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Abstract. In Chemical Graph Theory, a forgotten topologicatlex or F-index has
significant importance to collect information abguoperties of chemical compounds. In
this study, we introduce the modified minfsindex, minus connectivity=-index,
reciprocal minus connectivitly-index, general minuB-index and their polynomials of a
molecular graph. Furthermore, we present exacesspns for these min#sindices and
their polynomials of titania nanotubes.
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1. Introduction

Let G be a finite, simple, connected graph withiesersetV(G) and edge se(G). The
degreeds(u) of a vertexu is the number of vertices adjacentuoFor definitions and
notations, we refer the book [1].

Chemical Graph Theory is a branch of Mathemati@a¢mistry, which has an
important effect on the development of ChemicaleBcés. In Chemistry, topological
indices have been found to be useful in discrinmmatchemical documentation, structure
property relationships, structure activity relasbips and pharmaceutical drug design.
There has been considerable interest in the gepsshlem of determining topological
indices, see [2, 3, 4].

The firstF-index [5] and seconB-index [6] of a graplG are defined respectively
as

RG)= Y [di+d (], RG)= Y de(u)ds(v)

wOE(G) wLE(G)

Recently some novel variants Bfindices were introduced and studied such as
multiplicativeF-indices [7], connectivity-indices [8], multiplicative firsE-index [9, 10].

The irregularity index (called as minus index )las introduced by Albertson in
[12], defined as

M, (G) = 3Jd, (u) - dg (V)]
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The minus F-index or nano Zagreb index was introduced and ietud
independently by Kulli in [13] and Jahanbani etial14] and defined it as
MF (G) = ¥ |dq (u)* - dg (v)?]
Recently, the multiplicative minus indices weredéta in [15].
In [16], Gutman et al. introduced the sigma indéa graphG and defined it as

a(G)=3[ds () -ds (V) ]".

Similarly, in [13], Kulli introduced the squarte-index (or sigmaF-index) of a
graphG, defined as

QF(G)or oF (G)= Y [ d (u)* ~dg (v)° ]
wE(G)
We now introduce the following mindsindices:
The modified minu$-index of a grapl® is defined as

"MF (G) = - 1 o
wifE0)|dg (u)° ~dg (v)7]
The reciprocal minus connectivirindex of a grapl® is defined as

RVMF.(G)= 3 ds (W) —ds (v)7.

wUE(G)
The general minus connectivifrindex of a grapl is defined as

MF*(G)= Y [|ds (7 -ds 7],

WwCE(G)

2

1)

wherea is real number.
The minusF-polynomial and sigm&-polynomial (or squar&-polynomial) of a
graph were introduced by Kulli in [11], and the a@efined as
MF(G.X)= ¥ s (W =ds (7

wE(G)

QF(G,X)=0F (Gx)= 3 x0T,
wE(G)
We now introduce the mindkspolynomials of a grapts as follows:
The modified minug-polynomial of a grapk® is defined as
1

"MF (G, x) = X‘dG(u)z—dG W) _
uvD;(G)
The minus connectivitiF-polynomial of a grapl® is defined as
B S
MFC (G,X) - Z X ‘dG(u)z—dG(v)z‘ )
WiE(G)
The reciprocal minus connectiviBspolynomial of a graple is defined as
RMF, (G,x)= 3 xlt@ et
WiE(G)
The general minus-polynomial of a grapi® is defined as
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MFa(G,X) - Z XUdG(u)Z—dG(v)ZH ' )
wlE(G)
wherea is real number.
Recently some graph polynomials were studied Ty I8, 19, 20, 21,22, 23].
In this paper, some min#sindices and their corresponding polynomial version
of titania nanotubes are determined.

2. Resultsfor titania nanotubes

Titania nanotube is studied in material science fitania nanotubes denoted TGY;[m,

n] for anym, n O N, in whichm is the number of octago in a row andh is the number

of octagon<Cs in a column. The molecular graph‘bog[m n] is presented in Flgure 1.
Top image

LHOLHOLTHOLTHOAHK

Across image

Figure 1. Molecular graph ofiO2[m, n]

Let G be the graph of titania nanotub&O;[m, n]. The graphG has &(m+1)
vertices and 19in+8n edges. By calculation, we obtain tk&ahas four types of edges based
on the degree of end vertices of each edge as givEable 1.

ds (u),ds (V) \uv DO E(G) (2,4) (2,5) (3, 4) (3,5)
Number of edge 6n 4mn+2n 2n 6mn —2n
Table 1: Edge partition offiOz[m, ]

In the following theorem, we compute the genergusF-index of TiOz[m, n].

Theorem 1. The general minuB-index of TiOz[m, n] titania nanotubes is
MF?(TiO,)=(4x 2% + 6x 16)mn+( &< 12+ X Z1+ 2 - 2 16n 3)

Proof: Let G be the graph ofiOz[m, n] titania nanotube. By using equation (1) and Table
1, we deduce

MF(Ti0) = Y [Jdo(u) ~de(v)|]

WE(G)
=(22-2)" en+(2-5)"(4m+ 2)
+(z-#) n+(2-5)"(6mn- 2)
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=(4x2P +6x16)m+( 6¢ 12+ X 21+ 2 7- 2 16n

We establish the following results by using Theodem

Corollary 1.1. The minug--index of TiOz[m, n] is
MF(TiOz) = 180mn + 96n.

Corollary 1.2. The squar&-index of TiOz[m, n] is
QF(TiOy) = 3300mn + 133

Corollary 1.3. The modified minug-index of TiOz[m, n] is

m|\/||=(Tioz)=§mn+ 889

—N.
168 117

Corollary 1.4. The minus connectivitiF-index of TiOz[m, n] is
) 4 3 3 2 2 1
MF. (TiG,)=| ——=+—- |M+| =+—=+—=-—|n
o(m0)~( 5+ 3+ F B )
Coroallary 1.5. The reciprocal minus connectiviBtindex of TiOz[m, n] is

RMF, (Tio,) = (4v21+ 24mn+(12/3 2 2% 4 7 B

Proof: Puta=1, 2, -1, %, ¥ in equation (3), we getdbsired results.
In the following Theorem, we compute the gaherinusF-polynomial of TiOz[m, n].

Theorem 2. The general minuB-polynomial of TiO2[m, n] titania nanotubes is
MF?(TiO,,x) = 6nx'” +(4mn+ ) x** + 2ix” +( 6 - D) x*® 4)
Proof: Let G be the graph ofiOz[m, n]. By using equation (2) and Table 1, we derive

MFeTiO, )= 3 i ]

WiEs)
=6nxZ-" 4 (amn + en) X125V

+ond 4" 4 (grmn - 2n) X135
=6nx? +(4mn+ ) x** + x” +(8m- ) x*®

The following results are obtained by using Theoem

Corollary 2.1. The minug=-polynomial of TiOz[m, n] is
MF(TiOz, X) = (4mn + 2n)x21+ (6mn — 2N)x+ 6nxt2+ 2nx’.

Corollary 2.2. The squar&-polynomial of TiOz[m, n] is
QF(TiOy, X) = (4mn + 2n)x*1+ (Bmn — 2n)x256+ 6nxM44+ 2nx*e.

Corallary 2.3. The modified minug-polynomial of TiOz[m, n] is
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1 1 1

l - i =
"MF (TiO,, x) = (4mn+ 2n) x2L + (6mn— ) X1 + 62 + X7

Corollary 2.4. The minus connectlth polynomial ofT|02[m n] is
1

MF, (TiO,, x) = (4mn + 2n) xﬂ +(@mn- ) x4 + 6“1XJ—2 + zle

Corollary 2.5. The reciprocal minus connectiviBtindex of TiOz[m, n] is
RMF, (TiO,, x) = (4mn+ 2n) x' + (@ - ) x* + 62+ 2’7
Proof: Puta=1, 2, - 1, %, % in equation (4), we ohttaéndesired results.

3. Conclusion

In this study, we have proposed the modified miriisdex, minus connectivitiF-index,
reciprocal minus connectivitiF-index, general minug-index and their corresponding
polynomials of a molecular graph. We have compubtede minud--indices and their
corresponding polynomial versions of titania nabesi
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