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Abstract: Chemical graph theory is an important branch of mathematical chemistry which has wide range applications. In chemical
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in terms of graph theory. Degree based topological indices have vital role in chemical graph theory. In this paper we
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1. Introduction

In this paper, we consider finite simple undirected graphs 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 (hydrogen atoms are often omitted). A
numerical quantity which recognize the molecular graph in chemical graph theory. This is called a Topological Index. In
chemical science, the physico-chemical properties of chemical compounds are often modeled by means of a molecular graph
based structure descriptors, which are referred to as topological indices. A C4Cjs net is a trivalent decoration made by
alternating rhombs C4 and octagons Cs. It can cover either a cylinder or a torus. Such a covering can be derived from
a square net by the leapfrog operation. Let TUC41Cs(R) denote the C4Cs rhomboidal nanotube. An example is shown in

Figure 1.

Figure 1. Three-dimensional perception of a TUC4Cs(R) nanotube
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Multiplicative Connectivity Indices of TUC4Cg(R) Nanotube

In this paper, we determine some topological indices for a family of linear [n] TUC4Cs(R), lattice of TUC4Cs(R) nanotube
and nanotori. Let G be a graph with a vertex set V(G) and an edge set E(G). The degree dg(v) of a vertex v is the number
of vertices adjacent to v. In [1] Todeshine et.al introduced the First and Second multiplicative Zagreb indices. These indices

are defined as

@G =[] de?

ueV(G)

ILG) = ][] dew)da().

uwveE(G)

In [2], Eliasi et.al introduced a new multiplicative version of the first Zagreb index as

;@) =[] ldo(w) + da(v)).

weE(G)

In [3], Kulli proposed the first and second multiplicative hyper-Zagreb indices as

HILG) = [] ldo(w) +da(v)?,

uwweE(G)
HILG) = ] lde(wde®)?.
uwveEE(G)
In [4], Kulli, Stone, Wang and Wei introduced the general first and second multiplicative Zagreb indices. These indices are

defined as

MZHG) = [ lde(w)+da(v)],

uwveE(G)
Mz3@G) = ][ lde(wde @)™
uwveEE(G)
In [6], one of the best known and widely used topological index is the product connectivity index or Randic index introduced

by Randic. These are defined as

1
= > Tl

uwveE(G)
From this randic index, In [6], Kulli introduced the multiplicative sum connectivity index, multiplicative product 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
XI1I(G) = ——
( ) uvel_[E(G) \% da (u) + dG(’U)

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

INTI(c) PN | (——

uwv€EE(G) dG(U)dG(U)

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

c(u) +de(v) =2

d
ABcIr@G) =[] de (u)de (v)

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

carre) = ] 2vdg(v)ds (v)

uwvEE(G) dG(U) + dG(’U) .

Recently many other multiplicative indices were studied in [7-13]. Also various topological indices like Wiener index,
eccentric connectivity index and Schultz molecular topological index for TUC4Cs(R) nanotube in [14-16]. 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] TUC4Cs(R),

lattice of TUC4Cs(R) nanotube and nanotori.

2. Results and Discussion

Throughout this paper, we using the following Notations.

Result 2.1.

V| : Number of vertices in the Molecular graph.
|E| : Number of edges in the Molecular graph.

| B | : Number of edges having endpoints (2,2).

| Es| : Number of edges having endpoints (2,3).
|E3| : Number of edges having endpoints (3,3).
C : Number of Columns.

R : Number of Rows.

2.1. Results for linear [n] TUC4Cs(R)

Figure 2. The molecular graph of a linear [n] TUC,Cs(R)

Lemma 2.2. It holds that

Nanostructure V] |E| |E1] |E2| |E3]

T 4C 5C -1 4 4C -4 C-1

Table 1. Computing the number of vertices and edges for linear [n] TUC,Cs(R)

Proof. In this case we take R = 1, C = 2. Here there exist three types of edges, namely [E1] = uv, [Ez2] = zy and
[Es] = ab. Also d(u) = d(v) = 2; d(a) = d(b) = 3; d(z) = 3, d(y) = 2. Therefore, Number of edges of type 1, type 2 and

type 3 are 4, 4, 1. Now, it is easy to see that T' = T'[n] has 4C vertices and 4C' — 1 edges.
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Figure 3. Basic Structure of a TUC4Cs(R)
R C |4 |E] |E1| = (2,2) |E2| = (2,3) |E3| = (3,3)
1 1 4 4 4 0 0
1 2 8 9 4 4 1
1 3 12 14 4 8 2
Table 2. Computing numbers edges and vertices for linear [n] TUC,Cs(R) from Figure 3.

From the table, by using an algebraic method we obtain |Ei| = 4, |E2| = 4C — 4 and |E3| = C — 1, |V| = 4C and
|E| =5C — 1.

Theorem 2.3. Let T be a linear [n] TUC,Cs(R).

(1).
(2).
(3).
(4)-
(5).
(6).
(7).
(8).
(9).
(10).

IT7(T) = 2977 x 3971 x 5974,
IT5(T) = 2*¢+* x 36076,
HIL(T) = 92C+14  92C—2  £8C—8

HIL(T) = 2818 x 3120712,

XII(T) =2
XII(T) = 272(CHD) y 33-3C,

MZ{(T) = 20C+7e x 30C—a y 5aC-da
MZz3(T) = 9a(4C+4) o 3a(6C—6)
ABCII(T) =279 x 31C.

GAII(T) = (%)40_4.

—(7+0C) (1-C) (4—40)
2 X3 2 X5 z .

Then

O

Proof. From the definitions of multiplicative indices and partition of edges described in Table 1 of Lemma 2.2, we can see

that

1).

446

(T =[] ldrw)+dr(v)]

uwveE(T)

H4><H5><H6

uvEFE uv€EEy uv€EE3

_ 44 x 54C74 % 6C71

=201 % 3971 x 5191,
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©2). ILT)= ][] drwdr(v)

uwv€E(T)

uv€E By uvEFEo uvEE3
4 4C—4 c—-1
=4"x6 X9

— 24C+4 36076.

X

(3). HILT) = ][] [dr(w) +dr(v)]

uveE(T)

48 5 52(4C—4) | (2(C-1)

_ 22C+14 32072

X X

(). HILT) = ][] [dr(uw)dr(v)]

wveE(T)

IT 4ax J[ 6x I ¢

8C—8
5 .

I = I 5°x ][] ¢

uvEE] uv€EEy uvEE3

T #x I] < [ ¢

uvEE] uvEEo uvEE3

8 o 214C—4) o g2(C-1)

— 98C+8  gl2C-12

(). x1(T)= ]

HORCONNIC,

—(7+C) a-c (4—-4C)
5 2

=2 2 x3 2 X

1
(6). xII(T)= _—
uvel_IE(T) dr(u)dr(v)

:H H\[

ol

Il 7

quEl uv€EFEo uv€ E3

—(z)*(&JC o

— 9=2(C+1) o 33-3C

(7). MZi(T)

[T ldr(w +dr(v)"

uwveE(T)

1

NG

=

IT 4“x I 5*x ] 6

uveEEq uvEFEo uvEE3

— 440, « 5a(4C74) ~ 611(071)

_ naC+H+T7a aC—a 4aC —
2 x 3 x5

4a

447
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®). Mz;(T)= [ [dr(wdr()"

uwv€E(T)
S e T I o
uv€EEq uvEFEo uvEE3

— 440, x 60,(46'74) ~ ga(Cfl)

2a(4C+4) ~ 30,(6076)'

9. ABCII(T) = ] +dT( ) =2
uwveE(T) )dT( )
. 2+2—2 3+2—2 3+3-2
N H V 2x2 H V 3x2 H V " 3x3
uwveFE, uwve Ey uveFE3

279 x 3¢

(10). Garnry =[] %

uwveE(T)
11 2VZX2 1 2v3%2 1 2/3x3 (2\/6)404
uvEk, 2 + 2 uvE ko 3 + 2 uvEE3 3 + 3 5
O

2.2. Results for TUC,Cs(R) Nanotube
Figure 4. 2-dimensional lattice of TUC,Cs(R) nanotube
Lemma 2.4. It holds that

Nanostructure |V/| |E| |E1| |Ea| |E3|

G 4RC 6RC —C—R 4 4C+4R -8 6RC —5C —5R+4

Table 3. Computing the number of vertices and edges for TUC4Cg(R) nanotube

Proof.
R[C“V|“E|[|E1| :(2,2)“E’2\ (2, )[| 3| = (3, )[No. of Square[No. of Octagon
Case 1: R=C
212]16| 20 4 8 8 4 1
33|36 |48 4 16 28 9
414164 |88 4 24 60 16 9
Case 2: R< (C
2132431 4 12 15 6 2
34|48 65 4 20 41 12 6
45|80 (111 4 28 79 20 12
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Table 4.

R[CHVH |E| [|E1| = (2, 2)“E2\ = (2,3)[|E3| = (3, 3)[No. of Square[No. of Octagon

Case 3: R > C

3 24 | 31 4 12 15 6 2
43|48 |65 4 20 41 12 6
5|4]80|111 4 28 79 20 12

Computing numbers edges and vertices for TUC4Cs(R) nanotube from Figure 4

From the table, by using an algebraic method we obtain |E1| =4, |Ez| = 4C+4R—8, |E3] = 6RC —5C —5R+4, |V| = 4RC

and |E| = 6RC — C — R. Also we find Number of Square= RC and Number of Octagon= (R — 1)(C — 1).

Theorem 2.5. Let G be a 2-dimensional lattice of TUC4Cs(R) nanotube. Then

(1)

(2).
(3).
(4)-
(5).
(6).
(7).
(8).
(9).

(10)

. IIT(G) — 21275075R+6RC x 3475075R+6RC’ x 578+4C+4R‘

II2(G) — 24C+4R x 312R076076R.

HII2(G) — 280+8R % 324RC*12C*12R.

HIIl (G) — 212R0710C710R+24 % 312R0710C710R+8 % 58C+8R716.

—6RC+5C+5R—12 (=6RC+5C+5R—4)
2 2

XII(G) =2

XII(G) _ 2—2(R+C) % 33(—2RC+R+C)'

MZ$(G) = 94a(R+C) o 36a(2RC—-C—R)
ABCII(G) = 96RC—7C—TR+6 | g—6RC+5C+5R—4

. GAII(G) = (ng)wHR_S.

(—4C—4R+8)
2 .

lea(G) — 20(6R—5)a+(12—5r)a % 3C(6R—5)a+(4—5R)a % 5a(4C+4R—8)'

O

Proof. From the definitions of multiplicative indices and partition of edges described in Table 3 of Lemma 2.3, we can see

that
M. 1@ =[] de(u) +da(v)]
weE(G)
= J] 4x [] 5x JJ ¢
uvEE uv€EEo uvEE3
— 4t y 5ACHIR—8  (GRC—5C—5R+4
_ 912-5C—5R+6RC  g4-5C—5R+6RC | p~8+4C+4R
©2). ILG) = ][] dewda(v)

uwveE(G)
= ] 4x J] 6x [] ¢
uv€Ek, uv€ Eg uvEE3

4 4C+4R—-8 6RC—5C—5R+4
4t x 64T 9 +

X

4C+4R 12RC—-6C—6R
= Qi+ o 3
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(3).

450

. MZ4(G)

. MZYG) =

HILG)= ][] lde(u)+de(v)?
uwveE(G)
=[] = ] *x [] ¢
uv€EEq uv€E Eo uvEE3
— 48  52(4C+4R=8) (2(6RC—5C—5R+4)
— 212RC*10C‘*10R+24 % 312RC7100710R+8 % 5SC+8R716
CHILG) =[] lde(uw)da())?
uwveE(G)
= I] 2= I[ &< [ ¢
uv€EFEq uv€ Eo uv€EEs3
— 4B  G2ACHAR=8) | 2(6RC—5C—5R+4)
_ 28C+8R % 324RC’712C712R
xi@ =[] S
weE(G) dG(U) + dG(’l})
1 1 1
ST G I T
uvEE] \/ZI uv€EEy \/g uv€ E3 6
B (1)4 y ( 1 )4C+4R8 y ( 1 )6RC’5C’5R+4
2 V5 V6
—6RC+5C+5R—12 (=6RC+5C+5R—4) (—4C—4R+8)
= 2 X 3 2 X 2
i@ = [ ———
weE(G) da(u)da (v)
1 1 1
ST 5 T1 e T 5
uveEq \/1 uveFEo \/6 uveEE3 \/§

1 4 1 4C+4R-8 1 6RC—-5C—5R+4
G (&) ()

9~2(R+0) |, g3(~2RC+R+0)

[T e +dc()®

uwveE(G)
[T« I 5= I] &
uv€EEq uvEEy uvEE3

_ gty 5a(40H4R=8) | (a(6RC—5C—5R+4)

_ 20(6R—5)a+(12—5r)a ~ SC(GR—S)a+(4—5R)a > 5a(4C+4R—8).

[ lowda()

uwveE(G)
[T« [T &= I1
uvE k| uv€ By uvEE3

gla o Ge(ACHIR=8) | qa(6RC—5C—5R+4)

9da(R+C) o 96a(2RC—C—R)
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B u) +da(v) —2
(9). ABCH(G)fMEHMG) da(u)de(v)
2122 3+2 T
- yme U \/? Bl \/?

RO .

6RC—-7C—TR+6 —6RC+5C+5R—4
=2 %3 et

R N E o)
(10). GAII(G) = MEHE(G) do(u) + da(v)

_ H 2\/2><2>< H 2\/3><2>< H 2v/3 x 3

uve 2+2 uveEo 3+2 uveE3 3+3
4C+4R-8

— (1) x (2\5/6> x (1)PRC—9C—5R+4

- 2/ 4C+4R-8

U5
2.3. Results for TUC,Cs(R) nanotori
Figure 5. 2-dimensional lattices of TUC4Cs(R) nanotori
Lemma 2.6. [t holds that

Nanostructure |V/| |E| |Ea| |E3|
K 4RC 6RC — C 4C 6RC — 5C

Table 5. Computing the number of vertices and edges for TUC4Cg(R) nanotori

Proof.
R[C[ V] [ |E| [|E2| =(2,3) [ |E3] = (3,3) [No. of Square[No. of Octagon
Case 1: R=C
22|16 |22 8 14 4 1
313]36]| 51 12 39 9 4
414164192 16 76 16 9
Case 2: R<C
21324133 12 21 6 2
34|48 | 68 16 52 12 6
415]80 (115 20 95 20 12
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Table 6.

R[C[ V] [ |E| [|E2| =(2,3) [ |E3] = (3,3) [No, of Square[No. of Octagon

Case 3: R > C

322434 8 26 6 2
413|481 69 12 57 12 6
5(4]80 (116 16 100 20 12

Computing numbers edges and vertices for TUC4Cs(R) nanotori from Figure 5.

From the table, by using an algebraic method we obtain, |E2| = 4C, |E3| = 6RC — 5C, |V| = 4RC and |E| = 6RC — C.

Also we find Number of Square= RC' and Number of Octagon= (R — 1)(C — 1).

Theorem 2.7. Let K be a 2-dimensional lattice of TUC41Cs(R) nanotori. Then

(1). II}(K) = 54C o G6RC—5C
(2). 1I5(K) = 2%C x 36¢(12R=6)
(3). HII(K) = 58C y gl2RC—10C
(4). HII(K) = 23¢ x 3¢(24R-12),
2C 6RC—5C
(5). XII(K) = (1)™ x (;6>
(6). XII(K) =272¢ x 36G-60,
(7). MZ3(K) = 50 x g2(6RC—5C)
(8). MZ$(K) = 94Ca y 3C(12R—6)a_
(9). ABCII(K) = 2C6R=7) y 3C(5-6F)
VAL
(10). GAII(K) = (T) ,
Proof.
that
(1). II{(K) = H [dx (u) + dic (v)]
weEE(K)
= H 5 X H 6
uve By uv€E3
— 540 « 66RC—5C
uwv€EE(K)
= H 6 x H 9
uvE ko wv€E3
— ¢AC y gBRC—5C
_ 94C  3C(12R~6)
uwveE(K)
= H 52 % H 62
uv€ B uwv€E3

452

— 52(40) , (2(6RC—50)

8C 12RC—10C
=57 X6

O

From the definitions of multiplicative indices and partition of edges described in Table 5 of Lemma 2.6, we can see
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(4). HIIZ(K) I Ex@dx@)?

uwveE(K)
2 2
ST I
uv€EEy uvEE3

— g2(40) y 92(6RC=5C)

— 98C  gC(24R-12)

1
G). XII(E)= [] ———e
uUEE(K) dK(’LL) + dK(U)

=10 7z~ 1l z~ 11 &

quE1 uv€E2 quE\;

SNE

)

B ()

— 920 | 3C(3-6R)

I
VRS

(7. Mzi(K)= T[] [dx(w)+dx@)"

uweE(K)
IR
uv€EEo uv€EE3

5a(40) o ga(6RC—50)

®). Mz3(K) =[] ldx(udx ()"

uwveE(K)
S
uv€ B2 uvEFE3

_ §o(4C) | ga(6RC-5C)

— 24Ca ~ 3C(12R76)a

(9). ABCII(K)= ][] di (u) + die (v) — 2

weEE(K) dxc (u)dK (’U)
/3 +2—2 /3+3 2
H S 3x2 H 3x3

uv€EFE>y
y g 6RC—5C
3

()

_ 9C(6R=T) , 3C(5-6R)

3
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(10). GAr(K) =[] 2/ dk (u)dk (v)

wvEE(K) dK(’LL) + dK(’U)

:mexnwm

uv€EEo 3+2 uvEE3 3+3
4C
_ (2\5/6> x (1)8RO=5C

()

3. Conclusion

Chemical graph theory is an important tool for studying molecular structures and has an important effect on the development
of chemical sciences. The study of topological indices is currently one of the most active research fields in chemical graph

theory. We have presented here some multiplicative connectivity indices of TUC4Cs(R) Rhomboidal nanotube.
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