m — 1)]2 + dnmlds? + (m — 25 + 3)2])/2

is the largest and only one positive eigenvalue.
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Hence,

Enso(GT™1) = 2 =2v2s(n— 1) +V2(m — 25 + 3)(m — 1)
+ [[2v2s(n — 1) — V2(m — 25+ 3)(m — 1)]?
+  4nm[ds® + (m — 25 + 3)?]]"/?

Theorem 4.8 For any s-reqular graph G, we have

Enso(G™T7) = V2n+m—2s—1)(n—1)+vV2(m —1)(25+n —4)
+ [[V2(n+m—2s—1)(n—1) — V2(m — 1)(25 + n — 4)]?
+ dnm|(n+m —2s —1)% + (2s +n — 4)%]]'/2

Proof: As G is a s-regular graph, by the definition of G~ and Lemma 2.2, we have characteristic
polynomial of Sombor matrix as [nl — NSo(G~17)| = 0.
ie., InI —NSo(G=T7)| =

(I —V2(n+m —2s — 1)(J —I))nxn (—v/(n+m—2s—1)2+ (25 +n —4)2)Jnxm
(—\/(n +m—25s—1)24(2s+n—4)2)Jmxn (I —v22s +n—4)(J = I))mxm

Expanding using the Lemma 2.2, we get

] = NSo(G™*7)| = (n+V2(n+m—2s—1))"""(n+V2(2s +n—4)" [
(n—1)V2(n+m — 25+ 1)][n — (m — 1)vV2(25 + n — 4)]
— nam[n+m—2s—1)2+2s+n—-4)? =0

spectra(NSo(G=17))

—V2(n+m —2s—1) (n — 1)times
—V/2(25 +n —4) (m — 1)times

=< WV2n+m—2s—1)(n—1)+v2(m —1)(2s +n — 4)+
[V2(n+m—2s—1)(n—1) — v2(m — 1)(2s + n — 4)]?
+4nm[(n +m — 25 — 1)2 + (2s +n — 4)?]]'/2]/2

In this,

[V2(n+m—2s—1)(n—1) + V2(m — 1)(2s + n — 4)
[V2(n+m —2s —1)(n —1) — V2(m — 1)(2s +n — 4)]?
dnm[(n +m —2s —1)% + (25 + n — 4)%]]V/?]/2

m
+
+

is the largest and only one positive eigenvalue.

Hence
Enso(G™T7) = 2m =V2(n+m—2s—1)(n—1)+V2(m —1)(2s + n — 4)
+ [V2(n+m—25s—1)(n—1) = V2(m —1)(2s + n — 4)]?
+ dnm[(n4+m — 25 — 1) + (25 + n — 4)]]1/?
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Table 1: Exso(G) of total transformation graph derived from Cy, K5, K33 and the Peterson graph

Graphs Cy K K33 Peterson Graph
Enso(GTTT) | 67.882 | 155.563 | 169.706 395.979
Enso(G™7) | 25.456 | 93.338 | 113.137 277.185
Enso(GTT7) | 42,426 | 222.281 | 173.241 333.093
Enso(G=~T) | 36.770 | 210.019 | 192.969 447.409
Enso(GT77) | 40.012 | 245.840 | 209.657 515.240
Enso(G™TT) | 41.231 | 253.435 | 216.333 523.847
Enso(GT™T) | 42.426 | 215.424 | 168.293 312.996
Enso(G™77) | 48.497 | 215.424 | 173.241 356.383

Bar graph of E v, for regular graphs
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Total transformation graphs

Figure 2: Bar graph of Exs.(G) of total transformation graph derived from Cy, K5, K33 and the
Peterson graph

5. Applications of a New Variant Sombor Energy Exrs,(G)

In this section, a data set of total m-electron energy values of 26 hetero atoms are considered and
respective Exs,(G) is calculated for each atom by drawing its molecular graph structure. The following
total m-electron energy [2] and the Earso(G) for 26 hetero items are listed in Table 2. Further the
correlation coefficient r between the total m-electron energy and Enrs,(G) is analysed which comes out
to be r = 0.982, and the graph for linear regression model is depicted in Figure 3. The Exrso(G) for the
26 hetero atoms shows an improved correlation coeflicient r compared to the actual Sombor energy for
these hetero atoms, which is 0.976 [6].
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Table 2: Molecules containing hetero atoms with total w-electron energy [2] and Eprso(G)

Molecule Code | Total m-electron energy | Enrso(G)
Venyl chloride like systems S1 2.23 7.8949
Butadiene perturbed at C2 So 5.66 13.2980
Acrolein like systems Ss3 5.76 13.2980
1, 1-dichloro-ethylene like systems Sa 6.96 14.1421
Glyoxal like and 1, 2-dichloro-ethylene like systems Ss 6.82 13.2980
Pyrrole like systems Se 5.23 22.6274
Pyridine like systems S7 6.69 28.2842
Pyridazine like systems Ss 9.06 28.2842
Pyrimidine like systems So 9.10 28.2842
Pyrazine like systems S1o0 9.07 28.2842
S-Triazene like systems S11 9.65 28.2842
Aniline like systems Si2 8.19 34.9870
O-phenylene-diamine like systems S1s 12.21 41.7170
m-phenylene-diamine like systems S1a 12.22 42.9786
p-phenylene-diamine like systems Sis 12.21 41.7170
Benzaldehyde like systems S16 11.00 40.6817
Quinoline like systems Si7 14.23 56.7858
Iso-quinoline like systems Sis 14.23 56.7858
1-Naphthalein like systems S19 16.15 63.6301
2-Naphthalein like systems S20 16.12 63.6301
Iso-indole like systems Sa1 13.46 48.8959
Indole like systems Sas 13.59 48.8959
Benzylidine-aniline like systems Sas 20.10 80.9168
Azobenzene like systems Soy4 21.02 80.9168
Acridine like systems Sas 20.56 85.5335
Phenazine like systems Sa6 21.62 85.5335

The linear regression model is given by

total m-electron energy = a(FEnxso(G)) + b
The linear regression model of total m-electron energy with Enrs,(G) is
total m-electron energy = 0.220(£0.009)(Enrso(G)) + 2.355(+0.420)

r=0.982, F=640.581, SF =1.031

Total pi-electron energy

® Observed
=Linear

25,0000

20.0000

15.0000-]

10.0000-

50000

000 T T T T T
.0000 20.0000 40.0000 60.0000 80.0000 100.0000

Sombor energy

Figure 3: Linear regression model of total m-electron energy with Enrs,(G)
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6. Conclusion

In this paper, a new variant Sombor matrix N'So(G) is defined as, if i # j its (i, j)-entry is equal to
\/ a2+ d? and 0 in the either case. Exs,(G) is obtained for total transformation graphs G*¥* of regular
graphs. Also as an application, a set of 26 hetero atoms with total m-electron energy is analyzed, and a
regression analysis is performed using Frs,(G) for the hetero atoms. The linear regression model yields

a correlation coefficient of r = 0.982. Further the Ears,(G) for the 26 hetero atoms shows an improved
correlation coefficient r compared to the actual Sombor energy for these hetero atoms, which is 0.976.

References

1. B. Basavanagoud, E. Chitra, Degree square sum energy of graphs, Journal of mathematics and its applications, 6,
193-205, (2018).

2. B. Basavanagoud, Shruti Policepatil, Combined degree sum energy of graphs, Annals of Mathematics and Computer
Science, 6, 58-79, (2022).

3. 1. Gutman, The energy of a graph, Ber. Math-Statist. Sekt. For schungsz. Graz., 103, 1-22, (1978).

4. §. Burcu Bozkurt, A. Dilek Gingor, Ivan Gutman, A. Sinan Cevika, Randi¢ Matriz and Randi¢ Energy, MATCH
Commun. Math. Comput. Chem., 64, 239-250, (2010).

5. S. M. Hosamani and I. Gutman., Zagreb indices of transformation graphs and total transformation graphs, App. Math.
Comput., 247, 1156-1160, (2014).

6. K. J. Gowtham, Narahari Narasimha Swamy, On Sombor energy of graphs, Nanosystems: Physics, Chemistry, Mathe-
matics, 12(4), 411-417, (2021).

7. Lu Zheng, Gui-Xian Tian, Shu-Yu Cui, On Spectral Radius and Energy of Arithmetic-Geometric Matrixz of Graphs,
MATCH Commun. Math. Comput. Chem., 83, 635-650, (2020).

8. H. S. Ramane, D. S. Revankar and J. B. Patil, Bounds for the degree sum eigenvalue and degree sum energy of a graph,
International Journal of Pure and Applied Mathematical Sciences, 2, 161-167, (2013).

9. D. S. Revankar, Jaishri B. Veeragoudar, M. M. Patil, On the degree sum energy of total transformation graphs of regular
graphs, Journal of Information and Optimization Sciences, 44(2), 217-229, (2023).

10. D. S. Revankar, M. M. Patil, H. S. Ramane, On Eccentricity Sum Eigenvalue and Eccentricity Sum Energy of a Graph,
Annals of Pure and Applied Mathematics., 13(1), 125-130, (2017).

11. Sakander Hayat, Sunilkumar M. Hosamani, Asad Khan, Ravishankar L. Hutagi, Umesh S. Mujumdar, Mohammed
J. F. Alenazi, A novel edge-weighted matriz of a graph and its spectral properties with potential applications, AIMS
Mathematics, 9(9), 24955-24976, (2024). .

12. Sudhir R. Jog, Jeetendra R. Gurjar, Degree Sum Exponent Distance Energy of Some Graphs, J. Indones. Math. Soc.,
27(1), 64-74, (2021).

13. Sumedha S. Shinde, J. Macha, H. S. Ramane, Bounds for Sombor eigenvalue and energy of a graph in terms of hyper
Zagreb and Zagreb indices, Palestine Journal of Mathematics, 13(1), 100-108, (2024).

14. Sunilkumar M. Hosamani, Ravishankar L. Hutagi, Umesh S. Mujumdar, Python-Based Computation of NSo(G) En-
ergy: Bounds and QSPR Analysis on COVID-19 Drugs, Journal of Dynamics and Control, 9(7), 60-77, (2025).

15. Walaa Nabil Taha Fasfous, Rajat Kanti Nath, Common neighborhood spectrum and energy of commuting graphs of
finite rings, Palestine Journal of Mathematics, 13(1), 66-76, (2024).

16. Wu, B., Meng, J. X., Basic properties of total transformation graphs, Journal of Mathematical Study, 34(2), 109-116,
(2001).

17. Y.Q. Yang, L. Xu, C.Y. Hu, Extended adjacency matriz indices and their applications, J. Chem. Inf. Comput. Sci., 34,
1140-1145, (1994).

18. Zhen Lin, Lianying Miao, On the spectral radius, energy and Estrada index of the Sombor matrix of graphs, Transactions
on Combinatorics, 12(4), 191-205, (2023).

Sunilkumar M. Hosamani,

Department of Mathematics,

Rani Channamma University, Belagavi - 591156,
Karnataka State, India.

E-mail address: sunilkumar.rcu@gmail.com

and



ON A NEW VARIANT SOMBOR MATRIX AND ENERGY

Ravishankar L. Hutagi,

Department of Mathematics,

Rani Channamma University, Belagavi - 591156,
Karnataka State, India.

E-mail address: ravishankarhutagi26@gmail.com
and

Umesh S. Mujumdar,

Department of Mathematics,

Rani Channamma University, Belagavi - 591156,
Karnataka State, India.

E-mail address: umeshmujumdar@gmail.com

13



	Introduction
	Preliminary Results
	Auxiliary Results
	Main Results
	Applications of a New Variant Sombor Energy ENSo(G)
	Conclusion

