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Zagreb-Type Topological Indices and Entropy Measures of Zinc Oxide and Silicate
Networks

U. Vijaya Chandra Kumar®, Nagesh H. M.

ABSTRACT: Metal-organic frameworks (MOFSs) are attractive porous materials created by combining organic
components with metals. These materials exhibit remarkable efficiency and have diverse applications in various
medical fields. Recently, zinc-based MOF's have attracted significant attention because of their effective use
in biosensing, cancer therapy, and drug delivery. Due to the various applications of MOFs, topological and
entropy properties also emerge as important tools for development. This paper determines the new Zagreb-
type topological indices and their corresponding entropy measures for zinc oxide and silicate networks. Using
Shannon’s entropy model, entropy measures based on the Zagreb-type topological indices are derived. The
Zagreb-type topological indices and their entropy measures are compared through numerical computations
and graphical representations. The relationship between Zagreb-type topological indices and the associated
entropy measures is analyzed using curve fitting and Pearson correlation analysis.

Key Words: Zagreb-type topological indices, graph entropy, zinc oxide network, zinc silicate net-
work.
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1. Introduction

Metal-organic frameworks (MOF's) have emerged as a remarkable class of crystalline materials char-
acterized by ultrahigh porosity, with up to 90% free volume and vast internal surface areas exceeding
6,000 m2/g. These features, combined with the exceptional tunability of both their organic and inorganic
components, make MOF's highly attractive for applications in clean energy. Notable uses include gas stor-
age, such as hydrogen and methane, and as high-capacity adsorbents for various separation processes.
Moreover, their potential applications extend to membranes, thin-film devices, catalysis, and biomedical
imaging, which are becoming increasingly significant. Fundamentally, MOF's exemplify the elegance of
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chemical structures and the synergy of organic and inorganic chemistry, two fields often viewed as dis-
tinct. Since the 1990s, research on MOFs has grown rapidly, as shown by the large amount of research
work and the expanding areas of study [1].

Metal-organic frameworks (MOFs) are a type of porous polymer constructed from metal clusters,
known as Secondary Building Units (SBUs), connected to organic ligands. These frameworks can form
one-, two-, or three-dimensional structures. The organic ligands also referred to as linkers, include
compounds such as 1,4-benzenedicarboxylic acid (BDC). A metal-organic framework (MOF) is formally
defined as a potentially porous extended structure composed of metal ions and organic linkers [2,3,4].
An extended structure is characterized by sub-units that maintain a constant ratio and are arranged in
a repeating pattern. MOF's are a subset of coordination networks, which are coordination compounds
extending in one dimension through repeating coordination entities, with additional cross-links between
chains, loops, or spiro-links, or as structures extending through repeating entities in two or three di-
mensions. Furthermore, coordination networks, including MOFs, are part of the broader category of
coordination polymers, defined as coordination compounds with repeating coordination entities extend-
ing in one, two, or three dimensions [5]. Most MOF's described in the literature are crystalline compounds,
although amorphous MOFs [6] and other disordered phases [7] have also been reported. In most cases,
the pores in MOFs remain stable even after removing guest molecules, such as solvents, and can subse-
quently be refilled with other substances. This unique property makes MOF's particularly appealing for
applications like gas storage, including hydrogen and carbon dioxide. Also, MOFs are potentially used in
gas purification, gas separation, water remediation, catalysis, conductive materials, and supercapacitors
[8,9].

Topological indices serve as valuable predictive tools in quantitative structure-activity relationship
(QSAR) and quantitative structure-property relationship (QSPR) studies, calculated using precise math-
ematical expressions [10,11,12]. Graph entropies, derived from these indices, represent structural infor-
mation content and play a crucial role in assessing the stability of molecular compounds [13,14,15,16].
The mathematical modeling of metal-organic frameworks (MOFs) has primarily focused on degree- and
degree-sum-based topological indices [17,18,19,20]. The emphasis was particularly on connection-based
TIs, connection-based Zagreb indices, multiplicative Zagreb connection indices, and neighborhood de-
gree sum-based topological indices. Even though these studies provide a strong basis for comprehending
the behavior and structural characteristics of MOFs, more research is still required to provide a deeper
understanding of the connection between topological indices and the entropy measures that go along
with them. An examination of this kind might yield a more thorough comprehension of the network’s
functionality and stability.

1.1. Novelty and motivation

MOFs, particularly zinc-based frameworks, have gained attention for their flexibility and effectiveness
in medical applications such as biosensing, cancer therapy, and drug delivery. A more complete under-
standing of their structural characteristics using topological indices and entropy metrics is still lacking,
despite their widespread application. This paper is motivated by the need to fill this gap by offering new
mathematical tools and computational methods to characterize and predict key properties of MOF's, ulti-
mately contributing to their design and optimization for diverse applications. Metal-organic frameworks
(MOFs) have many uses, making their topological and entropy properties important for their develop-
ment. The Zagreb-type topological indices have strong predictive abilities [21,22]. To the best of our
knowledge, no studies have explored Zagreb-type topological indices of metal-organic frameworks. This
study aims to explore the fundamental relationship between structural topologies and material properties
that contribute to advancements in MOF-based technologies. It introduces new Zagreb-type topological
indices for zinc oxide and silicate networks. This area has seen limited exploration in the context of
topological and entropy measures. The study takes a new approach by analyzing these indices using
entropy measures derived from Shannon’s model.

1.2. Methodology

In this paper, we analyze the structural properties of zinc oxide and silicate networks. We employ
Shannon’s entropy measures derived from novel information functions based on various definitions of new
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Zagreb-type topological indices. A comprehensive mathematical and computational examination of these
measures is carried out for the zinc oxide and silicate networks. The organization of the paper is as
follows:
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e Section 2 discusses the various Zagreb-type topological indices used in the study.

e Section 3 provides the computation of Zagreb-type topological indices and the corresponding en-
tropies of zinc oxide and silicate networks.

e Section 4 compares the Zagreb-type topological indices and their corresponding entropy mea-
sures through numerical data and graphical illustrations for the zinc oxide and silicate networks
ZNOX (o) and ZNSL(«) for 1 < o < 100.

e Section 5 develops optimal regression models that correlate the Zagreb-type topological indices to
the associated entropies of ZNOX (a) and ZNSL(«) for 1 < a < 100.

e Section 6 computes the Pearson correlation between the Zagreb-type topological indices and their
entropy measures of ZNOX («) and ZNSL(«) for 1 < a < 100.

e Finally, Section 7 presents the conclusion with future work.

2. Preliminaries

We provide definitions for certain basic terms and symbols used throughout the work. A graph
G = (V, E) consists of a vertex set V(G) and an edge set E(G), where |V (G)| = ¢ and |E(G)| = ¢ denote
the number of vertices and edges of GG, respectively. The notation ¢;¢2 denotes an edge connecting two
vertices ¢1 and ¢. An important concept in graph theory is the degree of a vertex in G. The degree of
a vertex v, denoted by d(v), is defined as the number of edges in G that are incident to v.

We now present various Zagreb-type topological indices [21] as follows:

1. Bi-Zagreb BM(G) = Z d(¢) +d(¥) + d(¢) x d(v)
PYEB(G)

2. Tri-Zagreb TM(G) = Z d*(¢) + d*(¢) + d(¢) x d(¥)
PYEE(G)

d(¢) x d(¥)

3. Geometric-Bi-Zagreb GBM (G) = Z () + d(¥) + d(d) x d(¥)

PYEE(G)

d(¢) x d(¢¥)
d*(¢) + d*(¢) + d() x d(¥)

4. Geometric-Tri-Zagreb GTM(G) = Z
PPeE(G)

5. Geometric-Harmonic GH(G) = Z d(¢) d(¢)2(d(¢) +dv))

PYeE(G)
L B 5
6. Harmonic-Bi-Zagreb HBM (G) = M)GZE(G) COET OE R O OETC)
7. Harmonic-Tri-Zagreb HTM (G) = > 2
| : = L )P0 ) < D)) + A0)
8. Harmonic-Geometric HG(G) = Z 2

sven) V@) x d@)(d(¢) +d(¥))

9. Bi-Zagreb-Geometric BMG(G) = Z d(¢) +d(¥) + d(9) x d(¥)

(d(¢) + d(¢) + d(¢) x d(4))(d(¢) + d(¢))
2

10. Bi-Zagreb-Harmonic BM H(G) = Z
PPeE(G)
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2(d(¢) + d(¢) + d(¢) x d(¢))

11. Bi-Zagreb-Arithmetic BM A(G) = Z

W o))
12. Tri-Zagreb-Geometric TMG(G) = Z ) + E(Y) +d(¢) x dv)
13. Tri-Zagreb-Harmonic TM H(G) = Z ((9) + () +d(6) x dW))(d() + d(¥))
PYEE(G) 2
. I _ 2 (d*(¢) + d*(¢) + d(9) x d(v))
14. Tri-Zagreb-Arithmetic TM A(G) = ¢¢€2E:(G) 4(0) + dw)

By defining x as the Zagreb-type topological indices of G, it is generally expressed as:

= > Q)

e€E(Q)

where 2 is a structural function that characterizes the bond-additive topological index.

The idea of entropy, first introduced by Shannon [23], measures the unpredictability of information
content or the uncertainty within a system. Over time, this concept was extended to graphs and chemical
networks, where it evolved as a tool for quantifying structural information. In 1955, Rashevsky [24]
advanced the idea of graph entropy by defining it based on vertex orbit classifications. In recent years,
graph entropies have found extensive applications across diverse fields, including chemistry, biology,
ecology, and sociology [25]. These measures, which associate probability distributions with graph elements
such as vertices or edges, can be classified into intrinsic and extrinsic types. Various graph entropy
measures have been developed [26]. Degree powers, which are significant invariants in graph theory and
network science, are frequently employed as information functions for network analysis [27,28]. Dehmer
[29] introduced graph entropies based on information functions to encapsulate structural information, and
their properties have been widely studied. Furthermore, Estrada et al. proposed a physically meaningful
entropy measure for graphs [30] and explored walk-based graph entropies [31]. Graph entropy quantifies
the information content of a graph, often computed using topological indices as functions. The application
of information-theoretic concepts to measure graph entropy and its extended features has enabled diverse
applications in areas like structural chemistry, biology, and computer science.

As described in [32,33], the entropy based on a topological index (TI) is defined as

ENTry(q) =log(TI(G)) Z Q(e)log((e)) (2.1)

e€E' (@)
The formula (2.1) determines graph entropies of zinc oxide and silicate networks.

3. Main results

In the first part of this section, analytical expressions for various Zagreb-type topological indices of
zinc oxide and silicate networks are derived. Subsequently, the probabilistic entropy values for these
metal-organic frameworks are calculated and presented in tabular form using the computed topological
indices. Finally, the entropy values are graphically plotted and analyzed to observe the trends across
different structures as determined by various topological descriptors.

The molecular structures of zinc oxide and zinc silicate networks denoted as ZNOX (a) and ZNSL(«),
for growth parameter, o = 1 are shown in Figure 1 and Figure 2, respectively.
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Figure 1: Building unit of ZNOX («)

Figure 2: Building unit of ZNSL(«)

3.1. New Zagreb-type topological indices
The total numbers of vertices and edges of ZNOX () and ZNSL(«) are as follows:

IV(ZNOX (a)| = 700 + 46; |[E(ZNOX ()| = 850 + 55;
\V(ZNSL(a)| = 82a + 50; |E(ZNSL(a)| = 103 + 61.

The edge sets of ZNOX (o) and ZNSL(«) are divided into four distinct classes based on the degrees
of the end vertices, as shown in Table 1.
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Table 1: Degree-based edge partition of ZNOX («) and ZNSL(«)

(d(u),d(v)) ZNOX(«a) ZNSL(«a)
(2,2) 16a+16 10+ 14
(2.3) 52a+28  Gda+ 32
(3,3) 9a +3 2o+ 7
(3,4) 8o+ 8 S8a+ 8

Consider the ordered pairs (2,2), (2,3), (3,3), and (3,4) representing the degrees of the end vertices
for the partitions. Let ©;;, where ¢ < j, denote the number of edges in the class C;;, with ¢ and j as
the degrees of their end vertices. The values of g9, Oa3, O33, and O34 are provided in Table 1. As
explained in [34], calculating each topological index involves evaluating the function Q(e) for one edge
in each disjoint class {Cag, Ca3, Cs3, C34}, multiplying these values by the corresponding total number of
edges in each class, and summing the results to derive the exact analytical expression for the index.

For e;; € C;, we have

X(G) = B9y X 9(622) + Oy3 X 9(623) + O33 X 9(633) + O34 X 9(634) (31)

By substituting the values G99, G253, O33, and O34 corresponding to ZNOX (a) and ZNSL(«) into
(2), we obtain,

X(ZNOX(Q)) = (160& + 16)9(622) + (5204 + 28)9(623) + (90é + 3)9(633) + (8a + 8)9(634)

X(ZNSL(O[)) = (10a + 14)9(622) + (64a + 32)9(623) + (2104 + 7)9(633) + (8a + 8)9(634)

Finally, substituting the values of Q(ea2), Q(ea3), N(ess), and Q(esq) in these results, we obtain the
following Theorems 1 - 2.

Theorem 1 Let G be a zinc oxide network ZNOX (a) of dimension o > 1. Then
1. BM(G) =987a + 633
2. TM(G) = 1719a + 1101

3. GBM(G) = 22 2\/5(189a+8) + \/6(5?(11+28) + B

4. GTM(G) = Ua 4 2/30ax8) | Vo(520428) | 5

5. GH(G) = 145 + TV/3(8a + 8) 4 22V3(20428) 4 g

6. HBM(G) = i + 45

__ 428339« 900143
7. HTM(G) T 221445 + 664335

8. HG(G) = 5o+ \/E(Z‘f%) T \/5(533+28) +13

9. BMG(G) = 109q + 12Y3(8a+8) | 11V6(52a+28) | 7

10. BMH(G) = 2623a + 1693
_ 13343« 8597
11. BMA(G) = =5+ e

12. TMG(G) = 177a + 37\/§(§a+8) I 19\/5(5620¢+28) 4123
13. TMH(G) = 4619a + 2993

_ 22987« 14713
14. TMA(G) = 2238Ta | 14713
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Theorem 2 Let G be a zinc silicate network ZNSL(«) of dimension o > 1. Then

1.
2.

10.
11.

12.
13.

1.

3.2.

BM(G) = 1251 + 721
TM(G) = 21990 + 1261

] GBM(G):(@)+2I(8a+8) + f(64a+32) +%

10

_ 2:v/3-(8a+8) | V6:(64a+32) | 28
. GTM(G) =4a + 37a + lg‘ + 5

. GH(G) = 2290 + Tv/3(8a + 8) + 2Y2V3(01a+32) 4 119

R HBM(G) — 6213490 | 1218997

175560 526680

. HTM(G) = 534074la 4 11202389

2657340 7972020

HG(G) = 2.2a f(sa+8) + f(64a+32) T 77

. BMG(G) = 145q 4 19Y3(8a%8) | 11V6(61a+32) 4 g,

BMH(G) = 3397a + 1951
BMA(G) = 16331 4 9033

TMG(G) = 249a + 37\/5(68%8) I 19\/6(6(;1044,-32) a7
TMH(G) = 60170 + 3459

TMA(G) = % + %517

Calculating Zagreb-type topological index-based entropy values

The calculation of entropy values following Shannon’s approach by defining the probability function
using Zagreb-type topological indices is explained in this section. The entropy values are computed using
(2.1). The method is demonstrated by calculating the entropy value for ZNOX («) using the Bi-Zagreb
index.

Let G denote the zinc oxide network ZNOX (). Then the Bi-Zagreb entropy ENTg () is derived
using (2.1) and Table 1 as follows:

ENTius() = o6(BM(G)) ~ gz | 3 QAe)loa@(e)
e€EE(Q)
— log(BM(G)) — (16 + 16)(8) log(8)

BM(G)
+(52a 4+ 28)(11) log(11) + (9 + 3)(15) log(15) + (8 + 8)(19) log(19)]

The general entropy expression for zinc oxide and silicate networks would be too lengthy to present
as theorems. One can easily derive the corresponding Zagreb-type-based entropy expressions for each
topological index using the method outlined above. Tables 2-5 present the numerical values of different
Zagreb-type topological indices and entropies for zinc oxide and silicate networks.
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| o] | BM(@G) TM(G) | 6BM(G) | 6TM(G) | GH(G) | HBM(G) | HTM(G)

1 1620 2820 31.132 18.478 919.888 5.416 3.289

2 2607 4539 49.970 29.598 1480.316 8.628 5.224

3 3594 6258 68.808 40.717 2040.745 11.839 7.158

4 4581 7977 87.646 51.837 2601.173 15.050 9.092

5 5568 9696 106.484 62.956 3161.602 18.261 11.026
6 6555 11415 125.321 74.076 3722.030 21.472 12.961
7 7542 13134 144.159 85.195 4282.459 24.684 14.895
8 8529 14853 162.997 96.315 4842.887 27.895 16.829
9 9516 16572 181.835 107.435 5403.316 31.106 18.764
10 10503 18291 200.673 118.554 5963.744 34.317 20.698
11 11490 20010 219.511 129.674 6524.173 37.528 22.632
12 12477 21729 238.349 140.793 7084.601 40.740 24.566
13 13464 23448 257.187 151.913 7645.030 43.951 26.501
14 14451 25167 276.025 163.032 8205.458 47.162 28.435
15 15438 26886 294.863 174.152 8765.887 50.373 30.369
16 16425 28605 313.701 185.271 9326.315 53.585 32.304
17 17412 30324 332.539 196.391 9886.744 56.796 34.238
18 18399 32043 351.377 207.510 10447.172 60.007 36.172
19 19386 33762 370.215 218.630 11007.601 63.218 38.106
20 20373 35481 389.053 229.749 11568.029 66.429 40.041
21 21360 37200 407.891 240.869 12128.458 69.641 41.975
22 22347 38919 426.729 251.988 12688.886 72.852 43.909
23 23334 40638 445.567 263.108 13249.315 76.063 45.844
24 24321 42357 464.405 274.227 | 13809.743 79.274 47.778
25 25308 44076 483.243 285.347 14370.172 82.485 49.712
26 26295 45795 502.081 296.467 | 14930.600 85.697 51.647
27 27282 47514 520.919 307.586 15491.029 88.908 53.581
28 28269 49233 539.757 318.706 16051.457 92.119 55.515
29 29256 50952 558.595 329.825 16611.886 95.330 57.449
30 30243 52671 577.433 340.945 17172.314 98.541 59.384

Table 2(A)
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o] HG(G) | BMG(G) | BMH(G) BMA(G) | TMG(G) | TMH(G) | TMA(G)
1 17.185 | 635.016 4316 626.857 | 1091.433 7612 1077.143
2 27.091 | 1021.412 | 6939 | 1008.086 | 1757.230 | 12231 | 1733.914
3 36.996 | 1407.809 | 9562 | 1389.314 | 2423.027 | 16850 | 2390.686
4 46.902 | 1794.206 | 12185 | 1770.543 | 3088.825 | 21469 | 3047.457
5 56.807 | 2180.602 | 14808 | 2151.771 | 3754.622 | 26088 | 3704.229
6 66.713 | 2566.999 | 17431 | 2533.000 | 4420.419 | 30707 | 4361.000
7 76.619 | 2953.396 | 20054 | 2914.229 | 5086.216 | 35326 | 5017.771
8 86.524 | 3339.792 | 22677 | 3295457 | 5752.013 | 39945 | 5674.543
9 96.430 | 3726.189 | 25300 | 3676.686 | 6417.810 | 44564 | 6331.314
10 106.335 | 4112.586 | 27923 | 4057.914 | 7083.607 | 49183 | 6988.086
11 116.241 | 4498.982 | 30546 | 4439.143 | 7749.405 | 53802 | T7644.857
12 126.147 | 4885.379 | 33169 | 4820.371 | 8415202 | 58421 | 8301.629
13 136.052 | 5271.775 | 35792 | 5201.600 | 9080.999 | 63040 | 8958.400
14 145.958 | 5658.172 | 38415 | 5582.829 | 9746.796 | 67659 | 9615.171
15 155.864 | 6044.569 | 41038 | 5964.057 | 10412.593 | 72278 | 10271.943
16 165.769 | 6430.965 | 43661 | 6345.286 | 11078.390 | 76897 | 10928.714
17 175.675 | 6817.362 | 46284 | 6726.514 | 11744.187 | 81516 | 11585.486
18 185.580 | 7203.759 | 48907 | 7107.743 | 12409.985 | 86135 | 12242.257
19 195.486 | 7590.155 | 51530 | 7488.971 | 13075.782 | 90754 | 12899.029
20 205.392 | 7976.552 | 54153 | 7870.200 | 13741.579 | 95373 | 13555.800
21 215.297 | 8362.949 | 56776 | 8251.429 | 14407.376 | 99992 | 14212.571
22 225.203 | 8749.345 | 59399 | 8632.657 | 15073.173 | 104611 | 14869.343
23 235.108 | 9135.742 | 62022 | 9013.886 | 15738.970 | 109230 | 15526.114
24 245.014 | 9522.139 | 64645 | 9395.114 | 16404.768 | 113849 | 16182.886
25 254.920 | 9908.535 | 67268 | 9776.343 | 17070.565 | 118468 | 16839.657
26 264.825 | 10294.932 | 69891 | 10157.571 | 17736.362 | 123087 | 17496.429
27 274.731 | 10681.328 | 72514 | 10538.800 | 18402.159 | 127706 | 18153.200
28 284.636 | 11067.725 | 75137 | 10920.029 | 19067.956 | 132325 | 18809.971
29 204.542 | 11454.122 | 77760 | 11301.257 | 19733.753 | 136944 | 19466.743
30 304.448 | 11840.518 | 80383 | 11682.486 | 20399.550 | 141563 | 20123.514

Table 2(B)

Table 2(A-B): Calculated values of Zagreb-type topological indices of the zinc oxide network ZNOX («)
for 1 < « < 30.
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[a] || ENTpym@a| ENTrve| ENTapye) ENTarma) ENTare)| ENTupm@) ENTaruma
1 4.906 4.882 4.938 4.928 5.398 4.867 4.836
2 5.382 5.360 5.412 5.403 5.841 5.344 5.315
3 5.703 5.682 5.733 5.724 6.147 5.666 5.637
4 5.946 5.925 5.975 5.966 6.381 5.909 5.880
5 6.141 6.121 6.170 6.161 6.570 6.105 6.076
6 6.304 6.284 6.333 6.324 6.730 6.268 6.239
7 6.445 6.424 6.473 6.464 6.867 6.408 6.380
8 6.568 6.548 6.596 6.587 6.988 6.532 6.503
9 6.677 6.657 6.706 6.697 7.096 6.641 6.613
10 6.776 6.756 6.804 6.796 7.193 6.740 6.711
11 6.866 6.846 6.894 6.885 7.282 6.830 6.801
12 6.948 6.928 6.976 6.968 7.363 6.912 6.884
13 7.024 7.004 7.053 7.044 7.438 6.988 6.960
14 7.095 7.075 7.123 7.115 7.508 7.059 7.031
15 7.161 7.141 7.189 7.181 7.574 7.125 7.097
16 7.223 7.203 7.251 7.243 7.635 7.187 7.159
17 7.282 7.262 7.310 7.301 7.693 7.246 7.217
18 7.337 7.317 7.365 7.356 7.748 7.301 7.273
19 7.389 7.369 7.417 7.408 7.800 7.353 7.325
20 7.439 7.419 7.467 7.458 7.849 7.403 7.375
21 7.486 7.466 7.514 7.505 7.896 7.450 7.422
22 7.531 7.511 7.559 7.550 7.941 7.495 7.467
23 7.574 7.555 7.602 7.594 7.984 7.539 7.510
24 7.616 7.596 7.644 7.635 8.025 7.580 7.552
25 7.656 7.636 7.683 7.675 8.065 7.620 7.592
26 7.694 7.674 7.722 7.713 8.103 7.658 7.630
27 7.731 7.711 7.759 7.750 8.139 7.695 7.667
28 7.766 7.747 7.794 7.786 8.175 7.731 7.702
29 7.801 7.781 7.828 7.820 8.209 7.765 7.737
30 7.834 7.814 7.862 7.853 8.242 7.798 7.770

3(A)
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[o] || ENTha)| ENTemad)y ENTeyva @y ENTevmaq) ENTrvad) ENTrvagy ENTraracd
1 4.804 4.937 4.841 4.937 4.927 4.804 4.967
2 5.282 5.412 5.321 5.412 5.402 5.286 5.443
3 5.604 5.732 5.643 5.732 5.723 5.610 5.764
4 5.847 5.975 5.887 5.975 5.966 5.854 6.007
5 6.043 6.170 6.083 6.170 6.161 6.050 6.202
6 6.206 6.333 6.246 6.333 6.324 6.214 6.365
7 6.347 6.473 6.387 6.473 6.464 6.355 6.505
8 6.470 6.596 6.510 6.596 6.587 6.478 6.628
9 6.579 6.705 6.620 6.705 6.697 6.588 6.738
10 6.678 6.804 6.719 6.804 6.795 6.687 6.837
11 6.768 6.894 6.809 6.894 6.885 6.777 6.926
12 6.851 6.976 6.891 6.976 6.967 6.860 7.009
13 6.927 7.052 6.967 7.052 7.044 6.936 7.085
14 6.998 7.123 7.038 7.123 7.114 7.007 7.156
15 7.064 7.189 7.104 7.189 7.180 7.073 7.222
16 7.126 7.251 7.166 7.251 7.242 7.135 7.284
17 7.184 7.309 7.225 7.309 7.301 7.194 7.342
18 7.239 7.364 7.280 7.364 7.356 7.249 7.397
19 7.292 7.417 7.332 7.417 7.408 7.301 7.450

20 7.341 7.466 7.382 7.466 7.458 7.351 7.499

21 7.389 7.514 7.429 7.514 7.505 7.398 7.547

22 7.434 7.559 7.475 7.559 7.550 7.443 7.592

23 7.477 7.602 7.518 7.602 7.593 7.487 7.635

24 7.519 7.643 7.559 7.643 7.635 7.528 7.676

25 7.558 7.683 7.599 7.683 7.675 7.568 7.716

26 7.597 7.721 7.637 7.721 7.713 7.606 7.754

27 7.634 7.758 7.674 7.758 7.750 7.643 7.791

28 7.669 7.794 7.710 7.794 7.785 7.679 7.827

29 7.703 7.828 7.744 7.828 7.820 7.713 7.861

30 7.737 7.861 7.777 7.861 7.853 7.746 7.894

3(B)

Table 3(A-B): Calculated values of entropy measures of the zinc oxide network ZNOX («) for 1 < a < 30.
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(o] BM(G) | TM(G) | GBM(G) | GTM(G) GH(G) HBM(G) | HTM(G
1 1972 3460 35.895 20.985 1129.867 5.854 3.490
2 3223 5659 58.305 33.985 1847.780 9.393 5.575
3 4474 7858 80.715 46.985 2565.694 12.932 7.660
4 9725 10057 103.125 99.985 3283.607 16.471 9.745
) 6976 12256 125.535 72.985 4001.520 20.011 11.831
6 8227 14455 147.945 85.985 4719.433 23.550 13.916
7 9478 16654 170.355 98.985 5437.346 27.089 16.001
8 10729 18853 192.766 111.985 6155.260 30.628 18.086
9 11980 21052 215.176 124.985 6873.173 34.168 20.171
10 13231 23251 237.586 137.985 7591.086 37.707 22.256
11 14482 25450 259.996 150.985 8309.000 41.246 24.341
12 15733 27649 282.406 163.985 9026.912 44.785 26.426
13 16984 29848 304.816 176.985 9744.826 48.325 28.511
14 18235 32047 327.226 189.985 10462.739 51.864 30.596
15 19486 34246 349.637 202.985 | 11180.652 55.403 32.681
16 20737 36445 372.047 215.985 11898.565 58.942 34.766
17 21988 38644 394.457 228.984 12616.478 62.482 36.851
18 23239 40843 416.867 241.984 | 13334.392 66.021 38.936
19 24490 43042 439.277 254.984 | 14052.305 69.560 41.022
20 25741 45241 461.687 267.984 14770.218 73.099 43.107
21 26992 47440 484.097 280.984 | 15488.131 76.639 45.192
22 28243 49639 506.508 293.984 | 16206.045 80.178 47.277
23 29494 51838 528.918 306.983 16923.958 83.717 49.362
24 30745 54037 551.328 319.983 | 17641.871 87.256 51.447
25 31996 56236 573.738 332.983 18359.784 90.796 53.532
26 33247 98435 596.148 345.983 | 19077.697 94.335 55.617
27 34498 60634 618.558 358.983 19795.611 97.874 57.702
28 35749 62833 640.968 371.983 | 20513.524 | 101.413 59.787
29 37000 65032 663.379 384.983 | 21231.437 | 104.952 61.872
30 38251 67231 685.789 397.983 | 21949.350 | 108.492 63.957

A(A)
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o] || HG(G@) | BMG(G) | BMH(G) | BMA(G) | TMG(G) | TMH(G) | TMA(G)
1 60.100 | 754.867 5348 745.257 | 1311.541 9476 1294.743
2 98.267 | 1231.153 8745 1215.286 | 2142418 | 15493 | 2114.714
3 136.433 | 1707.438 | 12142 | 1685.314 | 2973.296 | 21510 | 2934.686
4 174.599 | 2183.724 | 15539 | 2155.343 | 3804.174 | 27527 | 3754.657
5 212.765 | 2660.009 | 18936 | 2625.371 | 4635.052 | 33544 | 4574.629
6 250.932 | 3136.295 | 22333 | 3095.400 | 5465.929 | 39561 | 5394.600
7 289.098 | 3612.580 | 25730 | 3565.429 | 6296.807 | 45578 | 6214.571
8 327.264 | 4088.865 | 29127 | 4035.457 | 7127.685 | 51595 | 7034.543
9 365.431 | 4565.151 | 32524 | 4505.486 | 7958.563 | 57612 | 7854.514
10 || 403.597 | 5041.436 | 35921 | 4975.514 | 8789.440 | 63629 | 8674.486
11 || 441763 | 5517.722 | 39318 | 5445543 | 9620.318 | 69646 | 9494.457
12 || 479.929 | 5994.007 | 42715 | 5915.571 | 10451.196 | 75663 | 10314.429
13 || 518.096 | 6470.2902 | 46112 | 6385.600 | 11282.074 | 81680 | 11134.400
14 || 556.262 | 6946.578 | 49509 | 6855.629 | 12112.951 | 87697 | 11954.371
15 | 594.428 | 7422.863 | 52906 | 7325.657 | 12943.829 | 93714 | 12774.343
16 || 632.595 | 7899.149 | 56303 | 7795.686 | 13774.707 | 99731 | 13594.314
17 || 670.761 | 8375.434 | 59700 | 8265.714 | 14605.585 | 105748 | 14414.286
18 || 708.927 | 8851.720 | 63097 | 8735.743 | 15436.463 | 111765 | 15234.257
19 || 747.093 | 9328.005 | 66494 | 9205.771 | 16267.340 | 117782 | 16054.229
20 || 785.260 | 9804.290 | 69891 | 9675.800 | 17098.218 | 123799 | 16874.200
21 | 823.426 | 10280.576 | 73288 | 10145.829 | 17929.096 | 129816 | 17694.171
22 || 861.592 | 10756.861 | 76685 | 10615.857 | 18759.974 | 135833 | 18514.143
23 || 899.759 | 11233.147 | 80082 | 11085.886 | 19590.851 | 141850 | 19334.114
24 || 937.925 | 11709.432 | 83479 | 11555.914 | 20421.729 | 147867 | 20154.086
25 | 976.091 | 12185717 | 86876 | 12025.943 | 21252.607 | 153884 | 20974.057
26 | 1014.258 | 12662.003 | 90273 | 12495.971 | 22083.485 | 159901 | 21794.029
27 | 1052.424 | 13138.288 | 93670 | 12966.000 | 22914.362 | 165918 | 22614.000
28 || 1090.590 | 13614.574 | 97067 | 13436.029 | 23745.240 | 171935 | 23433.971
29 || 1128.756 | 14090.859 | 100464 | 13906.057 | 24576.118 | 177952 | 24253.943
30 | 1166.923 | 14567.145 | 103861 | 14376.086 | 25406.996 | 183969 | 25073.914

A(B)

Table 4(A-B): Calculated values of Zagreb-type topological indices of the zinc silicate network ZNSL(«)
for 1 <« < 30.
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[a] || ENTpym@a| ENTrve| ENTapye) ENTarma) ENTare)| ENTupm@) ENTaruma
1 5.070 5.052 5.096 5.088 5.051 5.031 5.003
2 5.559 5.543 5.584 5.577 5.541 5.523 5.497
3 5.886 5.871 5.910 5.903 5.869 5.851 5.826
4 6.132 6.117 6.156 6.149 6.116 6.098 6.073
5 6.330 6.315 6.353 6.346 6.313 6.295 6.271
6 6.494 6.480 6.518 6.511 6.478 6.460 6.437
7 6.636 6.621 6.659 6.652 6.620 6.602 6.578
8 6.760 6.745 6.783 6.776 6.744 6.726 6.703
9 6.870 6.856 6.893 6.886 6.854 6.836 6.813
10 6.969 6.955 6.992 6.985 6.953 6.936 6.913
11 7.059 7.045 7.082 7.076 7.043 7.026 7.003
12 7.142 7.128 7.165 7.158 7.126 7.109 7.086
13 7.219 7.205 7.241 7.235 7.203 7.185 7.162
14 7.290 7.276 7.312 7.306 7.274 7.257 7.234
15 7.356 7.342 7.378 7.372 7.340 7.323 7.300
16 7.418 7.404 7.441 7.434 7.402 7.385 7.362
17 7.477 7.463 7.499 7.493 7.461 7.444 7.421
18 7.532 7.518 7.554 7.548 7.516 7.499 7.476
19 7.584 7.570 7.607 7.601 7.569 7.552 7.529
20 7.634 7.620 7.657 7.650 7.618 7.601 7.579
21 7.682 7.668 7.704 7.698 7.666 7.649 7.626
22 7.727 7.713 7.749 7.743 7.711 7.694 7.671
23 7.770 7.756 7.793 7.786 7.755 7.737 7.715
24 7.812 7.798 7.834 7.828 7.796 7.779 7.756
25 7.852 7.838 7.874 7.868 7.836 7.819 7.796
26 7.890 7.876 7.912 7.906 7.874 7.857 7.835
27 7.927 7.913 7.949 7.943 7.911 7.894 7.872
28 7.963 7.949 7.985 7.979 7.947 7.930 7.907
29 7.997 7.983 8.019 8.013 7.981 7.964 7.942
30 8.030 8.016 8.052 8.046 8.015 7.998 7.975

5(A)
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[o] || ENTha)| ENTemad)y ENTeyva @y ENTevmaq) ENTrvad) ENTrvagy ENTraracd
1 4.990 5.096 5.017 5.096 5.088 4.990 5.088
2 5.486 5.584 5.510 5.584 5.577 5.485 5.576
3 5.816 5.910 5.839 5.910 5.903 5.815 5.903
4 6.064 6.156 6.086 6.155 6.149 6.063 6.149
5 6.262 6.353 6.284 6.353 6.346 6.261 6.346
6 6.428 6.517 6.449 6.517 6.511 6.426 6.511
7 6.570 6.659 6.591 6.658 6.652 6.568 6.652
8 6.694 6.782 6.715 6.782 6.776 6.692 6.776
9 6.805 6.892 6.825 6.892 6.886 6.803 6.886
10 6.905 6.992 6.925 6.991 6.985 6.902 6.985
11 6.995 7.082 7.015 7.082 7.076 6.993 7.075
12 7.078 7.165 7.098 7.164 7.159 7.076 7.158
13 7.155 7.241 7.175 7.241 7.235 7.152 7.235
14 7.226 7.312 7.246 7.312 7.306 7.224 7.306
15 7.293 7.378 7.312 7.378 7.372 7.290 7.372
16 7.355 7.440 7.374 7.440 7.434 7.352 7.434
17 7.414 7.499 7.433 7.499 7.493 7.411 7.493
18 7.469 7.554 7.488 7.554 7.548 7.466 7.548
19 7.522 7.607 7.541 7.606 7.601 7.519 7.600
20 7.571 7.656 7.590 7.656 7.650 7.569 7.650
21 7.619 7.704 7.638 7.704 7.698 7.616 7.698
22 7.664 7.749 7.683 7.749 7.743 7.661 7.743
23 7.708 7.792 7.727 7.792 7.786 7.705 7.786
24 7.749 7.834 7.768 7.834 7.828 7.746 7.828
25 7.789 7.874 7.808 7.874 7.868 7.786 7.868
26 7.828 7.912 7.846 7.912 7.906 7.825 7.906
27 7.865 7.949 7.883 7.949 7.943 7.862 7.943
28 7.900 7.985 7.919 7.984 7.979 7.897 7.978
29 7.935 8.019 7.953 8.019 8.013 7.932 8.013
30 7.968 8.052 7.987 8.052 8.046 7.965 8.046

5(B)

Table 5(A-B): Calculated values of entropy measures of the zinc silicate network ZN.SL(«) for 1 < a < 30.
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4. Comparison through numerical and graphical demonstrations

Applications of graph entropy can be seen in fields such as information theory, computer science,
chemistry, biology, and drug research. These molecular descriptors are helpful for researchers as they
provide numerical data and visual representations. In this section, we compute the comparison of the
Zagreb-type topological indices and corresponding entropy measures through numerical computation and
2-D line plots. Tables 2-5 show the numerical values of Zagreb-type topological indices and entropy
measures of ZNOX (o)) and ZNSL(«) for 1 < o < 30. Figure 3 and Figure 4 show 2-D line plots of
Zagreb-type topological indices and entropy measures of ZNOX () and ZNSL(a) for 1 < o < 100.
Figures 5 and 6 show the Pearson correlation between the indices and entropy measures of ZNOX («)
and ZNSL(«) for 1 < « < 100.
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(a) Graphical representation of Zagreb-type topological indices of
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Figure 3: (a) Graphical representation of Zagreb-type topological indices of ZNOX («) for 1 < o < 100.
(b) Graphical representation of the corresponding entropy measures of ZNOX () for 1 < o < 100.
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Figure 4: (a). Graphical representation of Zagreb-type topological indices of ZNSL(«) for 1 < a < 100.
(b). Graphical representation of the corresponding entropy measures of ZNSL(«a) for 1 < o < 100

The following observation can be made from the data presented in Tables 2-5 and Figures 3-4.

Observation 4.1 As « increases, the Zagreb-type topological indices and the corresponding entropy
measures for ZNOX () and ZNSL(«) also increase, demonstrating that these parameters are directly
related.
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5. Curve fitting between Zagreb-type topological indices and entropy measures

One of the most popular and successful data analysis techniques is curve fitting. To create the best-fit
relationship model, it is used to examine the relationship between one or more independent variables
and a dependent variable. There are several approaches to curve fitting, including polynomial, linear,
rational, and power methods. The power-2 regression model is employed to perform this data analysis.
The power-2 regression model is a type of non-linear regression model where the relationship between
the independent variable x and the dependent variable y is expressed in the form:

y:axb—i—c,

where a is the scaling factor, which adjusts the overall magnitude of the curve; b is the power or exponent,
which determines the relationship between x and y; and c is the intercept, which shifts the curve vertically.
It is commonly used when there is a non-linear decrease or increase in the rate of change of y for x.

The sum of square error (SSE), the root mean square error (RMSE), and the squared correlation
coefficient (R?) are the statistical measurements used in the analysis. A low RMSE value (nearer to 0)
and a high R? value (closer to 1) show that the regression lines fit the data, which are characteristics
of an efficient model. Tables 6 and 7 show the statistical measurements for the zinc oxide and silicate
networks, respectively, calculated using the statistics derived from these fits.

Below is the power-2 regression model used to determine the relationship between Zagreb-type topo-
logical indices and the corresponding entropy measures of ZNOX («) and ZNSL(«) for 1 < o < 100.

5.1. Zinc oxide network ZNOX («)

1. General model power-2: ENTpy;q) = p1 - BM9 + 71, where the coefficients (with 95% con-
fidence bounds (CB)) are p; = —3669 with CB (—4006,—-3333), ¢¢ = —0.0002733 with CB
(—0.0002984, —0.0002482), and r; = 3667 with CB (3330, 4004).

2. General model power-2: ENTpy ) = p2 - TM9 + 1y, where the coefficients (with 95% confidence
bounds (CB)) are p, = —1131 with CB (—1234,—-1028), ¢» = —0.000893 with CB (—0.0009751,
—0.0008109), and ro = 1128 with CB (1025,1231).

3. General model power-2: ENTgpuy(a) = p3 - GBM® 4 r3, where the coefficients (with 95%
confidence bounds (CB)) are p3 = —1326 with CB (—1447,—-1205), g3 = —0.000758 with CB
(—0.0008275, —0.0006884), and r3 = 1327 with CB (1206, 1448).

4. General model power-2: ENTgrarqy = pa - GTM + 14, where the coefficients (with 95% con-
fidence bounds (CB)) are ps = —481.5 with CB (—525.1,-437.9), ¢« = —0.002103 with CB
(—0.002295, —0.00191), and r4 = 483.5 with CB (439.9, 527).

5. General model power-2: ENTgp(g) = ps - GHY + 15, where the coefficients (with 95% confidence
bounds (CB)) are p5 = 48.74 with CB (43.45,54.03), ¢5 = 0.01732 with CB (0.01569,0.01895), and
r5 = —49.46 with CB (—54.81, —44.11).

6. General model power-2: ENTypn) = pe - HBM% + rg, where the coeflicients (with 95%
confidence bounds (CB)) are ps = —166.7 with CB (—181.5,—151.9), ¢¢ = —0.006173 with CB
(—0.006733, —0.005614), and r¢ = 169.8 with CB (155.1,184.6).

7. General model power-2: ENTyry(a) = pr - HTM® + r7, where the coefficients (with 95%
confidence bounds (CB)) are p; = —124.8 with CB (—135.7,—113.8), ¢; = —0.008296 with CB
(—0.009044, —0.007548), and 77 = 128.4 with CB (117.4,139.3).
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General model power-2: ENTyq(q) = ps - HG + rg, where the coefficients (with 95% confidence
bounds (CB)) are ps = —88.15 with CB (—95.55,—80.75), ¢s = —0.01217 with
CB (—0.01326,—0.01109), and rs = 89.96 with CB (82.55,97.37).

General model power-2: ENTgyc(a) = po- BM G +rg, where the coefficients (with 95% confidence
bounds (CB)) are pg = 3221 with CB (2923, 3518), g9 = 0.0003096 with CB (0.0002811,0.0003381),
and rg = —3222 with CB (—3519, —2925).

General model power-2: ENTgypq) = pio - BMHY° + 119, where the coefficients (with 95%
confidence bounds (CB)) are p;g = —414.9 with CB (—451.9, —377.8), ¢10 = —0.002479 with CB
(—0.002707,—0.002252), and r19 = 411.2 with CB (374.1,448.2).

General model power-2: ENTpgpra(q) = p11- BM AT +7r11, where the coefficients (with 95% confi-
dence bounds (CB)) are p;; = 4508 with CB (4093,4924), ¢11 = 0.0002213 with
CB (0.000201,0.0002417), and r1; = —4510 with CB (—4926, —4094).

General model power-2: ENTryq(a) = pi2 - TM G2 4112, where the coefficients (with 95% confi-
dence bounds (CB)) are pi2 = 2058 with CB (1868,2249), ¢i2 = 0.0004835 with
CB (0.000439,0.0005281), and r12 = —2060 with CB (—2251, —1870).

General model power-2: ENTrypq) = pis - TMH®? + r13, where the coefficients (with 95%
confidence bounds (CB)) are p;3 = —272 with CB (—295.9, —248.2), ¢15 = —0.003848 with CB
(—0.0042, —0.003496), and ri3 = 267.6 with CB (243.8,291.5).

General model power-2: ENTrara(q) = p1a-TM A% 4114, where the coefficients (with 95% confi-
dence bounds (CB)) are pua = 7277 with CB (6605,7948), qua = 0.0001372 with
CB (0.0001246,0.0001499), and r14 = —7279 with CB (—7950, —6607).

Zinc silicate network ZNSL(«)

General model power-2: ENTgy () = p1 - BM9 411, where the coefficients (with 95% confidence
bounds (CB)) are p; = 1071 with CB (970.3,1172), ¢; = 0.0009246 with CB (0.0008384,0.001011),
and r, = —1073 with CB (—1174, —972.8).

. General model power-2: ENTrpp(q) = p2 - TM% + 1y, where the coefficients (with 95% confidence

bounds (CB)) are py = 1942 with CB (1760, 2124), ¢> = 0.000512 with CB (0.0004643,0.0005597),
and ro = —1945 with CB (—2127, —1763).

. General model power-2: ENTgpyq) = p3 - GBM% + r3, where the coefficients (with 95% con-

fidence bounds (CB)) are p3 = —798.5 with CB (—871.9,—725.2), g3 = —0.001263 with CB
(—0.00138,—0.001146), and r3 = 800 with CB (726.7,873.4).

. General model power-2: ENTgrar(q) = pa-GT M9 +ry, where the coefficients (with 95% confidence

bounds (CB)) are py, = —325.6 with CB (—355.1,—296.1), ¢q4 = —0.00313 with
CB (—0.003418, —0.002842), and r4 = 327.6 with CB (298.1,357.1).
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General model power-2: ENTqp gy = ps - GH + r5, where the coefficients (with 95% confidence
bounds (CB)) are p5 = 1760 with CB (1595,1924), g5 = 0.0005651 with CB (0.0005124,0.0006178),
and r5 = —1762 with CB (—1926, —1597).

. General model power-2: ENTypn(a)y = pe - HBM + rg, where the coefficients (with 95%

confidence bounds (CB)) are pg = —109.5 with CB (—119.1,—-99.96), ¢s = —0.009552 with CB
(—0.01042, —0.008686), and rg = 112.7 with CB (103.2,122.3).

General model power-2: ENTyry(a)y = pr - HTM9 + rq, where the coefficients (with 95%
confidence bounds (CB)) are p; = —81.59 with CB (—88.63,—74.56), ¢r = —0.01294 with CB
(—0.01411,-0.01178), and r, = 85.3 with CB (78.26,92.33).

. General model power-2: ENTycq) = ps - HG® + rg, where the coefficients (with 95% con-

fidence bounds (CB)) are pg = —448.3 with CB (—475.1,—421.5), ¢s = —0.002268 with CB
(—0.002405, —0.00213), and rg = 449.1 with CB (422.3,476).

. General model power-2: ENTgyc(a) = po- BM G +rg, where the coefficients (with 95% confidence

bounds (CB)) are py = 1317 with CB (1194, 1440), g = 0.0007538 with CB (0.0006837,0.000824),
and ro = —1318 with CB (—1442, —1195).

General model power-2: ENTgypq) = pio - BMHY° + 119, where the coefficients (with 95%
confidence bounds (CB)) are p;gp = —1734 with CB (—1894, —1574), q10 = —0.0005805 with CB
(—0.0006346, —0.0005265), and 19 = 1731 with CB (1570, 1891).

General model power-2: ENTgpra(q) = p11- BM A +1r11, where the coefficients (with 95% confi-
dence bounds (CB)) are p;; = 1425 with CB (1292,1558), ¢;; = 0.0006971 with
CB (0.0006322,0.0007619), and r1; = —1427 with CB (—1560, —1293).

General model power-2: ENTryq(a) = pi2 - TM G2 4112, where the coefficients (with 95% confi-
dence bounds (CB)) are p;2 = 8435 with CB (764,922.9), ¢12 = 0.001172 with
CB (0.001062,0.001281), and r12 = —845.5 with CB (—925, —766.1).

General model power-2: ENTpy gy = pis - TMH®3 + r13, where the coefficients (with 95%
confidence bounds (CB)) are p;3 = —581.5 with CB (—634.4, —528.5), ¢13 = —0.001757 with CB
(—0.00192, —0.001594), and r13 = 577.2 with CB (524.2,630.1).

General model power-2: ENTpya(q) = pia-TM A 4114, where the coefficients (with 95% confi-
dence bounds (CB)) are p;4 = 862.8 with CB (781.6,944.1), ¢1a = 0.001146 with
CB (0.001039,0.001252), and r14 = —864.8 with CB (—946.1, —783.6).
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Table 6: The statistics of curve fitting of Zagreb-type topological indices versus entropy measures of
ZNOX () for 1 < oo <100

Zagreb-

type Data Fit- R2 SSE | RMSE
topological type

indices
BM(G) BM(G) vs. ENTgum(c) Power-2 1.0000 0.0000 0.0000
TM(G) TM(G) vs. ENTpy ) Power-2 1.0000 0.0000 0.0001
GBM (G) GBM(G) vs. ENTgum(e) | Power-2 1.0000 0.0000 0.0001
GTM(G) GTM(G) vs. ENTgram) | Power-2 1.0000 0.0000 0.0003
GH(QG) GH(G) vs. ENTgr(q) Power-2 1.0000 0.0002 0.0022
HBM(QG) HBM(G) vs. Power-2 1.0000 0.0000 0.0008

ENTupm ()
HTM(G) HTM(G) vs. ENTyrp(G) | Power-2 1.0000 0.0001 0.0010
HG(G) HG(G) vs. ENTyg(q) Power-2 1.0000 0.0001 0.0015
BMG(G) BMG(G) vs. ENTgye(a) | Power-2 1.0000 0.0000 0.0000
BMH(QG) BMH(G) vs. Power-2 1.0000 0.0000 0.0003
ENTpyvH ()

BMA(G) BMA(G) vs. ENTgyraq) | Power-2 1.0000 0.0000 0.0000
TMG(G) TMG(G) vs. ENTpyaey | Power-2 1.0000 0.0000 0.0001
TMH(G) TMH(G) vs. ENTpaypay | Power-2 1.0000 0.0000 0.0005
TMA(G) TMA(G) vs. ENTpyrae) | Power-2 1.0000 0.0000 0.0001
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Zagreb-
type Data Fit- R? SSE | RMSE
topological type
indices
BM(G) BM(G) vs. ENTgum(c) Power-2 1.0000 0.0000 0.0001
TM(G) TM(G) vs. ENTpy ) Power-2 1.0000 0.0000 0.0001

GBM(G) | GBM(G) vs. ENTgpaq) | Power-2 | 1.0000 0.0000 0.0002

GTM(G) || GTM(G) vs. ENTara) | Power-2 | 1.0000 | 0.0000 | 0.0004

GH(G) GH(G) vs. ENTgm(y | Power-2 | 1.0000 | 0.0000 | 0.0001

HBM(G) vs.

HBM(G) ENTupm ()

Power-2 1.0000 0.0001 0.0012

HTM(G) || HTM(G) vs. ENTyrape) | Power-2 | 1.0000 0.0001 0.0016

HG(G) HG(G) vs. ENTyg(y | Power-2 | 1.0000 | 0.0000 | 0.0002

BMG(G) || BMG(G) vs. ENTgpycy | Power-2 | 1.0000 | 0.0000 | 0.0001

BMH(G) vs.

ENTpame) Power-2 1.0000 0.0000 0.0001

BMH(G)

BMA(G) || BMA(G) vs. ENTgpa) | Power-2 | 1.0000 0.0000 0.0001

TMG(G) || TMG(G) vs. ENTrayaay | Power-2 | 1.0000 | 0.0000 | 0.0002

TMH(G) || TMH(G) vs. ENTryp(q | Power-2 | 1.0000 | 0.0000 | 0.0002

TMA(G) || TMA(G) vs. ENTrara) | Power-2 | 1.0000 | 0.0000 | 0.0002

Table 7: The statistics of curve fitting of Zagreb-type topological indices versus entropy measures of
ZNSL(a) for 1 <a <100
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6. Pearson correlation coefficient

The degree and direction of a linear relationship between two continuous variables are measured
statistically by the Pearson correlation coefficient (r). Perfect positive correlation is represented by a
value of r = 1, perfect negative correlation by a value of r = —1, and no linear relationship by a value
of 7 = 0. The range of values for the Pearson correlation coefficient is —1 to 1. The Pearson correlation
coefficient (r) is given by

S (X - X)(Yi - T)

JRVSEE S E

where X and Y denote the means of the corresponding variables, while X; and Y; indicate individual data
points. The denominator of (6.1) scales the covariance between the two variables by the product of their
standard deviations, producing a result that ranges from —1 to 1. The numerator calculates the covariance
between the two variables. When indices and entropy are associated, the Pearson correlation coefficient
determines whether and how they are related. We examine the relationship between a material’s internal
disorder, measured by entropy, and its structure, represented by indices, by computing the Pearson
correlation. According to a high positive value r, the entropy increases as the index value increases and
vice versa. A large negative r number, on the other hand, indicates a propensity for one variable to fall
as the other increases.

To better understand the strength and direction of the relationships between entropy and various
Zagreb-type indices of ZNOX («) and ZNSL(«), we created a heatmap using Pearson’s correlation
coefficients, shown in Figures 5 and Figures 6. This heatmap shows the correlation values, helping
to identify whether the variables are positively or negatively related. This information is important
for understanding how entropy interacts with Zagreb-type topological indices, showing how changes in
entropy connect to variations in the indices. This helps us to analyze complex systems and make better
decisions. However, more research is often needed to understand the reasons behind these relationships.
Our calculations revealed strong correlations between entropy and certain topological indices, highlighting
the connection between structural properties and the complexity of ZNOX (a) and ZNSL(«). These
findings provide useful information on the material’s potential for various applications.

(6.1)
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Figure 5: Pearson correlation analysis between Zagreb-type topological indices and entropies of
ZNOX (a) for 1 < o <100
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Figure 6: Pearson correlation analysis between Zagreb-type topological indices and entropies of ZNSL(«)
for 1 < a <100

7. Conclusion

In this work, we have used edge partition approaches based on the terminal degrees of bonds to con-
struct mathematical formulas for new Zagreb-type topological indices. We investigated entropy measures
based on these indices using the Shannon entropy concept. Furthermore, a comparison study using 2-D
line plots was carried out, along with the numerical computations and graphical representations of the
Zagreb-type indices and their respective entropy measures. According to the results shown in Tables 2
and 3, there are particular correlations between the Zagreb-type indices and their corresponding entropy
measures of ZNOX («) and ZNSL(«), which increase with increasing values of a. Furthermore, curve-
fitting models were used to create the best regression models that correlated the Zagreb-type indices
with their associated entropies. A correlation analysis was then conducted to assess the interrelation-
ships between the chosen molecular descriptors. The results of this investigation into the topological and
structural characteristics of silicate and zinc oxide networks may prove useful in different domains.

The potential limitations of the work: Although this study provides valuable insights into the re-
lationship between Zagreb-type topological indices and their corresponding entropy measures using the
Pearson correlation coefficient and the power-2 regression model, it is subject to certain limitations.
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Firstly, the analysis was confined to and zinc oxide and silicate networks, which may limit the gen-
eralizability of the findings to other network topologies. Future research could extend this approach to
a wider variety of chemical networks and graph structures to evaluate the robustness and applicability
of novel entropy metrics derived from Zagreb-type indices. Secondly, while the power-2 regression model
effectively captured the non-linear relationship between the indices and entropy measures, exploring alter-
native regression techniques could potentially yield even more accurate or insightful correlations. Finally,
this study primarily relied on the Pearson correlation coefficient to assess linear relationships. However,
investigating other statistical measures or employing non-linear correlation techniques may offer a deeper
and more nuanced understanding of complex data patterns.

Future research will focus on evaluating the predictive ability of the proposed Zagreb-type topological
indices and entropy measures in estimating the energetic properties of zinc oxide and silicate networks,
such as the HOMO-LUMO gap, m-electron energy, and delocalization energy. This approach has the
potential to enhance our understanding of the relationship between molecular topology and energy char-
acteristics, opening new possibilities for applications in materials science and nanotechnology.
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