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Abstract: L-valine is a crucial amino acid that has rising market demand and numerous uses. It
can be used to make specific nutrients, animal feed additives, cosmetic ingredients, and other things
in the medical and agricultural fields. N-salicylidene-L-valine (NsLv) is attracting a lot of attention
due to its unusual structure and enhanced catalytic and cytotoxic activities. Topological index is a
numerical value which is associated with the molecular structure. It is very helpful to predict physio-
chemical properties and Quantitative structure-activity relationship and Quantitative structure-property
relationship modeling. We study the supramolecular chain (Sc) in the dialkyl tin of complexes 2,
3 and 4 of NsLv to better understand this structure and its topological index-related characteristics.
Additionally, we compare topological indices and analyze how these structures relate to one another
using concrete examples.

Keywords: Sc in dialkyltin complex-2, 3 and 4; NsLv structure; topological indices

1. Introduction

The quantity of new drugs is growing daily due to the fast production of pharmaceuticals. Knowing
the pharmacological, biological, and chemical features of these freshly manufactured medications is
necessary to determine how effective they are against particular diseases. This is a laborious, time-
consuming task that must be completed. When newly created medications fail to treat a particular
condition, researchers work diligently to identify their shortcomings and increase their efficacy. This
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requires well-established labs, reagents, and equipment. However, there is a lack of funding in de-
veloping nations to set up appropriate labs with all necessary reagents and equipment to assess the
effectiveness of these medications. We have learned from the literature that the molecular structures
of drugs and their chemical and pharmacologic effects are inextricably linked. If we compute mea-
surements of drug molecular structures and find topological indices, pharmaceutical researchers can
determine their medicinal characteristics. Deficiencies in their chemical experiments and structures,
as well as their medicine, can be eliminated as a result. Therefore, the mathematical methods used to
compute topological indices are especially useful for developing nations since they can forecast the
pharmacological, biological, and chemical properties of medications without requiring laborious labor
or laboratory studies.

In mathematics, the chemical structure of a drug can be represented as a graph, where the edges and
vertices of the bonded atoms’ chemical bonds are depicted. Consider a drug’s chemical structure to
be represented by the graph G, which has certain edges (chemical bonds between atoms) and vertices
(bonded atoms). The topological index, which assigns a specific value to each molecular structure,
converts the molecular composition of a given medicine into a numerical value that is a real-valued
function. In the past 40 years, scientists have created numerous significant indices to identify the char-
acteristics of molecules. These topological indices have established their value by finding significant
uses in molecular graphs, engineering, and nanomaterials.

We examined the v-phenylenic nanotubes and nanotori fourth particle bond availability file in [1].
The benzenoid circumcoronene series Hk’s third-connectivity and third-sum-connectivity indices are
examined in [2]. The characteristics of the Sombor index for some nanostructures are discussed in [3],
the topological indices of NEPS of graphs were computed in [4], the Zagreb connection index for drugs
related to specific chemical structures was investigated in [5], and face index for silicon carbides was
covered in [6]. Reference [7] discussed Zagreb connection indices of silicate, hexagonal, oxide, and
honeycomb networks. Predicted values of first Zagreb connection index for random cyclooctatetraene
chain, random polyphenyl chain and random chain network are reported in [8]. In [9] the author inves-
tigated the number of spanning trees, the Laplacian eigenvalues, and the Laplacian Estrada index of
subdivided-line graphs. For more information, please refer to [10-18]. Twenty different amino acids
are used to make proteins, and one of them is Lv, an essential amino acid for mammals. From Lv
and salicylaldehyde, a chiral Schiff base carboxylate ligand known as NsLv is created, which has a
remarkable capacity for coordination and many coordination modes toward metal ions. This ligand
produces numerous metal complexes that are extensively used in research, particularly with regard
to their characteristics and molecular structures [19-23]. These metal complexes are widely used as
enantio-selective reaction catalysts, efficient reagents for DNA cleavage, and chiral fluorescent molec-
ular sensors [24]. Organotin compounds, which are based on tin bonded to carbon, are organometallic
compounds with a wide range of uses in materials science, organic synthesis, medicine and catalysis.
Moreover, organotin compounds with carboxylate ligands have become compounds of great interest
due to effective catalytic and cytotoxic activity along their various structures [25-27]. Organotin NsLv
complexes exhibit significant biological and optical properties. They can be synthesized by combining
sodium and potassium NsLv with either an oxide or a chloride [22,28,29]. Dialkyltin complexes of N-
salicylidene-L-valine can be synthesized by heating and refluxing L-valine, salicylaldehyde, dialkyltin
dichloride and DBU (1,8-diazabicyclo [5.4.0] undec-7-ene) in methanol for 4 hours in a round bottom
flask. In the process, the remaining yellow residue is rinsed with water to dilute the Schiff base ligand,
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DBU salt N-salicylidene-L-valinate, before it is evaporated by rotary evaporator in order to produce
the pure product. For deeper information about the mechanism and synthesis of this structure, see [34].

Definitions

The reduced second Zagreb index [30] is defined as

RM(() = Z (d(u) - 1)(d(v) - 1) (1.1)

uveE(T)

The reciprocal Randi¢ index [31] is defined as

RR(T) = Z Vdwd(v). (1.2)

uveE(T)

The first and second Zagreb indices [32] are defined as

M, () = Z d(v)* = Z (d(w) + dv)) (1.3)
veV(Y) uveE(T)
Ms(T) = Z dw)d(v). (1.4)
uveE(Y)

The augmented Zagreb index [33] is defined as

_ dwdy)
AZI00= D (G dy —2) (1)

2. Sc in dialkyltin complex-2,3,4 of NsLv

The four types of complexes found in the Sc of dialkyltin are NsLv complexes 2, 3, 4 and 5.
Complexes C, ¢, C3» and C4y Will be covered in this section. The extended molecular structure unit
graph shown in Figure 1 was created from the compound construction shown in Figure 2 [34]. Figure
7 shows the molecular structure’s extended unit graph derived from the chemical structure shown in
Figure 8, while Figure 4 displays the extended molecular structure unit graph created based on the
chemical structure shown in Figure 5. The C, y have 1, 2, 3, 4 and 5 degree bonds. The Cs y have
1, 2, 3 and 5 degree bonds. The C4y have 1, 2, 3 and 5 degree bonds. In addition, Tables 1, 3
and 5 display the edge type, degree of the end vertices-and frequency of the edge, all of which are
extremely helpful to our computational work. The arrangement and size of C, y- are |[V(Cyp)| = 217,
|E(Cyp)| = 25¥ -2, respectively. The order and size of C; - are |V(C5 y)| = 26, |E(C;.¢)| = 30¥ -1,
respectively. The order and size of Cy y- are |V(Cy )| = 28V, |E(C4sp)| = 31¥ — 1, respectively.
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Figure 1. Sc in dialkyltin complex-2 of NsLv.

Figure 2. Sc in NsLv dialkyltin complex-2 chemical structure.
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Table 1. The edge types with their end vertex degrees in (Cy ).

(d(u),d(v)) Frequency (d(u),d(v)) Frequency
(2,2) 4¥-1 (3,3) 4¥-1
2.,3) 6P-2 (1,5) 2y

(1,3) 2942 2.5) Pl

(1,4) 1 (3.,5) 29-1
(3,4) 3y 2,4) v-1

Theorem 1. Let C, y, with ¥ > 1 is a Sc graph in NsLv dialkyltin complex-2, then the reduced second
Zagreb index is,
RMz(Cz’y/) =T73¥ - 16.

Proof. By referring to the definition of reduced second Zagreb index and Table 1,

RMH(Crp) =AY -D2-1D)2-D+O6¥Y-2)2-1)3-1)
+R¥+2)1-DE-DH+(I)(1-1)4-1)
+CBYE-H4d-1H)+Ud¥-1)3-1)3-1)
+2PY)A-DOE-DH+FP+1H2-D(GS-1)
+R¥Y-DEB-DG-DH+ P -DR2-1)4-1).

After simplifying the preceding statement, we get the following result:
RMz(Cz’y/) = 73?1 - 16

O

Theorem 2. Let Cpp, with ¥ > 1 is a Sc graph in NsLv dialkyltin complex-2, then the reciprocal
Randié¢ index is,

RR(Cy.y) = 66.7622% —7.97401.
Proof. By referring to the definition of reciprocal Randi¢ index and Table 1,
RR(Cyp) =¥ — D V2 X2+ (6% —2) V2x3+ Q¥ +2)VI x 3
+(HVIx4+@P)VIx4+@dY-1)V3x3
+CVIX5+ (T +DV2Xx5+Q¥ - 1DV3IX5+ (¥ -1)V2x4.

After simplifying the preceding statement, we get the following result:
RR(Cy.p) = 66.7622¥ —7.97401.

O

Theorem 3. Let Cpw, with ¥ > 1 is a Sc graph in NsLv dialkyltin complex-2, then the first Zagreb
index is,
M(Cryp) = 140¥ — 14.
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Proof. By referring to the definition of first Zagreb index and Table 1,

M(Cryp) =AY - D2 +2)+ (67 -2)2+3)+ Q¥ +2)(1 +3)
+(DHA+4H)+CP)3B+4)+@Y-DB+3)+2¥)1+5)
+(P+D2+5)+QRY-1)GB+35)+ P -1)2+4).

After simplifying the preceding statement, we get the following result:
Ml(CZ,y/) = 1405” - 14

O

Theorem 4. Let C, y, with ¥ > 1 is a Sc graph in NsLv dialkyltin complex-2, then the second Zagreb
index is,
Mz(Cz’y/) = 188T - 28

Proof. By referring to the definition of second Zagreb index and Table 1,

My(Cap) =(4¥ — D2 X 2) + (6% —2)2 X 3) + Q¥ + 2)(1 x 3)
+ (D1 x4 +BP)3x4) + @GP - H3 x3) + 2¥)(1 x 5)
(P +D2XS)+Q¥ - DB X5)+(F—1)2x4).

After simplifying the preceding statement, we get the following result:
My (Cyp) = 188¥ — 28.

O

Theorem 5. Let Cyp, with ¥ > 1 is a Sc graph in NsLv dialkyltin complex-2, then the augmented

Zagreb index is,
AZI(Cyyp) =22494Y — 41.895.

Proof. By referring to the definition of augmented Zagreb index and Table 1,

2X2

2+2-2
1x4

; (1)(m)3 + 39

%)3 + (7 + 1)

(- 1)(%)3.

)3 + (6 — 2)(

3x4

3+4-2
2x%5

2+5-2

AZI(Cyp) =(4¥ — 1) 23 )3 + Q¥ + 2)(%)3

2+3-2

3 3x3 3

) +(4sv—1)(m)
)3+(2¥/—1)(—3X5 )3

+ 2P 315-2

After simplifying the preceding statement, we get the following result:
AZI(Cyyp) =22494Y — 41.895.

O
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Table 2. Comparison of topological values in (C; y).

14 RM, RR M, M, AZI
1 57 58.78819 126 160 183.045
2 130 125.55039 266 348 407.985
3 203 192.31259 406 536 632.925
4 276 259.07479 546 724 857.865
5 349 325.83699 686 912 1082.805
6 422 392.59919 826 1100 1307.745
7 495 459.36139 966 1288 1532.685
Comparison of some indices for supramolecular chain in
dialkyltin complex-2 of N-salicylidene-L-valine
1800
1600
1400
1200
1000
800
600
400 // —
200 —

Reduced 2nd Zagreb .

2nd Zagreb

w=4 w=5

Reciprocal Randic¢

Augmented Zagreb

1st Zagreb

Figure 3. Graphical comparison of some indices for Sc in dialkyltin complex-2 of NsLv.

unit 1

unit 2

unit ¥

e

Figure 4. Sc in dialkyltin complex-3 of NsLv.
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Figure 5. Chemical structure Sc in dialkyltin complex-3 of NsLv.

Table 3. The edge types with their end vertex degrees in (C3 y).

(d(u),d(v)) Frequency (d(u),d(v)) Frequency
1.2) 3y (1.3) 2912
(2,3) 10¥-2 (2,6) 3y

2.2) 3P (3,6) 3@

(3,3) 6F

Theorem 6. Let Cs y, with ¥ > 1 is a Sc graph in NsLv dialkyltin complex-3, then the reduced second
Zagreb index is,
RM2(C3,5U) =92%¥ - 5.

Proof. By using the definition of reduced second Zagreb index and Table 3,

RM>(Cs.p) =B¥)(1 - 1)2-1) + (10¥ =2)2 - DB - 1)
+GBY-D2-D2 -1+ 6P)3 -3 -1)
+QP+2)1-D3-D+GB¥)2-1)6-1)
+(3¥)3 - 1)(6 - 1).

After simplifying the preceding statement, we get the following result:
RMz(Cg,y/) = 92?’ - 5
O

Theorem 7. Let C5y, with ¥ > 1 is a Sc graph in NsLv dialkyltin complex-3, then the reciprocal
Randi¢ index is
RR(Cs,¢) =79.313¥ — 3.434.
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Proof. By referring to the definition of reciprocal Randi¢ index and Table 3,

RR(C3¢) =BP)VI X2+ (107 -2) V2 x3+ (3P -1)V2x2
+(O6P)V3IX3+ QP +2)VIx3+(BP)V2x6
+ (3¥)V3x6.

After simplifying the preceding statement, we get the following result:
RR(Csy) = 79.313¥ — 3.434.

O

Theorem 8. Let Csy, with ¥ > 1 is a Sc graph in NsLv dialkyltin complex-3, then the first Zagreb
index is
M](C3,q/) = 166¥ — 6.

Proof. By referring to the definition of first Zagreb index and Table 3,
M(Cs9) =CP)(1+2)+ (107 -2)2+3)+B¥Y -1)(2+2)

+(O6Y)3+3)+ ¥ +2)(1+3)+BY¥)(2+6)
+3B¥)3+6).

After simplifying the preceding statement, we get the following result:
MI(C?,’EZI) = 166Y¥ — 6.

O

Theorem 9. Let Cs y, with ¥ > 1 is a Sc graph in NsLv dialkyltin complex-3, then the second Zagreb
index is
Mz(Cg,y/) = 2285” - 10

Proof. By referring to the definition of second Zagreb index and Table 3,

My(Cs9) =BP)1 x2)+ (107 -2)2%x3)+ B¥Y -1)(2x2)
+(O6Y)3Xx3)+ QY +2)(1x3)+B¥P)2x6)
+ (B3¥)(3 x6).

After simplifying the preceding statement, we get the following result:
My (Csp) = 228¥ — 10.

O

Theorem 10. Let Cs .y, with ¥ > 1 is a Sc graph in NsLv dialkyltin complex-3, then the augmented
Zagreb index is
AZI(Csp) = 278.07¥ — 17.25.

Mathematical Biosciences and Engineering Volume 20, Issue 7, 11528-11544.



11537

Proof. By referring to the definition of augmented Zagreb index and Table 3,

I X2 3 2X3 \3 2x2 \3
AZI(Csy) =BV ———= 10 -2)———= 3V - D) ———=
(Con) =695 5) + (37373) +¢ (3773
3x3 3 Ix3 \3 2X6 \3
6\ ——= 2¥ + ) ———= 3\ —7—=
+ O35 77) + Q¥+ A3 7) + 0N
3X6 3
N——) .
+ (355 3)
After simplifying the preceding statement, we get the following result:
AZI(Csy) =278.07¥ - 17.25.
]
Table 4. Comparison of topological values in (Cs y).
v RM, RR M, M, AZI
1 87 75.879 160 218 260.82
2 179 155.192 326 446 538.89
3 271 234.505 492 674 816.96
4 363 313.818 658 902 1095.03
5 455 393.131 824 1130 1373.1
6 547 472.444 990 1358 1651.17
7 639 551.757 1156 1586 1929.24

Comparison of some indices for supramolecular chain in
dialkyltin complex-3 of N-salicylidene-L-valine

1800
1600
1400
1200
1000
800
600
400
200

Reduced 2nd Zagreb Reciprocal Randi¢ 1st Zagreb

2nd Zagreb

Augmented Zagreb

Figure 6. Graphical comparison of some indices for Sc in dialkyltin complex-3 of NsLv.
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Figure 7. Sc in dialkyltin complex-4 of NsLuv.

Figure 8. Chemical structure Sc in dialkyltin complex-4 of NsLv.

Mathematical Biosciences and Engineering Volume 20, Issue 7, 11528-11544.
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Table 5. The edge types with their end vertex degrees in (Cy4 ).

(d(u),d(v)) Frequency (d(u),d(v)) Frequency
(1,3) 4¥Y+2 2,2) 5¥-1
(2,3) 8¥-2 2,5 4¥

(3,3) 7Y (3,5) 4

(1,2) 2y

Theorem 11. Let Cyy, with ¥ > 1is a Sc graph in NsLv dialkyltin complex-4, then the reduced second
Zagreb index is
RM,(Cyp) =T73¥ - 5.

Proof. By referring to the definition of reduced second Zagreb index and Table 5,

RM>(Cap) =4¥ +2)(1 - DB - D+ B¥ -2)2- D3 -1)
+ (T3 -DB =D+ QR¥)N1-1D)2-1)
+GBP-D2-D2-D+@")2-1)5-1)
+(P)3 - DG -1).

After simplifying the preceding statement, we get the following result:
RM2(C4’5U) = 73?1 - 5

O

Theorem 12. Let Cyy, with ¥ > 1 is a Sc graph in NsLv dialkyltin complex-4, then the reciprocal
Randic index is
RR(Cy4y) = 76.8746¥ — 3.43488.

Proof. By referring to the definition of reciprocal Randi¢ index and Table 5,

RR(C4p) =(4¥ + 2)VI X3+ (8¥Y —2) V2 x 3 + (T¥) V3 X 3
+RY)VIX24+BY -1)V2Xx2+@¥P)V2 X5
+(¥)V3 x5.

After simplifying the preceding statement, we get the following result:
RR(Cyp) = 76.8746¥ — 3.43488.

O

Theorem 13. Let Cyy, with ¥ > 1 is a Sc graph in NsLv dialkyltin complex-4, then the first Zagreb
index is
Ml(C;L&II) =160¥ - 6.

Mathematical Biosciences and Engineering Volume 20, Issue 7, 11528-11544.
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Proof. By referring to the definition of first Zagreb index and Table 5,

M (Cyyp) =4 +2)1+3)+BY -2)2+3)+ (T¥)3 + 3)
+2YV)A+2)+ P -1DH2+2)+4¥)2+)5)
+ (P)3 +5).

After simplifying the preceding statement, we get the following result:
MI(C4’y/) =160¥ - 6.
O
Theorem 14. Let Cyy, with ¥ > 1 is a Sc graph in NsLv dialkyltin complex-4, then the second Zagreb
index is
My (Cyp) =202¥ - 10.

Proof. By referring to the definition of second Zagreb index and Table 5,

My(Cap) =AY +2)(1 x3)+ @Y -=2)2x3)+ (TP)3 x3)+ 2¥)(1 x 2)
+ B -D2x2)+@AP)2X5)+ ()3 X)H).

After simplifying the preceding statement, we get the following result:
Mz(C4,y/) = 2025” - 10
O

Theorem 15. Let Cyw, with ¥ > 1 is a Sc graph in NsLv dialkyltin complex-4, then the augmented
Zagreb index is

AZI(Cy4y) = 260.856¥ — 17.25.

Proof. By referring to the definition of augmented Zagreb index and Table 5,

AZI(Cyy) =(4Y + 2)(%)3 + (8 - 2)(%)3 + (77’)(—3 i >3< i 2)3
I1x2 3 2X2 \3 2X5 3
+ QP (5s) + 6 - D55 5) @z - 5)
3x5 3
+3753)

After simplifying the preceding statement, we get the following result:
AZI(Cy4y) = 260.856 — 17.25.

O
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Table 6. Comparison of topological values in (Cy y).

b RM, RR M, M, AZI

1 68 73.43972 154 192 243.606
2 141 150.31432 314 394 504.462
3 214 227.18892 474 596 765.318
4 287 304.06352 634 798 1026.174
5 360 380.93812 794 1000 1287.03
6 433 457.81272 954 1202 1431.54
7 506 534.68732 1114 1404 1808.742

Comparison of some indices for supramolecular chain in
dialkyltin complex-4 of N-salicylidene-L-valine

2000
1800
1600
1400
1200
1000

800

600

400 //’//
200

w=1 w=2 w=3 w=4 w=5 w=6 w=7
Reduced 2nd Zagreb - Reciprocal Randic 1st Zagreb
2nd Zagreb Augmented Zagreb

Figure 9. Graphical comparison of some indices for Sc in dialkyltin complex-4 of NsLv.

3. Discussion

For the purpose of examining topological indices, chemical structures and their designed networks
of vertices and edges are thought to be useful tools. You can observe how a particular structure and
graph behave using topological indices, which offer numerical values. The five degree-based topolog-
ical indices of our table-based structure that are the subject of the report are examined. Corresponding
graphs were created using parameter values ranging from 1 to 7 for each of the five topological indices.
Figure 3 plots five degree-based topological indices for the structure of the Sc in dialkyltin complex-2
of NsLv (C, y) based on the information in Table 2. The plots grow in size linearly. The reciprocal
Randi¢ index and the reduced second Zagreb index are close to each other, but overall the reciprocal
Randi¢ index moves sharply in size among the others in (C; ). The structure of the Sc in dialkyltin
complex-3 of NsLv (Cs y) is depicted in Figure 6 as a plot of five degree based topological indices
derived from Table 4 data. The plots expand in size in a linear fashion. The reciprocal Randi¢ index

Mathematical Biosciences and Engineering Volume 20, Issue 7, 11528-11544.
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and the second-reduced Zagreb index are close to one another, but generally the reciprocal Randié
index moves sharply in size among the others in (C3 y). Because of the structure of the Sc in dialkyltin
complex-4 of NsLv (Cy4 ) data from Table 6 are used to generate a plot of five degree-based topo-
logical indices in Figure 9. The plots enlarge linearly. The reciprocal Randi¢ index and the reduced
second Zagreb index are close together, however, in comparison to the others, the scaled-down second
Zagreb index moves dramatically in size. (C4 ). It makes sense to assume that when examining our
chosen structures (C, y) and (C3 y), the reciprocal Randi¢ index is preferable to the others, but when
examining (Cy4 ) the reduced second Zagreb index is more appropriate for study than the others.

4. Conclusions

The chemical structure known as a Sc in the dialkyltin complexes-2, 3 and 4 of NsLv was examined
in this study using computational methods. We investigated some relevant topological descriptors,
such as the reduced second Zagreb index, the reciprocal Randi¢ index, the first and second Zagreb
index- and the augmented Zagreb index, to examine the behavior of our selected structures. As future
work, many other degree and distance based entropies such as Sombor based, eccentricity based and
Wiener based entropies can be computed for these structures.
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