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MULTIPLICATIVE SHINGALI AND KANABOUR INDICES
FOR BISMUTH TRI-IODIDE

ABAID UR REHMAN VIRK

ABSTRACT. Topological indices helps us to collect information about al-
gebraic graphs and gives us mathematical approach to understand the
properties of algebraic structures. Here, we will introduce Multiplicative
version of Shingali and Kanabour indices and compute these indices for
Bismuth Tri-Iodide chain m — Bils and sheet Bils(m X n).
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1. INTRODUCTION

In discrete mathematics, graph theory in general, not only the study of
different properties of objects but it also tells us about objects having same
properties as investigating object [1, 2]. These properties of different objects
if of main interest. In particular, graph polynomials related to graph are rich
in information. Mathematical tools like polynomials and topological based
numbers have significant importance to collect information about properties
of chemical compounds. We can find out many hidden information about
compounds through theses tools [3].

Actually, topological indices are numeric quantities that tells us about the
whole structure of graph. There are many topological indices that helps us to
study physical, chemical reactivities and biological properties [4]. Winner, in
1947, firstly introduce the concept of topological index while working on boil-
ing point [5]. In particular, Hosoya polynomial [6] plays an important in the
area of distance-based topological indices, we can find out Winer index, Hyper
Wiener index and Tratch-stankevich-zefirove index by Hosoya polynomial [7].
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Gutman and Trinajsti¢ introduced first and second Zagreb indices, which
are defined as:

Ml(G) = Z (du + dl))7
weE(G)

My(G) = Y (duxdy).
weE(G)

respectively.
The modified Randié¢ index is defined as:

1
R(G) = _
@) uvezE:(G) max{dy,d,}

Shigehalli and Kanabur [8] introduced following new degree-based topological
indices. Arithmetic-Geometric index is defined as:

dy + dy
AGy = Z ey
weE(G) 2y dy X dhy

Shigehalli and Kanabur indices are defined as:

K@) = Y du+dy.

weE(G)
dy X dy
SKi(G)= > o
uweE(G)
dy + dy\?
SKy(G) = ) ( 5 )
weFE(G)

We introduce the multiplicative version of Shigehalli and Kanabur indices.
The multiplicative modified Randi¢ index is defined as:
1
MR (G) = _
(@) H max{d,,d,}
weE(G)

multiplicative Shigehalli and Kanabur indices and multiplicative Arithmetic-
Geometric index are defined as:

dy + d,

MAG = [ —F——=.

weFE(G) 2V dy X dy

MsK@G) = [ * ; b
weE(G)

dy X dy

MSK(G) = ][] ,
weE(G)
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dy +dy\”
MSKy(G) = ][] ( 5 ) :
weE(G)
For detailed study about topological indices and their applications, we refer
[9, 10] and references therein.
In this paper, we aim to compute the topological indices of Bismuth tri-
iodide chains and sheets introduced by Shigehalli and Kanabur. We also plot
our results to see the dependence on the involved parameters.

2. BisMUTH TRI-IODIDE

The Bilsz is an inorganic compound which is the result of the reaction of
iodine and bismuth, which inspired the enthusiasm for subjective inorganic
investigations [11]. Bils is an excellent inorganic compound and is very useful
in “qualitative inorganic analysis” [11, 12]. It was proved that Bi-doped glass
optical strands are one of the most promising dynamic laser media. Different
kinds of Bi-doped fiber strands have been created and have been used to
construct Bi-doped fiber lasers and optical loudspeakers [13].

Layered Bils gemstones are considered to be a three-layered stack structure
in which a plane of bismuth atoms is sandwiched between iodide particle planes
to form a continuous I-Bi-I plane [14]. The periodic superposition of the
diamond-shaped three layers forms Bil3 crystals with R-3 symmetry [15, 16].
A progressive stack of I-Bi-I layers forms a symmetric hexagonal structure [17]
and jewel of Bils was integrated in [18].

3. COMPUTATIONAL RESULTS
In this section, we give our main results.

3.1. Shingali and Kanabour indices for Bismuth Tri-Iodide chain m —
Bils. Algebraic graph of Bismith Tri-iodide Chain m— Bils for m = 3 is shown
in Figure 1. For Bismith Tri-iodide Chain |V (m — Bil3)| = 6(3m + 2) and
|E(m — Bils)| = 12(2m + 1). There are two types of edges in edge set present
in Bismith Tri-iodide Chain m — Bilg.

FIGURE 1. Bismuth Tri-Todide Chain for m = 3 (Bismuth Tri Iodide).



Multiplicative Shingali and Kanabour indices for Bismuth Tri-Iodide 83

The edge partition of Bismuth Tri-iodide chain m — Bils is given in Table
1.

(dy,dy) Frequency
(1,6) 4m+8
(2,6)  20m+4
TABLE 1. Partition of E(m — Bils) .

Theorem 1. Let m — Bilsg be Bismith Tri-Iodide chain. Then
(1) Mx(m — Bilg) = 2v/14(m + 2)(5m + 1).
(2) MR'(m — Bils) = §(m+ 2)(5m + 1).
(3) MAG,(m — Bil3) = %ﬁ(m +2)(5m +1).
(4) MSK(m — Bilg) = 224(m + 2)(bm + 1).
(5) MSK;(m — Bils) = 288(m + 2)(bm + 1).
(6) MSKy(m — Bilg) = 3136(m + 2)(bm + 1).

Proof.

1

uww€E(m—Bil3)

- (itg)me () om

= %\/ﬁ(m +2)(5m +1).

1

/ _ i - "7 I
MR/(m - Bils) Il i

uwvE€FE(m—Bils)

_ (W) (4m + 8) x (M) (20m + 4)

= % 2(m+2)(5m + 1).

dy, + d,
MAG:(m — Bily) — [ -t
uwve€FE(m—Bils) 2y X dy

_ (;/%) (4m + 8) x (%) (20m + 4)
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MSK(m — Bils) =

MSKl(m - Bilg) =

MSKy(m — Bily) =
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dy, + dy
I =5

uwv€E(m—Bilg)

(1;—6>(4m—|—8) X (2;—6>(20m+4)

= 224(m + 2)(5m + 1).

dy X dy
I =5

wweE(m—Bil3)

(12 v (2]

288(m + 2)(5m + 1).

n, (43

uwv€E(m—Bilg)

1+6\° 246
(2> (4m 4+ 8) x (2
3136(m + 2)(5m + 1).

) (20m + 4)

)2 (20m + 4)

g

3.2. Shingali and Kanabour indices for Bismuth Tri-Iodide sheet
Bils(m x n). The algebraic graph of Bismith Tri-iodide sheet Bilz(m x n)
for m = 2 and n = 3, is shown in Figure 2. For Bismith Tri-iodide sheet
|V (Bils(m x n))| = 11mn + 10m + Tn + 2 and |E(Bils(m x n))| = 18mn +
12m 4+ 6n. There are two types of edges in edge set present in Bismith Tri-

iodide sheet Bilz(m x n)

FiGURE 2. Bismuth Tri-lodide Sheet for m = 2 and n = 3

(Bismuth Tri Iodide).
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The edge partition of Bismuth Tri-iodide sheet Bils(m x n) is given in Table

2.

(du,dy) Frequency
(1,6) 4(m+n+1)
(2,6) 4(3mn+2m+2n-1)
(3,6) 6n(m-1)

TABLE 2. Partition of E(Bilz(m x n)).

Theorem 2. Let Bils(m x n) be Bismith Tri-Iodide sheet. Then
(1) Mx(Bils(m x n)) = $v/14n(3mn + 2m + 2n — 1)(m +n + 1)(m — 1).

MAG1 (Bllg(m X

MSKl(Bilg(m Xn

Mx(Bilz(m x n))

(2) MR/ (Bils(m x n)) = gn(3mn +2m + 2n — 1)(m +n + 1)(m — 1).
(3) n)) = 2nBmn+2m+2n—1)(m+n+1)(m—1).
(4) MSK(Bils(m xn)) = 5376n(3mn+2m+2n—1)(m+n+1)(m—1).
(5) )) = 155562n(3mn+2m+2n—1)(m+n+1)(m—1).
(6) MSKsy(Bils(mxn)) =301056n(3mn+2m+2n—1)(m+n+1)(m—1).
H 1
uwv€E(Bilz(mxn)) thy + dy
< 11+6> (4m + 4n +4) x ( Tl—i— 6> (6mn — 6n)

MR/ (Bil3(m x n))

1
X (\/m> (12mn + 8m + 8n — 4)
%\/ﬂn(Smn +2m+2n—1)(m+n+1)(m—1).

1
H mazx{d,,d,}

uwv€E(Bilz(mxn))

e Y

1
X <maaz{2,6}> (12mn + 8m + 8n — 4)

4
§n(3mn+ 2m+2n—1)(m+n+1)(m—1).
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dy + d,
MAG,(Bils(m x n)) = 11 N(;Td

wv€E(Bilz(mxn))
= ( 116 > (4dm + 4n +4) x ( 316 )(6mn—6n)

2v/1 %6 2v/3 x 6
246
12 8 8n — 4
><<2\/m>( mn + 8m + 8n — 4)

448
= ?n(3mn+ 2m+2n—1)(m+n+1)(m—1).

dy, + dy
2

MSK (Bils(m x n)) = 11
wveE(Bilzg(mxn))

= <1_56) (4m +4n +4) x <3—;6> (6mn — 6n)

2
X <_£6> (12mn + 8m + 8n — 4)

= 5376n(3mn +2m+2n—1)(m+n+1)(m —1).

MSK,(Bils(m x n)) = 11 du ; du
uwv€E(Bilz(mxn))

_ <126) (4m + 4n + 4) x <326> (6mn — 6n)

2.
X (26> (12mn + 8m + 8n — 4)

= 15552n(3mn+2m+2n —1)(m+n+1)(m —1).

MSKy(Bils(m x n)) = 11 <du ; dv)2

wweE(Bilz(mxn))
1 2 2
= <;6> (4m 4 4n +4) x <3;6> (6mn — 6n)

2+6)
x(;) (12mn + 8m + 8n — 4)

= 301056n(3mn+2m+2n —1)(m+n+1)(m —1).

g



Multiplicative Shingali and Kanabour indices for Bismuth Tri-Iodide 87

CONCLUSION

In this paper, we have computed several degree-based topological indices of
Bismuth tri-iodide chains and sheets. Our results are applicable in chemistry,
physics and other applied sciences. It is proved fact that topological indices
help to predict many properties without going to the wet lab. For example, the
first and second Zagreb indices were found to happen for the calculation of the
m-electron energy of dendrimers, the Randié¢ index corresponds with boiling
point, the atomic bond connectivity (ABC) index gives an exceptionally decent
relationship to figuring the strain energy of dendrimers. Therefore there is
always room to define and study new topological indices. Redefined Zagreb
indices are one step in this direction and are very close to Zagreb indices.
Zagreb indices are very well studied by chemists and mathematician due to
its huge applications in chemistry.
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