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Abstract. A titania nanotube is studied in materials sciem®ecently, Kulli introduced
the first and second Gourava indices of the mokecgtaph. In this paper, we define a
generalized version of these indices and compdetdarmulae for titania nanotubes.
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1. Introduction

Let G be a finite, simple and connected graph with aexegetV(G) and an edge set
E(G). The degreeals(v) of a vertexv is the number of vertices adjacentuwoFor all
further notation and terminology, we refer the exao [1].

A molecular graph is a graph such that its vertio@sespond to the atoms and
the edges to the bonds. Chemical graph theorybsaach of Mathematical Chemistry
which has an important effect on the developmenthef Chemical Sciences. A single
number that can be computed from the molecularlgrapd used to characterize some
property of the underlying molecule is said to bdopological index or molecular
structure descriptor. Numerous such descriptorse hasen considered in theoretical
chemistry, and have found some applications, ealpin QSPR/QSAResearch see [2,
3].

The first and second Gourava indices of a mole@raphG are defined as

GOL(G)=W§G)[(%(U)+ d(9)+ 4V d( ¥ (1)
GO,(G)= Y (c(u+a(y)(a(yd(¥ 2)

wdE(G)
These indices were introduced by Kulli in [4].
The first and second hyper-Gourava indices [5] micdecular grapit are defined as

HGQ (G) = Z()[(ct,(u)+ d(9)+ a( 0 3)

uMJE(G

Heo, ()= 3 [(e(u+ & (¥) ¢ ) (- @

uvd
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Motivated by the definition of the product conneitsi index or Randic index [6], Kulli
introduced the sum connectivity Gourava index [i¢l aroduct connectivity Gourava
index [8] of a graph as follows:

The sum connectivity Gourava index of a grégs defined as

B 1
oA e ) (9 ey

The product connectivity Gourava index of a gr&pis defined as

1
PGO(G)= | :
o9 (0o (u)+ (V) & (9 (Y
In this paper, we continue this generalization define the general first and second
Gourava indices of a grajgghas

GO (6)= > [(a(y+ d(¥)+ d( ) d( )] )

wlE(G)

G (G)= > [(a(yY+ (V) ¢( ¥ d( ) (8)

wlE(G)
Recently, some topological indices were studiedef@ample, in [9, 14-29].
The study of titania nanotubes has received mutdntan in the mathematical and
chemical literature (see [10, 11, 12, 13]).
In this paper, we compute Gourava indices, hypeanr®a@ indices, sum connectivity
Gourava index, product connectivity Gourava index general Gourava indices for
titania nanotubes.

®)

(6)

2. Resultsfor TiO, nanotubes

Titania is studied in materials science. The td@ananotubes usually symbolized as
TiOgm, A for anym, n O N, in whichm is the number of octagoi® in a row anch is
the number of octagor® in a column. The graph @iO,[m, f is shown in Figure 1.

Top image
LHKOLTHKOLTHOLTHOAAK
Across image

NN\ /Y

m=3 m

m=1 m=2
Figure 1: The graph offiO, [m, 4 nanotube
Let G be the graph of titania nanotubg,[m, ] with [V(TiO, [m, )|=6n (m+1)|

and E(TiO, [m, )| = 10mn+8n. In TiO,[m,r, by algebraic method, there are four types
of edges based on the degrees of end verticexbfeslye, as follows:
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Ee = {uv E(G) | dg(u) = 2,dg(v) = 4}, [Fe| = &n
Ei= {uv O E(G) | de(u) = 2,ds(V) = 5}, [E1o| = 4nnt+2n.
E12= {uv E(G) | dg(u) = 3,dg(v) = 4}, [F1d = n
Eis = {uvO E(G) | dg(u) = 3,ds(Vv) = 5}, [E15] = 6mn—2n.
In the following theorem, we compute the first Gawa index of titania
nanotubedioO, [m,r.

Theorem 1. The first Gourava index dfiO, [m, i nanotubes i O(TiO,) = 206nn +
92n.

Proof: Let G = TiO,[m, ] be the molecular graph of titania nanotubes. Feopmation (1)
and by cardinalities of the edge partitionsg@d,[m, 1 nanotubes, we have

ca(To)= 3 [(¢(9+ () 49 o( ¥
=2 [(de (W) ds()+ (g a(y]+ 2 [(¢(d+ d( P+ e b N

-3 (A () () + () o ﬂgé[( a( e d(W+ A d N

= (6+8)Fe|*+ (7+10)Ew0| + (7 +12)F 1o+ (8+15)Fus|

= 14(6) +17(4nn+2n) + 19(2) + 23(6nn— )

= 206mn+92n.

In the following theorem, we compute the secondui@ea index of titania
nanotubediO, [m, A.

Theorem 2. The second Gourava indexTfO,[m, ] nanotubes i&O,(TiO,) = 1000mn
+ 356 .

Proof: Let G=TiO,[m, ] be the molecular graph of titania nanotubes. Feopmation (2)
and by cardinalities of the edge partitionsgT@,[m, 4 nanotubes, we have

GO,(Tia)= ¥ (d(Y+d(V)(d(dd( ¥

U\EE(G)
= > (e (e () &)+ T (&b dON & by
(e 09 3 3 (o b dO o b

= (6 X 8) Esl + (7x10) 1o + (7 x 12)Eol+ (8 % 15) Fyg
= 48(6) + 70 (4nn+ 2n) + 84(X) + 120(6nn— 2n)
= 1000mn+ 356.
In the following theorem, we compute the first hyg@ourava index of titania
nanotubediO,[m, .
Theorem 3. The first hyper-Gourava index @fO,[m, ] nanotubes is
HGOy(TiO,) = 4330nn+ 1418,
Proof: Let G = TiO, [m, 1] be the molecular graph of titania hanotubes. Feguation
(3) and by cardinalities of the edge partitiong @, [m, ] nanotubes, we have
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HGQ(TIo)= Y [(a(d+ & (¥)+ ¢( ¥ d( )

uOE(Q)

=3 [(do(u)+ (W) (D (Y] + Z[( (b d( P+ o b W

B By

3 [ (W (W) () a(N]+ D [( el el N+{ o b d )Y

wilE, WEg
= (6 + 8F [Esl+ (7+10fEsdl+ (7+12f[E1o|+(8+15F [Eqs|
= 14(6n) + 17(4mn+2n) + 1%(2n) + 2% (6mn— 2n)
= 4330nn+ 1418
In the following theorem, we compute the seconpemGourava index of titania
nanotubediO, [m, A.

2

Theorem 4. The second hyper-Gourava indexTa®,[m, i nanotubes is

HGO,(TiO,) = 10600@nn + 8936.
Proof: Let G = TiO,[m, ] be the molecular graph of titania nanotubes. Feopmation (4)
and by cardinalities of the edge partitionsT&d,[m, i nanotube, we have

Heo,(Tia)= 3 [(a(9+ ¢(Y)( e(y a( Y]

VIE(G)

=3 [(de (W) + s (9)( k(9 (] + S [(d( b+ dON o bl B

uWIE wEq

+ 3 [(de(W+ (MY &N+ Sl d a N ud W]

[V\V] =PA UWIEg
= (6 x 8F |Eg| + (7x10 [Eso| + (7 x 12§ [Epol+ (8 x 15§ [Eys]
= 48(6n) + 70(4mn+ 2n) + 84(2n) + 12F (6mn— 2n)
= 106000mn+ 8936
In the following theorem, we compute the sum cotinitg Gourava index of

titania nanotube$io, [m, n.

Theorem 5. The sum connectivity Gourava index¥a, [m, i nanotubes is
. 4 6 6 2 2 2
SGO TIQ)=| —=+—= | m*+ + + - r
oAT0)={ 5+ 1) ™ 7 7 T T
Proof: Let G=TiO,[m, ] be the molecular graph of titania nanotubes. Fegumation (5)
and by cardinalities of the edge partitionsg@,[m, 1 nanotubes, we have

L 1
AT e () (g ey
= 1 + .

i J(ds (W) + s (V) + (9 & (Y wFo(d( W+ d( P+ o pd
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1 1
uvazazJ(d ( )+d6(®)+ds(@q;(9 MzasJ( bl P+l bl p
1
_x/6+8|E8| J7+10|E1° J7+ 1 JEA J—l;El

1

1
_\/174(6n)+f7(4mn+ 2r)+\/79 21+ 3(6mr1— 2N

4 6 6 2 2 2
= — +—— |mn+ + + - n
[JT? J?BJ (Jﬂ J17 19 ﬁ;
In the following theorem, we compute the produatreectivity Gourava index of
titania nanotube$io, [m, n.

Theorem 6. The product connectivity Gourava index1o©,[m, rj nanotubes is
. 4 3 3 2 1 1
PGO(TIQ)=| = +—= | mnt+ + + -
(10)={ o5 730 ™ 205" 7o T30 T80
Proof: LetG = TiO, [m, r] be the molecular graph of titania nanotubes. Feoumation (6)
and by cardinalities of the edge partitionsg@, [m, r] nanotubes, we have

L 1
PGO(TQ)‘MZE(G)J(dG(u)+dGM) e

1 - 1

MEB\/ d(u (Y “ﬂEw\/( d( g+ d( Y d( b
l 1

UV;HJ( do (U)+ &5 (V) & (Y f!;(\) MZ%J( b+ d( ) 4 bd ©

Tors IESI mlao gEul J—ga

=4i\@(6n)+%)(4mn+2r)+2/312r)+ 2/7356mn—291

4 3 3 2 1 1
= — +— |mn+ + + - n
[Jﬁ) \@j [zf:% J 70 ﬁlﬁg
In the following theorem, we compute the genenait fGourava index of titania
nanotubediO, [m, f.

Theorem 7. The general first Gourava index O, [m, ] nanotubes is
GO (TiQ,) =(4x17"+ 6x 23) mn+( 6 14+ X 17+ 2 19 2 Z3n

Proof: Let G =TiO,[m, ] be the molecular graph of titania nanotubes. Feopmation (7)
and by cardinalities of the edge partitiong@,[m, i nanotubes, we have

car(ro)= 3 [((d+a(4) a(¥ ()
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=S [(d (& (d)+ 4 () 6]+ T(al b dl P+ o p el I
* 2 [ () e(d a0+ S0 (b aO)r o pd )Y

uEs
= (6 +8) |[Eg| + (7 + 10}|Eso| + (7 + 12}|Es2| + (8+15F|E:s]
= 14(6n) + 17(4mn+2n) + 19(2n) + 23 (6mn— )
:(4x17a + Bx 23)mn+( & 14+ X 19+ 2 19 2 z)an

In the next theorem, we compute the general seG@marava index of titania
nanotubediO,[m, .

Theorem 8. The general second Gourava indeXi@,[m, ] nanotubes is
GOE(TiQ)=(4x 70" + 6x 120) mnw & 48+ 2 70+ 2 84 2 12r.

Proof: Let G = TiO,[m, ] be the molecular graph of titania nanotubes. Feopmtion (8)
and by cardinalities of the edge partitions'ad, [m, r] nanotubes, we have

co(Tio)= 3 [(4(9+a(¥) ¢() 40}
= 2[( () (g a3+ 2 [(ald (W o e W
2 [l () (9 e+ Z{(aldr oW o b o )Y

= (6 x 8§ |Fg| + (7 x 10)|Eaq| + (7 % 12J|E12| + (8% 15]|Eys|
= 48(6n) + 7G(4mn+2n) + 84(2n) + 120 (6mn— 2n)
=(4x70+6x120mn+ (6 x 48+ 2 x 70+ 2 x 84 -2 x 120)n.
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