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Abstract
Sombor index is newly introduced and widely studied degree based topological index defined by I.Gutman in the

form of function F(x,y) = +/x? + y2 which was not reported in the chemical graph theory earlier. Sombor index
is defined as

SO(G) = Yuver(s) /duz +d,?, 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 Sombor index of VCsC;[p,q]
nanotubes are investigated by M-polynomial and exponential.
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I.  Introduction

Let G be a finite,simple,connected graph with vertex set V(G) and edge set E(G).In chemical graph
theory eachvertex represents an atom of the molecule and covalent bonds between atoms are represented by the
edges between the corresponding vertices. Two vertices u and v are adjacent if there is an edge e = uv between
them.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.M-polynomials and topological indices of
VC:sC;[p,q] and HCsC;[p,q] nanotubes are studied by Jia-B.Liu et al.[1].Topological indices of
VCsC;[p,q]carbon nanotubes are reported in [2-8]. Topological polynomials of molecular graphs are studied in
[9-12].M-polynomials of molecular graphs are discussed in [13-17]. Different versions of novel harmonic index
are discussed in [18].

Sombor coindices of graphs reported by P.Chinglensana [19].Sombor exponential,reduced Sombor
exponential and average Sombor exponential of graph G is introduced by V.R.Kulli[20].The Sombor
index,reduced Sombor index and average Sombor index showed good predictive potentials [21].More
information on Sombor indices of graphs can be found in [22-35].

New degree based topological index called Sombor index is recently introduced and widely studied
after Zagreb indices for molecular graphs in chemical graph theory, which is defined as

SO =80(G) = Xuver(e) v (dZ +d3)
where dy is degree of vertex v in graph G [36].
The first Banhatti Sombor index,first reduced Sombor index and first §-Banhatti Sombor index of a graph

defined respectively as [37]
1 1
BSOL(G) =Xuver(s) /E to

1 1
RBSOl(G) = ZquE(G) ’m + m ,

_ 1
a.nd SBSO]_(G) - ZquE(G) J(du_5(6)+1)2 (dv—5(6)+1)2 s
The average Sombor index and reduced Sombor index are introduced in [38] as

for 8(G) =2.

*Corresponding Author: N.K.Raut 64 | Page



On Sombor indices of VCsC7[p,q] nanotubes by M-polynomial and exponential

SOuG) uver) | —297+(d, = 227,
where [V(G)| =n, |E(G)| =m and
RSO(G) = Zuver( v (dy — D*+(d, — 1.
The generalized Sombor index defined as SOL(G) = Yuver(c) v (du — @)*+(d, — @)%
Like reduced Banhatti Sombor index or reduced Sombor index, increased Sombor index defined by W.Ning[39]

SOY(G) = Yuver v (dy + 1)*+(d, + 1)

The Sombor index with p = % ,

SO12(G) = My(G)+2RR(G) ,
where M, (G) is first Zagreb indexM1(G) = X.,,,cxc)(dy + d,,) and RR(G) is reciprocal Randic index RR(G) =

ZquE(G) dudv .
dydy

For p = -1 [40] the Sombor index defined as SO.1(G)=Xvex c) (m) which is inverse sum index.

Modified Sombor index and modified reduced Sombor index are proposed by V.R.Kullias

m _ 1
SOG) = Lw er @) Tymrar
and modified reduced Sombor index
mRSO(G) = Zuv €E (G)
The M-polynomial of graph G is defined as o
M(Gx,y) = Xs<izjca My (G) x'y7,
where § = min{d,|v € V(G)}, A = max{d,JvE V(G)}, and m;(G) is the edge vu € E(G) such that

.. . af (x, of (x, f(t, fxt)
i <j,with Dy =X a(;‘y), D,=y a(;y), S,= fox%dt,sy: foy%dt, JF(x,y)) = f(x,x),

Qu(f(x,y)) = x*f(x.y).
By using the first derivative of the Schultz,modified Schultz polynomials of Jahangir graph
Jsm(evaluated at x = 1)one can compute the Schultz, modified Schultz indices [41] as

9Sc(J3,mx.y)
Sc(Jzm) = +lx =1

The first and second Zagreb indices computed from Zagreb polynomialsin [42] for HCsC[p,q] by using first

derivative of the polynomials

Zg1(HCsCq[p,a]) = %k: 1 and Zg,(HCsCq[p,q]) = x=1.

The terms and notations used in this paper are standard and mainly taken from books of graph theory [43-47].
In this paper Sombor index (SO(G)),first Banhatti index (BSO1(G)),first reduced Banhatti Sombor index
(RBSO,(G)),firstd-Banhatti Sombor index (8BSO4(G)),increased Sombor index (SO*(G)),reduced Sombor index
(RSO(G)),generalized Sombor index(SO,(G)),p-Sombor index(with p = -1) (SO.1(G)) and p-Sombor index (with
P =%)(SOl,2 (G)), are investigated by M-polynomial and average Sombor index (SO.(G)),modified Sombor

index ("SO(G)) andmodified reduced Sombor index ("RSO(G)) by Sombor polynomial.

(dy—1)*+(dp—1)*

0293(Gx)

Il.  Materials and Methods
A molecular graph is a simple and connected graph.The two dimensional graph of VCsC;[p,q] with p=3and g =
4 is shown in figure 1.Let the graph ofVCsC;[p,q] nanotube be denoted by G.
There are three edges in G given by E;= p,E, =10p,E; = 24pg-14p as E; = {uveE(G)|d,=d\=2},
E, = {uveE(G)|d,= 2 and d,= 3}and E; = {uveE(G)|d,=d,= 3}.It is observed from figure that the vertex set =
16pq+3p and edge set = 24pg-3p.
The edge partion of VCsC;[p,q]nanotube is used todetermine different versions of Sombor index by M-
polynomial and exponential. The derivational formulas for M-polynomialof different Sombor indices are
presented in table2. The Sombor indices SO(G),BSO1(G),RBSO+(G),8BS01(G),S0(G),S0,e4(G),S04(G),SO.
1(G) and SO4»(G) are determined by M-polynomial and SO4y(G),"SO(G) and "RSO(G)by Sombor polynomial.

I11.  Results and Discussion
3.1 Sombor indices of VCsC-[p,q] nanotubes where p,g>1 by M-polynomial
The molecular graph of VCsC;[p,q] nanotube with p=3 and g=4 is shown in figure 1.Let the graph ofVCsC-[p,q]
nanotube be denoted by G. The structure of nanotube consists of cycles Cs and C- in trivalent decoration which
covers either a cylinder or torus.
The 2-D graph of VCsC-[p,q] nanutubes has 24pg-3p edges and 16pg+3p vertices and degrees of vertices are 2
and 3.The edge partition of VCsC;[p,q] nanotube for p,g> 1 is given in table 1.
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Figure 1. 2-D graph of VCsC;[p,q] nanotube with p=3,q=4.

(dU,dV) (212) (213) (313)
Number of edges | p 10p | 24pg-14p
Table 1. Edge partition of VCsC;[p,q] nanotube for p,q> 1.

Theorem 1.The Sombor index of VCsC-[p,q] nanotube is 102pq -21p.
Proof.Consider a molecular graph of VCsC;[p,q] nanotube as shown in figure 1.By using the definition of
Sombor index SO(G) = X,,ex(c) v/ (dZ + d2)and table 1and 2 we get SO(G).
Let M-polynomial of VCsC+[p,q] is

M(G;x,y) = Z&sisjsA m;;(G) x'y’

=22 M2 (G) X*Y? + X p03My3(G) X*Y3 + X3e3ma3(6G) x°y3
=Eealx?y*+Ee s’y +[Egglx®y?

=px?y%+ 10px2y3+ (24pg-14p)x3y3.

In order tofind SO(G) we need the following,

M(G;x,y) = px?y?+ 10px*y>+ (24pg-14p)x>y>.

DSM(G;x,y) = 4px?y2+4*10px2y3+9(24pq — 14p)x3y3.

D,’M(G;x,y) = 4px2y?+9*10px2y3+9(24pq — 14p)x3y3.

(D,2 + D,)3(M(Gix.y)) =V8 pxy? +/13 10pxy® + VI8 (24pq-14p)x®y®,

1
SO(G) = (Dx* + D, )2(M(G;x,Y)) x=y=1
=102pq -21p.
Theorem 2.The first Banhatti-Sombor index of VCsC-[p,q] nanotube is 11pq - p.
Proof.Consider a molecular graph of VCsC,[p,q] hanotube as shown in figure 1.By using the definition of first

Banhatti-Sombor index BSO1(G) = X,k (c) /diz + %

and table 1land 2 we getBSO;(G).

Let M-polynomial of VC5C7[p,'q]'is

M(G:x,y) = ZasisjsA m;;(G) x'y’

=22 My (G) X2y % + o3 My3(G) X2y° + X33ma3(6) x3y3
=Ealx?*y*+Eea’y +Egalx®y?

=px?y%+ 10px2y3+ (24pg-14p)x3y3.

In order tofind BSO,(G) we need the following,

M(G;x,y) =px®y*+10px?y>+(24pq — 14p)x>y>.

SPM(Gixy) =22y px?y3+= (24pg-14p)x°y°.

SIM(Gixy) =Ex2y 2+ pxy 45 (24pa-14p)xy®.

BSO1(G) = (5+5,)"* (M(GixY)k=y-=1= 11pa-p.

Theorem 3.The first reduced Banhatti-Sombor index of VCsC;[p,q] nanotube is
17pq +2p.

Proof.Consider a molecular graph of VCsC-[p,q] nanotube.By using the definition of first reduced Banhatti-
Sombor index

RBSO1(G) = Xuver(c) /(d 1_1)2 + @ il)zand table 1and 2 we get RBSO,(G).

Let M-polynomial of VCsC;[p,q] is
M(G;X,y) =px2y?+ 10px2y3+ (24pg-14p)x3y3.
In order tofind RBSO,(G) we need the following,
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M(G;x,y) =px*y*+ 10px®y°+ (24pg-14p)x°y?.

Q) QuenM(G:x,y) = pxy+10 pxy?+(24pq — 14p)x*y?

SCM(Gix,y) =pxy +10 pxy?+= (24pq-14p)x2y?2.

S’M(Gixy) =pxy +=pxy+- (24pq-14p)x2y?

RBSO1(G) = (S¢” +$y%) " Qxty Quey(M(G;X,Y))lk =y =1 = 17pg+2p.

Theorem 4.The first 5-Banhatti Sombor index of VCsC,[p,q] nanotube is 17pq —2.516p.

Proof.Consider a molecular graph of VCsC,[p,q] hanotube as shown in figure 1.By using the definition of first
d-Banhatti Sombor index
1

_ 1
8BS04(G) = Luves o) \/ (Au—8(G)+1)? ' (dy-8(G)+1)2

minimum degree among the vertices of G as 8(G) = 2.

Let M-polynomial of VCsC;[p,q] is

M(G;x,y) =px?y*+ 10px*y°+ (24pg-14p)x°y?

In order tofind 6BSO;(G) we need the following,

M(G;x,y)=px?y?+ 10px*y°+ (24pg-14p)x°y>.

QuQyeyM(G;x,y) = pxy+10 pxy?+(24pq — 14p)x*y?

SCM(Gix,y) =pxy +10 pxy?+= (24pq-14p)x?y?2.

S’M(Gixy) =pxy +=pxy>+- (24pg-14p)x2y?

8BS01(G) = (S« 2+ Sy%)"*Quir) Qyey(M(G;X,Y))lx =y =1 = 17pg-2.516p.

Theorem 5.The increased Sombor index of VCsC-[p,q] nanotube is 136pq -25p.

Proof.Consider a molecular graph of VCsC;[p,q] nanotube.By using the definition of increased Sombor index

SOYG) =X uver(e) v (du + 1)*+(d,, + 1)%and table 1and 2 we get SO*(G).

Let M-polynomial of VCsC/[p,q] is

M(G;x,y) = px?y?+ 10px®y*+ (24pq-14p)x°y>.

In order tofind SO*(G) we need the following,

M(G:xy) = px?y?+ 10px?y>+ (24pg-14p)x>y°.

Qe QuenM(Gix,¥)= p?y*+10px°y*+(24pq — 14p)x*y”.

Dy’ Qur1yQysnyM(Gix,y)= 9px >y *+0*10px®y *+16 (24pq — 14p)x*y*

Dy*Qur1)QusyM(G;x,y)= 9px3y3+16*10px3y*+16(24pq — 14p)x*y*.

(D, + D) Quis1)QyesyM(G;x,y)= 18 px3y3+25*10px3y*+32(24pq — 14p)x*y*.
1

SOY(G) = (Dy* + D, *)2(M(GiX,Y)) e =y=1

= 136pq -25p.

and table 1and 2 we getdBSO,(G).For graph G we have

Theorem 6.The reduced Sombor index of VCsC-[p,q] nanotube is 67.87pq -15.8p.
Proof.Consider a molecular graph of VCsC,[p,q] nanotube.By using the definition of reduced Sombor index
RSO(G) = Yuver) v (dy — 1)?+(d, — 1)%and table 1and 2 we get RSO(G).

Let M-polynomial of VCsC/[p,q] is

M(G;x,y) = px?y?+ 10px®y>+ (24pq-14p)x°y?.

In order tofind RSO(G) we need the following,

M(G;x,y) = px?y?+ 10px*y>+ (24pg-14p)x>y>.

Qu-nQyeyM(G;xy)= pxy+10pxy?+(24pq — 14p)x*y>.

Dy Qu-yQyeyM(GixY)= pxy+10pxy*+4(24pq — 14p)x2y2

Dy’ Q1) QyM(Gix,y)= pxy+4*10pxy®+4(24pq — 14p)x’y

RSO(G)= (D + D,*)"?Qxc) Quey(M(GiX,y)) =y =1

=67.87pg-15.8p.

Theorem 7.The generallzed Sombor |ndex of VCsC[p,q] nanotube is

(8—8a+ 2a2)2p+(13 —10a + 2a2)210p+(18 —12a + 2a2) (24pg-14p).
Proof.Consider a molecular graph of VCsC-[p,q] nanotube.By using the definition of generalized Sombor index
SO:(G) = Yuver(a v (du — @)*+(d, — a)?and table 1and 2 we get SO4(G).

Let M-polynomial of VCsC;[p,q] is

M(G;x.y) =px?y*+ 10px*y°+ (24pg-14p)x°y?

In order tofind SO,(G) we need the following,

M(G;X,y) = px2y?+ 10px2y3+ (24pg-14p)x3yS3.

QuaQuaM(G;x,y)= px?~4y?~%+ 10px?~4y>~+ (24pg-14p)x>~*y* 4.
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(DX2+DXZ)%QX(_a)Qy(_a)M(G;x,y)= (8 —8a + 2a2)§px2—ay2—a+(13 —10a + 2a2)§10px2—ay3—a+(18 —12a +
ZaZ); (24pg- 14p)x3 ays-a

SO4(G) = (D, + Dy 2y Qx< 3 Qua(M(GXY)hey =1

=(8—8a+ 2a2)zp+(13 —10a + 2a2)z10p+(18 —12a + 2a2)z (24pg-14p).

Theorem 8.The p-Sombor index (with p = -1) of VCsC;[p,q] nanotube is 36pq -8p.

Proof.Consider a molecular graph of VCsC-[p,q] nanotube.By using the definition of p-Sombor index(with p=-

1) SO)(G) = Tuwerce) (m22)and table Land 2 we get SO,(G)(with p=-1).

Let M-polynomial of VCsC/[p,q] is

M(G;x,y) = px2y?+ 10px2y3+ (24pg-14p)x3y3

In order tofind SO,(G)(p=-1)with we need the following,

M(G;x,y) = px?y?+ 10px®y>+ (24pg-14p)x>y>.

DyM(G;x,y) = 2px2y?+3*10px?y3+3(24pq — 14p)x3y?

D:DyM(G;x,y) = 4px?y?+6*10px2y3+9(24pq — 14p)x3y?

ID.DyM(G;x,y) = 4px*+6*10px°+9(24pq — 14p)x°.

SJDDYM(G;x,y) = px*+12px°+1.5(24pq — 14p)x°.

SOp(G) = SIDXDY(M(G;x,y))Ix=1= 36pq -8p.

Theorem 9.The p-Sombor index (with p= %) of VCsC;[p,q] nanotube is 288pg-61p.
Proof.Consider a molecular graph of VCsC-[p,q] nanotube.By using the definition of

p-Sombor index(with p=>)

801/2(G) = Xuver(c)(dy + dy)+22 vk 6)+/ (dydy)and table 1and 2 we get SOy,(G).
Let M-polynomial of VCsC+[p,q] is

M(G;x,y) =px*y*+ 10px®y>+ (24pg-14p)x®y?

In order tofind SO1,(G) we need the following,

M(G;x,y) = px?y?+ 10px®y>+ (24pg-14p)x>y>.

D,M(G;x,y) = 2px2y2+2*10px2y3+3(24pq — 14p)x3y3

DyM(G;x,y) = 2px2y?+3*10px?y3+3(24pq — 14p)x3y?

(D+Dy)M(G;x,y)= 4px*y*+5*10px*y*+6(24pq — 14p)x3y3

ZM(G X,y) = 22px2y2+32 10px2y3+32(24pq - 14p)x

D, 2D 2M(G X,Y) 2222 px2y2+2232 10px2y3+3232(24pq — 14p)x3y
$045(0) = [(Dx+D,)#2(D, D, I (M(GX.Y)hey
=288 pg-61p.

3.2 Sombor indicesby exponential
In the following section average Sombor index,modified Sombor index andreduced modified Sombor index are
determined by Sombor exponential.
Theorem 10.The average Sombor index of VCSC7[p q] nanotube is
32pq 21> 16pq 3p
(2L ape [ (CR2L Y2 + (2 )2[i10p +{(—Z—)?]: (24pa — 14p).
Proof.Consider a molecular graph of VCsC;[p,q] nanotube as shown in figure 1.By using the definition of

Sombor indexSOag(G) =X uver (o) \/ (dy — ZTm)2+(d,] — 2Tm)zand table 1and 2 we get SO,(G).
Let SO,.¢(G,x) be the average Sombor exponential of VCsC;[p,q].In this case

_ _ 5 _2m _ A24pq—3p _ 48pq—6p
E(G) = 24pg-3p and V(G) =16pg+3p,hered == Zm Topatap

1

a2 _aN\275

Soavg(G:X) :ZuveE(G) x[(du 4 +{dymd)e

IC 48pq—6p)2 ( 48pq—6p)2]

SOug(G.x) =px! 2epaay) C teparar T yqopy
(3_18DA=6P); | o 48D4=6D 217

(24PQ'14D)X[ 16pq+3p 16pq+3p

48Pq=6p.7 5 48PG4=6Dy3 2
[ 16pq+3p) +(3 16pq+3p)] +

N[

—32pq 1 16pq 1 6p 1
o Tevarsn P g opyGoparan) * Gapazan) +(24pq-Lap)x v
a(G
Soavg(G:X) ( x) |>< 1
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S[(22y215p +[(—2PD )2 4

Tepai3p Pp——— ]2 10p +[(50 550" ] (24pq — 14p).

16pq+3

Theorem 11.The modified Sombor index of VCsC;[p,q] nanotube is 6pg-0.1732p.
Proof.Consider a molecular graph of VCsC-[p,q] nanotube.By using the definition of modified Sombor index

"SO(G) = Tuver (6) \/—and table 1and 2 we get "SO(G).
Let™SO(G,x) be the modlfled Sombor exponential of VCsC-[p,q]

"SO(GX)=T et c)? xm
= p T + 10p X7 + (24pq-14p)x T
Modified Sombor index is "SO(G) = a(G 0G0,

\/_p —10p+ ﬁ(24pq 14p) = 6pq 0.1732p.
Theorem 12 The reduced modified Sombor index of VCsC-[p,q] nanotube is
8.485pq-0.23p.
Proof.Consider a molecular graph of VCsC;[p,q] nanotube.By using the definition of reduced modified Sombor

index "RSO(G) = Xy ek (6) (du_1)2+(dv_1)zand table land 2 we get "RSO(G).
Let"RSO(G,x) bethe reduced modified Sombor exponential of VCsC7[p,q]
"RSO(G, x) =Y uveE (6) xm

= me + 10p xm + (24pq — 14p)xm

=p xJ_ +10p xJ_ + (24pg- 14p)x\/_

Reduced modified Sombor index is "RSO(G) = a(G %) — =1
= \/Z_p ElOp + \/?(24pq 14p)
= 8.485pg-0.23p.
Topological index Derivation from M(G;X,y)
Sombor index (SO(G)) (D DAAM(G XY b= y=1
First Banhatti Sombor index (BSO4(G)) (S¢S (MG x.Y)k=y=1
First reduced Banhatti Sombor index (RBSO;(G)) (5" + SO Qe Quy(M(G XYk =y=1
First 5-Banhatti Sombor index (3BSO1(G)) 5+ )" Qun (MG X W)k = y=1
Increased Sombor index (SO* (G)) (DX +DA) " Quixt) Queeny(M(GiX,Y)) k= y = 1
Reduced Sombor index (RSO(G)) (O + DY) Q) Quy(M(G X W) = y=1
Generalized Sombor index (SO4(G)) (D¢ + D) QuaQua(M(GiX,Y)k=y=1
p-Sombor index (p =-1)(SO.1(G)) SIDXDy(M(G;X,Y)) Ix=1
p-Sombor index(p = 2) (SO12(G)) [(Dx+Dy)+2(D< ™Dy )(M(GiXy))k=y=1

Table 2.Derivational formulas for Sombor indices by M-polynomial.

IV.  Conclusion
In this paper Sombor index,first Banhatti Sombor index,first reduced Banhatti Sombor index,first &-
Banhatti Sombor index,increased Sombor index,reduced Sombor index,generalized Sombor index,p-Sombor

index(with p=-1),p-Sombor index (with pzé) are determined by M-polynomial and average Sombor

index,modified Sombor index and reduced modified Sombor index by Sombor exponential for VCsC;[p,q]
nanotubes.

References

[1].  J.B.Liu,M.Younas,M.Habib,M.Yousaf and W.Nazeer,M-polynomials and degree-based topological indices of VCsC+[p,q]
and HCsC+[p,q]nanotubes IEEE Access ,Volume XX,2017,1-9.

[2]. F.Deng,X.Zhang,M.Alaeiyan,A.Mahboob and M.F.Farahani,Hindawi,Advances in Materials Scienceand
Engineering,Volume 2019,Article ID 9594549,12 pages.

[3]. S.Hayat, M.Imran, Computation ofcertain topological indices of nanotubes covered by Cs and C5, Journal of Computational
and Theoretical Nanoscience,Vol.12,2015,1-9.

[4]. N.De, Computation of general Zagreb index of nanotubes covered by Csand C;,Biointerface Research in Applied
Chemistry, Vol.11,Issue 1,2021,8001-8008.

[5].  A.lranmanesh,Y.Alizadeh and B.Taherkhan,Computing the Szeged and P-indices of VCsC;[p,q] and HCsCs[p,q]
nanotubes, International Journal of Molecular Science,2008,9,131-144.

[6]. M.K.Jamil,A.Javed,W.Nazeer,M.R.Farahani and Y.Gao,Four vertex degree based topological indices of VCsCs[p,q]
nanotubes,Communications in Mathematics and Applications,VVol.9,N0.1,2017,99-105.

*Corresponding Author: N.K.Raut 69 | Page



On Sombor indices of VCsC7[p,q] nanotubes by M-polynomial and exponential

[71.
[8].
[9].

[10].
[11].
[12].
[13].
[14].
[15].
[16].
[17].
[18].

[19].
[20].

[21].

[22].
[23].
[24].

[25].
[26].

[27].
[28].

[29].

[30].
[31].

[32].

[33].
[34].
[35].
[36].

[37].
[38].

[39].
[40].
[41].

[42].
[43].
[44].
[45].
[46].
[47].
[48].

M.S.Anjum,M.U.Safdar,K-Banhatti and K-hyper-Banhatti indices of nanotubes,Engineering and  Applied
Letters,2(1),2019,19-37.

M.R.Farahani,First and Second Zagreb polynomials of VCsC;[p,q] and HCsC;[p,q] nanotubes,International Letters of
Chemistry,Physics and Astronomy,12(2014),56-62.

M.R.Farahani, On domination polynomial of TUC4Cg(S) nanotube, Pacific Journal of Applied Mathematics, 7(2), 2015, 75-
86.

N.K.Raut, The Zagreb group indices and polynomials, International Journal of Modern Engineering Research,
Vo0l.6,2016,84-87.

V.R.Kulli, On augmented reverse index and its polynomial of certain nanostar dendrimers, International Journal of
Engineering,Sciences and Research Technology,7(8),2018,237-244.

M.R.R.Kanna, S.Roopa and H.L.Parashivmurthy, Topological indices of Vitamin Ds, International Journal of Engineering
and Technology,7(4),2018,6276-6284.

P.J.N.Thayamathy, P.Elango and M.Koneswaran, M-polynomial and degree based topolgical indices for Silicon oxide,
International Journal of Pure and Applied Chemistry, 16(4), 2018, 1-9.

B.K.D.Shree,R.Jagdeesh,and Dr.Siddabasappa,Application of Topological indices of Tenofovir chemical structures for the
cure of HIV/AIDS patients, Turkish Journal of Computer and Mathematics Education,VVol.2,N0.10,2021,1693-1706.
E.Deutsch and S.Klavzar, M-polynomial and degree based topological indices, Iran Journal of Mathematical Chemistry, 6,
2015, 93-102.

M.Munir, W.Nazeer, S.Rafique and S.M.Kang, M-polynomials and related toplogical indices of nanostar dendrimers,
Symmetry, MDPI, 2016,8,97.

N.K.Raut, On polynomials of reduced topological indices of TUC4Cg[S] carbon naotubes, IOSR Journal of Applied Physics,
Vol.14, Issue 3, Ser.l, 2022,11-17.

S.Ediz,M.R.Farahani and M.Imran,On Novel harmonic indices of certain nanotubes,International Journal of Advanced
Biotechnology and Research,Vol.8,Issue 4,2017,277-282.

P.Chinglensana, S.M.Mawiong, On Sombor coindex of graphs, arXiv:2109.03108v2 [math.C0],2021,1-3.
V.R.Kulli,Sombor indices of certain graph operators,Inernational Journal of Engineering Sciences and
Research,10(1),2021,127-131.

I.Redzepovic,Chemical Applicability of Sombor indices,Journal of the Serbian Chemical Society,VVol.86,N0.5,2021,445-
457.

N.Ghanbari,S.Alikhani, Sombor index of certain graphs, Iranian Journal of Mathematical Chemistry,12(1),2021,27-37.
K.C.Das,A.S.Cevic,I.N.Gangul and Y.Shang, On Sombor index, Symmetry, MDPI,13,2021,140.

I.Milovanovic, E.Milovanovic,A.Ali and M.Matejic,Some results on the Sombor indices of graphs,Contributions to
Mathematics,3,2021,59-67.

G.K.Jayama,l.Gutman,On characteristic polynomial and energy of Sombor matrix,Open Journal of Discrete Applied
Mathematics,4(3),2021,29-35.

V.R.Kulli,Multiplicative Sombor indices of certain nanotubes, International Journal of Mathematical Archive,12(3),2021,1-
5.

Z.K.Vukicevic, On the Sombor index of chemical trees,Mathematica Montiasnigri,Vol.1,2021,5-14.

X.Fang, L.You and H.Liu,The expected values of Sombor indices in random hexagonal chains,phenylene chains and
Sombor indices of some chemical graphs, arXiv:2103.07172v3[math.C0],2021,1-19.

V.R.Kulli and I.Gutman,Computation of Sombor indices of certain networks,SSRG International Journal of Applied
Chemistry,8(1),2021,1-5.

B.Horoldagva, C.Xu, On Sombor index of graphs, MATCH Commun.Math.Comput.Chem.86, 2021, 703-713.

N.E.Arif, A.H.Karim and R.Hasni,Sombor index of some graph operations,International Journal of Nonlinear Anal.
Appl.,13,No.1,2022,2561-2571.

H.S.Ramane,V.V.Manjalpur and 1.Gutman, Generalsum-connectivity index,general product connectivity index,general
Zagreb index and coindices of line graph of subdivision graphs,AKCE Interanarional Journal of graphs and Combinatorics,
14,2017,92-100.

V.R.Kulli,Multiplicative Sombor indices of certain nanotubes, International Journal of Mathmetical Archive,12(3),2021,1-5.
Z.Lin,T.Zhau, V.R.Kulli and L.Miao,0On the first Banhatti-Sombor index,arXiv:2104.03615v1 [math. CO],2021,1-18.
V.R.Kulli, On Banhatti-Sombor indices,SSRG International Journal Chemistry,\/ol.8,Issue 1,2021,21-25.

I.Gutman,  Geometric ~ approach to  degree-based  topological indices:  Sombor indices, MATCH
Commun.Math.Comput.Chem.86, 2021, 11-16.

V.R.Kulli, I.Gutman, Computation of Sombor indices of certain networks,SSRG International Journal of Applied
Chemistry,8(1),2021,1-5.

S.Hayat,ARehman and Y.Zhang,On  Sombor index of graphs with given number of cut-
vertices,axXiv:2203.08438v1[math.CO] 2022,1-11.

W.Ning,Y.Song and K.Wang,More on Sombor index of graphs,Mathematics,MDP1,2022,1-12.

T.Reti, T.Doslic and A.Ali, On the Sombor index of graphs, Contributions to Mathematics, 3, 2021, 11-18.
M.R.Farahani,M.R.R.Kanna and W.Gao,The Schultz,modified Schultz indices and their polynomials of the Jahangir graphs
Jn.m for integer numbers n =3,m=3,

Asian Journal of Applied Sciences,Vol.3,Issue 6,2015,823-827.

J.Asadpur,R.Mojarad and |.Shafikhani,Digest Journal of Nanomaterials and Biostructures,6(3),2011,937-941.
R.Todeschini,and V.Consonni, Handbook of Molecular Descriptors,Wiley-VCH,Weinheim,2000.

N.Trinajstic, Chemical Graph Theory, CRC Press, Boca Raton, F., 1992.

J.A.Bondy, U.S.R.Murthy, Graph Theory with Applications, Macmillan London, Elsevier, New York, 1976.

N.Deo, Graph Theory, Prentice-Hall of India, Private Ltd. New Delhi, 2007, 01-11.

D.B.West, Introduction to Graph Theory, Second Edition, PHI Learning Private Ltd. New Delhi, 2009, 67-80.

*Corresponding Author: N.K.Raut 70 | Page



