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Abstract

Nirmala index of a graph is recently introduced degree based topological indexwhich is defined as N(G) =
ZWEE(G)\/(d(G)(u) + d)(v), where G is finite,simple, connected graph with vertex set V(G) and edge set
E(G) and d, is the degree of vertex veV(G).In this paper different versions of Nirmala index of carbon nanocone
C4[2] are investigated.
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I.  Introduction

Let G be a finite,simple,connected graph with vertex set V(G) and edge set E(G).The degree of vertex
veV(G),d, is the number of edges incident with v.A topological index is a numerical parameter mathematically
derived from the graph structure.The function

F(x,y) = (x + y)* for the general sum connectivity index where A is an adjustable parameter were
discussed by I.Gutman and J.Tosovic for testing quality of topological indices [1].The topological indices of
Vitamin D3 are computed by M.R.R.Kanna et al. in [2].

The molecular graph of carbon nanocones CNCK[n] have conical structures with a cycle of length k at
its center and n layers of hexagons placed at the conical surface around its center [3].Carbon nanocones are one
of the forms of carbon nanostructures and these have been proposed as possible molecular gas storagedevices
[4].V.R. Kulli introduced Nirmala indexfirst and second inverse Nirmala indicesof a graph G[5-6] as

Nirmala index N(G) = ZuUEE(G) \/(d(G) (U,) + d((;)(v) ,
1
first inverse Nirmala index IN,(G)= ZWEE(G)(dL + di)i,

1
andsecond inverse Nirmala index IN,(G) =3.,,,, E,g(g)(dL + di)_i .

We introduce reduced first andsecond inverse, 8-first and 8-second inverse and average Nirmala indices of a
graph G as

1
reduced first inverse Nirmala index RINy(G) = ZWEE(G)(ﬁ + dl—_l)i :

1
reduced second inverse Nirmala index RIN,(G) = ZuUEE(G)(ﬁ + dl—l)'i ,
u— v
1
)z,

1
and d-second inverse Nirmala index 3IN,(G) = Zu,,eE(G)(d 61(G)+1 +7 StG)H)_i ,
u~ v

1 1
w—8(G)+1 + dy—8(G)+1

d-first inverse Nirmala index 8IN,(G) = ZuUEE(G)(d

where 8(G) > 2,8(G) is the minimum degree among the vertices of G.
Recently introduced degree based and mostly studied topological index is Sombor index

SO(G) = Yuvere)+/ (d2 + d2),where d, is degree of vertex v in graph G [7].
The average Sombor index is introduced and studied for graphs in [8-9] as

1
S0ug(G) =Tuvern@ (du — =) + (d, — Z5)?]2,where [V(G)| = n and [E(G)| = m.
Like average Sombor index we propose average Nirmala index as
2 2m L
Navg(G) =Zuvere[ (d — =) + (d, — =)]7,where [V(G)| = n and [E(G)| = m.
Different versions of Nirmala index of certain chemical structures were studied by V.R. Kulli in [10]. Inverse

degree,Randic indexand Harmonic index of graphs were discussed by K.C. Daset al. [11].In [12] different
versions of Harmonic indices of certain nanotubes are discussed by authors wherein six types of Harmonic
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indices were defined and computed. Sixth version of Harmonic index is Q, type Harmonic index.Harmonic

index in terms of Q, parameter is
2
ngn(G) = ZquE(G) m'

where Q, is the unique parameter which is acquired from the vertex u € V(G),we call it Q, type Harmonic index
for multiplication degree of vertices [13]which is
2
Hy, (G) = Xuver(e) M+, ;where M, = [, ey ) degitu).
We introduce Q, type Nirmala index as
1 el
NQu (G) = ZquE(G)(Mu + Mv)vahere M= HueN(v) degi!@“")-
R-degree Nirmala index by M-polynomials for carbonnanocone C,4[2] wasstudied by N.K. Raut in[14].The sum
connectivity index was studied by [15-18] which is defined as

1
U= ZquE(G)(du + dv)_E .
Multiplicative sum connectivity index wasinvestigated by Y.C. Kwun et al. in [19].Thereduced sum
connectivity index and reduced product connectivity indices of TUC,Cg[S] was computed by N.K.Raut [20].
The reduced reciprocal Randic indexis defined by M.K.Jamil in [21] as

RRR(G) = Zuw er )V (du=1) + (dy—1)
Like reduced Banhatti-Sombor index or reduced Sombor index, increased Sombor index was introduced by W.
Ning[22-23]as

SOI(G) = ZuveE(G)\/(du + 1)2+ (dv + 1)2'
We propose first and second increased inverse Nirmala indices as [24]

1 1 L 1 1 -1 .
IN;(G) = ZquE(G)(m t ) and IN;'(G) = Lyver)G— + o) respectively.

dy+1
By using the first derivative of the Schultz, modified Schultz polynomials of Jahangir graph

Jam(evaluated at x = 1) one can compute the Schultz, modified Schultz indices [25] as

_ 0Sc(J3mxy)
Sc(Jsm) = —;x l=1-

Considering the Nirmala index, we define the R-degree Nirmala index as

Nr(G) =X er ) VT(W) + r(v) ,where M= [], ey () degifu) and
Sv=2uen ) degitu) and r(v) = M, + S,.

The terms and notations used in this paper are standard and mainly taken from books of graph theory
[26-28].

In this paper reduced first and secondinverse Nirmala indices (RIN;(G)andRIN,(G)),5-first and &-
second inverse Nirmala indices(5IN;(G)and JSIN,(G)),average Nirmala index (Na¢(G)),Q. type Nirmala
index(Ny, (G)),R-degree Nirmala index (Ng(G)), first and secondincreased inverse Nirmala indices (IN;*(G) and
IN,'(G)) are investigated for carbon nanoconeC,[2].

Il.  Materials and Methods

A molecular graph is a simple and connected graph.The 2-dimensional graph of carbon nanocone C,[2]
is shown in figure 1.Let the graph ofcarbon nanocone C4[2] be denoted by G.There are three edges in G given
by E;= 4,E, =16,E; = 28 as E; = {uveE(G)|d,=d,=2},E, = {uveE(G)/d,= 2 and d,= 3}and E; =
{uveE(G)|d,=d,= 3}.1t is observed from figure that the vertex set = 36 and edge set = 48. Edge set of C4[2] are
|Es 7 lez9)lEes)hE@e 7| and [Egg)l in sum degree of vertices and |E 12),[Eq12.27)l|Ee6)l[E@1land [Eqr2n| in
multiplication degree of vertices.To compute Q, type and R-degree Nirmala indices,multiplication degree of
vertices and sum-multiplication degree of vertices are used respectively. The edge partition of carbon nanocone
C4[2] is used tostudy RIN;(G),RIN,(G),5-first and 3-second inverse,Na4(G),first and second increased inverse
Nirmala indices and for Q, type Nirmala index,R-degree Nirmala index, multiplication degree and sum-
multiplication degree. In this studyRIN;(G),RIN;(G),8IN1(G),8IN2(G), Nayg(G), Ny, (G),Ng(G),IN;*(G) and
IN,*(G) are computed.

I11.  Results and Discussion
3.1 Reduced first,second,-first,8-secondinverse Nirmala indices and average Nirmala indexof carbon
nanocone Cy4[2]
The molecular graph of carbon nanocone C4[2] is shown in figure 1.Let the graph ofcarbon nanocone C4[2] be
denoted by G.
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The 2-D graph of carbon nanocone C,[2] has 48 edges and 36vertices and degree of vertices 2 and 3.The edge
partition of carbon nanocone C,4[2]is given in tableland sum degree and multiplication degree of vertices in
table 2.

Figure 1. 2-D graph of carbon nanocone C4|2].

(du,dv) (272) (273) (373)
Number of edges | 4 16 28
Table 1. Edge partition of carbon nanocone C4[2].

(SuSy) G| (79 |65 6B7) | (99
(M, M,) (6,12) | (12,27) | (6,6) | (9,12) | (27,27)
Number of edges 8 8 4 8 20

Table 2. The sum degree and multiplication degree of vertices of carbon nanocone C4[2].

Theorem 1.The first reduced inverse Nirmala index of carbon nanocone C4[2] is 53.

Proof.Consider a molecular graph of carbon nanocone C,[2]as shown in figure 1.Let E,, denote the edge
connecting the vertices of u and v.The graph contains E,),E« 3 and E; 3 edges.Using edge partition from table
1 we get first reduced inverse Nirmala index.

RI Nl(G) Zuv EE(G)(

dy—1 d —1)2

1
= [Ee 2)| (— + —)2 +HE@al G + )z +[E@a) (— + —)2
1
=4 (2)7 + 16(1.5)7 + 28 (1)7 .
=53.

Theorem 2.The second reduced inverse Nirmala index of carbon nanocone C4[2] is 44.

Proof.Consider a molecular graph of carbon nanocone C,[2] as shown in figure 1. Let E, denote the edge
connecting the vertices of u and v.The graph contains E, 2, E(z 3 and E3 3 edges. Using edge partitionfrom table
1 we get second reduced inverse Nirmala index.

1 —=
RIN(G) = ZuveE(G)(d —+ d—_l)
= |E@a)| (— + _) 2 +|E(2 3)|(_ + _) : + [Ega)l (_ + _)

=4 (2)_5 + 16(1.5)_5 + 28 (1)" .
=44,
Theorem 3.The d-first inverse Nirmala index of carbon nanocone C,4[2] is 53.
Proof.Using edge partition from table 1 we get 3-first inverse Nirmala index.
Here 8(G)> 2,where 3(G) is the minimum degree amongvertices. In graphGdegree of vertices are 2 and 3,508(G)
=2.
oo . . _ 1 1 1

The d-first inverse Nirmala index 3IN;(G) = ZWEE(G)(du Y + dv—8(6)+1)2
_ 1 1 1 1 1 1 1 2

= Beal G + 2)” *Ee MG+ 55 + Beal G + 570"
=4 (2)2 +16(1. 5)2 +28 (1)2 .
=53.
Theorem 4.The 3-second inverse Nirmala index of carbon nanocone C4[2] is 44.
Proof.Using edge partition from table 1 we get 5-second inverse Nirmala index.
Here 8(G) > 2,where §(G) is the minimum degree among vertices.In graph G degree of vertices are 2 and 3,50
3(G) =2.

The &-second inverse Nirmala index 5IN2(G) = X, ex(6)(

)__

1
dy—8(6)+1 *3 —a(c)+1
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1 1 -1
= [Eeal (2 21 2 2+1) |E(23)|(2 21 3 2+1) : + [Ees) (3 1 i)

= 4(2) 1+ 16(15)" 7428 (1) 2

=44,

Theorem 5.The average Nirmala index of carbon nanocone C4[2] is
4y/—1.332 +161/—0.332 +28+/0.668.

Proof.Using edge partition from table 1 we get average Nirmala index.
2m_2+48

Here [V(G)| =n =36 and |[E(G)| = m =48, hence —= = 2.666.
2m
Nug(G) =Bl (du — 22 + (d, — 2]
1 1
=|E@al [(2 — 2.666) + (2 — 2.666)]2+|E(23)|[(2 — 2.666) + (3 — 2.666)]2+ |E@a)l[(3 — 2.666) + (3 —
1

2.666)]2

= 44/—1.332+16v/—0.332+28v/0.668.

3.2 Q, type, R-degree, first and second increased inverse Nirmala indicesof carbon nanocone C4[2]
In the following section Q, type, R-degree,first and second increased inverse Nirmala indices are computed.

Theorem 6. TheQ, type Nirmala index of carbon nanocone C,[2] is 281.3.

Proof.Consider a molecular graph of carbon nanocone C4[2] as shown in figure 1. Let My, denote the
multiplication degree of vertices u and v in G. The graph contains Mg 12),M(12,27,Mg,6):M.12) and M7 ,7edges.
Using edge partition from table 2,we get Q, type of Nirmala index.
NQu (G) ZuveE(G)(M + Mv)2 Where M HuEN(v) deg (U)
= [Ee12| (M, T Mv)2+|E(12 27)|(M +M )2"' E, e)|(M + MV)2+ Ee, 12)|(M + Mv)2+ E 27,27)| (M, + Mv)z

= 8(6 + 12)748(12 + 27)2+ 4(6 + 6)2+ 8(9 + 12)2+ 20(27 + 27)2
= 281.3.

Theorem 7.The R-degree Nirmala index of carbon nanocone C4[2] is 338.9.

Proof.Consider a molecular graph of carbon nanocone C4[2] as shown in figure 1. Let My, denote the
multiplication degree and S, denote sum degree of vertices of uand v in G.

The R-degree Nirmala index Nr(G)= Xy ce () v T(W)  +7()
where M= [T,en ) degiiu), Sv= Xyen ) degifu)and r(v) = My+S,.

The R-degree Nirmala exponential is N(G,X) = Xyper () XV ) )
= 8xVII+194 gy V19436 4 f,VI1+1T | g4 V15419 4 9, V36436
a(a %)

R-degree Nirmala index Ng(G) = x=1

=830 +8v 55 + 422 + 8V 34 + 20\/72
=338.9.

Theorem 8.The firstincreased inverse Nirmala index of carbon nanocone C4[2] is 35.

Proof.Consider a molecular graph of carbon nanocone C,[2] as shown in figure 1. Let E,, denote the edge
connecting the vertices of u and v in G.The graph contains E;,Ejand Ezedges. Using edge partitionfrom table 1
we get firstincreased inverse Nirmala index.

|N1 (G) ZquE(G)(d +1 d +1)2
=|E (22)| (2+1 2+1)2 |E(23)|(2+1 3+1) + |E(33)| (3+1 +m)_
= 5.
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Theorem 9.The secondincreased inverse Nirmala index of carbon nanocone C4[2] is 65.

Proof.Using edge partition from table 1 we get secondincreased inverse Nirmala index.

1
IN(G) = Zwver o) (G + ) 2
= Eool o+ ) 2 HEpalG + =) 72 + [Epy (- + —) 2
@A T @37 T3 GG T30
—at+ Y T6C + H T8+ Y2
3 3 3 4 4 4

= 65.

IV.  Conclusion
We have introduced and computed some Nirmala indices. The reduced first inverse Nirmala index
andd-first inverse Nirmala index is equal to 53 and the second inverse Nirmala index and &-second inverse
Nirmala index is equal to 44 for carbon nanocone C,[2].Average Nirmala index, Q, type Nirmala index,R-
degree Nirmala index,first and second increased inverse Nirmala indicesare investigated for carbon nanocone
C4[2].
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