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Abstract

A single number that can be used to characterize some property of the graph of a molecular is called a topological
index for that graph. In this paper, we compute several topological indices of linear [n]-anthracene, V-anthracene nanotube
and nanotori: multiplicative Zagreb, multiplicative hyper-Zagreb, multiplicative sum connectivity, multiplicative product
connectivity, general multiplicative Zagreb, multiplicative ABC and multiplicative GA indices.
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nanotori.
Mathematics Subject Classification: 05C05, 05C07, 05C35.

1. Introduction

In this paper, we consider only finite, connected undirected without loops and multiple edges. A molecular graph
is a simple graph such that its vertices correspond to the atoms and the edges to the bonds. We note that hydrogen atoms
are often omitted. Recently nanostructures involving carbon have been the focus of an intense research activity. A
topological index is a real number that is derived from molecular graphs of chemical compounds. In organic chemistry,
topological indices have been found to be useful in chemical documentation, isomer discrimination structure property
relationships, structure activity relationships and pharmaceutical drug design. There has been considerable interest in the
general problem of computing topological indices. In this paper, we determine some topological indices for a family of
linear [n] anthracene, lattice of V-antracene nanotube and nanotori.

Let G be a graph with a vertex set V(G) and an edge set E(G). The degree d(v) of a vertex v is the number of
vertices adjacent to v. For other undefined notations, readers may refer to L.

In?, two fairly new indices with higher prediction ability are respectively defined as
1,(G)= [] de (u)’, 1,(G)= [] de(u)ds(v).
uev(G) uweE(G)

These two graph invariants are called first and second multiplicative Zagreb indices by Gutman in®.
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Recently, in*, Eliasi et al. introduced a multiplicative version of the first Zagreb index as
1:(6)= TT (de(u)+de(v)).
uweE(G)
In®, Kulli proposed the first and second multiplicative hypes-Zagreb indices as
HIL(G)= ] (ds(u)+ds (V))Z ' HILL(G)= [ (dg(u)ds (V))Z'
uweE(G) uweE(G)

Motivated by the definition of the first and second multiplicative hyper-Zagreb indices, the general first and
second multiplicative Zagreb indices were very recently introduced in®. These indices are respectively defined as

MZ}(G) = uv!}G)(de (u)+dg (V))a ' MZ;(G)= uv!}G)(de (u)dg (V))a '

One of the best known and widely used topological index is the product connectivity index or Randia index,
introduced by Randiz in”. The product connectivity index is defined as

2(6)= Y ——

wiEle)\[dg (U)dg (V)

Inspired by work on Rendi¢ index, Kulli® introduced the multiplicative product connectivity index, multiplicative
sum connectivity index, multiplicative atom bond connectivity index and multiplicative geometric- arithmetic index.
The multiplicative sum connectivity index of a graph G is defined as

1
1_([) Jdo (u)+dg (v)

The multiplicative product connectivity index of a graph G is defined as

1
@)= 11 e

The multiplicative atom bond connectivity index of a graph G is defined as

ABCII (G) = WQG) \/de gz)(z)dge((vv))— 2

The multiplicative geometric-arithmetic index of a graph G is defined as follows:

GAIl (G)= UVQG)—?G?ZE?S: ((\\//)) .

Recently many other multiplicative indices were studied, for example, in °7.
In this paper, we compute the multiplicative Zagreb, multiplicative hyper-Zagreb, multiplicative sum

connectivity, multiplicative product connectivity, general multiplicative Zagreb, multiplicative ABC and multiplicative GA
indices for linear [n] anthracene, V-anthracene nanotube and nanotori.

XI(G)=

2. Results for linear [n] Anthracenes

We compute index for anthracene graph. Anthracene is a solid polycylic aromatic hydrocarbon of formula Cis

H,, consisting of three fused benzene rings. It is a component of coal tar. Antracene is used in the production of the red dye
alizarin and other dyes.
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Theorem 1. Let T be a linear [n] anthracene. Then

4 4
1) Iy (T)=(Ej 516", 2) ||2(T)=(EJ 6'4"9°".
4 8 4 8
3) HIIl(T)z(—J 56" 4) HIIL, (T )= Ej 6419,
2
5) XIN(T ( ) 576", 6) Z”(T)=(2747J 637",
4 4a
7) lea (T)=(EJ 512na66na. 8) MZ; (T):(Ej 612na96na.
12n-4
2/6
9) ABCII (T)= 2;36" 10) GAII(T):(T\FJ .

Proof: Let T bea linear [n]-anthracene, see Figure 1. By algebraic method, we get |V(T)|=14n vertices and |[E(T)|=
18n — 2 edges. We have three partitions of the edge set E(T) as given in Table 1.

dr(u), dr(v) \ uv e E(T) Ei=(2 2) E2= (2 3) Es=(3,3)

Number of edges 6 12n-4 6n-4
Table 1. Computing the number of edges for a linear [n] anthracene

Figure 1
3 0, (T)= I [dr (u)+d; (v)] =]T4x]]5%]]6
uveE(T) uvek; uvek, uveky

4
_ 45 x5l gén-4 = [%j x 512" % 6°".

2 = 11 L (] =[14<116xI19

UVEE uveky uveE, uvek,

4
_ 45 5 Gi2n4  gon-4 = (%j x 6121 % 95",

3 HIL ( [d vd, (V)] =14 x[]5°% ] 6

ueE(G wek; uek, uveE,

8
— 412 % 52(12n—4) % 62(6n74) = (%j x 524n x 612n.

" HII, T [e (ud ()] =TT <16 []9

uveE(G) uvek, uveE, uveEg
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8
— 412 % 62(12n—4) % 92(6n—4) = (2;47) % 624n x 912n

1

2 X“(T)ZWQT) d; (u)+d; (v H[ H H

uveky uveE, uve E3

6 12n-4 6n-4 2
_ (1) y (LJ y (i) _ (Ej X5 x 67N,
2 J5 J6 4
X II
6) we E ) A [ dT V we E1 U:\!;!:z u:\!;!:3
6 12n-4 6n-4 2
:(1) X 1 x(lj :(5 x 6" x 37",
2 J6 3 4

7 MZZ(T)= T [di (u)+d, (W] =14 x[[5x[]e*

uveE(T) uvef; uveE, uvekg

4a
— 46a % 6(12n—4)a « 6(6n—4)a = (%j x 512na x 66na.

) MZ3(T)= [T [dr (u)d, (V)] =TT4 x[]6* < []9

uveE(T) uvek, uvek, uvek,

— 46a % 6(12n—4)a % 9(6n—4 a — %) x 612na x 96na.

)
o  ABCI(T)= ] \/dT(U)erT(V)—z
)

uveE(T dT (U)dT (V)

=H 2+2_2XH 3+2—2XH 3+3-2
uveky 2 X 2 uveE, 3 X 2 uveks 3 X 3
6 2n— n—
_ \F oy e o
= X — X| = =—3
2 3 32

<E(T) uek;

S

3. Results for V-Antracene Nanotubes

N |

24/3x2

3+2

24/3x3

3+3

11

uvek,

11

uvek;
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Theorem 2. Let G be a 2-dimensional lattice of V-anthracene.Then

) 54" (5) (24 6° )" [ 4\
nlu<e>=6ﬂmx(6?J () ) am@=eG ) ()
54" (5 (24)° 6° )" (4"
HIL(G)=6%P x| — | x| =| x|=—1. HIIL(G)=9%M x| — | x| —| .
e R R - PO R (IR
3
21 4\5P 2q 2 2\3P 2q
_e2 2 (2 24 I1(G)=3%r s 4
5)XII(G)—6 X{GSJ X(18 X o | 6) X ( ) X 5 X 7

54 3pa 5 4qa 24 4a 64 3pa 4 4qa
MZ2(G)=6%r" x| =— x| — x| —=| .agMZ2(G)=9%P? «| — x| — | .
oz (@)= 5| (5] (2] ez o) | o[ 2]

2\/6 12 p+49-8

2 21pq 315 p+8q 64
) I G-

Proof: Let G be a 2-dimensional lattice of V-anthracene, see Figure 2. By algebraic method, we get |V(G)|=14pq
vertices and [E(G)| = 21pq — 3p- 2q edges.

Figure 2
We have three partitions of the edge set E(G) as given in table 2.
de(u), de(v) \uv € E(G) Ei=(2 2) E2=(2,3) Es =(3,3)
Number of edges 2q+4 12p+49-8 21pq - 150-8qg+4

Table 2.Computing the number of edges for molecular graph G

o ME(6)= T [de(u)+da(v)]

ueE(G)

3p 4 4
54 5\ (24
_ 20t4 12 p+4q-8 21pq-15p-8q+4 — 621Pq x| = x| = % ]
497" x5 x 6 (GSJ (18) (25)



2)

3)

4)

5)

6)

7)

8)

1,(G)= TT [de(u)ds(v)] = [T4xT]6x]]9

uveE(G) uvek; uveE, uveE,

3p 4
64 4 q
_ 420+4  G12p+408 | 21p4-15p-80+4 = 92tpa o (Q—SJ X (Ej .

HI ( [d do (V)] =JT4' <[5 =[]

uveE uvek; uvek, uvek;

4\6P 8q 8
=6*P9 5—5 X i X ﬁ .
6 18 25

HIl, [d (u) ]

uveE
4\6P 8q
= 4 X 62 x 92 —9g%pa o 6 i

Xi(G)= [] 1 HJZ H H

ueE(G) dG (U) + dG (V) uvek; uveE2 uveE3
4 gp 2q 2
— 6? pq 5 X (i X (E)
G 18 25)

I

weE(G) dG (U) G(V) wek, uvek, uveE3

MZ:(G)= [T [de(u)+ds(v)] = T4 < []5 % [] ¢

ueE(G) uvek, ek, uveks

4\3p2 4qa 4a
=G4 5—5 X i x ﬁ .
6 18 25

MZ:(G)= [T [de(u)de(v)]" = T4 < [T6* ]

uveE(G) uvek, ek, uvekg

V.R. Kulli
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9)

10)

1)

3)

5)

7)

9)

uveE(G)
2+2-2 3+2_2XH 3+3-2
3X2 uveE, 3X3

3

\/I 2q+4 \/I 12p+dq-8 ( 2 JZl PIISPBatE 210 gtspis gy
= — X - X| = =| — X ——X—,
2 2 3 (3) 221 p+11lq 81

GAIl (G) = MZHZMXHZMXHZ@

ueE(G) dG (U) + dG (V) uvek; 2+2 uveE, 3+2 uveE, 3+3

12p+4q-8 12 p+4q-8
:(1)2q+4 X(ﬁ} p+4q X(l)zlpq_lsp—qu =[ﬁ} p+4q |

uveE,

5 5
Theorem 3. Let K be a lattice of V-anthracene nanotube. Then
“I(K):512PX621Pq—15P. 2) IIZ(K):212PX342Pq—18p.
HIIL(K)=5%P x 6277, 4) HIL, (K) = 227 x 3¥ra-e,

1 6p 1 21pg-15p 1 6p 1 21pg-15p
XIH(K)=| =] x|—= . nH(K)=| = = .
() (5) (%J o K] (6) (3)
lea (K) — 512 pa g 6(21pq—15 p)a. 8) MZ; ( K) — 212pa " 3(42 pg-18 p)a.

ABCII(K):(%)pr(gjmq15p. 0 GAII(K):(?JW.

Proof: Let K be a lattice of V-anthracene, see Figure 3.
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By algebraic method, we get |V(K)|= 14pq vertices and |E(K)|=21pqg —3p edges. We have two partitions of the edge set E(K)
as given in Table 3.

d(u), dk(u) \ uv e E(K) Ei=(2 3) Ex=(3,3)

Number of edges 12p 21pg-15p

Table 3. Computing the number of edges for molecular graph K

1) |:d :I H 5x H 6 _ 5l2p o G2tpa-15p.

uveE(K uveky uvek,
2) = [d de (V)] =] 6x []9=6%x9**
uveE(K uvek; uveE,

12 42pq-18
= 212P  gH2pa-if,

3) HII, ( [d (V)]Z =[15°x[]® _524p | 542P0-30p.

uvaE uveky uveE,

4) H“ UVEE |:d (V):'2 = LJ:\I/;E[1 62 X u:\I/;E[Z 92 _ (62 )12p y (92 )21pq—15p

— 224p ><384pq 36p

1
XI(K)= ] ———m—onr
5) (K) UVQK) dy (u)+dy (v) uv11\/2+3 sz/3+3

_[ilep [ijﬂ.pq 15p :(3)6;3 X[ijzflPQZlSp
5 J6 ~\5) e '
1 1 1
)(II
6) UVEE \/d ) QI\IZX\?’XJ;E[ZV:SX\?)

E—JH oo

7) M |:d U :| H 5 X H 6 12a 21pq—15p)a
UVeE uveky uveE, =5 x 6 .
o MZ()= T (@] =TT < [T(8%3) e gorsasonn
ueE(K) uvek; ueE, = 2 X 3
dy (u)+dy (v 3+2-2 3+3-2
ABCII (K) = K
9) (K) 1_([)\/ dK(u)dK( H T3x2 H 3x3

1 6p 2 21pg-15p
= (— X (—j .
2 3
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10) GAIl(K)= T] 2y/dy (u)d (v) =H2mxl—[2m

uveE(K) dK (U)+dK (V) uek; 3+2 uveE, 3+3

:(&Jﬂp X(l)zlquSP =(ﬁ]m_

5 5

4. Results for V-Anthracene nanotori
Theorem 4: Let L be a lattice of V-anthracene nanotori. Then

1) ||f(L)=621pq. 2) IIZ(L)=921pq.
3) Hlll(L)=64qu. 4) HIIZ(L)=942pq.
1 21pq 1 21pq
5) XII(L):[ﬁ] . 6) ;{II(L)z[g) .
7) Mz} (L) = 62P%, 8) MZ I (L) =9%tPae,
o\2LP
9) ABCII (L):[Ej : 10) GAll(L)=1.

Proof : Let L be a lattice of V-Anthracene nanotori, see Figure 4

Figure 4

By algebraic method, we get |V(L)|= 14pq vertices and |E(L)|= 21pg edges. We have
E ={uveE(L):d, (u)=d, (v)=3},|E|=21pg.

Now
1) II;(L):UVQL)[dL(u)+dL(v)]:wll(3+3):621pq.
2) ,(L) =WQL)[dL(u)dL(v)]=ug (3x3) =97

3) HIL(L)= ] [do(u)+d, (v)] =] (3+3) =6°™.

uveE(L) uvek;
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) HIl, [d (V)] = T] (3x3)" =9™.
uveE(L wek;
1\
XII — .
5) UVEE \/d V u:\I/;[E1 V3+ (\/gj
1 21pq
II(L)= —_ .
o 'Y H> dL(u) ) UVQJSX ( j
a a
7 MZ; UVEE [d d (v)] = ]‘! (3+3)" =67
8) MZ; (L) = lgL)[dL(u)de(v)] = 11(3X3) =97,
21pq
0 ABCI (L) = ] d, (u)+d, (v)-2 1] 3+3-2 (gj .
uveE(L) d|_ (U)dl_ (V uek; 3X3 3
2 dL(u)dL(V) 2+/3%3 21pq
10) GAII(L)= H =H =(1) =1.
uveE(L) d|_ (U)+ d|_ (V) uvek; 3+3
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