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1. Introduction

Let G be a finite, simple, connected graph with verteixX\§€&) and edge sdi(G). The
degreeads(V) of a vertexv is the number of vertices adjacenvtd@ he edge connecting the
verticesu andv will be denoted byv. We refer to [1] for other graph terminology and
notation.

A molecular graph is a graph such that the vest@marespond to the atoms and
edges to the bonds. A single number that can kettosgharacterize some property of the
graph of molecular is called a topological indexgaaph index. Chemical Graph Theory
is a branch of Mathematical Chemistry whose fodumterest is to finding topological
indices of a molecular graph which correlate welthwchemical properties of the
chemical molecules. Numerous topological indicegehaeen considered in Theoretical
Chemistry and have found some applications in QQBRR study see [2, 3].

In [4], Kulli introduced the first Gourava index @ graphG, defined as

GO,(G)= 3 [dg (u)+dg (v)+dg (u)dg (V)]

wiE(G)
The second Gourava index [4] of a grdébfs defined as

GO,(G)= Y (dg(u)+dg()(dg (u)dg (v))

wiE(G)
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Recently, some Gourava indices were introduced stndied such as hyper
Gourava indices [5], sum connectivity Gourava inf@x product connectivity Gourava
index [7], general first and second Gourava indj8&s

We introduce the multiplicative first and secondu@va indices of a graph,
defined as

GOl (G) =wﬂ [ (dg (W) +dg (V) +(dg (u)d (W) ],
E(G)
GO,(G) = ﬂ (dg (u) +dg (V) (dg (u)dg (V).
wUE(G)

Also we propose the multiplicative first and settdryper Gourava indices of a
graphG as

HGOII (G) = |‘l [ (ds (u) +dg (V) +(dg (u)d, (v))]z,
uwiE(G)
HGO, (G) = ﬂ [(ds () + dg (W) (dg (W dg (V)T
wUE(G)

Furthermore, we introduce the multiplicative suommectivity Gourava index
and multiplicative product connectivity Gouravaeémndf a graple, defined as
1

GOl (G) = ,
uvl;lG)\/ U) + d (V) ( I (U)dG (V))

PGOII (G) = L :

UVLIG) \/(dG (U) + dG (V))(dG (U)dG (V))

Finally, we define the general multiplicative fiemd second Gourava indices of
a graphG as

GO (G) = 0 [(dg (W) +dg () +(dg (Wdg W), 1)
wUE(G)

GO; (G) = ﬂ [(de (u) + dg (V) (ds (u)dg (V))T )
wlE(G)

wherea s a real number.

Recently, some different multiplicative icgs were studied, for example, in [9, 10].

In this paper, we consider armchair polyheanotubes and zigzag polyhex
nanotubes. Some degree based topological indidbesd nanotubes were studied in [11,
12, 13]. Multiplicative indices and multiplicativeonnectivity indices have significant
importance to collect information about propertiéghemical compounds [3].

In this paper, some multiplicative Gourava indiadsarmchair polyhex and

zigzag nanotures are determined.

2. Resultsfor Armchair Polyhex Nanotubes

Carbon polyhex nanotubes are the nanotubes whdisdrayal surface nanotubes are the
nanotubes whose cylindrical surface is made upntifedy hexagons. These polyhex
nanotubes exist in nature with remarkable stabéitgd poses very interesting electrical,
mechanical and thermal properties. Armchair polyharotube is denoted BYJAC[p,

g], wherep is the number of hexagons in a row anpié the number of hexagons in a
column. A graph oTUAC[p, q] is shown in Figure 1.

108



Multiplicative Gourava Indices of Armchair and Zagz Polyhex Nanotubes

Figure 1: Graph ofTUAC[p, q]

Let G = TUACq[p, q] wherep, g = 1. By calculationG has (g+1) vertices and
3pq +2p edges. There are three types of edges based oeedefgend vertices of each
edge as given Table 1.

Table 1. Edge partition oTUAC[p, d

de(U), de(V)\uv O E(G) 2, 2) @, 3) @3, 3)

Number of edges P 2p 3pq—p

Theorem 1. The general multiplicative first Gourava indexTafACs[p, q] is
GO?1I (TUAC,[ p,q]) = 8% x 1 2% x 15(P1-P) ©)
Proof: Let G = TUAC[p, q]. By using equation (1) and Table 1, we deduce

GOAII (TUAC,[ p.q]) = ﬂ [ (dg (u)+dg (W) +(dg (u)dg (W) |
wiIE(G)

=[(2+ 2+ (2x )P x[(2+ 3+ (2 P x[( 3 B+( 3
=8% x 1% x 15(3pa-p)

We obtain the following results by using Theorem 1

Corollary 1.1. The multiplicative first Gourava index ®fJACs[p, ] is
GOII (TUAC,[ p,q]) =8° x 12" x 18P
Corollary 1.2. The multiplicative first hyper Gourava index BIACs[p, q] is
HGO,Il (TUAC,[ p,q]) = &P x 117 x 187
Corollary 1.3. The multiplicative sum connectivity Gourava ind&xXTUACs[p, d] is

wonetoa- (3] (-
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Proof: Puta=1, 2, -2 in equation (3), we get the desiredItesespectively.

Theorem 2. The general multiplicative second Gourava indeXWACs[p, q] is
GO21I (TUAC,[ p,q]) =16™ x 3™ x 540 (4)
Proof: Let G = TUACs[p, g]. From equation (2) and by using Table 1, we deriv
GO211 (TUAC,[ p.q]) = ﬂ )[(dG(u)+dG (W)) +(dg (W dg )|
uiJE(G

=[(2+2)x(2x )" x[(2+ Ix( 2 Y x[( 2 Bx( 2 Ha(qufp)
=16 x 3G® x 54(3ra-p)
We establish the following results by using TheoZzm

Corollary 2.1. The multiplicative second Gourava indexXTafACs[p, q] is
GO, Il (TUAC,[ p,q]) =16° x 3G° x 54™°°

Corollary 2.2. The multiplicative second hyper Gourava indeX0RAC¢[p, q] is
HGO, Il (TUAC, [ p,q]) =16 x 30" x 54 %

Corollary 2.3. The multiplicative product connectivity Gourawaex of TUAC [p,q]

PGOII (TUAC,[ p,q]) = Gjp x [%jzp x (ﬁ]zm_p .

Proof: Puta=1, 2, -2 in equation (4), we obtain the desiesalilts respectively.

3. Resultsfor Zigzag Polyhex Nanotubes

Zigzag polyhex nanotube is denotedTyZCq¢[p, ], wherep is the number of hexagons
in a row andq is the number of hexagons in a column. A graphl@¥ZCs [p, q] is
presented in Figure 2.

Figure 2: Graph ofTUZCg[p, q]
Let G = TUZC[p, g], wherep, q = 1. By calculationG has p(g+1) vertices and
3pq + 20 edges. There are two types of edges based onedefjend vertices of each
edge as given in Table 2.
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Table 2: Edge partition oTUZC{[p, q]
do(u), ds(v) \ uv O E(G) (2,3) (3,3

Number of edges pt 3pq - 2p

Theorem 3. The general multiplicative first Gourava indexTafZCs[p, q] is given by
GO (TUZC,[ p, q]) =11 x 15C~20). (5)
Proof: Let G = TUZCq[p, . From equation (1) ad by using Table 2, we abtai

GO?II (TUZC,[ p.q]) = ﬂ [(dg (W) +dg () +(dg (W dg () |
wUE(G)

=[(2+3) +(2x 3] x[(3+ 3+ ( 5 I
=174 x 15(3pa-2p)

We establish the following results by using Theof®

Corollary 3.1. The multiplicative first Gourava index ®fJZCs[p, q] is
GO|II (TUZC,[ p,q]) =11 x 1575

Corollary 3.2. The multiplicative first hyper Gourava indexBiZCq[p, q] is
HGO,II (TUZC,[ p,q]) =1FP x 18

Corollary 3.3. The multiplicative sum connectivity Gourava inde#xTUZCq[p, q] is

SGOIl (TUZC, [ p,q]) = [%Jp X (%Jpq_zp :

Proof: Puta=1, 2, —%2 in equation (5), we obtain the desie=dilts respectively.

Theorem 4. The general multiplicative second Gourava indeXWZCq[p, q] is given by
GO21I (TUZC,[ p, q]) = 30 x 54(P20) (6)
Proof: Let G = TUZCq[p, g]. By using equation (2) and Table 2, we have
GO211 (TUZC, [ p,d]) = |‘l [ (dg () +dg (W)(d (udg (W) ]’
wiE(G)

=[(2+ 3= (2x 3] x[(3+ Ix( x 3]5‘(3Pq-29)
=30/ x 5A43ra-20)

Corollary 4.1. The multiplicative second Gourava indext&fZCs[p, q] is
GO, I (TUZC,[ p,q]) = 30° x 54720

Corollary 4.2. The multiplicative second hyper Gourava indeX0ZCs[p, q] is
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HGO,II (TUZC,[ p,q]) = 30°° x 547

Corollary 4.3. The multiplicative product connectivity Gouravadéx of TUZC¢[p,q] is

PGOIl (TUZC,[ p,d]) = (%Tp x(ﬁjwp .

Proof: Puta=1, 2, -~ in equation (6), we get the desiradlte respectively.

3. Conclusion

In this paper, we have studied the multiplicativeu@va indices of chemically
interesting armchair polyhex and zigzag polyhexatalmes. However, there are many
other nanostructures which are not covered heraisThor further research, the
multiplicative Gourava indices of several other ostructures can be considered.
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