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Abstract

This research provides the graph theoretical study for a polymer
supramolecular network within the paradigm of deriving various degree-
based topological invariants through the constructed line graph
representation for the underlying supramolecular structure. Networks
comprised of supramolecular structures, which are based on non-covalent
bonds, are difficult to represent within the conventional graph
representation paradigm because they are dynamic in nature and have non-
covalent bonds within the network. The line graph transformation paradigm
has been adopted with the supramolecular structure for a more appropriate
representation of such complex systems’ structure and connectivity within
the underlying graph representation paradigm. These indices form the
cornerstone of robust quantitative structure property relationship and
quantitative structure activity relationship. The derivation of various
important topological invariants, such as the Randi€¢ index, Zagreb index,
and Harmonic index, provides the bridge for a quantitative relationship
between the supramolecular network structures and various functional
groups and behaviors within a deterministic paradigm for such complex
networks and structures.
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1. Introduction

Topological indices play an important role in
chemical graph theory and mathematical chemistry,
acting as tools to forecast physicochemical
properties of numerous chemical structures. A
topological index is specified as a numerical
attribute allotted to a molecular graph, which
remains unchanged under a graph isomorphism.
These indices, being representative of specific
structural features of molecular compounds, have
experienced a surge in their applications and
acceptances. The increased awareness of these
indices is a result of their strong correlation to
different chemical properties associated specifically
with their molecular graphs. In addition,
topological indices possess a pivotal contribution to
quantitative structure property relationship (QSAR)
and QSPR studies. Therefore, topological indices
have proved to be essential for characterizing the
structural features and bioactivity of chemical
compounds. The importance of topological indices
is as follows [1, 2, 3, 4], a topological index is a
chemical descriptor presented by a number derived
from a molecular compound’s graph, which
remains invariant after a specific transformation
known as graph automorphism. The emergence of
topological ~ descriptors was associated = with
increased interest in computational chemistry,
particularly owing to their ability to relate chemical
compounds’ structural features to quantitative
chemical properties, often using non-traditional
and non-obvious metrics.

Typically, classifications of topological indices
occur in terms of distance, degree, and polynomial-
based topological indices. Amongst all, degree-
based topological indices have shown to be
commonly used in a wide array of applications,
thus highlighting the importance of chemical
graphs in both theoretical and practical chemistry.
The line graph, denoted as L(G), is a graph such
that the in one-to-one
correspondence with the set of edges in G. Two

set of its vertices is

vertices, say ¢ and h, in L(G) are considered to be
adjacent if they share a common endpoint in the
original graph G [5, 6]. Separately, the Zagreb
indices were initially proposed by Gutman and
Trinajstic in 1972.

The M, [12] and the M, [12] are defined as:
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Mi(G) = Yanero (dg + dn)

and

MxG) = Yanero (d * dn).

The M; index was initially conceptualized and
introduced by Fath-Tabar [13]. The formal
definition of this index is presented as follows:
M;s(G) = Yanero) |de = drl.

In 2013, Shirdel et al. [21] proposed the HM index,
a topological index derived from vertex degrees,
which is formally defined as follows:

HM(G) = Yanere) (dg + du)?.

Furtula, Gutman, and Ediz [9] conducted a study
on the distinctions between Zagreb indices,
revealing a strong correlation with the vertex-
degree-based invariant designated as RM,, which is
formally defined as:

RMy(G) = Y hete) (de = Dl = 1).

In 2014, I. Gutman, B. Furtula, and C. Elphick [11]
elucidated the relationship between the RM; index
and the ordinary M; index, drawing an analogy in
their structural derivation. Following this, the RRR
index is formally defined as follows:

RRR(G) = Yaeron/ (1 — D( = 1)).

The index, which Bollobas and Erd®s [16] first
explored in 1998, is now widely recognized as the R
index. It is also referred to by the alternative names

mM; and the first-order overall index.

mMy(G) = Yanero) 1/ (dg * db).

In 2012, Ghorbani and Azimi [10] introduced
several novel variants of Zagreb indices for a given
graph G. Among these new indices are PM;(G) and
PM:(G), which are categorized as follows:

PMi(G) = [[smerc (s + db),

and

PMA(G) = [[snero (d; * db).

In 2009, Zhou and Trinajsti€ introduced the Sum-
connectivity index (SCI), a topological index
developed in response to Randi€’s concept of the
product connectivity index. For a given graph G,
the Sum-connectivity index is formally defined as

follows [27]:

SCIG) = Ymero 1/ (. + ).

The Harmonic index represents a variant of the
Randi€ index, originally introduced in 1975. For a
given graph G, the Harmonic index, denoted as

H(QG), is formally defined as follows [26]:
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H(G) = Yherw 2/ (ds + db).

In 2010, VukiCevi¢ and Gasperov introduced a
novel class descriptors termed
“discrete Adriatic indices,” comprising 138 distinct
descriptors. This development aimed to enhance
various (QSPR) and (QSAR) methodologies.
Among these, the Sum of Degrees Difference (SDI)
index and the Inverse Sum Indegree (ISI) index are
particularly notable as useful discrete Adriatic
indices, formally defined as follows [24]:

SDI(G) = Y ek (d + di?) / (dg * d),

and

IS(G) = Y ohere (de * di) / (d + db).

Estrada and Torres [7] proposed the ABC index in
1998, and it is expressed as:
ABC(G) =

JIO +  =27C - )
In 2010, Boris Furtula and Graovac [14] introduced
the Augmented Zagreb Index (AZI), a novel
topological index whose development was inspired
by the work on the Atom-Bond
Connectivity (ABC) index. Its definition is as
follows:

AZI(G) = Zgheg(o) [(dg . dh) / (dg +d, — 2)]3.

In 2009, Vuki€evi€é and Furtula [15] introduced
the Geometric-Arithmetic (GA) index, a topological
descriptor that is formally defined as follows:

of molecular

Zgh €E(G)

earlier

2. Results and Discussion

GA(G) = ZghEE(G) 2\/( ! ) / ( + )

In 2015, Furtula and Gutman (8] put forth the F-
index, described as:

F(G) = Yaero ld* + di?l.

In 2017, V.R. Kulli [17] put forth the first and
second GM (Gourava) indices, characterized by the
definitions:

GM, = Y shero [(de + di) + (d, - db)],

GM; = Ynero (de + di) * (d; - db).

In 2016, V. S. Shegehalli and R. Kanabur [20] put
forth a new version of degree-based topological
indices, with the following definitions:

SK(G) = Y shero (ds + dn) / 2,

SKi = Y ahero (e = dv) / 2,

SK; = Ynero [(de + di) / 2]

In 2008, Li and Shi [18] give value 1/2 to alpha,
then RR is introduced which is defined as:

RR(G) = Yaero /(- )

In 2010, Vuki€evi€ [25] introduced the following
bond additive discrete Adriatic indices:

MRD(G) = Y sheko) |\/—_ Vo,

MIRD(G) = Yanero [1/4 =1V 1,

MHIXG) = Yaere |27%=27"].

In 1975, M. Randi¢ [19] introduced RI which is
defined as:

RI(G) = Yhero 1 /(- )

(1.27)

Figure 2.1. Structural Architecture of Supramolecular Polymer Networks.

The chemical composition of the polymer
supramolecular network is presented in Figure 2.1.
Specifically, Dialkyltin Complex-2 of N-salicylidene-
L-valine (NsLv) is an organometallic complex where
dialkyltin forms bonds with N-salicylidene-L-valine

https://thesesjournal.com

| Sadiq et al., 2026 |

ligands. NsLv is particularly significant owing to its
characteristic
augmented catalytic and cytotoxic efficacy.
Originating from L-wvaline, a key amino acid
integral to protein synthesis, NsLv is employed in

molecular  structure and its
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agricultural chemicals and therapeutic agents. Our
next step involves developing the line graph

unit 1

unit 2

corresponding to the polymer supramolecular
network.

Figure 2.2. Line graph (G) of complex-2.
Table 2.1. Edge partition of line graph of polymer supramolecular network

(d, d) E;;rer of (dy dy) ll;I(;lgr::)er of (d, o) E;;Sber of
(2,2) 3n 2,3 3n (2,4) n+1

(2,5) 2n+1 (3,3 2n-1 (3,4 8n—4

(3,5) 2n+4 4,4 3n (3,6) n—-1

4,5) Tn-2 (4,0) 6n-3 (5,5) 3n+1

(5,6) 3n (6,0) n—1

Theorem 2.1. Given that G denotes the line graph
of a polymer supramolecular network, the SCI can
be expressed as SCI(G) = 16.3n — 1.63.

Proof.

Equation (1.10) presents the definition of the SCI
formula. By using Table 2.1:

SCI(G) = 3n/V4 + 3n/V5 + (n+1)/V6 + 2n+1)/V7
+(2n-1)/V6

+ (8n=4)/V7 + 2n+4)/v/8 + (n=1)/v/9 + 3n/V/8 +
(Tn-2)/Y/9

+ (6n=3)/VI0 + (3n+1)/ VIO + 3n/VIL +
(n=1)/V12,

=16.3n - 1.63.

O
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Theorem 2.2. Given that G denotes the line graph
of a polymer supramolecular network, the M; can
be expressed as M(G) = 362n — 48.

Proof.

Equation (1.1) presents the definition of the M;
formula. By using Table 2.1:

Mi(G) = Bn)(2+2) + (Bn)(2+3) + (n+1)(2+4) +
(2n+1)(2+5)

+ (2n=1)(3+3) + (Bn=4)3+4) + (Zn+4)(3+5) +
(3n)(4+4)

+ (Tn—=2)(4+5) + (6n=3)(4+6) + (3n+1)(5+5) +
(3n)(5+6)

+ (n=1)(3+6) + (n=1)(6+6),

=362n — 48.

O
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Theorem 2.3. The M; can be written as follows,
where G represents the line graph of a polymer
supramolecular network: M2(G) = 753n — 120.
Proof.

The M, formula definition is shown in equation
(1.2). By using Table 2.1:

M; = (Bn)2x2) + (Bn)(2x3) + (n+1)(2x4) +
(Zn+1)(2%5)

+ (2n—1)(3x3) + (8n—4)(3x4) + (2n+4)(3x5) +
(n—1)(3x6)

+ (Bn)(4x4) + (In=2)4x5) + (6n=3)(4x6) +
(3n+1)(5%5)

+(3n)(5%6) + (n—1)(6x6),

=753n - 120.

O

Theorem 2.4. The M;3 can be written as follows,
where G represents the line graph of a polymer
supramolecular network: M;(G) = 48n — 2.

Proof.

The M; formula definition is shown in equation
(1.3). By using Table 2.1:

M; = 3n)|2-3] + (n+1)]|2—-4] + 2n+1)|2-5] +
(2n—1)|3-3] + (8n—4)|3—4]

+ (2n+4)|3-5] + (Tn=2)|4-5| + (6n—3)[4-6]| +
(3n)[5-6] + (n=1)|3-6],

=48n - 2.

O

Theorem 2.5. The PM; can be written as follows,
where G represents the line graph of a polymer
supramolecular network:

Proof.

PMl(G) - 43n x 53n x 63n x 710n—3 x 85n+4 x 98n—3

X 1072 x 1177 x 127,

The definition of the PM; formula is shown in
equation (1.8). By using Table 2.1:

PM; = [2+2]" x [243]" x [2+4]™! x [2+5)

x [3+3]2n—1 x [3+4]8n—4 x [3+5]2n+4 X [4+4]3n

X [4+5]7n—2 x [4+6]6n-3 x [5+5]3n+1 x [5+6]3n

< 3+6 x [6+6]",

- 43n x 53n x 63n x 710n-3 x 85n+4 X 98n—3 x 109n—2 x
1 x 1207,

O

Theorem 2.6. The PM; can be written as follows,
where G represents the line graph of a polymer
supramolecular network:

Proof.

PMz(G) - 43n x 6311 x 8n+1 x 102n+1 x 9211—1 x 12811—1

https://thesesjournal.com

| Sadiq et al., 2026 |

X 152n+4 X 16311 X 207n—2 X 246n—3 X 253n+1 x 3031’1 x
181 x 36m71,

The definition of the PM; formula is shown in
equation (1.9). By using Table 2.1:

PM; = [2x2]P™ x [2x3]P™ x [2x4]"*! x [2x5]**!

X [3)(3]2“_1 x [3)(4]8“_4 x [3><5]2n+4 X [4)(4]3“

X [4x5]7n—2 X [4x6]6n—3 X [5><5]3n+1 X [5X6]3n

x [3x6]"! x [6x6]7

O

Theorem 2.7. The HM can be written as follows,
where G represents the line graph of a polymer
supramolecular network: HM(G) = 3096n — 478.
Proof.

The HM formula definition is shown in equation
(1.4). By using Table 2.1:

HM(G) = 3n)(2+2)* + 3n)(2+3)" + (n+1)(2+4)* +
(2n+1)(2+5)*

+ (2n=1)(3+3)* + (8n—4)(3+4)* + (2n+4)(3+5)* +
(3n)(4+4)*

+(Tn=2)(4+5)" + (6n=3)(4+6)* + Bn+1)(5+5)
+(3n)(5+6)" + (n=1)(3+6)* + (n—1)(6+6)’,

=3096n — 478.

O

Theorem 2.8. The H of a polymer supramolecular
network can be written as follows, where G
represents the line graph: H(G) = 2111n/252 -
199/210.

Proof.

The H formula is defined in equation (1.11). By
using Table 2.1:

H(G) = 2(3n)/(2+2) + 2(3n)/(2+3) + 2(n+1)/(2+4) +
22n+1)/(2+5) + 2(2n—-1)/(3+3)

+2(8n—4)/(3+4) + 2(2n+4)/(3+5) + 2(n—1)/(3+6) +
2(3n)/(4+4) + 2(Tn=2)/(4+5)

+ 2(6n—3)/(4+6) + 2(3n+1)/(5+5) + 2(3n)/(5+6) +
2(n—1)/(6+6),

=2111n/252 - 199/210.

O

Theorem 2.9. The ABC can be written as follows,
where G represents the line graph of a polymer
supramolecular network: ABC(G) = 29.16n — 4.02.
Proof.

The ABC formula definition is shown in equation

(1.14). By using Table 2.1:
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ABC(G) = (n) J((2+2-2)/(2x2))
(3n) \/((2 +3—2)/(2%3))
(n+1)/((2+4—2)/(2 x 4))

+ (2n+1) \/((2 +5—-2)/(2 x5))
(2n-1) J((B+3-=2)/(3x23))
Bn-49)/((3+ 4 — 2)/(3 x 4))

+ (2n+4) \/((3 +5—-2)/(3x%x5))
) [(B+6-2/Gx6)
(G + 4~ DIG < D)

+ (7n-2) \/((4 +5—2)/(4 x5))
(6n—3) \/((4 +6—2)/(4 x6))
GBn+1),/((5+ 5 — 2)/(5 x 5))

+ 06n) J(5+6-2)/(5%6))
(n=1),/((6 + 6 — 2)/(6 x 6)),

=29.16n - 4.02.

O

Theorem 2.10. The GA can be written as follows,
where G represents the line graph of a polymer
supramolecular network: GA(G) = 43.88n — 5.02.
Proof.

The GA formula is defined in equation (1.16). By
using Table 2.1:

+

+

+

+

+

+

+

+

+

GAG) = 206n) J(@2x2)/(2+2) +
2(3n) J(@2x3)/(2+3) +
2n+1)/ (2% 4)/(2+4)

+ 2(2n+1) J(@2x5)/(2+5) +
2(2n-1) J(Bx3)/(3+3) +
2(8n—4),/(3 x 4)/(3 + 4)

+ 2(2n+4) J(B%5)/(3+5) +
2(n-1) J(3%6)/(3+6) +
23n)\/(4 x 4)/ (4 + 4)

+ 2(7n-2) J (@4 x5)/(4+5) +
2(6n-3) J(4 % 6)/(4+6) +
2(3n+1),/(5 % 5)/(5 + 5)

+ 2(3n) J(E*x6)/(5+6) +
2(n=1),/(6 % 6)/(6 + 6),

= 43.88n - 5.02.

O

Theorem 2.11. The mM; can be written as follows,
where G represents the line graph of a polymer
supramolecular network: mM,(G) = 3.3n — 0.46.
Proof.

https://thesesjournal.com
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The definition of the mM; formula is shown in
equation (1.7). By using Table 2.1:

mMy(G) = 3n)/(2x2) + (3n)/(2x3) + (n+1)/(2x4) +
(2n+1)/(2%5)

+ (2n—1)/(3%3) + (8n—4)/(3%4) + (2Zn+4)/(3%5) +
(n—=1)/(3%6)

+ (3n)/(4x4) + (In=2)/(4x5) + (6n=3)/(4x6) +
(Bn+1)/(5%5)

+(3n)/(5x6) + (n—1)/(6x6),

=3.3n = 0.46.

O

Theorem 2.12. Given that G denotes the line
graph of a polymer supramolecular network, the
RM; can be expressed as RMy(G) = 436n — 77.

Proof.

The definition of the RM; formula is shown in
equation (1.5). By using Table 2.1:

RMAG) = Gn)l(2-D2-1)] + Gn)l2-1D3B-1)] +
(n+D[4-1)(2-1)]

+ n+DI2-DG-D] +
(Bn—-4)[3-1(4-1)]

+ Qn+G-DG-1D] +
(6n=3)[(4-1)(6-1)]

+ Bn)[(G-1D6-1] + (n=DIBG-1)(6-1)],

=436n - 71.

O

Theorem 2.13. The RRR can be written as follows,
where G represents the line graph of a polymer
supramolecular network: RRR(G) = 132.25n -
19.44.

Proof.

The RRR formula definition is shown in equation

(1.6). By using Table 2.1:

2n-DIG-DG-1] +

(Tn=2)[(4-DG-1)] +

RRRG) = (n) J(@-1D@2-1) +
(3n) J(@-1)(B-1) *
(n+1)/((4 —1)(2 - 1))

+ (2n+1) \/((2 -1)(5-1)) +

+

(2n-1) J(@-1D(B-1)
(8n—-4)/(3—1)(4 - 1))

+ (2n+4) J@-1(-1))
(7n-2) J(@-DG-1)
(6n=3)y/((4 — 1)(6 — 1))

+ (3n) J({(G-1)(6-1))

(n=Dy/(B3—1)(6 - 1)),
- 132.25n - 19.44.

+

+

+
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O

Theorem 2.14. The AZI can be written as follows,
where G represents the line graph of a polymer
supramolecular network: AZI(G) = 796.53n -
148.96.

Proof.

The AZI formula definition is shown in equation
(1.15). By using Table 2.1:

AZI(G) = (3n)(2x2)/(2+2-2)) +
(Bn)((2%3)/(2+3=2))’ + (n+1)((2x4)/(2+4-2))’

+ 2+ 1)((2%5)/(2+5-2)) + 2n=1)((3%3)/(3+3-2))’
+(8n—4)((3x4)/(3+4-2))’

+ (2n+4)(3%5)/(3+5-2)) + (n—1)((3%6)/(3+6-2))’
+ (3n)((4x4)/(4+4-2))’

+ (Tn=2)((45)/(4+5-2))’ + (6n=3)((4x6)/(4+6-2))’
+ (3n+1)(5%5)/(5+5-2))°

+ (3n)((5%6)/(5+6=2))’ + (n—1)((6x6)/(6+6-2))’,
=796.53n — 148.96.

O

Theorem 2.15. The SDI can be written as follows,
where G represents the line graph of a polymer
supramolecular network: SDI(G) = 95.94n — 11.97.
Proof.

The SDI formula definition is shown in equation
(1.12). By using Table 2.1:

SDI(G) = (3n)(2%+2%)/(2x2) + (3n)(2*+3%)/(2x3) +
(n+1)(2%+47)/(2%4)

+ (2n+1)(2%+5Y)/(2%5) + (2n=1)(3*+3%)/(3x3) +
(8n—4)(3°+4%)/(3%4)

+  (2n+4)(32+5%)/(3x5)
(Bn)(4*+4%)/(4x4)

+ (Tn=2)(4°+5%)/(4%5) + (6n=3)(4*+6%)/(4x6) +
(3n+1)(5%+5%)/(5%5)

+ (3n)(57+6%)/(5%6) + (n—1)(6+6%)/(6x6),

=95.94n - 11.97.

O

Theorem 2.16. The ISI can be written as follows,
where G represents the line graph of a polymer
supramolecular network: IS(G) = 87.89n — 12.23.
Proof.

The ISI formula definition is shown in equation
(1.13). By using Table 2.1:

ISG) = Bn)2x2)/(2+2) + (Bn)(2x3)/(2+3) +
(n+1)(2x4)/(2+4) + (2n+1)(2%5)/(2+5)

+ (2n=1)(3x3)/(3+3) + (8n=4)(3x4)/(3+4) +
(2n+4)(3%5)/(3+5) + (n=1)(6%3)/(6+3)

+ (n=1)(3%+6%)/(3%6) +

https://thesesjournal.com
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+ On)@x4)/(4+4)  + (In=2)(4x5)/(4+5) +
(6n=3)(4x6)/(4+6) + B3n+1)(5%5)/(5+5)

+ (3n)(5%6)/(5+6) + (n=1)(6x6)/(6+6),

=87.689n — 12.23.

O

Theorem 2.17. If G represents the line graph of a
supramolecular network of polymers, then F can be
written as follows: F(G) = 1590n — 238.

Proof.

This definition of the F formula is shown in
equation (1.17). By using Table 2.1:

F(G) = 3n)(8) + 3n)(13) + (n+1)(20) + (Zn+1)(29) +
(2n—1)(18)

+(8n—4)(25) + (2n+4)(34) + 3n)(32) + (Tn—2)(41) +
(6n=3)(52)

+ (3n+1)(50) + (3n)(61) + (n—1)(45) + (n—1)(72),
=1590n — 238.

O

Theorem 2.18. The SK can be written as follows,
where G represents the line graph of a polymer
supramolecular network: SK(G) = 181n — 24.

Proof.

With equation (1.20), the SK formula is defined.
By using Table 2.1:

SK(G) = (Bn)(4/2) + (Bn)(5/2) + (n+1)(6/2) +
(2n+1)(7/2)

+ (2n=1)(6/2) + (Bn—4)7/2) + (Zn+4)(8/2) +
(3n)(8/2)

+ (Tn=2)(9/2) + (6n=3)(10/2) + (Bn+1)10/2) +
(3n)(11/2)

+(n=1)(9/2) + (n—1)(12/2),

= 181n — 24.

O

Theorem 2.19. The SKj can be written as follows,
where G represents the line graph of a polymer
supramolecular network: SK;(G) = 753n/2 — 60.
Proof.

The SK; formula definition is shown in equation
(1.21). By using Table 2.1:

SKi(G) = Bn)(4/2) + (Bn)6/2) + (n+1)8/2) +
(2n+1)(10/2)

+ (2n=1)(9/2) + (8n—4)(12/2) + (2n+4)(15/2) +
(3n)(16/2)

+ (Tn—2)(20/2) + (6n—3)(24/2) + (Bn+1)(25/2) +
(3n)(30/2)

+(n=1)(36/2) + (n—1)(18/2),

=753n/2 = 60.
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O

Theorem 2.20. The SK; can be written as follows,
where G represents the line graph of a polymer
supramolecular network: SK3(G) = 15403n/4 — 779.
Proof.

The SK; formula definition is shown in equation
(1.22). By using Table 2.1:

SKx(G) = (3n)4/2)* + (3n)(6/2)" + (n+1)(8/2)" +
(2n+1)(10/2)*

+ (2n=1)(9/2)* + (8n—4)(12/2)* + (2n+4)(15/2)* +
(3n)(16/2)’

+ (7n=2)(20/2)* + (6n—=3)(24/2)* + 3n+1)(25/2)* +
(3n)(30/2)*

+(n=1)(36/2)" + (n—1)(18/2),

= 15403n/4 = 779.

O

Theorem 2.21. The GM; can be written as follows,
where G represents the line graph of a polymer
supramolecular network: GM;(G) = 1115n — 168.
Proof.

The GM, formula definition is shown in equation
(1.18). By using Table 2.1:

GMi(G) = (Bn)(4+4) + (Bn)(5+6) + (n+1)(6+8) +
(2n+1)(7+10)

+ 2n—1)(6+9) + (8n—4)(7+12) + (2n+4)(8+15) +
(3n)(8+16)

+ (7Tn=2)(9+20) + (6n—3)(10+24) + (3n+1)(10+25) +
(3n)(11+30)

+(n—1)(9+18) + (n—1)(12+36),

= 1115n — 168.

O

Theorem 2.22. The GM; can be written as follows,
where G represents the line graph of a polymer
supramolecular network: GM3(G) = 6764n — 1216.
Proof.

The GM; formula definition is shown in equation
(1.19). By using Table 2.1:

GMy(G) = (Bn)(4x4) + (Bn)(5x6) + (n+1)(6x8) +
(2n+1)(7x10)

+ (2n=1)(6%x9) + (8n—4)(7x12) + (2n+4)(8x15) +
(3n)(8x16)

+ (7Tn=2)(9%20) + (6n—3)(10x24) + (3n+1)(10x25) +
(3n)(11x30)

+(n—1)(9x18) + (n—1)(12x36),

= 6764n — 1216.

O
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Theorem 2.23. The RR can be written as follows,
where G represents the line graph of a polymer
supramolecular network: RR(G) = 178.29n — 24.25.
Proof.

The RR formula is defined in equation (1.23). By
using Table 2.1:

RR(G) = Bn)V4 + 3n)V6 + (n+1)V8+ (2n+1)V10 +
(2n-1)V/9

+ (8n=4) V12 + (n+4) V15 + (3n) V16 +
(Tn=2)v20+ (6n-3)V/24

+ 3n+1)V25+ (3n)V30 + (n=1)V18+ (n—1)V36,
=178.29n — 24.25.

O
Theorem 2.24. The RI of a
supramolecular network, where G represents the
line graph, can be written as follows: RI(G) =
12.23n = 1.03.

Proof.

The RI formula definition is shown in equation
(1.27). By using Table 2.1:

RI(G) = 3n/V4 + 3n/Y/6 + (n+1)/v/8 + (2n+1)/v/10
+(2n-1)/V/9

+ 8n=4)/ V12 + (2n+4)/ V15 + 3n/VI6 +
(7n—2)/v20 + (6n-3)/+/24

+ (3n+1)/ V25 + 3n/ V30 + (n-1)/ V18 +
(n—1)//36,

=12.23n - 1.03.

O

Theorem 2.25. The MRD can be written as follows,
where G represents the line graph of a polymer
supramolecular network: MRD(G) = 11.94n — 0.8.
Proof.

The MRD formula definition is shown in equation

(1.24). By using Table 2.1:

MRD(G) = B3n)[V2 = V3| + (n+1)[V2 = V4| +
(2n+1)|V2 - V5|

+ Bn=4)| V3 - V4| + 24| V3 - VB | +
(7n=2)|vV4 - V5|

+(6n-3)|V4 = V6] + (3n)|V5 = V6| + (n-1)|V3
-6,

=11.94n - 0.8.

O

Theorem 2.26. The MHD can be written as follows,

where G represents the line graph of a polymer
supramolecular network: MHD(G) = 2.36n + 0.21.

polymer
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Proof.

The MHD formula definition is shown in equation
(1.26). By using Table 2.1:

MHD(G) = (3n)|27% = 27°| + (n+1)|27F = 27%] +
(2n+1)[272 = 27|

+ (8n—4)|27 - 27|
(Tn=2)|27% =27
+(6n=3)[27* =27 +(3n)|27° = 27°| + (n—1)|27°
- 27,

=2.36n+0.21.

O

Theorem 2.27. The MIRD can be written as follows,
where G represents the line graph of a polymer
supramolecular network: MIRD(G) = 3.24n + 0.11.
Proof.

The MIRD formula definition is shown in equation

(1.25). By using Table 2.1:

() = @)HIN2 = 13| + (
+1)|1/V2 — /N4 + (2
+1)|1/V2 — 1/4V5]

+(8 — 4|1/ — 1/VE] + (2 +4)|1/V3
— 15| + (7 —2)|1/V4
— 1/V5]
+(6n=3)[1/V4 = 1/V6] + 3n)[1/¥V5 - 16| +
(n=1)|1/V3 - 1/V6],
=3.24n + 0.11.
O
3. Graphical Comparison
Topological indices, in the context of chemistry,
hold significant value and serve as a criterion for
assessing the quantitative aspects of different
chemical compounds to a specific level. Moreover,
the calculation of topological indices for any
chemical compound is feasible, irrespective of the
level of intricacy, and the possibility of predictions
in the and physical
characteristics exists. On a specific note, the
domain of drug designing and discovery holds
prime value for topological indices in the context
of chemistry.

b (Qn+4)[27 - 27| 4

context of chemical
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In the same way, the bioactivity of a substance,
which could be in terms of its toxic potential or its
affinity towards a particular protein, is also subject
to being predicted, and this, in turn, increases the
possibility of remedial compounds.

Moreover, topological indices have been found to
provide a reliable framework for the classification
of chemical substances or for identifying structural
similarities between various chemical compounds
or entities. This approach also applies to the
classification of various chemical compounds or
substances based on structural properties or
patterns. This classification bears promise for
introducing new substances or compounds with
requisite properties, as well as new compound
entities with beneficial properties.

Moreover, topological indices can be applied in
other artificial intelligence models, and this is not
limited to QSAR models but rather for the purpose
of predicting specific chemical properties found in
compounds. Thus, based on the aforementioned
factors, it can be comprehended and established
that topological indices represent an efficient tool
that can be employed in chemistry, facilitating the
establishment and determination of compound
qualities or characteristics through neat and easily
understandable  concepts, whereby
compounds can be pictorially represented, thus
facilitating the easy identification and detection of
specific components or qualities associated with
these compounds, particularly those qualities or
components that cannot be easily deduced or
established with reference to the molecular formula
composition, as depicted in Figures 3.1, 3.2, and
3.3.

It is worth noting that among the most effective
tools in the analysis, prediction, or even discovery
of the compounds of chemistry in the subject of
chemistry is the representation of the compound in
the form of a graph in the subject of chemistry.
Tables 3.1, 3.2 and 3.3 show a numerical

comparison of calculated results.

chemical
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Comparison of Zagreb Indices

—— M1
7000 4 ~®~ M2
- M3
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5000 4

Value
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1000 4

2 3 4 5 6 7 8 9 10
n

Figure 3.1. Comparative analysis of Zagreb indices of line graph (G) of polymer supramolecular network.
Table 3.1. Comparison table of Zagreb indices of line graph of polymer supramolecular network.

n M, M, M
1 314 633 46

2 676 1386 94

3 1038 2139 142
4 1400 2892 190
5 1762 3645 238
6 2124 4398 286
7 2486 5151 334
8 2848 5904 382
9 3210 6657 430
10 3572 7410 478

Comparison of Connectivity Indices

—o— SCI
~&— ABC
4001 _g— GA
—o— mM2

300

100 4

h

1 2 3 4 5 6 7 8 9 10
n

Figure 3.2. Comparative analysis of SCI, ABC, nMz and GA index of line graph (G) of polymer
supramolecular network.
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Table 3.2. Comparison table of Connectivity indices of line graph (G) of polymer supramolecular
network.

n SCI ABC GA mMM,
1 14.67 25.14 38.86 2.84

2 30.97 54.30 82.74 6.14

3 47.27 83.46 126.62 9.44

4 63.57 112.62 170.50 12.74
5 79.87 141.78 214.38 16.04
6 96.17 170.94 258.26 19.34
7 112.47 200.10 302.14 22.64
8 128.77 229.26 346.02 25.94
9 145.07 258.42 389.90 29.24
10 161.37 287.58 433.78 32.54

Comparison of Degree-Based Indices

- F

60000 { —@— GM1
-8 GM2

50000

40000

Value

30000

20000

10000

Figure 3.3. Comparative analysis of F, SK, GM; and GM: index of line graph (G) of polymer
supramolecular network.
Table 3.3. Comparison table of Degree-Based indices of line graph (G) of polymer supramolecular
network.

n F SK GM, GM,

1 1352 157 947 5548

2 2942 338 2062 12312
3 4532 519 3177 19076
4 6122 700 4292 25840
5 7712 881 5407 32604
6 9302 1062 6522 39368
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n F SK GM, GM,

7 10892 1243 7637 46132

8 12482 1424 8752 52896

9 14072 1605 9867 59660

10 15662 1786 10982 66424

4. Conclusion and General Remarks in drug design (pp. 21-55). Springer, Berlin,
This study undertook a detailed topological Heidelberg.

assessment of the line graph associated with a
polymer supramolecular network. Employing the
graph-theoretic representation of the Dialkyltin
Complex of N-salicylidene-L-valine, we determined
a wide array of degree-based topological indices.
These comprised the foundational Zagreb indices
(first, second, and third), their multiplicative and
altered versions, the hyper Zagreb index, and the
augmented Zagreb index, along with other key
descriptors such as the sum connectivity, harmonic,
geometric-arithmetic, atom-bond  connectivity,
symmetric division deg, inverse sum, and forgotten
topological indices.
Explicit closed-form equations for each index are
provided, formulated as linear or multiplicative
functions of the parameter n, which defines the
network’s repeating structural unit. These results
yield a precise quantitative understanding of the
network’s structural design. Further graphical and
numerical analyses, conducted with increasing
values of n, reveal the differing growth
characteristics and possible relationships among
the various indices.
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