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ABSTRACT: This study focuses on computing entropy and degree-based molecular descriptors for two-
dimensional coronene fractal structures at three iterative levels. Key topological indices—including Randic,
atom-bond connectivity (ABC4), geometric-arithmetic (GA), Zagreb, and Sanskurti entropy—are calculated.
These indices support the analysis of structure—property and structure—activity relationships, aiding in appli-
cations such as drug development and QSAR/QSPR modeling.

Key Words:: Topological indices, randic index, atom-bond connectivity (ABCy), geometric-
arithmetic (GA) index, Sanskurti entropy, Entropy descriptors, Coronene fractal structures.

Contents
1 Introduction 1
2 Literature Review 2
2.1 Atom-bond connectivity index . . . . . . . . ... e e 2
2.2  Geometric-Arithmetic index . . . . . . . . . . 2
2.3 Sanskrutiindex . . . . . . ... e 2
3 Applications of Entropy 3
4 Degree-Based Entropy 3
5 Discussions 18
6 Conclusion 19

1. Introduction

Chemical graph theory provides a powerful mathematical framework for analyzing molecular struc-
tures. By representing molecules as graphs, researchers can explore their properties through well-defined
mathematical tools. This approach enhances the understanding of molecular behavior and structural
characteristics in chemistry [4].

A central concept in chemical graph theory is the use of topological indices—numerical descriptors
that capture structural features of chemical graphs. These indices are used to predict various chemical,
physical, and biological properties of molecules [25]. They serve as a bridge between molecular structure
and observable behavior, making them essential tools in cheminformatics and computational chemistry.

This theory has proven particularly useful for modeling and predicting the physicochemical proper-
ties and biological activity of compounds. Techniques like quantitative structure—property relationships
(QSPR) and quantitative structure—activity relationships (QSAR) rely heavily on topological indices for
predictive modeling [7,8].

In this study, we represent a chemical structure as a simple, connected graph G, where V(G) denotes
the set of vertices (atoms) and E(G) the set of edges (bonds). The degree of a vertex u is denoted by
J(u). Bonds are represented by edges between vertices, and the total number of atoms associated with a
vertex v; is expressed as &, .
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A graph with m atoms and n bonds is characterized by an order |G| and a size S(G), both represented
by n. A path in G is an alternating sequence of atoms and bonds. If every pair of atoms is connected by
such a path, the graph is considered connected. In this context, the geodesic between two vertices u; and
v; is the shortest path connecting them, with the number of bonds representing the distance, denoted as
§(ui, v5) [2].

This research focuses on the zigzag and armchair hexagonal coronene fractals, denoted by ZHCF,).
We compute the first through fourth redefined Zagreb entropies, as well as the Sanskurti entropy, atom-
bond connectivity entropy, and fifth geometric-arithmetic entropy. The entropy framework is based on
the work of Shazia Manzoor [17].

These coronene fractal structures, particularly in zigzag and armchair configurations, have not been
extensively studied. Our analysis offers valuable insights for chemists interested in the physicochemical
characteristics of these complex molecular systems.

2. Literature Review

Redefined versions of the Zagreb indices ReZG1, ReZGo, and ReZ(G3 were introduced in 2013 by
Ranjini et al. [20]. These have been created as

§ui + &y,

ReiGi= 2 eixe, (2.1)
viv;€EEQ) Ui vj
£, X &y

S P e (2.2)
UWjEE(G’) gvi + €Vj

RGZGB = Z (é-w + é-l/]‘) ({UI X gl/j) (23)

uiv; €EE(G)
2.1. Atom-bond connectivity index

The degree-based molecular descriptor known as the atom-bond connectivity (ABC) index has gar-
nered significant attention recently and has a wide range of applications in chemistry. Ghorbani and
Hosseinzadeh introduced the ABC4 index in 2010, representing the fourth iteration of the ABC' index.
This concept was first introduced by Estrada et al. in 1998, using a similar formulation. Below is the
numerical formula for the ABC4 [10].

ABC(@) = 3 [t (2.4)

ts€E(Q) St X Ss
2.2. Geometric-Arithmetic index

The geometric arithmetic index GAS5 of a graph G was introduced in its fifth iteration by Graovac et

al. [9] in 2011.
2\/ t S
G X G ( ) )

(6t 4 s)

GAG)= >

ts€eE(Q)
2.3. Sanskruti index

The Sanskruti index, abbreviated as S¢ and indicated by S(G), was first introduced by Hosamani in
2017 [11] for a molecular graph G as follows.

3
St X G
so- ¥ {oexe ) 20
roemc) LSt +¢s—2

Shannon first introduced the concept of entropy in his renowned 1948 paper [23]. The entropy of a
probability distribution serves as a measure of uncertainty or unpredictability within a system. Later,
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the concept of entropy was further developed to better understand structural information in chemical
networks and graphs.

Recently, the application of graph entropies has expanded across various fields, including ecology,
biology, chemistry, and sociology. The degree of each atom is particularly significant, and extensive
research has been conducted in both graph theory and network theory on invariants, which have long
been utilized as information functionals in scientific studies.

In this context, we will discuss the graph entropy measures that have been employed to analyze
chemical and biological networks, presented in the order of their application.

In the present article, we establish zigzag and armchair hexagonal coronene fractals ZHCF(,), Rect-
angular coronene fractals RCF,) . calculate its first, second, and third redefined Zagreb entropies.
Sanskurti entropy, fifth geometry arithmetic entropy, and fourth atom-bond connectivity entropy using
their indices. We made use of the entropy concept found in Shazia Manzoor’s article [12,18].

3. Applications of Entropy

In information theory, graph entropy is a significant measure that analyzes chemical graphs and com-
plex networks to uncover structural details. Distance-based entropy is particularly impactful in various
contexts, including biology, mathematics, chemical graph theory, and organic chemistry. Shannon’s con-
cept of entropy introduces a topological index to graphs, and since topological indices serve as molecular
descriptors, they are essential tools in quantitative structure-activity relationship (QSAR) and quantita-
tive structure-property relationship (QSPR) research.

Modern information theory began in 1948 with the publication of Shannon’s groundbreaking work
[22]. After its initial applications in electrical engineering and linguistics, information theory found
extensive use in biology and chemistry, notably around 1953 [16]. In 2004, Shannon’s entropy formulas
were employed to assess the structural information content of networks [24], closely aligning with the
work of Trucco (1956) and Rashevsky (1955).

The following sections will cover various graph entropy measures that have been utilized to explore
biological and chemical networks sequentially. Entropy measures for graphs have been widely applied in
the natural sciences, computer science, and structural chemistry (see, for example, 2011; [6]). The appli-
cations of entropies network measures are diverse, encompassing quantitative structure characterization
in structural chemistry as well as investigations into the general chemical and biological properties of
molecular graphs.

It is important to note that these applications aim to address fundamental problems in data analysis,
such as clustering and classification. In this paper, we propose a new assessment method for zigzag and
armchair hexagonal coronene fractals ZHCF|,) and Rectangular coronene fractals RCF{,) .

4. Degree-Based Entropy

The definition of entropy of an edge-weighted graph G was put forth by Chen et al. in 2014 [5]. The
represents an edge-weighted graph, where Vo, Eg, and $(u;v;) represent, respectively, the set of vertices,
the edge set, and the edge-weight of edge. The definition of an edge-weighted graph’s entropy is

ENTy@) = Z %(Uivg(uivj) s { > - } “1)

Cx
S(U; V5
viv;€E(q) ZviujeE(G) viv; €E(q) ( g ])

Additional entropies were discovered with the aid of equation 7 and were represented mathematically as
follows:
(i) First redefined Zagreb entropy

g’Ui + 51/]
v, X &y,

ReZGy = Z {?1?’7}: Z S(uivy4) (4.2)

viv;€E(q) viv;€E(q)

Let S(uv5) = afterward, the initial, redefined Zagreb index (1) is provided by
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Now, by using these values in (7), the first redefined Zagreb entropy is

|:§Ui + guj-
ENT(ReZGl) = IOg(RGZGl) - :|

U-y.l;[E |:£v1 X fl,j } (43)
Vi€ (a)

1 lo
ReZG, 8

(ii) Second redefined Zagreb entropy:

v X & :
Let S(uv5) = So X by afterward, the second Zagreb index (2) is provided by

gvi + fl/j
v, X &y
ReZGy = Z {EJFE’} = Z S(usv5) (4.4)
UiV]‘EE(G) Vi Vi ’U,;l/jGE(G)
Now, by using these values in (7), the second redefined Zagreb entropy is
|:€v,; X guj

1 EU' X fu € ) +£ )
ENT, = log(ReZGs) — 1 e € 4.5
(rezcn) = l08(ReZG2) = o7, Og{ [ &,l J )

viv; €Eq)

(iii) Third redefined Zagreb entropy:
Let S(uvj) = (éu, +&,) (€, X &) afterward, the third Zagreb index (2) is provided by

gvi X é-l/j
viv; €Eq) 7 vV €EE(q)

Now, by using these values in (7), the third redefined Zagreb entropy

ENTrezc, = log(ReZG3) — R%Gs
|:(§U1 +§V‘])(§U1 sz/j ):| (47)
log { H { (5“1 + gl’j) (fw X fuj) ] }
viv; €EE(q)

(iv) Entropy of fourth atom-bond connectivity:
Let S(uv5) = 2@7% Consequently, the (4) atom-bond connectivity index is 4th

ABCi(@) = 3 :{2”““8}: S S(uy) (4.8)

ts€c E(G) (gt + §5) viv; EE(q)

Here, S, is the neighborhood degree sum of vertex u;. Now, by using these values in (7), the third

redefined Zagreb entropy is

1
(ABC4(G))

zﬁ] } (4.9)

ENTapc,(c) = log(ABC4(G)) —

log{ H |:2\/§t X §s:| { (ees)
vivy By (st +s)

(v) Fifth geometry arithmetic entropy:

Let S(uiv;) = Q(CVti?:)S the fifth geometry arithmetic index is provided by

GAs(G) = Y BLLES SN g (4.10)

(§t + Ss)

viv;€Eq) viv;€Eq)
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Now, by using these values in (7), the fifth geometric arithmetic entropy is

ENTgase) = 1og(GA5(G)) — (GAi( G))
— 4.11
lo H [W} [ (\4:] | |
g oS E, (St +5s)

(vi) Sanskruti entropy:

3
v, X &y
let S(uv;) = {M} the Sanskruti index is provided by
o X, \°
S@= > {g“ﬂ_Q} = > S(uw;) (4.12)
vivi€E@G ~ 0 viv; €E(g)

Now, by using these values in equation (7), the Sanskruti entropy

ENTs(G) = log(S(G)) —

o I [fesmy e H}

viv; €E(g) Svn Hy =2
Klein et al. [15] conducted a systematic investigation of deterministic benzenoid fractals by methodically
compounding benzene at various stages. The first stage involves benzene itself, while subsequent stages
include benzenoid compounds such as kekulene, coronene, and singly connected benzene. Specifically,
the coronoid family of benzenoid fractals is created by encircling benzene to form coronene, then fusing
six copies of benzenoid perylenes through their bay regions. This process results in a hexabenzocoronene
structure surrounded by six coronene-shaped frames, as illustrated in Figure 1. The nth stage fractal of
the coronoid family is typically formed by combining six copies of the fractal structures from the (n — 1)
stage, for n > 1. Synthetic organic chemists and materials scientists are interested in these materials
as they serve as precursors to new nanomaterials in biotechnology and nanotechnology. El-Basil [3] has
demonstrated that the characteristic scaling factor of molecular fractals corresponds to the golden ratio
(7 = 1.618033989), while Plavsic et al. [19] have explored the aromaticity of fractal benzenoids based on
Clar structures. Although discussions about the potential synthesis of these fractal molecules began in
the early 1990s [15], the process remains challenging to this day. This work aims to provide a theoretical
characterization of these molecular fractals based on coronene, which will enhance our understanding of
the behaviors of these fractal elements.

The zigzag and armchair hexagonal coronene fractals ZHCF{,,, Rectangular coronene fractals RCF{,,
structures because the benzenoid form contains rings. The specific arrangement of rings in the benzenoid
system provides a series of benzenoid structures of the benzenoid graph, which is how the structures
are changed. As seen in Figure 1, the number of [1] in the middle of the series of hidden zigzag and
armchair hexagonal coronene fractals ZHCF,,), Rectangular coronene fractals RC'F{,) benzenoid graph
is shown in [13], where n show the number of level in the zigzag and armchair hexagonal and Rectangular
coronene fractals as show in figurs. Similarly for n=RCF{,y and n=RCF{;,). There are three different
kinds of atom-bonds in the zigzag and armchair hexagonal coronene fractals ZHCF(;,), Rectangular
coronene fractals RCF(,) benzenoid graph , according to the valency of each atom. It is evident from
this comprehension of atom-bonds that there are two types of atoms, v; and v;, such that £ = 2 and
§ = 3, where &; and §; stand for the valency of atoms Vv;,v; € ZHCF,). ZHCF,) is the size and order
of armchair hexagonal coronene fractals benzenoid graphs.

Following are the four figures of zigzag and armchair hexagonal and Rectangular coronene fractals
graphs Levely, Levely, Levels and Levely. According to the degree of the atoms, there are three types
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of atom-bonds in ZHCF ) : (2,2), (2,3)and (3,3). The atom-bonds partition of ZHCF{,) is shown as
E2) = {e = u,v;Vu,ve E(ZHCF,)|{, = 2;&§, = 3}

B3 = {e = u,v;Vu,ve E(ZHCF,)|&, = 2;&, = 3} (4.14)
E3) = {e = u,v;Vu, ve E(ZHCF,)|&, = 2;&, = 3}

Figure 1: The Level one of zigzag

Figure 2: The Level two of
and armchair hexagonal coronene fractals

zigzag and armchair hexagonal
ZHCF =1

coronene fractals ZHCF = 2

Figure 3: The Level three of Figure 4: The Level four of
zigzag and armchair hexagonal zigzag and armchair hexagonal
coronene fractals ZHCF = 3 coronene fractals ZHCF = 4

The order and size of zigzag and armchair hexagonal coronene fractals ZHCF(,,
|V| =3(5Tn? +n)

|E| = 6(21n2 +n)

Let G = ZHCF (n) is the Coronene structures. Then 1st, 2nd and third Zagreb indices as:
Using Table 1 and (1) in (9), we are now computing the first redefined Zagrab entropy in the manner
shown below:

ReZG1(ZHCF,) = 132n* 4+ 8n
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Types of atom-bonds E@ 9 E,3) E@3 3

Frequency of atom-bonds  3(9n2 +n) 6(9n +n) 6(15n% +n)

Table 1: Edge partition of zigzag and armchair hexagonal coronene fractals ZHCF,)

ENTR@ZGl = log(ReZGl) —

Fui + &y, }
1 gvi + EV]' gvi X f,,].
ReZG\ log{ 1] [ﬁvi x SV]}

|:£v,; + &g} |:§v7; + ﬁu]}
:| v, X g"j X H |:£Uz + gyj:| v, X gl’j

viv; €EE(3 3)

viv; EE(2 2)

gvi + gl/'
X H {J
Uil/jeE(zwg) gvi X fuj

4

— log(132n2 + 8n) — 1) log { (3(9n2 N n)) (4) (4>

(132712 +8n 4

X (6(9n2 + n)> (‘Z) (2> X (6(15n2 + n)) (g) <g> }
= log(132n* + 8n) — m log { (3(9n2 + n)) (1)

« (6(9n2 +n)> (2) <2> x <6(15n2 + n)) <§) (§> }

log {15 (9n2—|—n) (9n2—|—5n) 52/3\3/6(3712 —n)}
132n2 +8n

ENTgezc, = log (132n° +8n) — (4.15)

Using Table 1 and (2) in (11), we are now computing the Sconed redefined Zagrab entropy in the
manner shown below:

1134n% 51
ReZGo(ZHCFE,) = 5” +T”
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ENTR€ZG2 = log(REZGQ) —

Fui x £uj]
S X & | €0 + 6,
ReZG, log{ 11 {gvﬁgw}

viv; €E(2,2)
gvl X guj gvl X gu]'
M |:£Uz + 5ij| gvi X 6”]’ |:£v1 + fuj:|
! [Svl +£J < I [gvl +5J

ViV EE(Z,S)

1134n% 5ln
=log| =5 — 5~ —<

ViV EE(3,3)

113402 | 51n log{( 9n +n))<j>(i)

5

6

)
x<6(9n2+n)><§><5> ( (15n2 +n)( )( )}
NS SN e

< (st0n7+ ) (£) (2) < (650 +m) (3) (2) }

Using Table 1 and (3) in (13), we are now computing the third redefined Zagrab entropy in the manner
shown below:

ReZG3(ZHCF,) = 6912n* + 228 n

1
ENTR&ZGg = 10g(R€ZG3) - RCTC::; 1Og{ H (fvb + guj-) (gvb X gl/j)

viv;EH2 2

< I (G.+&,) (& x&)x ] (£Ui+syj)(5uix§w)}

viv;E€EE> 3 viv;€EE3 3

= log(ReZG3) — log {3(9n2 +1n)(242)(2 x 2)(2+2)(2><2)

R@ZG3

+ 6(9’[12 + n) (2 + 3) (2 % 3)(2+3)(2><3) + 6(15712 o Tl) (3 + 3) (3 « 3)(3+3)(3X3) }

1

ENTgeza, = log (6912n2 + 228 n) -
(6912 n? 4+ 228 n)

log {3(9n2 +n)(16)'% x 6(9n2 +n)(30)%° x 6(15n2 — n)(54)54}

Fourth atom-bond connectivity entropy of ZHCF(n):

Based on the valency sum of the end atoms of each degree, Table 2 shows the atom-bond partition
of the zigzag and armchair hexagonal coronene fractals ZHCF(,). Let ZHCF,) represent the graph
of armchair hexagonal coronene fractals. Next, Table 2 in (4) is used to obtain the fourth atom-bond
connectivity index.
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(st,6s) | Sum of valency of the neighborhood atoms | Frequency
s1(G) (5,5) 3(9n? +n)
% (G) (5,7) 3(9n? + 5n)
3(G) (5,8) 12(3n? — n)
(G) (7,9) 12n

G (G) (8,9) 12(3n2 — n)
s6(G) (9,9) 3(15n% —n)

Table 2: Edge partition sum of valency of the neighborhood atoms zigzag and armchair hexagonal

coronene fractals ZHCF\y,)

54162  27/14630  18+/1295
ABC’4(G):{< W+ +— +6\/611+20\/sﬁ)n2

5 35
(4.16)
(G\Sﬁ 3\/174W 6\/227 4¢;0T_2 a 4\F>}

Now let’s calculate the fourth atom-bond connectivity entropy using Table 2 and Equation (4) in (15) as
follows:

1 N b
ENTABC4 = 10g(ABC4(G)) — m 10g {3(9712 + n) ﬁ

=T [ 5+7—2 N _[ 5+8—2:|
V 5x7

5X5 w L8
7192 V5] N 8+9_2'W%]

+3(9n2 + 5n)

12(3n? —
+12(3n" =) 5% 8
+12n

[9+9—2
9x9

[ 9+9-—2

9X9 }

+3(15n% — n)

5462 2714630 181295
ENT(ABC4(G))_{< ;ﬁ+ ng+ \/57+6\/611+20\/971

(G\ﬁ 3v14630 61295 4\/704 o 4\F)}

~——
S
[ V)

5) 7 )
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1
(54 5\/62 427 \/3154630 + 18\/5% 46 V61T + 20 ﬁ)nZ + (6\5/62 + 3\/174630 _ 6\/},295 + 4\/;042 2611 — 4\3/91>n

NG 2 i1
x log < 3(9n? + n) V8 ] + 3(9n? + 5n) \/ﬁ i +12(3n* — n) 1 il
& 5 35 10
_ (4.17)
1 V&l =1 VA Rt
12 —_ 12(3n% — - 15n2 — =
+ 12n \/;] + 12(3n n)l 72] + 3(15n n)[g] }
Fifth geometry arithmetic entropy:
14410  432+/2 48+/1
GA(G) = 117+9‘/£+ N+ 322 n? — 3+5Jﬁ_ 8m+9\ﬁ”_
2 13 17 2 13 2
(4.18)
144 /2
7 )"

Now let’s calculate the Fifth geometry arithmetic entropy using Table 2 and Equation (5) in (17) as
follows:

257]

25X 7 7} ot

5+7)

25 x5 [ 5+5) ]
(545) ]

ENT(Gay =log(GA) — (GlA) log {3(9712 +n)) [ x 3(9n? + 5n) [

x 12(3n% — n) [2‘/57} 55 " 12”[%/77] [+

(5+8) (7+9) (4.19)
9 2./8 X9 [<s+9>] 9 2/9x9 [%‘/?ﬂ
x 12(3n n)[ } x 3(15n n)[ }
(8+9) (9+9
935  144/10 4322\ , 535 4810  9/Tn
ENT(GA)—<117+ T T >n B G e e
144+/2
17 )"
1
(7 4 g MIYI0 4273 )2 (5 4 ByES 4540, 0vTn 144V,
V351 %] Walea 631 ]
x log < 3(9n% 4 n)(1) x 3(9n? + 5n) {6] x 12(3n% —n) {13] 12n[8}
272
2y73] 4]
x 12(3n% — n) {f] x 3(15n2—n)(1)}
Sanskruti entropy:
10)° 18)°
s@) = (270 +27{4/11}3+36 (1T, 45 (1817,
23 70 79
(4.20)

+ (3{52}3 15 {411 - 12{5}3 +1z{é‘f}3 - 12{%}3 _3{;2}3)1
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Now let’s calculate the Sanskruti entropy using Table 2 and Equation (6) in (19) as follows:

55 1) {er9=2}]

ENTs(G) = log(S(G)) — @ log {3(9n2 +n) [ {(5+5)_2

s e[ { 220 V) (e

(G+7) -2

[ {228 V) {ero=2}]

(G+8)—2
o7y 1)

R [ U {tor=a}]

819)-2 |
+3(15n2 n)H(gig)g_Q}T H(E)-QF;)Q—?} ] }
ENTs(G) = log(S(G)) — ﬁbg {3(9n2 +n)H285}3] [{285} }
oot (2 Loy Y

(4.21)

o T e 6
el

The rectangular coronene fractals structures RCF{,) benzenoid graph have three different types of
atom-bonds depending on the valency of each atom. It is evident from this understanding of atom-bonds
that there are two different types of atoms: v; and v;. These atoms are such that { = 2 and { = 3, where
the valencies of atoms Vv;,v; € RCF(,) are represented by the variables §; and §;. RCF{,, represents
the size and order of Rectangular coronene fractals structures RCF(,,).

Following are the figures of Rectangular coronene fractals structures graphs Levely, Levely, Levels
and Levely. According to the degree of the atoms, there are three types of atom-bonds in RCF,,) : (2,2),
(2,3) and (3,3). The atom-bonds partition of RCF(, is shown as

+3(15n% —n

~—

E2) = {e = u,v;Vu,ve E(RCF,)|§, = 2;§, = 3}
Ep3) = {e = u,v;Vu,veE(RCF,)[§, = 2;§, = 3} (4.22)
E(3,3) = {6 =u, v;vuvaE(RCFn)Mu =26 = 3}
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Figure 5: Comparison of ReZG1(ZHCF,), ReZG2(ZHCF,), ReZG3(ZHCF,), ABC4(ZHCF,),
GA5(ZHCF,), SG(ZHCF,).

The order and size of Rectangular coronene fractals structures RCF,,)

|V| = 12(7n? + 4n)

|E| = 6(19n* + 10n)

Types of atom-bonds E(3.9) E(3 .3 E3 3

Frequency of atom-bonds ~ 6(3n% +2n) 12(3n% +2n) 12(5n% + 2n)

Table 3: Edge partition of Rectangular coronene fractals structures RCF{,,

Let G = RCF(n) is the Coronene structures. Then 1st, 2nd and third Zagreb indices as:

Using Table 3 and (1) in (9), we are now computing the first redefined Zagrab entropy in the manner
shown below:

ReZG1(RCF,) = 88n? +48n
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1

o 1 2 3 4 5 6 7 8 9 10

~®—ENT (ReZG_1) 2.1364 2.7291 3.0791 3.3271 35216 36793 3.8126 3.9283 4.0305 4.1218
ENT (ReZG_2) 23578 2.9588 3.3106 3.5603 3.7541 3.9123 4.0461 4.1621 4.2643 4.3558

~—o—ENT (Re2G_3) 3.8335 4.4386 47918 5.0422 5.2363 5.3949 5.5289 5.6451 5.7474 5.8389

=@ ENT (ABC_4) 2.7939 3.408 3.7629 4.0138 4.2081 4.3667 4.5007 4.6168 4.7192 4.8107

—e—ENT(GAS) | 23314 29336 32858 35357 37205 38879 40218 41377 | 424 | 43316
——ENT (5G) 07934 | 1396 | 17442 19915 21836 | 23408 24739 25892 2691 | 27822

Numerical Comparison

(b)

Figure 6: Comparison of ENTReZG1(ZHCF,), ENTReZG2(ZHCF,), ENTReZGs(ZHCF,),
ENTABC,(ZHCF,), ENTGAs(ZHCF,), ENTSG(ZHCFE,).

Figure 7: Coronene fractals structures (a) ZHCF(2) and (b)RCF(3,3)

gvi + guj :|
ENTpesc, = log(ReZG:) — Re;Gl 1og{ 11 [%} [évi x &,

vV €EE(3 2)
|:§U7L + €Vj :| g'Ui + ng
Eus + 5] TR F + 5] TR }
X e i 74X —_ i j
Uing(2,3> |:§vz X gl/j Ui”jg(?,,g) gvi X fuj

4
— log(88n2 +48n) — — 1 _log { <6(3n2 n 2n)> (%) (Z>

<88 n? + 48 n)

5 6

(o) ()5« o) ()
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Figure 8: Rectangular coronene fractals RCF(3 g)

1
ENTReZG1 = 10g(132 7’L2 + 87’7,) — m IOg { (6(3”2 + 2”)) <1)
5

() Oy

Using Table 3 and (2) in

(11), we are now computing the Sconed redefined Zagrab entropy in the
manner shown below:

v, X 51/]}
ENTrezc, = log(ReZGy) — ﬁc& 1og{ 11 {ﬁ] [fvi +&,

viv; EE(2, 2) gvi T gyj

§o, + &,

|:£'U X £VJ:| |:€U1 X fl,].:|
< 10 [év xf,w} €u; + &0, I [évi xgw}

viv; EE (3 3) Svi + gyj
i (3)

1134 n2 1 1 4 =

= log < 3An + 5_n> - log (6(3712 + 2n)> (—) 4

5 5 <1134n2 + 51_n) 4
5 5
(5) (5)
X (12(3n2 + 2n)> (g) /) « (12(5n2 + 2n)) (%) 6 }
2
4
ENThese, — log (75671 384n

L 5)6 sy oo { (04 20) (1) B
y <6(9n2+2n)> (g) <3> ( 1502 +2n><2>< )}
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Using Table 3 and (3) in (13), we are now computing the third redefined Zagrab entropy in the manner
shown below:

1
ENTReZG3 = 1Og(RBZG3) - ReZG3 1Og{ H (gvi + fl/j) (gm X gl/j)

viv;EH2 2

T o) € xe)x [ (nten) xm}

vV EE2 3 vV €EE3 3

= log(ReZG3) —

1
—_log{6(3n2 +2n) (2 + 2) (2 x 2)3THEx2)
ReZCh og{ (3n" +2n) (2+2) (2 x 2)

(4.25)
+12(3n% +2n) (2+3) (2 x 3) TP L 19(5n2 4 2n) (3 + 3) (3 x 3)EFTHED) }

1

ENTreza, = log (6912 n? + 228 n) -
(6912 n2 4+ 228 n)

log {6(3n2 +2n)(16)'% x 12(3n? 4 2n)(30)° x 12(5n* + 2n)(54)54}

(st,5s) | Sum of valency of the neighborhood atoms | Frequency
«1(G) (5,5) 6(3n2 + 2n)
«(G) (5,7) 6(3n% + 4n)
s3(G) (5,8) 24n?
(@) (7,9) 12n
5(G) (8,9) 24n?2
56(G) (9,9) 6(5n% + 2n)

Table 4: Edge partition (sum of valency of the neighborhood atoms Rectangular coronene Structures

RCF(n))

Entropy of fourth atom-bond connectivity:

2 1 14 12+/12 4 1
ABc4<G):{(36ﬁ+ SVIGH0 | V% |y eTi + Of)n‘z

5 35
(4.26)
244/62n  24+/14630n  4+/7042n  16+/91n
+ e T " + - +—3 n

Using Table 4 and (4) in (15), we are now computing the third redefined Zagrab entropy in the manner
shown below:
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_ [ 5+5-—2
1 5+5_2 5X5
ENT(ABC4(G)) = lOg(ABC4(G)) — m log {3(9n2 + Tl) W
547—2 _ _ [548—2
+3(9n2 + 5n) /LH [ - ] +12(3n? —n) 5+8-2 [ o
5% 7 5x8

7+9—2]

e s [\/%
n“M +12(3n* — n) 1/8—’—9_2
7x9 8x9

[ 9+9-2
91r9_2 9X9
V 9x9

36162 1814630 = 12/1295 40 /91
ENT(ABC4(G)):{< st T AVl o )’

24/62n  24+/14630n  4+/7042n  16+/91n
+ 5 + 35 + 7 + 3 n

+12

+3(15n% — n)

1
<36 5\/62 + 18 \/3154630 + 12 \/51295 44611 + 40 3\/91)n2 + (24 \/562n + 24 \/éééGBUn + 4\/7;)4271 + 16 \/391n>n

v % [VE
x log {6(3n2 + 2n) [\ﬂ L] +6(3n2 + 4n) ;—g + 24n? l Ll)]
4.27
_ [VE) . [VE] L 20
+12n \/;] + 24n? N;] + 6(5n% 4 2n) 5 }

Fifth geometry arithmetic entropy:

GA(G) = {(78 3y 4 26VI10 288 f) <36 +4v/35+ 9\[) } (4.28)

13 17 2

Using Table 4 and (5) in (17), we are now computing the third redefined Zagrab entropy in the manner
shown below:

V55 5] V557 L]
FENTaa = log(GA4) = (;1141°g{6(3n2+2”))[2<55+2)} B =

x 24n? [2(\5/%} 5] y 12”[2(\7/?] (257
x 24n> [2(%}[““’] y 6(5n2+2n)[2(\9/§} (45 ]}

oon{ (534 B 2 152
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x log {6(3n2 +2n)(1) x 6(3n2 + 4n) [‘/6375} ! 4n? {2\1/?} = 12n[\/8673} ]
24n? {2‘1/7772} 4 x 6(5n? + 2n)(1)} -
Sanskruti entropy:
S(G) = {(18{22} +18{4/11}° +24{;Z} + 24{;3} +30{;§} >n2 -

+ (12{;2}3 +24{4/11}3+12{236} +12{;S} )n}

Using Table 4 and (6) in (19), we are now computing the third redefined Zagrab entropy in the manner
shown below:

ENTs(G) = log(S(G)) — (5(16;)) 1og{6(3n2+2n) _{(5i>5<)5_2}3 {(5i5)5—2} ]

5x7 3 5x8 37

+6(3n +4n)[{(5i7)72}3} H<5+7)_2} ] +24"2-{(5i8)82} {(5+8)‘2} ]

7x9 \° {{(713)9—2}3] 2 8x9 :{(8i3)9—2}3:
“2"[{<7+9)—2H 2 {<8+9>—2}

]

[ I
—N
| 3
——
PR

ENTS(G) = log(S(G)) - @ log {6(3n2 +2n) [ {285} _

oo (2) 100 L ooy Y

o B ey 5
T 6(5n + 2n) {81}] [{Té} }}

116

w
—
L

Comparison of (c) and (d)
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Figure 9: Comparison of ReZG1(RCF,), ReZG2(RCF,), ReZG3(RCF,), ABC4(RCF,), GA5(RCF,),
SG(RCFE,).

5. Discussions

The findings presented in this study offer significant insights into the structural and informational
characteristics of chemical networks through the lens of entropy and degree-based molecular descriptors.
The results indicate a strong correlation between certain descriptors and the centrality measures of chemi-
cal graph structures, suggesting their potential applicability in drug discovery, molecular characterization,
and cheminformatics.

One key observation is the effectiveness of degree-based descriptors in capturing essential connectivity
features, which directly relate to the network’s robustness and information flow. Additionally, entropy
measures provide a quantitative approach to assessing the disorder and complexity within molecular
graphs, highlighting their utility in distinguishing between molecular topologies with varying degrees of
regularity and randomness.

The analysis of specific chemical structures, such as hexagonal, tetragonal, and dendritic frameworks,
further emphasizes how different graph models influence descriptor values. These structural variations
suggest that selecting an appropriate descriptor depends not only on the graph type but also on the
intended application — whether it be biological activity prediction or molecular similarity assessment.

Limitations of the current work include the assumption of idealized topologies and the lack of experi-
mental validation. Future research could explore real-world molecular data sets and consider integrating
machine learning techniques to enhance the predictive capabilities of the descriptors.
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Figure 10:  Comparison of ENTReZG:(RCF,), ENTReZG2(RCF,), ENTReZGs3(RCF,),
ENTABCy(RCF,), ENTGAs(RCF,), ENTSG(RCF,).

6. Conclusion

This study demonstrates the effectiveness of using entropy and degree-based molecular descriptors to
analyze two-dimensional coronene fractal structures. By computing topological indices such as the Randic
index, atom-bond connectivity (ABCy), geometric-arithmetic (GA) index, Sanskurti entropy (S(G)),
and the redefined Zagreb and atom-bond connectivity entropies, we provide a comprehensive topological
characterization of zigzag and armchair coronene fractals. Our findings reveal that these indices capture
essential structural features that are relevant to the physicochemical behavior and potential bioactivity
of molecular compounds. These descriptors offer valuable tools for modeling structure—property and
structure—activity relationships, which are critical in applications such as drug discovery, materials science,
and nanotechnology. The significance of this work lies in extending the applicability of chemical graph
theory to previously underexplored coronene-based fractal structures. The methodology presented serves
as a foundation for future research involving more complex molecular systems.
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