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Abstract. In this paper, we introduce some multiplicative mectivity indices of a graph.
A topological index is a numeric quantity from tsteuctural graph of a molecule. In this
paper, we compute first multiplicative Zagreb indeiltiplicative hyper-Zagreb, general
multiplicative Zagreb, multiplicative sum connedyy multiplicative product
connectivity, multiplicativeABC, general multiplicativésA indices for certain important
chemical structures like nanotubes covered bgr@ G
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1. Introduction

In this paper, we consider only finite connecteallitected without loops and multiple
edges. LeG be a connected graph with vertex ¥66) and edge se(G). The degree
ds(v) of a vertexv is the number of vertices adjacentwoThe edge connecting the
verticesu and v will be denoted byuv. For other undefined notations and terminology,
the readers are referred to [1].

A molecular graph is a simple graph such thatvégices correspond to the
atoms and the edges to the bonds. Chemical gragamytiis a branch of mathematical
chemistry which has an important effect on the @grmaent of the chemical sciences. A
single number that can be used to characterize pooperty of the graph of a molecular
is called a topological index for that graph. Igamic chemistry, topological indices have
been found to be useful in chemical documentatisomer discrimination, structure
property relationships, structure activity relagbips and pharmaceutical drug design.
There has been considerable interest in the gepsshlem of determining topological
indices.

The first and second multiplicative Zagreb indioéa graphG are defined as

Ill(G):qu_(L)dG(u)z, IIZ(G):Uﬂe)dG(u)dG(V).

These indices were introduced by Todeshine enhdR]iand were studied, for example,
in[3,4,5,6,7,8,9, 10, 11].
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In [12], Eliasi et al. proposed a new multiplieativersion of the first Zagreb
index as

15(0)= [] [de(0) (4]}

The first and second multiplicative hyper-Zagnetlices of a grapf® are defined

Hlll(G):w!_ElG)[dG(uﬁdG(v)]z, H||2(G):WL‘E!G)[dG(u)dG(v)]Z.

These indices were introduced by Kulli in [13].
The general first and second multiplicative Zagmetlices of a graphs are
defined as

vz:(6)= [] [ (d+ (¥ mzi(6)= [] [ (v &(Y]"

These topological indices were introduced by Kedlal. in [14].

One of the best known and widely used topologicalek is the product
connectivity index or Randi index, introduced by Rangiin [15]. The product
connectivity index of a grapB is defined as

1

X(G)= —_

(©) uvuZE(:e) ds (u) ds (V)

Motivated by the definition of the product conneity index and its wide
applications, we introduce the multiplicative protdeonnectivity index, multiplicative
sum connectivity index, multiplicative atom bondnoectivity index, multiplicative
geometric-arithmetic index and also general mudtgtive geometric-arithmetic index of
a graph as follows:

The multiplicative sum connectivity index of a gheG is defined as

1

O mwrem

The multiplicative product connectivity index ofjeaphG is defined as

—_ ;
Me= 1 e

The multiplicative atom bond connectivity indexaofraphG is defined as

_ dG(u)+dG(v)_2
reci(o)= 11 L

The multiplicative geometric-arithmetic index afgraphG is defined as

B dg (u) ds ()
CAIe)= 1, ety a(y

The general multiplicative geometric-arithmetidéx of a graple is defined as
follows:

as
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ey ds (W) d.(V |
. (G)‘W!ZL)(WJ -

Nanotubes are basic and primal structures of atime complicated chemical
molecular structures. These molecular structure® eeen widely applied in chemical
engineering, medical science and pharmaceuticddsfieTherefore we compute
multiplicative connectivity indices of nanotubesreced byCs andC; with industries and
academic interest.

2. Resultsfor nanotubes covered by Cs and C,

We compute index for certain special classes afotubes, viz,VCC/[p,q and
HCsC/[p, q] nanotubes. These nanotubes are trivalent deooratinstructed b¢s and
C;in turn and they can cover either a cylinder oorag. The parametgris the number
of pentagons in the first row &fCC;[p,q and HCsC/[p,q. The vertices and edges in
first four rows are repeated alternately, we dettmenumber of this repetition loy

Figure 2: HCsC/[p, q] nanotube
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Theorem 2.1. Let G = VGC, [p,q and G; = HCsC, [p,q be two classes of nanotubes.
Then

1) 1y(VGCrIp,d) = 212 31

2) I11(HCsC, [p,q) = 2'% 3##1,
Proof: 1) Let G = VGC; [p,g] be the nanotubes. By algebraic method, we get
V(G)|=16g+6p | andE(G)|=240q+6p. We have two partitions of the vertex $#6G) as
follows:

V2 = {VvOV(G) : dg(V) = 2}, V2| = 6p.

Vs = {vOV(G) : dg(V) = 3}, V3| = 160q.

1(G) = [ do(u) =[122x[13=(2)" x(&)"™
@ = [1 e =[]2<[] (2)7(3)
= 2P 3PP
2) Let G; = HCsC/[p,q] be the nanotubes. By algebraic method, we \§&)|=8pa+5p
and E(G1)|=12g+5p. We have two partitions of the vertex $€G,) as follows:
Vo = {VLIV(G,) : ds(V) = 2}, V2| = 9.
V3 = {VLIV(G,) : dg(V) = 3}, V| = 8a.

(G = ULL)dGl (U)Z = L|D_\|522 X |uj_\|§32 :(22)5P x(32)12pq

= 2'P 3%,
We now determine the first and second multipli@thyper-Zagreb indices of
nanotubes.

Now

Now

Theorem 2.2. Let G = VGC[p,q and G; = HCsC;[p,q be two classes of nanotubes.
Then

1) HI(VGCr[p.d) = 5% 611

2)  HIVCC[p,d) = 627 g1,

3) HII (HCsC, [p,q]) = 4% 5'% 629 -8°

4) HIl (HCsC, [p,q]) = 4% 6'% 9?%a-8°

Proof: Let G=VGC; [p,d be the nanotubes. By algebraic method, we get
V(G)|=16pa+6p and E(G)|=24pq+6p. We have two partitions of the edge &G) as
given in Table 1.

de(u), de(u) \ uv O E(G) Es=(2, 3 Es=(3 3)

Number of edge 12p 24pg- 6p

Table 1. Computing the number of edges ¥EsC; [p, d nanotube.

1) HIl (G) = lM!_EIG)[dG(u)+ dG(V)] = u|;|!%(2+ 3) X Dg(3+ 3)
= 5P giea-1p,
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2)  HIQ)= UJ‘E!G)[dG(U)dG(\OT = LL(M)ZX [ ch

— g2 gena- 12

Let G, = HGC; [p,g be the nanotubes. By algebraic method, we get
V(G |=8pat5p and E(Gy)|=12pa+5p. We have three partitions of the edge &) as
given in Table 2.

do(u), de(u) \uv O E(G) Es=(2,2) Es=(2, 3 Es= (3, 3)

Number of edge P 8p 12pqg-4p

Table 2. Computing the number of edges HCsC; [p, d nanotube.

3)HIl4(Gy) = uﬂq)[dq(u)+ d (V] = u|;|E(2+ 2 x [ (2+ %] (3+ §°

ud E W E
= fP5ltp g24pa- 8

A)HIIAGy) = uﬂq)[dc’l (Wds (Y] = UI“;L(ZX 2)’ x u|;|g(2>< 3 |;|E( x93’
= fPELP g2%a-

Theorem 2.3. Let G=VGC;[p,q be a class of nanotubes. Then

1) xu(vcsc7[p,q1)=(1j (—éj -

3) MZg (VG| p g) = 52rgren

4 mMz;(vec[nd
Proof: By using Table 1, we get

1) Xl (G)

2) xu(vcscy[p,q])—[ ]U .
)=
)=

62 pag24pq 6p)a

1 1
J;l Jds (u) +dG \a soE~N2+3 QEJ3+3

AN

1 B 1 1
2 ae) ﬂ Jas (u)ds (V) delv2x3 Dwsxs

(& (%T” ”
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9 uzi(0)= [] [(d a(] =5xs

o Mzx(e)= [] [4() (4T o™ xgh

Theorem 2.4. Let G; = HCsC/[p,q] be a class of nanotubes. Then

1) Xi(HC.C [p.d)= (}jp(éfp(%juw“_

p 1 8p 1 12pg-4p
2)  xli(HCLC,[p.q) :(Ej (%j (?J _
3) MZf(HCSC?[ n q) = gPagppagflzpa-4p)a

4) MZ3 ( HC5C7[ n (i) = gPagdpadi2ra-4p)a

Proof: By using Table 2, we get
1 1 1

1) X ( LM!;I ) Jde (U)+del v) b2+ 2 !;lg\/2+3 DEJ3+3
CaARCON
2) X1 (G uﬂ dq, (u dQ l_Lx/ZTZ umg\/273 luglg\/—i”

AN
d; (u

1) x

2

3) ﬂ |: + ] — gPacppagl2pu-ana
&)= ]|

4) del J = 4Pagpraglzra-4p)a

Theorem 25. Let G = VGCy[p,q and G;= HCsC/[p,q] be two classes of nanotubes.
Then
1)  ABCI(VGCCip,q) = 2**° 129369—24pq

12pq

2) ABCI(HC:C/[p,q) = z Papp-12pa.
Proof: 1) By using Table 1, we get

_ ds(u)+d;(v)-2 +o- +
ABCII(G)—UL!G)\/ ((je)(u) d(;((\)/) Z-HQ\/%XUEL\/ 33><3_32
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[LJ(E
J2 3
2) By using table 2, we get,

ABCII(G, J;] \/T rL\/z;fzz 2+2x3_32’<u|;|% 3;(3_32
(&G

Theorem 2.6. Let G = VGC; [p,g] and G, = HCsC;[p,q be two classes of nanotubes.

1) GAu<vc5c7[p,q1):[2fJ .

Then

24pg-6p
— n24pg-12pn6p- 24
j =2 pq D3 p- Dq.

2.6

3) GAII(HCsCy[p,q)) = [

4) GAIl(HCCAp,d) = (—

5

2\/6]8’).

2\/6]8[)61.

5

Proof: 1) By using Table 1, we get

2/ (u) & (V) 2/2x3 o /3

GAIl(G) = ﬂ

2) GA'II(G) = Q

|

o (

(V)

12

2P 2 Papp-12pa.

2+3 UDE 3+ 3

e

de(u)demf

dg, (u) + s ()

3) By using Table 2, we get

GAIl(G,) = J;]
woE(q)

:(1)px[

Zvdq(u)dq(")

i 2\/612pa
=5 )

nox2 A>3 o 2

5

dg, (u)+ dg (V)
208"

| e
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ey o (A (W (V) (208"
oA ”(Gl)_uﬂq)[ %(u)%(v)] %)
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