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Abstract: The theory of chemical reaction networks is a branch of mathematics that aims to mimic
real-world behavior. This research area has drawn many researchers' attention, primarily due to its
biological and empirical chemistry applications. The fascinating problems that emerge from the
mathematical structures involved have kindled the interest of pure mathematicians. In this paper, we
estimate a few topological indices such as SK index, SK1 index, SK2 index, Modified Randi¢ index,
and Inverse Sum Index for the Graphene structure based on the neighborhood degree and obtain results
based on both sum and products of the cardinality of edge partitions corresponding to 4 different
Graphene structures. We also present the 3D representations of the indices using MATLAB.
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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 19th century, predominantly because of organic chemistry and
theoretical chemistry developments. It has also received much attention from pure
mathematicians because of the computational design problems that have emerged.
Cheminformatics is an active research area where quantitative structure behavior and structure-
property relations predict nanomaterial biological activities and properties [1 - 4]. A few
physicochemical characteristics and topological indices have been used in research findings to
predict organic molecules' bioactivity [5-7].

In a chemical graph, vertices represent atoms or molecules, and edges represent the
atoms or molecules' chemical bonding. The degree of a vertex represents the number of edges
that are incident on that vertex [8]. The maximum degree in any chemical graph is 4. The
notion of a degree in graph theory is closely (but not identically) related to the concept of
valency in chemistry.

Graphene is an allotrope of carbon molecules that are constructed on a honeycomb grid
(hexagonal pattern). Graphene is the most durable compound material. It has good heat and
electric conductive strength. In comparison with graphite, its magnetic property is high and
nonlinear.

Topological indices are numerical parameters associated with a graph that characterize
its topology. These indices are usually graphed invariant. The topology of chemical structures

https://biointerfaceresearch.com/ 13681


https://biointerfaceresearch.com/
https://biointerfaceresearch.com/
https://doi.org/10.33263/BRIAC115.1368113694
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0002-7840-5492
https://orcid.org/0000-0002-3074-5826

https://doi.org/10.33263/BRIAC115.1368113694

is described by these indices. The neighborhood degree of a node a <V, indicated as 6(a) / da,
is the sum of degrees of all adjacent nodes of the node a. Here, the neighboring nodes of a
node are the set of nodes at a distance 1 to the node.

Many researchers [9 - 35] have defined and estimated topological indices of molecules
such as graphene, graphene transformations, and their applications.

This paper estimates a few topological descriptors like SK, SK1, SK2 indices, Modified
Randi¢ index, and Inverse Sum Index based on the neighborhood degree and obtain results
based on both sum and products the cardinality of edge partitions corresponding to 4 different
Graphene structures. We also present the 3D representations of the indices using MATLAB.

We define a few new neighborhood degree-based topological indices denoted as

SKS(G), SK15,(G), SK25,(G), mRS,(G), ISI(G) as follows:

SKS(G) = Suv en() [ 2] (1)
SK13(6) = Luv ex (o) M} (2)
SK23(6) = Zuv k@) :%;M]Z (3)
mRY,(G) = Tuv cr(e) m] (4)
ISIF6) = Ty erce [2o222 (5)

where §(u) = X, enwy deg(v), N(u) is the Neighborhood set of the vertex u.
Figures 1 - 4 shows the structure of graphene.

Figure 1. Graphene when x> 1 andy > 1.

Figure 2. Graphene when x=1andy > 1.
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Figure 3. Graphene whenx >1andy = 1.
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Figure 4. Graphene whenx =1andy = 1.

The edges of graphene can be partitioned into 4 types depending on the number of
layers and the number of benzene rings, taking into consideration the neighborhood degrees
of the vertices of each edge denoted by 'E5u),5(v)) / E(swsvy- The edge partitions are given in

the following tables :

Table 1."Edge Partition when x> 1y > 1.
Euswy | 45 (6,5 | 67|68 |67N](79]@E8) ]9 | 9.9
|EGusw| | 4 | x | 8 | 2x4[4y-8] 2y | x2 | 2x-4 [ 3xy-4x-4y+5

Table 2."Edge Partition when x =1y > 1.
EGusyy | 44 | 45 | 6.7 | 6.7 7.7
[Eeusw| | 2 | 4 | 4 | 4y-8 -1

Table 3. 'Edge Partition when x> 1y =1.
Eduty | 44 | 45 | 65 | 67 | (539 (7.8 | 89
|Eusy)| ’ 2 | 4 ‘ X-2 | 4 ’ 2x -4 2 | 2% -5

Table 4.’Edge Partition whenx =1y = 1.
EGusy | (4.4
|[Edusw| | 6

2. Materials and Methods

Our main computational results include the neighborhood degree-based topological
indices of graphene structure. We computed the results with the help of the edge partition
method and graph-theoretical concepts. The results are depicted graphically using MATLAB
2019 in Figures 5 — 14,

3. Results and Discussion

Theorem 2.1: The SK(N (G) index of graphene with x rows and y benzene rings is

39x — 38y + 27xy — 57 ifx>1y>1

Sk’ = 33y + 39 ifx=1Ly>1
N 34x — 11 ifx>1y=1
24 ifx=1Ly=1

Proof: We establish the proof for the following four cases:
Case 1: We use the edge partition for x > 1,y > 1 given Table 1 in equation 1 and
obtain,

SK; = [Easl [2] +[Esol [5] * [Eenl [5] +HEssl B+ Eenl 5] * [Eonl 3] *
[Ess)l [%] +E@o)] [%] +Eog)] [%]

g ex[2] 0 [2] -0 2]+ -0 2] e n 2] 2 2]
4) [g] + (3xy -4x -4y +5) [%]
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=39x — 38y + 27xy — 57.

Case 2: Using the edge partition for x =1, y > 1 given in Table 2 in equation 1 we
obtain,

SKS = [Eaanl [3] *+ [Eas| [3] +IBenl [5] + [Benl [5] + [Bonl [5

= 2[g] +af}] +4[F] r@y-9 7] + -1 [F]
=33y + 39.

Case 3: Using the edge partition for x > 1, y = 1 given in Table 3 in equation 1 we
obtain,

SKR = |Eqan| E] +|Es)| B] +|Egss)l [12—‘)] +|Es] [%] + B [?] +|Eq9)
5]+ [Baol [

= 2[3] +4[§]+(x-2) [12—0 +4[12—2 +(2x - 4) [12—3] +2[12—5 +(2x-5) [176

= 34x - 11.

Case 4: Using the edge partition for x = 1, y = 1given in Table 4 in equation 1 we obtain,

SK = [En| [3]

x>1andy>1

x=1andy>1

x>1andy=1

2000

Figure 5. 3D Representation of £ SK,ﬂ .

Result 2.1: The product version of SK,E(G) is
[1SK},

212335 %132 (x — 2)2y(2y — D)17(x — 2)(27xy —4y —4x+5) if x> 1,y > 1
273326y — 4)(7y — 7)

ifx=1Ly>1
210345213 (x — 2)?(2x — 5) ifx>1y=1
24 ifx=1Ly=1
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Figure 6. 3D Representation of I1 SKﬁ .

Theorem 2.2: The SKlzN index of graphene with x rows and y benzene rings is
(309x + 290y + 3xy — 547

5 ifx>1Ly>1
217y — 133 Fx—ly>1
SK15, = 4 2 vr=Ly
233x — 166 P
> ifx>1y=
\ 48 ifx=1y=1

Proof: We establish the proof for the following four cases :
Case 1: We use the edge partition for x > 1, y > 1 given in Table 1 in equation 2 and

obtain,
SK15= [Eqs)| [? + [Egs 5| [22—5] +|Es] [32—5] +|Esgl [42—0 + B [%] +[Eg 9]
5]+ 1Benl [5] + [Eesl [F]+ [Eosl [5]

-] ex[2] <02 e 2] -0 ] -0 2] -]
(2x- 4) | 2|+ (3xy - 4x - 4y + 5) | ]

_ 309x+290y+3xy—547
> .

Case 2: Using the edge partition for x =1, y > 1 given in Table 2 in equation 2 we obtain,

’E(5,7)| [%] * |’E(6,7)| [42_2] ¥ |IE(7‘7)| [42_9]

SK15= [Eam| 5] + [Easl [5] +
2] e f2] 4[] -0 2]+ 00 ]

_ 217y-133
—

Case 3: Using the edge partition for x > 1, y = 1 given in Table 3 in equation 2 we obtain,
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SK15= B [?] + g 5| [? +|Egs)| [22—5] +Es [32—5] +E(sg)| [42—0] +E(7g)|
[% + |’E(8‘8)| [62—4 =2 [% +4 [22—0] +(x-2) [22—5 +4 [375] +(2x - 4) [42—0 +2 [%] + (2x
93]

_ 233x-166
S

Case 4: Using the edge partition for x = 1, y=1given in Table 4 in equation 2 we obtain,

, 16] _
SK15= [Ea| [5] = 48.
x>1andy>1 x=1andy>1
x>1andy=1
Figure 7. 3D Representation of = SKlf\,.
Result 2.2: The product version of SKlfV(G) §
T1SK15,
{214355573xy (x —2)3(4y — 8)(3xy — 4y —4x + 5) ifx>1y>1
273 %527%(4y — 8)(y — 1) ifx=1y>1
2175572 (x — 2)(2x — 4)(2x — 5) ifx>1y=1

48 ifx=1y=1

x>=1andy>1 x=1andy>1

®x>1andy=1

1 20

Figure 8. 3D Representation of [ ] SKlfv.
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Theorem 2.3: The SKZf\I(G) index of Graphene with x rows and y benzene rings is
(936xy — 660x — 871y + 846

> ifx>1Ly>1

¢ 218y —130 ifx=1y>1

SKZN_<475x—339 x> 1=l
— if x Y =

\ 96 ifx=1y=1

Proof: We establish the proof for the following four cases :
Case 1: We use the edge partition for x > 1, y > 1 given in Table 1 in equation 3 and obtain,

SK2y = [Eas)| E]Z +[Es)l [%]ZJ’ 'Ecs7)| [%]2 +[Egsg)l [?]2 * B [?]2 ¥
ol [5] + [Eanl [5]+ [Ean] [5] +[Eanl [5]

1312

afff x[f sl o B o vl ool
+(2x - 4) [12—7]2+(3xy-4x-4y+5) [%]2

_ 936xy—660x—871y +846
> :

Case 2: Using the edge partition for x = 1, y > 1 given in Table 2 in equation 3 we obtain,
sk2}, = [Baal 2] +[Easl [2] +[Esnl (2] + [Benl [2] +IEonl [5]
< 2f el a 2T s -n S o0 [
=218y — 130.

Case 3: Using the edge partition for x > 1,y = 1 given in Table 3 in equation 3 we obtain,
SK2§, = |Ega )| [§]2+|'E<4,5)| E]Z+|'E(s,5)| [12—0]2+|'E(5.7)| [%]er [Es)] [?]2 +|Eg )
5] e [5]

=2 +aff roco [5] +af5] recal5] +25] recs 5]

- 475x—-339
—
Case 4: Using the edge partition for x =1, y = 1 given in Table 4 in equation 3 we obtain,

SKZi = [Eua E]z = 96.
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x>1andy>1 x=1andy>1

300 4

200

100
100

x=1andy=1

Figure 9. 3D Representation of = SKZE.

Result 2.3: The product version of SKZ,ZV(G) is

[1SK25
21631052134172xy (x — 2)3(y — 2)17(x = 2)(3xy —4y —4x+5) if x> 1,y >1
2936132(y — 2)(49y — 49) ifx=1y>1
2133854132 (x — 2)2(2x — 5) ifx>1y=1
96 ifx=1Ly=1

x> 1 and y>1

x=1andy>1

x>1andy=1

Figure 10. 3D Representation of [T SKZfV.

Theorem 2.4: The mR,f, (G) index of Graphene with x rows and y benzene rings is
(959x — 950y — 840xy + 266

5520 ifx>1Ly>1
50y + 41
2y ifx=1y>1
mRS, = 4 70
N 196x + 167 ] vt
280 fx>Ly=
3 .
L 3 ifx=1L,y=1

Proof: We establish the proof for the following four cases :
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Case 1: We use the edge partition for x > 1, y > 1 given in Table 1 in equation 4 and
obtain,

mRy = [Eus)| [m] +|Ess)] [#{55}] + B [#{57}] Bl [m] i

[En) [m] + )] [m] *

Bl [m] + s [m] +[Egg)]

[maxl{9,9}

_ 959x-950y—-840xy+266
B 2520 '
Case 2: Using the edge partition for x = 1, y > 1 given in Table 2 in equation 4 we

obtain,

mRy, = [E) [m] + [Eas)] [ﬁms}] +[Egs )] [ﬁ{sn] +Een [#{67}]+

[E¢7.7)] [#{77}]

__ 50y+41
70
Case 3: Using the edge partition for x > 1, y = 1 given in Table 3 in equation 4 we

obtain,
! 1 , , " I
mRY = [Eia| [l [Bus | rmaal Eeol lrmgal* Een| [rmgn]* [Eesl

sl + [Bool [nmms) * Eeo! [l

__196x+167
T 280
Case 4: Using the edge partition for x = 1, y = 1 given in Table 4 in equation 4 we

obtain,

mRy = [Eqau)| [m]

x>1andy>1

Figure 11. 3D Representation of X mR,f,.

Result 2.4: The product version of mR,f,(G) IS
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[lrnRg
xy(x —2)3(y —2223;@7/2— 4y —4x +5) Fr>ly>1
5(y — —
e
Ster ifx>1y=1
% ifx=1y=1

x>1andy>1

x>1Tandy=1

Figure 12. 3D Representation of [ mR,f,.

Theorem 2.5 : The ISIIf,(G) index of graphene with x rows and y benzene rings is

 49716x — 44523y + 214812xy — 133228 v
15912 fx>1y
3843y — 1121 1t
ISIS, = 4 234 ifx=1y>
19485x — 6184 11
1170 fx>Ly=
\ 12 ifx=1y=1

Proof: We establish the proof for the following four cases:
Case 1: We use the edge partition for x > 1, y > 1 given in Table 1 in equation 5 and

obtain,
1Ly = [Bs| [T5]+ [Eeo [ii] Bl [ié] Bl [gra] *+ Bl [257] +
[Eosl [733] * [Ewol [3a] * Bl [53] * [Benl [573]

=[5 o [l El e o [5] @r-9 [E]+ [+ a0 - [F] +
(3xy - 4x - 4y + 5) B]

_ 49716x—44523y+214812xy—133228
15912

https://biointerfaceresearch.com/
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Case 2: Using the edge partition for x = 1, y > 1 given in Table 2 in equation 5 we
obtain,

151y = [Eaw| [r] * [Bas | [572] + [Eenl [55] + [E@nl [25] 1Bl [77]

__3843y-1121
234

Case 3: Using the edge partition for x > 1,y = 1 given in Table 3 in equation 5 we
obtain,

18I = (B | [+ [Bas| [zl Bl [5s]* (Bl 5] * [Ecsol [35] * [Ecrs]

sl * [Beol [5ra]

_ 19485x—6184
1170

Case 4: Using the edge partition for x =1, y = 1 given in Table 4 in equation 5 we
obtain,

ISI = [Bam| || = 12

x=1andy=>1 x=1andy>1

0
100

x>1andy=1

1000 -

(] =]

Figure 13. 3D Representation of X ISIf,.

Result 2.4: The product version of ISIf\,(G) IS

[11sI5
(213345473 xy(x — 2)3(13;2_13)(390; —4y —4x +5) ifx>1y>1
_ 285273();2—1;)()’—2) ifx=1y>1
2155372(963:123)2(235 —5) ifx>1,y=1
\12 ifx=1Ly=1
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x=1andy=>1 x=1andy =1

x*1andy=1
<1011

NS = AN W
Py

Figure 14. 3D Representation of [] ISI,f,.

4. Conclusions

The computation of various topological indices of graphs associated with chemical
graphs enables the analysis of molecules and study of how the indices relate to the molecular
properties. We estimated a few topological indices based on the neighborhood degree and
obtained results based on both the sum and products of the cardinality of edge partitions
corresponding to 4 different Graphene structures. We also presented the 3D representations
(Figures 5 — 14) of these indices using MATLAB. We envisage applying these definitions to
the line graph, subdivision graphs, and total graphs of the Graphene structure in future work.
Further, we would establish the relationship between these indices and some chemical
properties of graphene.
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