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Abstract. We introduce the first and second Gourava indides molecular graph. Also
we introduce the first and second Gourava coindifes molecular graph. In this paper,
we compute the first and second Gourava indicemwfe standard classes of graphs. We
also compute the first and second Gourava indi€@smchair polyhex and zigzag-edge
polyhex nanotubes.
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1. Introduction

Let G = (V, E) be a finite, simple, connected graph. The dedeé@ of a vertexv is the
number of vertices adjacent¥oAny undefined term in this paper may be foun&irli
[1].

A molecular graph is a graph such that verticesespond to the atoms and the
edges to the bonds. Chemical graph theory is achrahmathematical chemistry which
has an important effect on the development of temical sciences. In chemical science,
the physico-chemical properties of chemical complguare often modeled by means of
molecular graph based structure descriptors, whiehalso referred to as topological
indices, see [2].

The first and second Zagreb indices, first appeares topological formula for
the total Trenergy of conjugated molecules, were introducedGlyman et al. in [2].
These indices have been used as branching indid¢es.Zagreb indices have found
applications in QSPR and QSAR studies.

The first and second Zagreb indices of a molearaphG are defined as

M(0)= ¥ [a)ra (] Mi(6)= 3 d(u)d ()

Motivated by the definitions of the Zagreb indicesd their wide applications,
we introduce the first Gourava index of a molecglaph as follows:
The first Gourava index of a graghis defined as

GO, (G) :M;G)[(de (u)+dg (v)) +dg (u)dg (v) ] (1)
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The generalized Zagreb index was introduced by iAaiad Iranmanesh in [3]
and is defined as

M,(G)= uvD;(G)(dG (u) dg (V)" +dg (V) dg (u)s) , forallr,sON.

Motivated by the definitions of the first Gouravadex and the generalized
Zagreb index, we define the second Gourava indexroblecular grapts as follows:
The second Gourava index of a molecular gi@pé defined as
GO, (G) = Z;; )(dG (u)+ds (V))(dG (u)ds (V)) )
uwlE(G
We rewrite the second Gourava index as follows:
2 2
GO,(G)= 3 (de(u)’ do (v)+ds (v)"ds (u)
uwiE(G)
Recently many topological indices were studied,efcample, in [4, 5, 6, 7, 8, 9,
10, 11, 12, 13, 14, 15, 16].
In this paper, we consider the armchair polyherotgbesTUAC{m,n] and
zigzag-edge polyhex nanotub@&@JZCgm,n], and compute their Gourava indices. Also
the first and second Gourava indices of some stdraasses of graphs are determined.

2. Resultsfor some standard classes of graphs

Proposition 1. Let C, be a cycle witm>3 vertices. TheGO,(C,) = 8n.

Proof: Let C, be a cycle witm=3 vertices. The®O,(C,) = n[(2+2)+(2x2)]=&.
Proposition 2. Let K, be a complete graph witie2 vertices. Then

eol(Kn)=%n(n+1)(n-1)2.

n(n-1
Proof: LetK, be a complete graph withvertices. Ther, has ( > ) edges.

_n(n-1

GOl(Kn)—T[(n—1)+(n—1)+(n—])(n— ])]:%20“_) ‘

Proposition 3. LetK,, , be a complete bipartite graph witkrii<n. Then
GO4(Kpm n) = mn(m+n+mn).
Proof: Let K, be a complete bipartite graph witkrmi<n. ThenK,, hasnt+n vertices
andmn edges such tha¥y| =m, V2| =n, V(Kn,) = V1V, Clearly every vertex oV, is
adjacent withn vertices and every vertex fis adjacent withm vertices.
GOy (Kmypn) = mn[(nHn)+ mn.

Corollary 3.1. LetK,,, be a complete bipartite graph. THe®,(K.,) = n*(2+n).
Corollary 3.2. LetKy, be a star. TheGOy(Ky,) = n(1+2n).

Proposition 4. If G is anr-regular graph withm vertices, then
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GO,(G) =%nr2(2+r).

Proof. If G is anr-regular graph witm vertices, therG has n% edges. The degree of

each vertex oG isr.
GO,(G) =n—2r[(r +r)+ rz] =%nr2(2+ r).

Proposition 5. Let P, be a path withn=3 vertices. ThenGO,(P,) = 81— 14.
Proof: Let G=P, be a path witm=3 vertices. We obtain two partitions of the edgecfe
P, as follows:

Es = {wWUE(G) |de(u) = 1,ds(v) = 2}, [Eq| = 2.

E, = {WIE(G) |ds(u) =de(v) =2},  [Ed=n-3.
To computeGO,(P,), we see that

60,(6)= 3 [(d (o) (v) ¢ 1) (v)]

=[(1+2) + (1x2)]2 + [2+2) + (2x2)](n - 3).
=10+ & —-24 =& - 14.
Similarly, the second Gourava index of some stahd#asses of graphs are
determined.

Proposition 6. (1) LetC, be a cycle witm=3 vertices. ThetGO,(C,) = 16n.
(2) LetK, be a complete graph witiz2 vertices. TherGO, (K,) =n(n-1)".

(3) Km n be a complete bipartite graph witknk<n. Then
GOy(Km 1) = (M+n) mn,

(4) If G is anr-regular graph witi vertices, therGO, (G) =nr*.

(5) LetP, be a path withn=3 vertices. ThenGO,(P,) = 161 — 36.

3. Resultsfor armchair polyhex nanotubes

The armchair polyhex nanotubes usually symboliz@@AC[m, n] in which m is the
number of hexagons in first row ands the number of rows. The graphTaJAC¢[m, n]
is shown in Figure 1.

Figure 1: The graph of armchair polyhex nanotudACs[m,n]
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By algebraic method, we obtaM(TUACsm, n])| = 2n(n+1) and E(TUACm,
n))| = 3nn+2m. Let G = TUACq[m, n].

Also by algebraic method, we obtain three edgéditipars of (TUAC{m, n])
based on the sum of degrees of the end verticetl@ass:

Es = {wlE(G) |de(u) = 2,dg(V) = 2}, [Es| =m.

Es = {uUE(G) |de(u) = 2,ds(v) = 3}, [Es| = 2m.

Es = {WUE(G) |de(u) =ds(V) =3},  [E4f =3m-m

In the following theorem, we determine the firsdaecond Gourava indices of
the TUACg[m, n] nanotube.

Theorem 1. The first and second Gourava indices GUAC{m, n] nanotube are
respectively given by
i) GOy (TUACm, n]) = 45mn + 15m.
ii) GO,(TUAC[m, n]) = 162mn + 22m.
Proof: Let G = TUAC¢m, n]. The graphG has 2n(n+1) vertices and@n+2m edges.
i) From equation (1), we have
GO, (G)= ZE )[(de (u) +ds (V)) + (dG (u)ds (V))]
wlE(G
Using the cardinalities of the edge partition&ofve have
GO4(G) = m[(2+2) + (2x2)] + [(2+3) + (2x3)] + (3 —m) [(3+3)+(3x3)]
=8m+ 22n+ (3nmn—-m) 15
= 45mn + 15m.
ii) From equations (2), we have
GO, (G) = Z(: )(de(u)de (V))(de(u)de (V))
wlE(G
Using the cardinalities of the edge partition$pfve have
GO,(G) = m[(2+2) x (2x2)] + I[(2+3) x (2x3)] + (3 —m) [(3+3) x (3x3)]
= 16m+ 60n + (3mn—m) 54
= 162nn + 22m.

4. Resultsfor Zigzag-edge polyhex nanotubes

The zigzag-edge polyhex nanotubes usually symhblagerUZCq[m, n] in which m is
the number of hexagons in the first row amds the number of rows. The graph of
TUZC¢[m, 3] is shown in Figure 2.

Figure 2: The graph of zigzag-edge polyhex nanotlib&@Cs[m,3]
By algebraic method, we obtaM(TUZCg[m, n])| = 2m(n+1) and E(TUZCg[m,
n))| = 3mn+2m. LetH = TUZCg[m, N].
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Also by algebraic method, we obtain two edge fians of TUZC¢[m, n] based
on the sum of degrees of the end vertices as fellow

Es = {uvJE(H) [dn(u) = 2,dn(v) = 3},  [Es| = 4m.

Es = {uWUE(H) [dn(u) =dn(v) =3}, |E¢l = 3m—2m.

In the following theorem, we determine the firstlaaecond Gourava indices of
the TUZC¢[m, n] nanotube.

Theorem 2. The first and second Gourava indices aGfUZC¢m, n] nanotube are
respectively given by
i) GO(TUZCg[m, n]) = 45mn + 14m.
ii) GOL(TUZCg[m, n]) = 1621n + 12m.
Proof: LetH = TUZCgm, n]. The graptH has 2n(n+1) vertices andr@n+2m edges.
i) From equation (1), we have
GO,(H)= Z(: )[(dH (u)+d, (V)) + (dH (u)d, (V))]
uwlE(H
Using the cardinalities of the edge partition$ipfve have
GOy (H) = 4m[(2+3) + (2x3)] + (3nn — 2m) [(3+3)+(3x3)]
= 44m + 45mn — 30m = 451n + 14m.
i) From equation (2), we have
GO,(H)= Z(: )(dG (u)+dg (V))(dG (u)ds (V))
uvlE(H
Using the cardinalities of the edge partition$ipfve have
GOy(H) = 4m[(2+3) x (2x3)] + (3nn — 2m) [(3+3) x (3x3)]
=120m + (3mn — 2m) 54 = 162nn + 12m.

5. Thefirst and second gour ava coindices
We introduce the first and second Gourava coindi¢@smolecular graph.

The first and second Gourava coindices of a médeagraphG are respectively
defined as

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

wiE(G)

G0,(G)= 2 (ds(u)+dg(v))ds (u)ds (v).

wE(G)
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