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Abstract. A titania nanotube is studied in material scierehis study, we introduce the
multiplicative square minusF-index, multiplicative modified minusF-index,
multiplicative minus connectivitiF-index, multiplicative reciprocal minus connectjyi-
index and general multiplicative minub-index of a graph. We compute these
multiplicative F-indices for titania nanotubes.
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1. Introduction

A molecular graph is a graph whose vertices comed o the atoms and the edges to the
bonds. Chemical Graph Theory has an important ieffieche development of Chemical
Sciences. In Chemistry, topological indices araduse studying QSPR/QSAR, see [1, 2,
3].

We consider only finite, simple, connected gralpét G be a such graph with
vertex seV(G) and edge sd&f(G). The degreels(u) of a vertices the number of vertices
adjacent tau. We refer the book [4] for undefined definitions aratations,

In [5], Furtula et al. defined the-index as

FRG)= Y [ds(u) +ds (W),
wOE(G)

In [6], Kulli defined theF2-index as

FRG)= 3 dg(u)ds (v).
wiE(G)

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

The multiplicative minus index of a graph wasawlnced by Kulli in [12], defined
as

M. 11 (G) = ﬂ |dg (u) = dg (V)]
wiE(G)
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In [13], Jahanbani et al. defined the multiplicathano Zagreb index of a graph as
NZII (G) = ] ldg (u)” - dg (V)7
uwiE(G)

In [14], Kulli introduced the square-index of a graplt and it is defined as
(@)= ] [de () -ds (V)]
uwlE(G)

Motivated by the definition of the forgotten topgical index and its wide
applications, we introduce the following multiplize F-indices:
The multiplicative square mindsindex of a grapl® is defined as

2
QFII (G) = 0 [dg (u)’ —ds (W),
uwlE(G)
The multiplicative modified minuB-index of a graplt is defined as

m _ 1
MFII (G) WQG)‘dG @]

The multiplicative minus connectivify-index of a graplt is defined as
1

MF.I1 (G) = :
uﬂ@ \/‘de (u)? - d, (V)Z‘

The multiplicative reciprocal minus connectiviyindex of a graplt is defined

as

RV 11 (G)= ] Jlde (W7 -dg (7]
wUE(G)
The general multiplicative mindsindex of a grapl® is defined as
M1 ()= [ [[dg () - dg (v)°]]
wiE(G)

Recently some multiplicative indices were studfedexample, in [15, 16, 17, 18,
19, 20, 21,22].

A study of titania nanotubes has received mucknttin in Chemical and
Mathematical literature, see [23, 24, 25]. In féper, the multiplicative minus-indices
for titania nanotubes are computed.

a

2. Titania nanotubes

Titania nanotube is studied in material science fEmily of titania nanotubes is denoted
by TiOz[m, n], wherem is the number of octagori® in a row andn is the number of
octagon<Cg in a column. The molecular structureTo©,[m, n] is depicted in Figure 1.
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Top image
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Across image

Figure 1. Molecular graph ofiOz[m, n]

Let G be the molecular structure of titania nanottlii@[m, n]. The graphG has
6n(m+1) vertices and ¥n+8n edges. By calculation, we find th@t has four types of
edges based on the degree of end vertices of dgehas given in Table 1.

d (u),ds (v) \uvO 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, n]

We compute the multiplicative nano Zagreb indeXi@.[m, n].
Theorem 1. The multiplicative nano Zagreb index of a titananotube is

NZIl (TiO,) =12 x 2™ x 7' x 16™ #
Proof: Let Gbe the graph ofiO,.By using definition and Table 1, we deduce
NZII (TiO,) = ﬂ | (U)? = dg (v)?]
wlE(G)

= (122 - )" x(| 22 - =)
(|3 - 2)" x(|2-5)""
=120 x 21F™ A x P x 16™

We compute the multiplicative square miraidex of TiOz[m, n].

4mn+2n

Theorem 2. The multiplicative square mindsindex of a titania nanotufe0; is
QFII (TIO,) =12 x 2™ " x 7" x 16™ *
Proof: By using definition and Table 1, we derive
QFI(TIO) = ] [do (W) -ds ()? ]
WUE(G)

_ (|22 B 42 )2><6n N (| 22 B 52|)2(4mn+ )

x(|32 _ 42 )2><2n y (|32 _ 52|)2(6rm— n) |
=120 x 2 7 x 167 ¢
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We determine the multiplicative modified mingsndex of TiO2[m, n].
Theorem 3. The multiplicative modified minuB-index of TiOz[m, n] is
1 6n 1 4mm+6n 1 pal 1 am- h
watro)-((4 3 (2
12 2 7 1
Proof: Using definition and Table 1, we obtain

m i = l
Mmﬁ@*@ﬂqaﬁzaﬁﬂ

1 6n 1 4mn+2n
= X
“f—ﬂj Gf—§d
2n 6mn-2n
XL_Lejxp_L_j |
3-4) \|#-5
( 1 th ( 1]j4m'1+6n (1)21 ( 1J6’Th—2h
= =] x|—= x| = | x|—= )
12 2 7 1

In the following theorem, we compute the multiptiga minus connectivityF-
index of a titania nanotub@O..

Theorem 4. The multiplicative minus connectivify-index of TiO; is

wat-( 1)

Proof: By using definition and Table 1, we have
1
6n

MFII(TIO,) =
(')wﬂmmaw de (V)7
:( 1 J x[ l j4nh+2n
J2-#1) (JI2-5]

1 2n 1 6mn-2n
X| —— X — .
( |32—42|J ( |32—52|j
3n 2mn+n n -
A
12 2 7 1

In the following theorem, we compute the multiptiga minus connectivityF-
index of TiO».

Theorem 5. The multiplicative reciprocal minus connectiviiyindex ofTiO; is
RVIF.II (TIO,) =12" x 22™" x 7' x 16™™"
Proof: By using definition and Table 1, we have
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RMF.I1 (Ti0,) = ﬂ NEROETROE
wlE(G)
=(Jizz—2) " x(Jlz- =)
X( ,7|32 _42|)2n ><( |32_ 52|)6mn—2n |

=125 x 2™ " x P x 16™"

4m+2n

In the next theorem, we compute the general midéiplye minug=-index ofTiO..

Theorem 6. The general multiplicative mindsindex of a titania nanotube is
MF211 (TiO, ) =12 x 2F¢m*2) x 70 x 16 om- 2
Proof: By using definition and Table 1, we deduce

MF 211 (TiO,) = ﬂ [|ds ()2 —dG(v)ZHa

G)
_ (|22 B 42 )a><6n » (| 22 B 52|)a(4mn+2n)

><(|32 _ 42 )ax2n x(|32 _ 52|)a(6mn—2n) l
=126an x 2f(4mn+2n) x 7Zan x 16( ann- )

3. Conclusion

In this paper, we have introduced the multiplicatsguare minuB-index, multiplicative
modified minus F-index, multiplicative minus connectivityr-index, multiplicative
reciprocal minus connectivitfF-index, general minu$-index of a graph. We have
computed these newly defined multiplicative mifdmdices for titania nanotubes.
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