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ABSTRACT

Topological descriptors defined on chemical structures are effective in understanding those
properties and activities of the chemical molecules. This research area has drawn the attention of many
researchers, primarily due to its biological and empirical chemistry applications. In this paper, we estimate
a few neighbourhood degrees sum based topological indices such as SK index, SK1 index, SK2 index,
Modified Randi¢ index, and Inverse Sum Index for the 7uC4C8/a, ] and its corresponding paraline graph.
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1 INTRODUCTION

Chemical reaction network theory is a field of applied mathematics that aims to mimic real world
chemical structure activity. It has gained an increasing scientific community following since its start in the
19" century, predominantly because of the developments in organic chemistry and theoretical chemistry.
Cheminformatics is an active research area where quantitative structure behaviour and structure property
relations predict nanomaterial biological activities and properties [1 - 2]. A few physicochemical
characteristics and topological indices have been used in research findings to predict the bioactivity of
organic molecules [3 - 5]. In a chemical graph, nodes represent atoms or molecules and the links denote
the chemical bonding between the atoms or molecules. The degree of a vertex represents the number of
edges that are incident on that vertex [6]. The arbitrary degree of any chemical network is at most 4.

Topological indices are numerical parameters associated with a graph that characterize its topology
and they are usually invariant graph properties. The neighbourhood degree of a node u €V, indicated as ¢
(u)/ &, is the sum of degrees of all adjacent nodes of the node u. In this paper we estimate a few topological
descriptors like SK, SK1, SK2 indices, Modified Randi¢ index, and Inverse Sum Index based on the
neighbourhood degree.

We have defined a few new neighbourhood degree-based topological indices [7] denoted as SKy (G),
SK1x5(G), SK2x5(G), mRy(G), ISIy(G) as follows:
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where §(w) = X, encu) deg(v), N(u) is the Neighbourhood set of the vertex u. Many researchers
[8 - 9] have defined and estimated topological indices based on the sum of the neighbourhood degrees. For
the 2D representation of the TuC4C8/a, p] and L(S(TuC4C8[a, B] )) structure one can refer in [10]. The
edges of TuC4C8/a, #] [10] can be partitioned into two types based on the neighbourhood degrees of the
vertices of each edge denoted by 'E ) 5(v)) / Esusy). The edge partitions are given in Table 1 and Table

2.

Table 1 Edge Partition of TuC4C8/a, p] whena>1,> 1

E((9u, 8v)) | E((Bu, v))|
(6, 6) 4
(6,7) 8
(7,7) 2(o+p-4)
(7, 11) 4(a+B-2)
(11, 12) 8(0+p-2)
(12, 12) 2(9aB+10)-19(c+p)

Table 2 Edge Partition of TuC4C8/a, p] whena>1,5=1

E((8u, 0v)) | E((Bus 6v))|
(6, 6) 6
(6,7) 4
7,7 2(0-2)
(7,11) 4(0-1)

(11, 11) 2(0-1)
(11, 12) 4(a-1)
(12, 12) (a-1)

2. Results and Discussion on TuCCsg/a, S/

In this section, we compute neighbourhood degree based topological indices of TuC4C8/a,
B namely SKy (G), SK1y(G), SK25(G), mRy(Q), ISIy(G).

Theorem 2.1: The SKy index of TuC4Csfa, fJ is

216af — 314a + 118p + 4 ifa>18>1

SKN:{ISOa—8Z ifa>18=1

Proof: We establish the proof for the following two cases:



Case 1: We use the edge partition for & > 1, #> 1 given Table 1 in equation 1 and obtain,
, 12 , 13 , 1 23
SKy = [Es6)] [7] +[E)] [—] +[E@7)] [2] +Ee1)| [ ] [E11,12)] [ ] *+[Eazaz)| [ ]

13 14

=42 +8[F] + 20+ -1 [5] +4@+p-2) [F]+8(a+B-2) [Z] + @Oap + 10)-

19(o+B) [ 5]
=216af — 314a + 1188 + 4
Case 2: Using the edge partition for @ > 1, # = 1 given in Table 2 in equation 1 we obtain,

SKy = [Eg) [12—2] + [E)] [12—3] + [E7.7)] [%] +E7,11)] [ ]* |Eas, 11)|[ ]
+E11,12)] [22—3] + [E12,12)| [%]

:6[12—2]+4[12—3]+2(a—2)[“] +4(a —1)[ ]+2( —1)[ ]+4( a—1) [23] (a —1)[“]
= 130a — 82

Theorem 2.2: The SK1y index of TuC4C8/a, ] is

1926af — 2005a + 5878 + 120 ifa>1,p8>1

SKlN:{660a—517 ifa>1p8=1

Proof: We establish the proof for the following two cases:

Case 1: We use the edge partition for « > 1, g > 1 given Table 1 in equation 2 and obtain,
SK1y = [Eg) [36] + [E@) [42] + [Eg) [49] HE@ )] [77]+ [E11,12)] [
[E12,12)| [1444]
=4 3] +8[Z] +2(a+ -4 |2 +4(a+ B —2) [S]+ 8o+ B—2) [Z] + (2(9aB + 10)-

19(o+B)) [
=1926apf — 2005« + 5878 + 120
Case 2: Using the edge partition for @ > 1, # =1 given in Table 2 in equatlon 2 We obtain,

SK1y = [Ee)| [36 + [E@7)| [42_2 + [Eg ) [429 +E7,11)] [ + |Eqy, 11)|[
+E11,12)| [132 + [E1z,12)| [144
121 132

s =6 [2] + 4 [Z] +2a-2) [£] +a@-1) [Zr2(a—1) [Z]+ 4@-1) [+ @-1)

132]

121]

=660a — 517

Theorem 2.3: The SK2y index of TuC4C8/a, f] is

2592af — 3992« + 11938 + 206 ifa>18>1

SK2y = { 1337a — 1050 ifa>1,8=1



Proof: We establish the proof for the following two cases:
Case 1: We use the edge partition for & > 1, # > 1 given Table 1 in equation 3 and obtain,

SK2y = [Ee) [12—2]2+ [E67)| [12—3 T4 [Ec77)| [12—4 ’ +HEga1)] [? + [Ea1,12)] [? T4
[Eaz12)| [%]2
=4 [12—2]2 +8 [12—3]2 + 2(a+B—4) [%]2 +a(a+B—2) [%]2+8(a+3—2) B .
(2(9aB + 10)-19(c-+B)) [%]2

=2592af —3992a + 11938 + 206
Case 2: Using the edge partition for @ > 1, # = 1 given in Table 2 in equation 3 we obtain,

SK2Zy = [E)| [12—2]2 +[Eg7)] [12—2]2 +[Egz.7)] [12—4 T [Ee7,11)] [% B B [22—2]2 +
2 2
+E11,12)| [22—3] + [E12,12)] [22—4
=o 5]+ [5] +2e-n B e[ a0 B 4w [T

(a—1)|
=1337a - 1050

24
2

Theorem 2.4: The mRy index of TuC4C8/a, f] is

3[77aB — 97a + 598 + 14]

154
1153a + 35

924

ifa>1,>1
mRN:

ifa>1,p=1

Proof: We establish the proof for the following two cases:
Case 1: We use the edge partition for ¢ > 1, # > 1 given Table 1 in equation 4 and obtain,

mRy = o el [Eon| [mmgm] * [Eonl [magm] Eon! [mampm]*
|E1112)] [m] + |'E(12,12)| [m]
=4 lz| +8 3] +2+p- [5| +a@+p-2)[5]+8@+p-2) 5]+ @0+ 10)-

19(ec+)) |5
_ 3[77aB—97a+59B+14]
B 154
Case 2: Using the edge partition for @ > 1, # = 1 given in Table 2 in equation 4 we obtain,

mRy = [Eg)] [m] +[Eg)] [#{67}] +[Eg.7)] [#{77}] +E@,11))| [ﬁ]"‘

’ 1 , 1 , 1
|E(11'11)| [max{ll,ll}] + +| E(“'“)l [max{ll,lz}] * |E(12'12)| [max{lZ,lZ}]

=6[3] +4[3] +2-2) [}] +4@- 0[]+ 20— 1) [] + 4@ - 1) [5] + @- 1) [ ]




_ 1153a+35
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Theorem 2.5: The IS1y index of TuC4C8/a, f is

290628apf —425113a + 1561436 + 10220

2691
172406a — 108029

2691

ifa>18>1
ISIy =

ifa>1,p=1

Proof: We establish the proof for the following two cases:
Case 1: We use the edge partition for ¢ > 1, # > 1 given Table 1 in equation 5 and obtain,

151y = [Eo [grel* Benl [e5] * [Ban| [Z5]+1Eaan] [F55]* [Bavim | [3555]
12+12
|

* |E(12 12)' [12+12
132

-4[—-+8[%]+2@+B 4)%% +a(o+ B — 2)Pﬁ+aa+3 Z)P—]+Q@a8+

10)- 19(a+5))[151]

_ 290628af—425113a+1561433+10220
2691

Case 2: Using the edge partition for @ > 1, # = 1 given in Table 2 in equation 5 we obtain,

’“N=rﬂwﬂﬁiﬁ|<wﬂEZ]+WaﬂHﬁqﬂ Egan| 7] Eavm | [5)
11+12 12*12]

+[Ea112)] [11+12] [Eaz12)] [12+12
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3. Results on Paraline graph of TuC4C8/a, p]
In this section, we compute the neighbourhood degree based topological indices of the line

graph of subdivision graph of TuC4C8/a, p]. We denote such a graph as H. The edges of H are
partitioned as given in Table 3 and Table 4.

Table 3 Edge Partition of H whena > 1, > 1

E((8u, 8,) | E((8u, 8v))]
(7,7) 20
(7,11) 4o

(11,12) 8a
(12, 12) 18af3-19a




Table 4 Edge Partition of Hwhena>1,=1

E((6U9 6V)) | E((Sua 6V))l
(7, 7) 20
(7, 11) 4q
(11, 11) 20
(11, 12) 4q.
(12, 12) a

Theorem 3.1: The SKy index of H is

SKu = {216a3—86a ifa>1,8>1
N~ 1130a ifa>1,=1
Proof: We establish the proof for the following two cases:

Case 1: We use the edge partition for & > 1, # > 1 given Table 3 in equation 1 and obtain,
, 14] | 18] |, | 23] . 24
SKy = [E(77)] [7] +[E10)] [7] +[Ea1,12)] [7] +E12,12)] [7]
=(2a) [12—4] + (40) [%] + (8a) [2?3] +(18af3 — 19a) [%]
=216ap — 86a
Case 2: Using the edge partition for @ > 1, # = 1 given in Table 4 in equation 1 we obtain,
SKy = [Eq7,7)] [E] +[E7,11)] [18] S LOPREN [22 +[Ea1,12)] [? +E(12,12)] [%

—(20()[ ]+(4)[ ]+(2a)[ ]+(4)[—] +(0()[ ]

Theorem 3.2: The SK1y index of H is

1296ap — 637a ifa>1,8>1

SK1y = {660a ifa>1,8=1

Proof: We establish the proof for the following two cases:
Case 1: We use the edge partition for ¢ > 1, # > 1 given Table 3 in equation 2 and obtain,

SK1y = |’E(7 7)| [49] + |'E(7 11)| [7 + |E(11 12)| [132 +|E(12 12)| [144]
132 [144

=200 [ + (4 [ 7] + 80 [ 7] +(180B ~ 190)
=1296ap — 637a

Case 2: Using the edge partition for @ > 1, # = 1 given in Table 4 in equation 2 we obtain,

SK1y= |'E(7 7)| [49] + |'E(7 11)| [7 ] + |E(11 11)| [121 +|E(11 12)| [132 +|E(12 12)| [144
144

= 2a) [ 2] + 40 [Z] +@o [ + ¢4 [5F] +(00) [

6



=660a.

Theorem 3.3: The SK2y index of H is

2592ap — 1256a ifa>1,8>1

SK2y = { 1337a ifa>1,=1

Proof: We establish the proof for the following two cases:
Case 1: We use the edge partition for & > 1, # > 1 given Table 3 in equation 3 and obtain,
_r 1412, 1812 2312, 2472
SK2y = [E(77)| [7] +[E@1)] [7 + [E12)] [7 +Eaz12)] [7
1472 1812 2312 2472
= (20) [7] + (40) [7] + (80) [7] +(18p — 190) [7
=2592ap — 1256«

Case 2: Using the edge partition for @ > 1, # = 1 given in Table 4 in equation 3 we obtain,
2 2 2 2 2
SK2y = [E(77)| [12—4] +[E )| [12—8] +[Eqr)| [22—2] +Eqa1,12)] [22—3] +Eqaz12)] [22—4]

- 2 o 2 o 2 o [ o
=1337a.

Theorem 2.4: The mRy index of H is

a[1386p — 247] fas1p>1
MR = 924 ’
N™ ] 1153a w11
924 ifa>1p=

Proof: We establish the proof for the following two cases:
Case 1: We use the edge partition for & > 1, # > 1 given Table 3 in equation 4 and obtain,

— I 1 , 1 , 1 , 1
mRy = |E(7’7)| [max{7,7}] * |E(7'11)| [max{7,11}] * |E(11'12)| [max{ll,lZ}] +|E(12’12)| [max{lz,lz}]

1 1 1 1
= (2a) H + (4a) [E] + (8a) [E] +(18af — 19a) [E]
_ a[1386B—-247]
B 924
Case 2: Using the edge partition for @ > 1, # = 1 given in Table 4 in equation 4 we obtain,

— | 1 , 1 , 1 , 1
mRy = |E(7'7)| [max{7,7}] * |E(7’11)| [max{7,11}] * |E(11'11)| [max{ll,ll}]+|E(11’12)| [max{ll,lz}]

, 1
+| E(12,12)| [max{lZ,lZ}]

< a0 [ + 0o 3] #2002 v 2]
_ 1153«
T 924

Theorem 2.5: The ISI index of H is



a[223568 — 9103]

207
13768a

207

ifa>1,p8>1
ISIy =

ifa>1p=1

Proof: We establish the proof for the following two cases:
Case 1: We use the edge partition for ¢ > 1, # > 1 given Table 3 in equation 5 and obtain,

ity = [Bga| [75]+ [Ban] [75a] F <mz>|[iiiii]]lEm.ml[%]
144

= 2a) ] + (4o [2] + B0 [ 2] +(18aB - 190) [ 5
_ a[223565-9103]

207
Case 2: Using the edge partition fora>1, =1 given in Table 4 in equation 5 we obtain,

151 e ol i Eare | )
[12*12]
12+12

—(2a)[ 2|+ 4o [Z] +eo [S] o) [ o]+ [51]

207

4  CONCLUSION

The computation of various topological indices of graphs associated with chemical graphs enables
the analysis of molecules in molecular chemistry and study of how the indices relate to their molecular
properties. In this paper we estimated a few topological indices based on the neighbourhood degree and
obtained results based on the sum of the cardinality of the edge partitions of TuC4Cs structure and its
corresponding paraline graph.
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