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Abstract: Topological indices (TIs), as numerical descrip-
tors derived from molecular graphs, offer critical insights
into structural properties of chemical compounds by quan-
tifying atomic connectivity, independent of spatial config-
uration. These indices are pivotal in quantitative struc-
ture—activity relationship studies, enabling the prediction
of physicochemical and biological behaviors of compounds
prior to experimental analysis. In this study, we focus on
the computational application of novel Sombor indices to
key main group metal-based systems, including bismuth (ur)
iodide — a prominent heavy main group metal halide — as
well as structurally related TOXs and silicates, which under-
score the versatility of main group elements in forming
diverse architectures. Additionally, we investigate nanostar
dendrimers to explore topological trends in complex, hyper-
branched frameworks relevant to main group metalloid-
containing polymers. To validate the broader chemical uti-
lity of these indices, we analyze their degeneracy and
discriminative capacity across a series of octane isomers,
establishing a comparative foundation for their efficacy in
distinguishing structural nuances. Our results demonstrate
that these TIs exhibit strong correlations with enthalpy of
vaporization, standard enthalpy of vaporization, acentric
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factor, and density. All evaluated indices show identical
degeneracy rates of 78.67%, underscoring their consistency
in structural analysis. These findings highlight the potential
of Sombor indices as robust tools for modeling structure—
property relationships for designing advanced materials
and catalytic systems. This work bridges computational
chemistry with applied main group metal research, offering
predictive strategies that could streamline the development
of main group derivatives for industrial applications.

Keywords: topological indices, main group metal-based
systems, bismuth(ur) iodide, nanostar dendrimers, quantita-
tive structure-activity relationship, structural degeneracy

1 Introduction

Chemists have developed a novel theoretical technique for
computing the properties of various structures. This tech-
nique, known as chemical graph theory, utilizes various
formulas and molecular analyses to investigate drugs. A
molecular graph is a graph-theoretic representation of a
chemical compound’s structural formula, with vertices repre-
senting atoms and edges representing chemical bonds
[1-3]. Molecular graphs are frequently employed to represent
molecules and chemical compounds. Graph theory has pro-
vided chemists with several valuable tools, such as topological
indices (TIs). These indices enable the topological character-
ization of chemical structures, facilitating the categorization
of molecules and the modeling of unknown structures with
desired qualities. The TI is a significant method in chemical
graph theory; it quantitatively expresses the molecular struc-
ture of a compound [4,5]. TIs have gained prominence in drug
discovery and computational chemistry techniques. They pro-
vide researchers with a clear, concise, and instructive depic-
tion of molecular structure, making it easy to evaluate and
compare various compounds based on their topological char-
acteristics [6-11].
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All the graphs that we consider are finite, simple, and
connected. Let G = (V, E) be a simple graph, where V and E
represent the set of vertices and edges, respectively. The
degree of a vertex x, denoted by d,, is the total number of
edges that are incident on it. Denote e, yy by the total number
of edges with end vertices having degree x and y. For basic
definitions related to graph theory, see Bondy and Murty [12].

In molecular graph theory, the term “topological
index” typically refers to a graphical invariant. Hundreds
of vertex-degree-based graph invariants, also known as
“topological indices,” have been established and thor-
oughly investigated in the literature of mathematical
chemistry. Here is the general formula:

TI(G)= ) F(de(), dc(y))
XyE€E(G)
where F(x,y) is a function with the property F(x,y) =
F(y,x). If F(x,y) = x +y or xy, then TI is either the first
Zagreb index or the second Zagreb index of graph G,
respectively [13]. The first and second Zagreb indices are
vertex-degree-based molecular descriptors developed in
1972 by Gutman and Trinajstic [13,14], defined as:

M(G)= ) d?
vev(G)

My(G)= ) dudy
VEE(G)
In 2021, Gutman introduced a new TI under the name
Sombor index [15,16], defined as
S0(G) = (dy)* + (dv)?
XyE€E(G)

This TI was motivated by the geometric interpretation of
the degree radius of an edge uv, which is the distance from
the origin to the ordered pair (d,, d,) where d, < d, [17]. The
Sombor index was utilized for predicting physicochemical
properties and was compared to other well-known indices
[18,19]. Later, Gutman demonstrated the geometric back-
ground of several classical TIs (Zagreb index, Albertson
index, and Sombor index) [20] and introduced a series of
new Sombor-index-like vertex-degree-based invariants [21],
denoted as SO (Where k = 3, 4, 5, 6), defined as

d+d?
SO, = \/E]-[ Z Zu v
uveE(G) du + dV

n a2+ dzy
-2 3 [t
ueEG)\ U v

di-d?
SOs=21 ) A

UveE(G) \/E + 2\/d3 + dvz

4z - d?

V2 +2yadk + d?

2
SOg=m

uveE(G)
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Recently, Gutman introduced a novel vertex-degree-based TI
called the elliptic Sombor index (ESO) [22]. The fundamental
mathematical properties were studied, particularly their
relationships to other previously known indices. Subse-
quently, the chemical applicability of this index was exam-
ined [16]. Following the development of the elliptic Sombor
index, Gutman worked on its modification and proposed a
new index called the modified elliptic Sombor index,
defined as the reciprocal of the ESO index [23]. The defini-
tions of these indices are as follows:

2 (dy+ d)V(d)? + (d,)

uveE(G)

ESO(G) =

ESO(G) =

zuveE(G)(d“ + dv) (du)z + (dv)z

Recently, Kulli studied the elliptic Sombor and modified
elliptic Sombor indices, along with their associated expo-
nentials, for various benzenoid systems [24].

The number of topological molecular descriptors is
vast and continues to grow. Many of these descriptors
are presented as modifications of recently popular indices,
and some have never been utilized to address chemical
issues. Consequently, a list of desired qualities was con-
structed to filter a usable molecular descriptor from a
pool of others. One of the most crucial characteristics is a
low degree of degeneracy concerning the physicochemical
properties of molecules, among others. Given the recent
introduction of Sombor indices and the scarcity of avail-
able information, it is worthwhile to investigate their
potential chemical applications. More specifically, the
study analyzes the discriminative capability of Sombor
indices [25]. The degeneracy of the invariants of Sombor,
including the elliptic Sombor index and the modified
elliptic Sombor index, was calculated using the formula
invented by Konstantinova [26]. This formula, named the
sensitivity of a topological molecular descriptor, is defined
as follows:

N-N
Sensitivity = L

where N is the number of isomers and Ny is the number of
isomers that cannot be distinguished by the TI. This for-
mula is commonly known as the degeneracy of TI and is
defined as

D =100(1 - Sensitivity)

Within this study, two molecules (A and B) are considered
to have the same value of TI, if the following condition is
fulfilled:

ITI(A) - -TI(B)| < 10783
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This threshold was chosen because of the precision of
common Python computations, which is 107, For more
details related to TIs and their applications, see [27-33].

In this study, we compute different invariants of
the Sombor index, particularly the elliptic and modified
elliptic Sombor indices, for bismuth(m) iodide (m-Bil_3),
triangular oxide (TOX), triangular silicate (TsL),
and nanostar dendrimer (D,). Moreover, the chemical
applicability and degeneracy of these variants of Sombor
indices are checked for the octane isomers. It is observed
that all the variants of Sombor indices show the same
degeneracy.

2 Main results

In this section, we compute different variants of Sombor
indices for bismuth(ur) iodide, nanostar dendrimers, TOX
network, and TsL network.
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Figure 1: Bismuth(m) iodide chain m-Bil; form = 1,2, and 3. (a) Ry, (b) R,
(C) Rs.
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2.1 Bismuth(m) iodide (m-Bil_3)

Bismuth(m) iodide is an inorganic substance produced by a
chemical reaction between bismuth and iodine [34], with
the formula Bil;. It is composed of bismuth (Bi) in its +3
oxidation state and iodine (I). It has applications in various
fields. It is used in organic synthesis as a catalyst for certain
reactions. It also finds applications in the preparation of
other bismuth-containing compounds and as a component
in certain electronic and optoelectronic devices. Researchers
working in the field of subjective inorganic studies are inter-
ested in this compound [35]. The molecular graphs of bismuth(m)
iodide chain for the growth stagesm = 1, 2, and 3 are depicted
in Figure 1. Let R denote the molecular graph of bismuth(ur)
iodide chain (m-Bils) with m growth stages. In the next the-
orem, we compute different invariants of the sombor indices
of bismuth(m) iodide.

Theorem 1. Let R be the molecular graph of bismuth(ur)
iodide chain (m-Bils). Then

SOu(R) = 1 848n 436
14,988n 7,926
SR =7 "gg * g ]
351 271
SO;(R)=(8n + 16)—=——"—=— 72 + 2037 + (40n + S)W
SO4(R) = 1|(dn + 8)——222
T (V2 + 203702
. QOn+4 729 ]
(J— 6/5)
ESO(R) = (28n + 56)/37 + (320n + 64)/10
+ESO(R) = L

(28n + 56)+/37 + (320n + 64)/10

Proof. From the graph of R, it is easy to calculate that
|[E(m-Bilg)| = 24n + 12. To compute different variants of
Sombor indices, we need to find the edge partition of
m-Bil; based on the degree of end vertices of each edge.
Let e(y,y) denote the number of edges having end vertices of
degree x and y, respectively. The edge partition of m-Bils is
depicted in Table 1. Now, using the values from Table 1 in
the definition of Sombor indices, we obtain

Table 1: Edge set partition of bismuth iodide chain m-Bil

€x,y) € E(R) Frequency
€6 4n + 8
€6 20n + 4
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dZ+d? 2.2 Nanostar dendrimer (D
SOg(R) — \/ET[ Z u v ( n)
UWEE(G) du + dV
2+ g2 + 62 Dendrimer is a three-dimensional macromolecule that is
=2m(4n + 8) +(20n + 4) 16 synthesized step by step from simple branching monomer
848n 436 components. The nanostar dendrimer belongs to a new
=\2n [ ] class of macromolecules that act as photon funnels, much
like artificial antennas. These macromolecules, especially
dz+d? 2 those containing phosphorus, are utilized to create nano-
SO4(R) = 2 WEZE(G) d, + d, tubes, micro and macrocapsules, nanolatex, colored
) S glasses, chemical sensors, modified electrodes, and other
Z ] +(20n + 4)[ *+6 ] structures [36]. Let D, denotes the molecular graph of
_ [14,988n . 7,926]
49 49
|di - dJ]
SOs(R)=21 » — 41—
uveE(G) \/E + 2\/d1% + dvz
[ - 6
2nf(4n + 8)——F——
V2 + 2P + 62 (@
+ (zon + 4)&
V2 +24/3% + 62
- 8+ 16— 4 (40n + 8)—2" _
V2 + 237 V2 + 65
dz - d?
SOsR)=11 ) |———
ueE(G) \/f + 24 duz + dvz
2
12 — 62
=m|(4n + 8)|———F——
V2 + 2P + 62 ]
2
32 - 62
+Q0n + 4)|————m——
V2 + 2432 + 62 ]
(b)
lian s 9125 1,225
(V2 + 237 )
+Q20n +4)——r— 725
(V2 +65)?
ESOR)= ) (dy+ d)(d)? + (d)?
uveE(G)
=(4n + 8)(1 + 6)V1> + 6% + (20n + 4)(2
+6)+/22 + 62
= (28n + 56)+/37 + (320n + 64)/10
MESO(R) = > -
Y werio (@ + d(d)? + (dy)
" (28n + 56)v37 + (320n + 64)y10 [ ©

Figure 2: Nanostar dendrimers D, for growth stagen =1, 2, and 3.
(@) Dy, (b) Dy, and (c) Dj.
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nanostar dendrimer having n growth stages. The mole- Table 2: Edge set partition of nanostar dendrimer D,

cular graphs of D, D,, and D5 are depicted in Figure 2. In

the next theorem, we calculate Sombor indices of nanostar ey € E(N) Frequency
dendrimer. ~
2] 24 x 201 - 12
e 30 x 21— 24
Theorem 2. Let D, be the molecular graph of nanostar es 12 x 21— g
dendrimer. Then,
- _ 13
S03(Dy) = /2 7/(84 x 271 - 51) + (30 x 2771 - 24)—
|d; - dj|
169
$0,4(D,) = 7'[[(48 X2 -2) + (15 X 2 - 1) SO =2m | ;(G) T rolais @
9 _ |22 - 2|
+ (12 %2 - 9)] = 27|24 x 271 - 12)—
2 \/E + 2422 + 22
107
SO5(Dy) = (30 x 2771 - 24)——— +(30 x 21— 24
5( n) ( )\/E_'_z\/ﬁ ( 722 32| )
) 251 x — =1 412 x 21
- 1_94y— 2%
S06(D) = (80 x 21 = 2) = s V2 + 22+ 3
ESO(D,) = (408 x 271 — 258)./2 + (150 x 2""1 - 120)/13 _g) 132 - 3
n 1 V2 42432+ 32
ESO(D,) = — —
(408 x 2n°1 - 258)4/2 + (150 x 271 - 120)+/13 _ el 10
=(30 x 2 U)—"-—=
V2 + 213
dz - a?
it 1 SO(T =11 ) (———
Proof. From the graph of D,, it is easy to calculate that weE©) NZ +2 [ a2+ dz
|E(Dy)| = 66 x 271 — 45, The edge partition of D, based ,
on the degree of end vertices of each edge is depicted in = 71|24 x 2n1 - 12)(|2;)2
Table 2. Now, using the values from Table 2 in the defini- V2 + 2322+ 22
tion of Sombor indices, we obtain + (30 x 271 - 24)
dZ + dZ 2 )
S0(T) =27 Ly + (12 x 2n°
3 WEZE(G) d, + d, ﬁ + 2\/22 + 32
22 4 92 2
=224 x 271 - 12) + (30 x 2"71 - 24) - 9)( 15~ 3
2+ G
« EE3 L g o 9) + 3 25
T
2+3 +3 =(30 x 2" - 24)————
( )(ﬁ + 2./13)?

13
= ﬁn[(84 x 2n71 — 51) + (30 x 2771 - 24)?

7 a2+ a2\
SO4(T)_EweZE(G)[ = dv]

T 22 4 92)?
=5 @ax 27 - 12) T |+ (30 x 27 - 24

2+3

22+ 3
X
3+3

2 2
32+ 3
- of2r

169
= n[(48 x 201 -24) + (15 x 20T - 1)

9
+ (22 - 9)]

MESO(T) =

ESO(T)= D (du+ dy)y(dy)? + (d)?

WEE(G)
= (24 x 21— 12)(2 + V22 + 22
+ (30 x 201 = 24)(2 + 3)V22 +
x + (12 x 271 - 9)(3 + B)W
= (408 x 2n1 - 258)./2 + (150 x 271 - 120)./13

2 were)(du + B + (@)

= 0
(408 x 2n1 - 258)/2 + (150 x 2"1 - 120)+/13
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Figure 3: TOX network of dimension n =1, 2, and 3. (a) My, (b) M,, and
(c) Ms.

2.3 TOX network

TOX refers to a unique form of oxide network with a tri-
angular shape. Oxides are chemical compounds with
oxygen atoms connected to other elements [37,38]. TOXs
can be applied in various sectors, including materials science
and nanotechnology [39-41]. They can be synthesized and
researched for their distinct characteristics and possible
applications [42]. Let M, denote the molecular graph of
TOX network having dimension n. The molecular graphs of
M, M,, and M; are depicted in Figure 3. In the next theorem,
we calculate Sombor indices of TOX network.

DE GRUYTER

Theorem 3. Letn > 2 and M, be the molecular graph of TOX
network. Then

SO3(My) = V21

118
9n% + 45n + ?]

11,3567
75
1447 240mn 48071

N BN AN N N SN
864r __ 2400nm
(V2 + 452 (V2 +4413)?
4,800
T (V2 + 4B
ESO(M,) = (72)~/5 + (108n? - 444n + 544)/2 + (120n - 240)+/13
1

SO4(M,) = 277tn? - 37n +

SOs5(My

SO6(Mp) = [

MESO(M,,) =

(72)5 + (108n% - 444n + 544)y2 + (120n - 240)y/13

Proof. From the graph of M, it is easy to calculate that
|E(Mp)| = 37"(n + 1). The edge partition of M, based on the
degree of end vertices of each edge is depicted in Table 3.
Now, using the values from Table 3 in the definition of
Sombor indices, we obtain

d+d?
SOs(M) =21 ) ——"
UWEeEE(G) du + dV
22+42 42+42
=/27(6 x 712 +(3n - 3) x v
£+6 (3 15 6% + 62
+ (6n - 12 +|-n? - — +9]
Gn-17 76 * 12" 2" 6+6]
118
=\/§ﬂ9n2+45n+?
so0n=" 3 [d5+d32
(M) =2
2 uveE(G) du + dV
n|.  (22+ &) 2+ £y
= — + —_
26x[2+4] S 3)[4+4]

2+e2)} (3 15
+ - +|=n2- =
x + (6n 12)[4+6] [2n 2n

6% + 62’
+9
6+6 ]
- 747nn _ 23,6187
25 75
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SOs(M)=21 Y di - dy]
(M) = S e ) B
uveE(G) \/E + 2«/(13 + d‘g
22 _ 42 42 _ 42
cole—2 2l g3t
V2 42422+ 42 V2 428+ 2
+ (6n — 12)&
V2 +2J8 + 6
3., 15 162 - 62|
+|lon?2 - —n+ Y————
2 2 \/E + 2 /62 + 62
1441 2407 480

T2 +ads  Z a3 2443

a: - 2

V2 +2y/ad? + d?

22_42 2
= 71/6| —————
V2 4222+ 2

SOM)=m )
uveE(G)

42 — 42

@n- 3)[? RPNy

+ (6n - 12)[

42 - 62 2
V2 +2J8+ 6

3 15
+ Enz - 7n + 9][

62 _ 62 ]2
V2 + 24122 + 122
2,400n7
(V2 + 413)?

B 8647 .
(V2 + a5y
48007

(V2 + 4413y

ESO(M) = (dy + dy)y/(dy)? + (dy)?

uve€E(G)

=62 + V22 + & + (3n - 3)(4 + HVE + &

3 15
+(6n - 12)(4 + 6)V4* + 6% + Enz -5n
+9((6 + 6)v/6% + 6
=725 + (108n? - 444n + 544)\/2

+ (120n - 240)+/13
Table 3: Edge set partition of TOX structure M,
€x,y) € E(N) Frequency
€4 6
€ 3n-3
€ 6n - 12
€(6,6) - Buig

2 2

Sombor indices in main group metal chemistry = 7

MESO(M) =

Zuve};’((;)(du +d,) (du)z + (dv)z

= O
7245 + (108n? - 444n + 544)V2 + (120n - 240)/13

2.4 TsL network S,

A silicate compound having a triangle configuration is called a
TsL. Minerals called silicates are composed of silicon and oxygen
[43]. The arrangement of the silicon and oxygen atoms deter-
mines the spectrum of crystal shapes and properties that can be
found in TsLs. They carry out crucial tasks in the fields of health
and materials science [44-46]. Let S, denotes the molecular
graph of TsL network having dimension n. The molecular
graphs of Sy, Sy, and S3 are depicted in Figure 4. In the next
theorem, we calculate Sombor indices of TOX networks.

(2)

(©)

Figure 4: TsL. (a) Sy, (b) S, and (c) Ss.
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Theorem 4. Let n > 3 and S,, be the molecular graph of TsL networks. Then

243n% 11,946
S0s(Sy) =27 [ re==n 96]
95
8 703n> , 16250,874n _ 34,21,886

S0u(Sn) = 25 27,075 5,415 ]

40 1351 951
S05(Sp) = 18n—67+ 6n2—6n7+ 12n - 24)————

1, 600 18 225 9,025
S0s(S)=m(9n - 3)—=————+ 3n2-9n + + (6n - 12

o (V2 + 2458 )2 O T+ V7 + 2B
ESO(S,) = (432n2 - 1,866n + 2,352)v/2 + (90n - 30)+/58 + (135n% - 405n + 270n)/17 + (114n - 288)/193
1

MESO(S,) =
(Sw) (432n% - 1,866n + 2,352)/2 + (90n - 30)/58 + (135n% - 405n + 270n)\/17 + (114n - 288)/193

Proof. From the graph of S,, it is easy to calculate that |d2 - a}
on? SOs(S)=2m ) — i ——
|[E(Sp)| = = + 5. The edge partition of S, based on the quE(G)\/E +2,d; + d;
degree of end vertlces of each edge is depicted in Table |3 3| 172 - 3|
4. Now, I.JSH.Ig the values.from Table 4 in the definition of JZ +2 m NN
Sombor indices, we obtain 122 - 3
+ G-I+ 6)———m——x
d? +d? V2 + 24122 + 32
S03(S) = \/E” Z d d |122 _ 72|
uveE(G) ut dy + (6n - 12)—
3 7 4 32 V2 + 2122 + 72
=V2n (3) +On-3—— 3, 15 ] 122 - 122|
+|(=n¢- —n+
32 122 + 72 22 V2 + 24122 + 122
+ (3”2 9n + 6) (6 - 12) 12 + 7 |72 _ 72|
+Bn-3)——————
+[§n2_gn+ ]122 + 122 +(3n_3)72+72 N2+ 2472+ 72
2 12+12 7+7 _(18n-6) 407 . (6n - 1357
- fin [243n2 1.946n 96] V2 +24/58 RN TN
- 957
95 +(12n - 24)———
) V2 + 2419
n a2 +d?
SOiS)=7% D [—” V]
2 weérel dut dy
n 3243 2 72+ 3 2 Table 4: Edge set partition of TsL structure S,
=—(3) l+(9n—3) ]
2 3+3 7+3 €x,y) € E(N) Frequency
1 2+32]2 [122+72]2
+(@3n2-9n+6 +(6n - 12 ) 3
( )[ TEED \2+7 eos - 3
3 15 122 + 122 2 7 72 2 €12,3) 3n2- 9n + 6
P ][ 2+12 ] +@n - 3)[ +7 ] ez o
€a,7) 3n- 3

32 B
- _ S = Sn+9
21 25 27,075 5,415

m(8703n*  16,25,0874n 34,21,886] ew)
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2 2 2
d;-d
S0s(S) =1 z _u v
weEG)| V2 + 2,/d2 + d?
2 2 2
3?2 -3 -3 122 - 32
) —————= n-3)|——m—— n? -9+ 6)|——————
V2 42432+ 3 V2 + 2\/72 + 32 V2 + 24122 + 32
2 2 2
122 - 72 15 122 - 122 72 - 7%
+(6n - 2)|————— n2--=—n+9 )| e
V2 + 24122 + 72 2 V2 + 24122 + 122 V2 + 27+ 72
1,600 18,225 9,025
mn-3)————+@Bn’-9n+6)———=—+ (6n - 12)————
(V2 +2/58)? (V2 + 2J17)? (V2 + 24193 )?
ESO(S)= ) (dy+ dy)y(d)? + (d,)
uve€E(G)

=33 +3)v3%2+32 +9n - 3(7 + 3)V7% + 323n% -

9n + 6(12 + 3)V12% + 3% + 6n - 12(12 + 7)V12% + 72

3 9
x Enz -t 9(12 + 12)V/122 + 122 + 3n - 3(7 + 7)VJ7% + 72

= (432n% - 1,866n + 2,352)+/2 + (90n - 30)~/58 + (135n2% -

MESO(S) =

zuveE(G)(d“ +dy) (du)Z + (dv)2

405n + 270)+/17 + (114n - 288)+/193

1

) (432n2 - 1,866n + 2,352)+/2 + (90n — 30)~/58 + (135n2

Chemical applicability and
degeneracy

In this section, the chemical applicability of different invar-
iants of the sombor index for octane isomers is discussed.

Table 5: Absolute values of correlation coefficients

Properties S03(G) SO04(G) SO5(G) SO¢(G) ESO(G)
Melting point 0.261 0.147 0.278  0.387  0.725
Enthalpy of 0.896 0.398  0.891 0.894  0.87
vaporization

Standard enthalpy of 0.926  0.285 0.935 0.896  0.924
vaporization

Acentric factor 0.904 0.067 0.940 0.817 0.946
Density 0.527 0483 0.532 0360 0.580
Entropy 0.876  0.079 0922 0.812 0.901
Enthalpy of 0.763 0.281 0.803 0.815 0.741
formation

Table 6: Degeneracy of the invariants of the Sombor index

O
- 405n + 270n)+/17 + (114n - 288)+/193

For the purpose of testing, we have correlated our indices
with the experimental physico chemical properties of octane
isomers. These data are available at https://web.archive.org/
web/20180912171255if /https://www.moleculardescriptors.eu/
index.htm. The data set is constituted by 18 octane isomers.
The considered properties are as follows: melting point,
entropy, density, enthalpy of vaporization, standard enthalpy
of vaporisation, enthalpy of formation, and acentric factor
(AcenFac). We have used the linear regression model and
the absolute values of correlation coefficient for each prop-
erty is depicted in Table 5. The highlighted values shows the
maximum value of correlation obtained for the TI. Our results
demonstrate that these TIs exhibit strong correlations with
enthalpy of vaporization, standard enthalpy of vaporization,
acentric factor, and density.

We have checked the degeneracy of these variants of
Sombor indices for the octane isomers. The percentages in
Table 6 demonstrate the degeneracy of sombor invariants,
including the elliptic sombor index and the modified elliptic
sombor index. All of these indices showed comparable

No. of chemical trees D(S05) (%) D(S0y) (%)

D(S05) (%) D(S0¢) (%) D(ESO) (%) D(™ESO) (%)

18 78.67 78.67

78.67 78.67 78.67 78.67



https://web.archive.org/web/20180912171255if_/https://www.moleculardescriptors.eu/index.htm
https://web.archive.org/web/20180912171255if_/https://www.moleculardescriptors.eu/index.htm
https://web.archive.org/web/20180912171255if_/https://www.moleculardescriptors.eu/index.htm

10 = Xiujun Zhang et al.

sensitivity. For example, more than 78% of the molecules in
18 chemical trees cannot be differentiated by these topolo-
gical indicators. The degeneracy of Sombor indices is consis-
tent with that of other degree-based graph invariants.

4 Conclusion

TIs serve as indispensable tools in the realm of computa-
tional chemistry, providing a quantitative framework for
understanding molecular structure and predicting che-
mical and biological activities. This article has contributed
to this field by exploring various variants of Sombor indices
for a range of compounds, including bismuth(m) iodide, TOX,
TsL, and nanostar dendrimer. Additionally, the examination
of these indices on a set of octane isomers has offered insights
into their chemical applicability and degeneracy across
diverse molecular contexts. Such investigations not only
deepen our understanding of molecular properties but also
pave the way for more accurate predictions of compound
behaviors, thereby facilitating informed decision-making in
drug design, materials science, and other areas of molecular
engineering.

Funding information: This research was supported by the
Ongoing Research Funding program (ORF-2025-100), King
Saud University, Riyadh, Saudi Arabia.

Author contributions: Xiujun Zhang: writing — review and
editing, methodology, formal analysis, validation; Sadia
Noureen: writing — review and editing, methodology,
formal analysis, validation; Saliha Kamran: writing — ori-
ginal draft, formal analysis, validation, investigation;
Sobhy M. Ibrahim: writing — review and editing, formal
analysis, validation, investigation; Adnan Aslam: writing
- original draft, methodology, formal analysis, validation.

Conflict of interest: Authors state no conflict of interest.
Data availability statement: The datasets generated

during and/or analyzed during the current study are avail-
able from the corresponding author on reasonable request.

References

[11  Devillers J, Balaban AT. Topological indices and related descriptors
in QSAR and QSPR. London: CRC Press; 2000. doi: 10.1201/
9781482296945.

[2

[4]

[5]

[6]

[71

(8]

[9

[10]

1

2]

(3]

(4]

(3]

(1]

(7

(18]

E)

[20]

[21]

[22]

[23]

[24]

DE GRUYTER

Estrada E. Edge adjacency relationships and a novel topological
index related to molecular volume. ] Chem Inform Comput Sci.
1995 Jan;35(1):31-3.

Huang R, Mahboob A, Rasheed MW, Alam SM, Siddiqui MK. On
molecular modeling and QSPR analysis of lyme disease medicines
via topological indices. Europ Phys J Plus. 2023;138:243.
Augustine T, Roy S, Sahaya Vijay J, Maria Thomas J, Shanmugam P.
Topological study on degree based molecular descriptors of
fullerene cages. Mol Phys. 2023 Feb;121(4):e2179858.

Gozalbes R, Doucet ], Derouin F. Application of topological
descriptors in QSAR and drug design: history and new trends.
Current Drug Target Infect Disorders. 2002 Mar;2(1):93-102.
Aslam A, Bashir Y, Ahmad S, Gao W. On topological indices of
certain dendrimer structures. Z Naturforsch A. 2017,72(6):559-66.
doi: 10.1515/zna-2017-0081.

Bokhary SAUH, Adnan, Siddiqui MK, Siddiqui M. On topological
indices and QSPR analysis of drugs used for the treatment of breast
cancer. Polycyclic Aromatic Compounds. 2021 Oct;42(9):6233-53.
Boas U, Heegaard PMH. Dendrimers in drug research. Chem Soc
Rev. 2004;33(1):43-63. doi: 10.1039/b309043b.

Havare OC. Quantitative structure analysis of some molecules in
drugs used in the treatment of COVID-19 with topological indices.
Polycycl Aromat Compd. 2021;42(8):5249-60.

Mondal S, Bhosale A, De N, Pal A. Topological properties of some
nanostructures. Nanosyst Phys Chem Math. 2020 Feb;11(1):14-24.
Mukwembi S, Nyabadza F. Predicting anti-cancer activity in
flavonoids: a graph theoretic approach. Sci Rep. 2023;13:3309.
Bondy JA, Murty R. Graph theory with applications. London: North-
Holland; 1976.

Gutman I, Trinajstic N. Graph theory and molecular orbitals. Total
mi-electron energy of alternant hydrocarbons. Chem Phys Lett. 17
(1972) 535-538.

Bojana B, Kinkar Ch. D, Boris F, Ivan G. Bounds for Zagreb indices.
MATCH Commun Math Comput Chem. 2017;78:17-100.

Das KC, Cevik AS, Cangul IN, Shang Y. On Sombor index. Symmetry
2021 Jan;13(1):140.

Gutman I, Furtula B, Oz MS. Geometric approach to vertex-degree-
based topological indices-Elliptic Sombor index, theory and
application. Int ] Quant Chem. 2024 Jan;124(2):e27346.

Cruz R, Gutman I, Rada J. Sombor index of chemical graphs. Appl
Math Comput. 2021 Jun;399:126018.

Gowtham K], Swamy NN. On Sombor energy of graphs. Nanosyst
Phys Chem Math. 2021 Aug;12(4):411-7.

Samiei Z, Movahedi F. Investigating graph invariants for predicting
properties of chemical structures of antiviral drugs. Polycycl
Aromat Compd. 2023 Nov;44(10):6696-713.

Deng H, Tang Z, Wu R. Molecular trees with extremal values of
Sombor indices. Int ] Quantum Chem. 2021 Feb;121(11):e26622.
Tang Z, Li Q, Deng H. Trees with extremal values of the
Somborindex-like graph invariants. MATCH Commun Math Comput
Chem. 2023;90:203-22.

Shanmukha MC, Usha A, Kulli VR, Shilpa KC. Chemical applicability
and curvilinear regression models of vertex-degree-based
topological index: Elliptic Sombor index. Int ] Quant Chem. 2024
Apr;124(9):e27376.

Kulli VR. Modified elliptic sombor index and its exponential of a
graph. Int ] Math Comput Res. 2024 Jan;12(1):3949-54.

Kulli VR. Temperature elliptic Sombor and modified

temperature elliptic Sombor indices. Int ] Math Comput Res.
2025;13(3):4906-10.


https://doi.org/10.1201/9781482296945
https://doi.org/10.1201/9781482296945
https://doi.org/10.1515/zna-2017-0081
https://doi.org/10.1039/b309043b

DE GRUYTER

[25]

[26]

[27]

[28]

[29]

[30]

31

32]

[33]

[34]

[35]

[36]

Redzepovic I. Chemical applicability of Sombor indices. ] Serb Chem
Soc. 2021;86(5):445-57.

Konstantinova EV. The discrimination ability of some topological
and information distance indices for graphs of unbranched
hexagonal systems. ] Chem Inform Comput Sci. 1996 Jan;36(1):54-7.
Ghani MU, Ali S, Imran M, Karamti H, Sultan F, Aimusawa MY. Hex-
derived molecular descriptors via generalized valency-based
entropies. IEEE Access. 2023;11:42052-68.

Javaid M, Javed S, Memon SQ, Alanazi AM. Forgotten index of
generalized operations on graphs. ] Chem. 2021 May;2021:1-14.
Khaksari A, Ghorbani, M. On the forgotten topological index. Iran |
Math Chem. 2017;8(3):327-38.

Hakeem A, Ullah A, Zaman S. Computation of some important
degree-based topological indices for graphyne and Zigzag
graphyne nanoribbon. Mol Phys. 2023 May;121(14):e2211403.

Cruz R, Gutman I, Rada J. Sombor index of chemical graphs. Appl
Math Comput. 2021 Jun;399:126018.

Zaman S, Arbab S, Ullah A, Sheikh M. QSPR analysis of some novel
drugs used in blood cancer treatment via degree based topological
indices and regression models. Polycycl Aromat Compd 2023
Jun;44(4):2458-74.

Ullah A, Zaman S, Hussain A, Jabeen A, Belay MB. Derivation of
mathematical closed form expressions for certain irregular
topological indices of 2D nanotubes. Sci Rep. 2023 Jul;13(1):11187.
Mackay RA, Henderson W. Introduction to modern inorganic
chemistry, 6th edn. CRC Press; 2002. doi: 10.1201/9781315274676.
Imran M, Ali M, Ahmad S, Siddiqui M, Baig A. Topological
characterization of the symmetrical structure of bismuth tri-iodide.
Symmetry. 2018 Jun;10(6):201.

Ul Haq Bokhary SA, Imran M, Akhter S, Manzoor S. Molecular
topological invariants of certain chemical networks. Main Group
Metal Chemistry. 2021 Jan;44(1):141-9.

371

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[43]

[46]

Sombor indices in main group metal chemistry = 11

Fanizza E, Mastrogiacomo R, Pugliese O, Guglielmelli A, Sio LD,
Castaldo R, et al. NIR-absorbing mesoporous silica-coated copper
sulphide nanostructures for light-to-thermal energy conversion.
Nanomaterials. 2022 Jul;12(15):2545-5.

Safronova TV. Inorganic materials for regenerative medicine. Inorg
Mater. 2021 May;57(5):443-74.

Ali M. What function of nanoparticles is the primary factor for their
hyper-toxicity? Adv Colloid Interface Sci. 2023;14:102881.

Ahmad MT, Yue H, Tegafaw T, Liu S, Ho SL, Lee GH, et al. Functionalized
lanthanide oxide nanoparticles for tumor targeting, medical imaging,
and therapy. Pharmaceutics 2021 Nov;13(11):1890.

Cai H, Lv M, Wang T. PANoptosis in cancer, the triangle of cell
death. Cancer Med. 2023 Dec;12(24):22206-23.

Lekic N, Dodds SD. Suture materials, needles, and methods of skin
closure: what every hand surgeon should know. ] Hand Surg. 2021
Nov;47(2):160-71.

Ogura Y, Yokoi T, Fujii K, Yashima M, Matsunaga K. Effect of La
vacancies on the oxide-ion conduction in lanthanum silicate
apatites. Solid State Ionics. 2021 Dec;373:115793.

Chen W, Shi T, Du J, Zang Z, Yao Z, Li M, et al. Highly stable silica-
wrapped Mn-doped CsPbCI3 quantum dots for bright white light-
emitting devices. ACS Appl Materials Interfaces. 2018 Nov
26;10(50):43978-86.

Gandhi S, Heinzerling A, Flattery J, Fazio JC, Alam A, Cummings K],
et al. Active surveillance of engineered stone workers facilitates
early identification of silicosis: A discussion of surveillance of
occupational lung diseases. New Solutions | Environ Occupat
Health Policy. 2023 Aug;33(2-3):119-29.

Hamidi BA, Hosseini SA, Hassannejad R, Khosravi F. Theoretical
analysis of thermoelastic damping of silver nanobeam resonators
based on Green-Naghdi via nonlocal elasticity with surface energy
effects. Eur Phys ] Plus. 2020 Jan;135(1):35.


https://doi.org/10.1201/9781315274676

	1 Introduction
	2 Main results
	2.1 Bismuth(iii) iodide (m-BiI_3)
	2.2 Nanostar dendrimer (Dn)
	2.3 TOX network
	2.4 TsL network Sn

	3 Chemical applicability and degeneracy
	4 Conclusion
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /POL (Versita Adobe Distiller Settings for Adobe Acrobat v6)
    /ENU (Versita Adobe Distiller Settings for Adobe Acrobat v6)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


