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Abstract: Metal organic frameworks (MOFs) are distinc-
tive porous chemical materials comprised of metal ions
and organic ligands to illustrate marvelous chemical sta-
bility, high surface area, distinctive morphology, and
large pore volume. MOFs have great significance due to
their versatile utilizations, such as purification and separa-
tion of various gases, environmental hazards, biocompat-
ibility, toxicology, heterogeneous catalyst, and biomedical
applications. These structures have attracted global atten-
tion of researchers due to their increasing utilizations in
many areas of science. Freshly, zinc-based MOFs are
becoming popular because of their versatile application
in biomedical, i.e., drug delivery, biosensing, and cancer
imaging. Topological indices (TIs), the graphs invariants
or numerical graph descriptors, are useful in character-
izing the topology of molecular structures and helpful in
defining the psychochemical properties of these structures.
This paper mainly highlights the comparison between
two MOFs namely zinc oxide (ZnOx) and zinc silicate
(ZnSl) networks via somemultiplicative Zagreb connection
indices (MZIs), namely modified first MZCI (1st MZCI)mod-
ified second MZCI (2nd MZCI), and modified third MZCI
(3rd MZCI).

Keywords: metal organic frameworks, connection num-
bers, multiplicative Zagreb indices

1 Introduction

Metal organic frameworks (MOFs) are uniformly organized
distinctive porous chemical coordinated compounds made

up of metal clusters and organic linkers. MOFs have wide-
ranging utilizations such as purification and separation of
various gases, environmental hazards, biocompatibility,
toxicology, heterogeneous catalyst, and biomedical appli-
cations. Their precise structure, extensive range of pore
formation, large surface area, high porosity, tunable fra-
meworks, relatively low toxicity, and simple chemical
functionalization have made them a promising applicant
for drug delivery, nitric oxide storage, imaging and sen-
sing, and disease diagnosis. Biomedical applications have
recently emerged as an intriguing and promising area for
the development and implementation of multi-functional
MOFs. Drug delivery in an efficient way is one of the
important points in this field. Non-toxic MOFs are consid-
ered to be more efficient rather than toxic MOFs in biolog-
ical applications, especially in drug delivery systems. The
antibacterial activity of MOFs based on non-toxic antimi-
crobial cations (Zn2+) was newly discussed (Taghipour
et al., 2018, Wang et al., 2011). Zinc-based MOFs are inves-
tigated into biomedical applications due to the low toxicity
of zinc ions. Zinc ion is broadly utilized in dermatology,
moisturizing the skin and as cicatrizing agent (Prasad,
2008). In addition, biomedical utilizations with their bio-
compatibility, and toxicology described the production
methods of zinc-based MOFs. Kashif et al. (2021) discussed
M-polynomial TIs of MOFs. Recently, Ahmad et al. (2022)
found the polynomial of degree-based indices of MOFS.
For more study, the readers are referred to the study by
Abbas et al. (2021), Awais et al. (2020), and Chu et al.
(2020).

MOFs have ability to predict many chemical and phy-
sical properties other than detecting and sensing, such as
biosensor increasing response time, selectivity, and sen-
sitivity (Ding et al., 2017), impregnating appropriate active
materials (Thornton et al., 2009), changing photosynthetic
and organic legends (Yin et al., 2015), grafting (Hwang
et al., 2008), and ion exchange (Kim et al., 2012). MOFs
have a vast range of utilizations such as to separate and
purify the chemical compounds (Lin et al., 2019) and to
store energy in batteries (Xu et al., 2017). Yap et al. (2017)
recently utilized MOFs as precursors to prepare distinct
nanostructures. Graph theory is playing vital role in
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providing the tools to predict the distinct physicochem-
ical properties such as flash point, temperature, boiling
and freezing point, density, and pressure of various
chemical structures in modern chemistry. Wiener (1947)
discovered the first distance-based TI to study the boiling
point of paraffin. Further, Gutman and Trinajstic (1972)
put forward the first degree-based TI to check the total
π-electron energy of alternant hydrocarbon. The con-
ception of second degree-based TI was investigated by
Gutman et al. (1975). Further, the concept of third ZI was
initiated by Furtula and Gutman (2015). Later, Nikolic
et al. (2003) introduced the notion of modified first ZI in
2003. Dhanalakshmi et al. (2016) put forward the idea of
multiplicative ZI (MZI). Dustigeer et al. (2020) calculated
the computed degree-based MZIs of planer octahedron
networks. These classical ZI have been employed widely
in the domain of cheminformatics (Ali et al., 2018;
Javaid and Imran, 2021; Rao et al., 2021).

Later on, Ali and Trinajstić (2018) introduced a new
term called connection number (number of vertices at
distance two) and investigated connection-based ZI (ZCIs).
Freshly, Ali et al. (2020) calculated the modified ZCIs for
T-sum graphs in 2020. Haoer et al. (2020) introduced the
concept of multiplicative leap ZIs. Javaid et al. (2021)
introduced the idea of multiplicative ZCIs (MZCI) and
computed the general expressions to find these connec-
tion-based indices of different wheel-related graphs. Li
et al. (2021) computed modified ZIs of some chemical
structures. Further, Gao et al. (2020) calculated ZIs of
dendrimers in 2020. Recently, Sattar et al. (2021, 2022)
developed the general expressions to compute the MZCIs
of dendrimer nanostars. Further, Zhao et al. (2021) calcu-
lated the topological co-indices of MOFs.

For more understanding, the readers are referred to
the study by Siddiqui et al. (2021) and Zahra and Ibrahim
(2021). The motivation to this research article is as follows:
1. MOFs, the uniformly organized distinctive porous che-

mical coordinated compounds, have great significance
due to their vast range of utilizations. Zinc-based
MOFs have been widely utilized in biomedical applica-
tions such as drug delivery, biosensing, and cancer
imaging.

2. TIs, the numerical graph descriptors are useful in
characterizing the topology of molecular structures
and helpful in defining the psychochemical properties
of these structures.

3. The ZCI, rather than the other classical degree and
distance-based ZIs, have better applicability to specify

the physical and chemical properties of molecular
structures.

In this paper, we work to calculate the MZCIs of two
distinct zinc-based MOFs, namely zinc oxide (ZnOx) and
zinc silicate (ZnSl) graphs. We also compare the results of
both ZnOx and ZnSl networks to check the superiority of
proposed expressions.

This manuscript is structured as; in Section 2, we
state the related definitions from the literature which
assist the reader to understand the idea of this manu-
script. Section 3 involves the main result to compute
the multiplicative ZCIs for zinc oxide-related MOFs. In
Section 4, we compute the main results for zinc silicate-
related MOFs in a very comprehensive way. Section 5
involves the comparative study between ZnOx- and
ZnSl-related MOFs and the concluding remarks of this
article.

2 Preliminaries

This section involves some useful basic definitions from
the literature to understand the main results of this
manuscript.

Definition 2.1. Let Q = (X(Q), T(Q)) be a graph, where X
(Q) and T(Q) be the vertex set and edge set, respectively
(Gutman and Trinajstic, 1972). Then, the ZIs on the bases
of degree are defined as:
1. ( ) ( ( )) ( ( ) ( ))

( ) ( )
= ∑ = ∑ +

∈ ∈

dZ Q m m zd d ,Ym X Q mz T Q Q Q1
2

2. ( ) ( ( ) ( ))
( )

= ∑ ×

∈

d dZ Q m z ,mz T Y Q Q2

where dQ(m) and dQ(z) are the degrees of the vertex m
and z, respectively. These ZIs are called first ZI and
second ZI, respectively.

Definition 2.2. For a graph Q, the connection-based ZIs
can be defined as (Ali and Trinajstić, 2018):
1. ( ) ( ( ))

( )
= ∑

∈

Q ω mZC ,m X Q Q1
2

2. ( ) ( ( ) ( ))
( )

= ∑ ×

∈

Q ω m ω zZC ,mz T Q Q Q2

where ωQ(m) and ωQ(z) is the connection number (CN) of
the vertexm and z, respectively. These ZCIs are called first
Zagreb connection index (1st ZCI) and second Zagreb con-
nection index (2nd ZCI), respectively.
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Definition 2.3. For a graph Q, the modified ZCIs can be
given as (Ali et al., 2020):
1. ( ) ( ( ) ( )) ( ( ) ( ))

( ) ( )
= ∑ + = ∑

∈ ∈

dQ ω m ω z m ω mZC ,m T Q Q Q m X Q Q Q1
⁎

2. ( ) [ ( ) ( ) ( ) ( )]
( )

= ∑ +

∈

Z Q d m ω z d z ω mC ,mz T Q Q Q Q Q2
⁎

3. ( ) [ ( ) ( ) ( ) ( )]
( )

= ∑ +

∈

Z Q d m ω m d z ω zC .mz T Q Q Q Q Q3
⁎

These modified ZIs are known as the modified 1st ZCI,
modified 2nd ZCI, and modified 3rd ZCI, respectively.

Definition 2.4. For a graph Q, multiplicative ZCIs (MZCI)
can be defined as (Kim et al., 2012):
1. ( ) ( ( ))

( )
= ∏

∈

Z C Q mω ,M
m X Q1 Q

2

2. ( ) ( ( ) ( ))
( )

= ∏ ×

∈

Z C Q ω m ω z ,M
mz T Q Q Q2

3. ( ) ( ) ( )
( )

= ∏

∈

dZ C Q m ω m ,Q
M

m X Q Q3

4. ( ) ( ( ) ( ))
( )

= ∏ +

∈

Z C Q ω m ω z .M
mz T Q Q Q4

These MZCIs are known as first MZCI (1st MZCI),
second MZCI (2nd MZCI), third MZCI (3rd MZCI), and
fourth MZCI (4th MZCI), respectively.

Definition 2.5. For a graph Q, modified first MZCI (1st
MZCI), modified second MZCI (2nd MZCI), and modified
third MZCI (3rd MZCI) can be given as (Kim et al., 2012):
1. ( ) [ ( ) ( ) ( ) ( )]

( )
= ∏ +

∈

d dZ C Q m ω z z ω m ,Q Q
M

mz T Q Q Q1
⁎

2. ( ) [ ( ) ( ) ( ) ( )]
( )

= ∏ +

∈

d dZ C Q m ω m z ω z ,Q Q
M

mz T Q Q Q2
⁎

3. ( ) [ ( ) ( ) ( ) ( )]
( )

= ∏ ×

∈

d dZ C Q m ω m z ω z .Q Q
M

mz T Q Q Q3
⁎

Now, we rewrite the modified 1st MZCI, modified 2nd
MZCI, and modified 3rd MZCI below.

Definition 2.6. Let Q be a graph and N be a set of all the
CNs of the graph Q. Then modified 1st MZCI can be
rewritten as:

( ) [ ] ( )( )( )
∏= +

≤ ∈

≤ ∈

∣ ∣Z C Q µβ νλM

λ β N
μ ν N

B Q
1
⁎ ν λ βµ, ,

(1)

where (α, β) are CNs such that α ≤ β and α, β ∈ N and (μ, ν)
are degrees such that μ ≤ ν and μ, ν ∈ N. The modified
2nd MZCI can be rewritten as:

( ) [ ] ( )( )( )
∏= +

≤ ∈

≤ ∈

∣ ∣Z C Q µλ νβM

λ β N
μ ν N

B Q
2
⁎ ν λ βµ, ,

(2)

The modified 3rd MZCI can be rewritten as follows:

( ) [ ] ( )( )( )
∏= ×

≤ ∈

≤ ∈

∣ ∣Z C Q µλ νβM

λ β N
μ ν N

B Q
3
⁎ ν λ βµ, ,

(3)

where |B(μ, ν)(λ, β)(Q)| is the total number of edges in Q
with degrees (μ, ν) and CNs (λ, β).

3 Connection-based ZIs of zinc
oxide

This section includes all the main results for modified 1st
MZCI, modified 2nd MZCI, and modified 3rd MZCI of
molecular graph of zinc oxide of growth a. LetΨ= ZnOx(a)
be a molecular graph of zinc oxide of growth a. The car-
dinality of the vertices and edges of the molecular graph
Ψ is 70a + 46 and 85a + 55, respectively. The connection-
basedmolecular graph of ZnOx for a = 1, 2, 3 is depicted in
Figures 1–3.

For our ease, we divide the structure of ZnOx into
diamond structure of hexagons, star structure of hexagon,
and ξ-hexagons:
1. Diamond structure of hexagons: A structure in which

four hexagons are joined in such a way that they have
one common vertex having CN 8 and two outer vertices
having CN 2 is considered to be diamond structure of
hexagons.

2. Star structure of hexagons: A structure in which four
hexagons are joined in such a way that they have one
common vertex having CN 8 and one outer vertex
having CN 2 is considered to be star structure of
hexagons.

3. ξ-hexagon: The hexagon which is not part of either
diamond or star structure of hexagons is considered
to ξ-hexagon of hexagons.

Figure 1: Molecular structure of ZnOx graph for a = 1.
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The number of diamond structures of hexagons, star
structures of hexagons and D structure of hexagons are
given in following:
‒ Number of diamond structure of hexagons = 4,
‒ Number of star structure of hexagons = 2a − 2,
‒ Number of ξ hexagons = 6a + 2.

Theorem 3.1. Let Ψ = ZnOx be a molecular structure of
zinc oxide graph of growth a ≥ 1. Then, the expression to
compute the modified 1st MZCI is given as:

( ) [ ] [ ] [ ] [ ]= × × ×

+ + + +Z C Ψ 190 7128 20 44M a a a a
1
⁎ 4 12 12 4 33 11 8 8

Proof. First, we make the partitions of edges with respect
to the degrees of incident vertices. There are following
four partitions of edges with respect to the degrees of
incident vertices:

( ) { ( ) ( ) }

( ) { ( ) ( ) }

( ) { ( ) ( ) }

( ) { ( ) ( ) }

= = = ∈ = =

= = = ∈ = =

= = = ∈ = =

= = = ∈ = =

P B e mz T d m d z

P B e mz T d m d z

P B e mz T d m d z

P B e mz T d m d z

Ψ : 2, 2

Ψ : 2, 3

Ψ : 3, 3

Ψ : 3, 4

e d

e d

e d

e d

1 2,2 Ψ Ψ

2 2,3 Ψ Ψ

3 3,3 Ψ Ψ

4 3,4 Ψ Ψ

Figure 2: Molecular structure of ZnOx graph for a = 2.

Figure 3: Molecular structure of ZnOx graph for a = 3.
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The cardinalities of these partitioned vertices are
given below:

| ( )|

| ( )|

∣ ( )∣

| ( )|

= +

= +

= +

= +

B a

B a

B a

B a

Ψ 6 16

Ψ 52 28

Ψ 9 3

Ψ 8 8

d

d

d

d

2,2

2,3

3,3

3,4

Now, we divide the edges of Ψ based on their CNs.
We have the following seven partitions for the edges as
given below:

( ) { ( ) ( ) }

( ) { ( ) ( ) }

( ) { ( ) ( ) }

( ) { ( ) ( ) }

( ) { ( ) ( ) }

( ) { ( ) ( ) }

( { ( ) ( ) }

= = = ∈ = =

= = = ∈ = =

= = = ∈ = =

= = = ∈ = =

= = = ∈ = =

= = = ∈ = =

= = = ∈ = =

P B e mz T ϑ m ϑ z
P B e mz T ϑ m ϑ z
P B e mz T ϑ m ϑ z
P B e mz T ϑ m ϑ z
P B e mz T ϑ m ϑ z
P B e mz T ϑ m ϑ z

P B e mz T ϑ m ϑ z

Ψ : 2, 3
Ψ : 3, 3

Ψ : 3, 4
Ψ : 3, 5
Ψ : 4, 4
Ψ : 4, 5
Ψ : 5, 8

e

e

e

e

e

e

e

1 2,3 Ψ Ψ

2 3,3 Ψ Ψ

3 3,4 Ψ Ψ

4 3,5 Ψ Ψ

5 4,4 Ψ Ψ

6 4,5 Ψ Ψ

7 5,8 Ψ Ψ

Next, we compute |B2,3(Ψ)|. One can easily see that
(2,3)-type edges exist in diamond and star structure of

hexagons. The number of (2,3)-type edges in diamond
structure is four, while in star structure, it is 2.

Thus, we have:

| (

| ( )| ( )

| ( )

( )

( )

( )

      = × =

      = −

= + − = +

B
B a
B a a

diamond structure of hexagon 4 4 16
star structure of hexagons 2 2 2
Ψ 16 4 4, 4 12

2,3

2,3

2,3

Next, we compute |B3,3(Ψ)|. As it can be seen that
only the ξ-hexagons contain the (3,3)-type edges in Ψ.
Thus, we have:

| ( )| ( )

∣ ( )∣

( )

( )

- = +

= +

B ξ a
B a

hexagon 2 6 2
Ψ 12 4

3,3

3,3

Similarly, we can calculate the other edges. The car-
dinalities of the other type of edges are:

∣ ( )∣ ∣ ( )∣

| ( )| | ( )|

| ( )|

= + = +

= + = +

= +

B a B a
B a B a
B a

Ψ 24 8, Ψ 4 12
Ψ 4 12, Ψ 12 4
Ψ 8 8

3,4 3,5

4,4 4,5

5,8

Now, in order to compute modified 1st MZCI, modified
2nd MZCI, and modified 3rd MZCI, we split the partitioned
degree-based edges with respect to the connection-based
edges.

Table 1 shows the cardinality of edges with degree (µ,ν)
and CNs ( )λ ϑ, . By placing the values of | ( )( )( )|B μ ν λ ϑ Ψ_ , ,
in Eq. 1, we have:

Theorem 3.2. Let Ψ = ZnOx be a molecular structure of
zinc oxide graph of growth a ≥ 1. Then, the expression to
compute the modified 2nd MZCI is given as:

( ) [ ] [ ] [ ]

[ ] [ ]

( ) ( ) ( )

( ) ( )

= × ×

× ×

+ + +

+ +

Z C Ψ 210 7452 22
20 55

M a a a

a a
2
⁎ 4 12 12 4 24 8

9 3 8 8

( ) [ ] [( )( ) ( )( )] [( )( ) ( )( )]

[( )( ) ( )( )] [( )( ) ( )( )] [( )( ) ( )( )]

[( )( ) ( )( )] [( )( ) ( )( )] [( )( ) ( )( )] |

[( )( ) ( )( )] [( )( ) ( )( )] [( )( ) ( )( )]

[( )( ) ( )( )] [( )( ) ( )( )] [( )( ) ( )( )]

[( )( ) ( )( )] [( )( ) ( )( )] [ ] [ ] [ ]

[ ] [ ] [ ] [ ] [ ]

[ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ]

[ ] [ ] [ ] [ ]

( ) ( ) ( )

( ) ( ) ( )

( ) ( ) ( )

( )( ) ( )( ) ( )( )

( )( ) ( )( ) ( )( )

( )( ) ( )( ) ( )( )

∏= + = + × +

× + × + × +

× + × + × +

= + × + × +

× + × + × +

× + × + = + × + × +

× + × + × + × + × +

= × × × × × × ×

= × × ×

≤ ∈

≤ ∈

∣ ∣ ∣ ∣ ∣ ∣

∣ ∣ ∣ ∣ ∣ ∣

∣ ∣ ∣ ∣ ∣ ∣

+ + +

+ + +

+ + + + +

+ + + + +

+ + + + + + + +

+ + + +

Z C µβ νλΨ 2 3 2 2 2 3 2 3

2 4 4 3 2 5 3 3 2 4 3 4
2 5 3 4 3 5 3 4 3 8 4 5

2 3 2 2 2 3 2 3 2 4 4 3
2 5 3 3 2 4 3 4 2 5 3 4
3 5 3 4 3 8 4 5 6 4 6 6 8 12

10 9 8 12 10 12 15 12 24 20
10 12 20 19 20 22 27 44
190 7128 20 44

M

λ β N
μ ν N

B B B

B B B

B B B

a a a

a a a

a a a a a

a a a a a

a a a a a a a a

a a a a

1
⁎ Ψ Ψ Ψ

Ψ Ψ Ψ

Ψ Ψ Ψ

4 12 12 4 24 8

4 12 9 3 12 4

12 4 8 8 4 12 12 4 24 8

4 12 9 3 12 4 12 4 8 8

4 12 12 4 24 8 4 12 9 3 12 4 12 4 8 8

4 12 12 4 33 11 8 8

ν λ βµ, , 2,2 2,3 2,2 3,3

2,3 3,4 2,3 3,5 2,3 4,4

2,3 4,5 3,3 4,5 3,4 5,8
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Proof. After placing the computed values of |B(μ,ν)(λ,ϑ)(Ψ)|
from Table 1 in Eq. 2, we have:

Theorem 3.3. Let Ψ = ZnOx be a molecular structure of
zinc oxide graph of growth a ≥ 1. Then, the expression to
compute the modified 3rd MZCI is given as:

( ) [ ] [ ] [ ] [ ]

[ ] [ ] [ ] [ ]

= × × ×

× × × ×

+ + + +

+ + + +

Z C Ψ 24 36 96 90

96 120 180 600

M a a a a

a a a a
3
⁎ 4 12 12 4 24 8 4 12

9 3 12 4 12 4 8 8

Proof. After placing the values of |B(μ,ν)(λ,ϑ)(Ψ)| from
Table 1 in Eq. 3, we have:

Table 1: Total number of edges on degree and connection bases

B μ ν, Ψd| ( )( )| B λ ϑ, Ψ| ( )( )| |B(μ,ν)(λ,ϑ)(Ψ)|
(on degree bases) (on connection bases)

B aΨ 4 12d
2,2| ( )|( ) = +

B aΨ 4 122,3| ( )|( ) = + B aΨ 4 122,2 2,3| ( )|( )( ) = +

B aΨ 12 4d
2,2| ( )|( ) = +

B aΨ 12 43,3| ( )|( ) = + B aΨ 12 42,2 3,3| ( )|( )( ) = +

B aΨ 24 8d
2,3| ( )|( ) = +

B aΨ 24 83,4| ( )|( ) = + B aΨ 24 82,3 3,4| ( )|( )( ) = +

B aΨ 4 12d
2,3| ( )|( ) = +

B aΨ 4 123,5| ( )|( ) = + B aΨ 4 122,3 3,5| ( )|( )( ) = +

B aΨ 9 3d
2,3| ( )|( ) = +

B aΨ 9 34,4| ( )|( ) = + B aΨ 9 32,3 4,4| ( )|( )( ) = +

B aΨ 12 4d
2,3| ( )|( ) = +

B aΨ 12 44,5| ( )|( ) = + B aΨ 12 42,3 4,5| ( )|( )( ) = +

B aΨ 12 4d
3,3| ( )|( ) = +

B aΨ 12 44,5| ( )|( ) = + B aΨ 12 43,3 4,5| ( )|( )( ) = +

B aΨ 8 8d
3,4| ( )|( ) = +

B aΨ 8 85,8| ( )|( ) = + B aΨ 8 83,4 5,8| ( )|( )( ) = +

( ) [ ] [( )( ) ( )( )] [( )( ) ( )( )]

[( )( ) ( )( )] [( )( ) ( )( )] [( )( ) ( )( )]

[( )( ) ( )( )] [( )( ) ( )( )] [( )( ) ( )( )]

[( )( ) ( )( )] [( )( ) ( )( )] [( )( ) ( )( )]

[( )( ) ( )( )] [( )( ) ( )( )] [( )( ) ( )( )]

[( )( ) ( )( )] [( )( ) ( )( )]

[ ] [ ] [ ] [ ] [ ] [ ]

[ ] [ ]

[ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ]

[ ] [ ] [ ] [ ] [ ]

( ) ( ) ( )

( ) ( ) ( )

( ) ( ) ( )

( )( ) ( )( ) ( )( )

( )( ) ( )( ) ( )( )

( )( ) ( )( ) ( )( )

∏= + = + × +

× + × + × +

× + × + × +

= + × + × +

× + × + × +

× + × +

= + × + × + × + × + × +

× + × +

= × × × × × × ×

= × × × ×

≤ ∈

≤ ∈

∣ ∣ ∣ ∣ ∣ ∣

∣ ∣ ∣ ∣ ∣ ∣

∣ ∣ ∣ ∣ ∣ ∣

+ + +

+ + +

+ +

+ + + + + +

+ +

+ + + + + + + +

+ + + + +

Z C µλ νβΨ 2 2 2 3 2 3 2 3

2 3 4 4 2 3 3 5 2 4 3 4
2 4 3 5 3 5 3 4 3 5 4 8

2 2 2 3 2 3 2 3 2 3 4 4
2 3 3 5 2 4 3 4 2 4 3 5
3 4 3 5 3 5 4 8

4 6 6 6 6 16 6 15 8 12 8 15
12 15 15 40

10 12 22 21 20 23 27 55
210 7452 22 20 55

M

λ β N
μ ν N

B B B

B B B

B B B

a a a

a a a

a a

a a a a a a

a a

a a a a a a a a

a a a a a

2
⁎ Ψ Ψ Ψ

Ψ Ψ Ψ

Ψ Ψ Ψ

4 12 12 4 24 8

4 12 9 3 12 4

12 4 8 8

4 12 12 4 24 8 4 12 9 3 12 4

12 4 8 8

4 12 12 4 24 8 4 12 9 3 12 4 12 4 8 8

4 12 12 4 24 8 9 3 8 8

ν λ βµ, , 2,2 2,3 2,2 3,3

2,3 3,4 2,3 3,5 2,3 4,4

2,3 4,5 3,3 4,5 3,4 5,8

( ) [ ] [( )( ) ( )( )] [( )( ) ( )( )]

[( )( ) ( )( )] [( )( ) ( )( )] [( )( ) ( )( )]

[( )( ) ( )( )] [( )( ) ( )( )] [( )( ) ( )( )] |

[( )( ) ( )( )] [( )( ) ( )( )] [( )( ) ( )( )]

[( )( ) ( )( )] [( )( ) ( )( )] [( )( ) ( )( )]

[( )( ) ( )( )] [( )( ) ( )( )] [ ] [ ] [ ] [ ]

[ ] [ ] [ ] [ ]

[ ] [ ] [ ] [ ] [ ] [ ] [ ]

( ) ( ) ( )

( ) ( ) ( )

( ) ( ) ( )

( )( ) ( )( ) ( )( )

( )( ) ( )( ) ( )( )

( )( ) ( )( ) ( )( )

∏= × = × × ×

× × × × × ×

× × × × × ×

= × × × × ×

× × × × × ×

× × × × = × × × × × × ×

× × × × × × × ×

= × × × × × × ×

≤ ≤ ≤ −

≤ ≤ ≤ −

∣ ∣ ∣ ∣ ∣ ∣

∣ ∣ ∣ ∣ ∣ ∣

∣ ∣ ∣ ∣ ∣ ∣

+ + +

+ + +

+ + + + + +

+ + + +

+ + + + + + + +

Z C µλ νβΨ 2 2 2 3 2 3 2 3

2 3 4 4 2 3 3 5 2 4 3 4
2 4 3 5 3 5 3 4 3 5 4 8

2 2 2 3 2 3 2 3 2 3 4 4
2 3 3 5 2 4 3 4 2 4 3 5
3 4 3 5 3 5 4 8 4 6 6 6 6 16 6 15

8 12 8 15 12 15 15 40
24 36 96 90 96 120 180 600

M

λ β a
μ ν a

B B B

B B B

B B B

a a a

a a a

a a a a a a

a a a a

a a a a a a a a

3
⁎

0 2
0 2

Ψ Ψ Ψ

Ψ Ψ Ψ

Ψ Ψ Ψ

4 12 12 4 24 8

4 12 9 3 12 4

12 4 8 8 4 12 12 4 24 8 4 12

9 3 12 4 12 4 8 8

4 12 12 4 24 8 4 12 9 3 12 4 12 4 8 8

ν λ βµ, , 2,2 2,3 2,2 3,3

2,3 3,4 2,3 3,5 2,3 4,4

2,3 4,5 3,3 4,5 3,4 5,8
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4 Connection-based ZIs of zinc
silicate

This section includes all the main results for modified
1st MZCI, modified 2nd MZCI, and modified 3rd MZCI of

molecular graph of ZnSl of growth a. Let, ( )= aΓ ZnSl be a
molecular graph of zinc oxide of growth a. The cardin-
ality of the vertices and edges of the molecular graph Γ is

+a82 50 and +a103 61, respectively. The connection-
basedmolecular graph of ZnSl for =a 1, 2, 3 is depicted
in Figures 4–6.

For our ease, we divide the structure of ZnSl into
diamond structure of hexagons and ξ hexagons:
1. Diamond structure of hexagons: A structure in which

four hexagons are joined in such a way that they have
one common vertex having CN 8 and two outer vertices
having CN 2 is considered to be diamond structure of
hexagons.

Figure 4: Molecular structure of ZnSl graph for a = 1.

Figure 5: Molecular structure of ZnSl graph for a = 2. Figure 6: Molecular structure of ZnSl graph for a = 3.
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2. Star structure of hexagons: A structure in which four
hexagons are joined in such a way that they have one
common vertex having CN 8 and one outer vertex
having CN 2 is considered to be star structure of
hexagons.

3. D structure of hexagon: The structure of hexagons
which is not diamond structure or star structure is
considered to be D structure of hexagons.

The number of diamond structure of hexagons, star
structure of hexagons, and ξ hexagons are given in
following:
‒ Number of diamond structure of hexagons = 4,
‒ Number of star structure of hexagons = 2a − 2,
‒ Number of D structure of hexagons = 3a + 1.

Theorem 4.1. Let Γ = ZnSl be a molecular structure of zinc
oxide graph of growth a ≥ 1. Then, the expression to com-
pute the modified 1st MZCI is given as:

( ) [ ] [ ] [ ]

[ ] [ ] [ ] [ ]

= × ×

× × × ×

+ + +

+ + + +

Z C Γ 190 11220 12
24 20 36 44

M a a a

a a a a
1
⁎ 4 12 12 4 6 2

6 12 36 12 3 1 8 8

Proof. Firstly, we make the partitions of edges with
respect to the degree of incident vertices. There are fol-
lowing four partitions of edges with respect to the degrees
of incident vertices:

( ) { ( ) ( ) }

( ) { ( ) ( ) }

( ) { ( ) ( ) }

( ) { ( ) ( ) }

= = = ∈ = =

= = = ∈ = =

= = = ∈ = =

= = = ∈ = =

P B e mz T d m d z

P B e mz T d m d z

P B e mz T d m d z

P B e mz T d m d z

Γ : 2, 2

Γ : 2, 3

Γ : 3, 3

Γ : 3, 4

d d

d d

d d

d d

1 2,2 Γ Γ

2 2,3 Γ Γ

3 3,3 Γ Γ

4 3,4 Γ Γ

The cardinalities of these partitioned edges are given
below:

| ( )|

| ( )|

| ( )|

( ) = +

( ) = +

= +

= +

= +

B a
B a
B a
B a
B a

Ψ 24 8
Ψ 4 12
Ψ 4 12
Ψ 12 4
Ψ 8 8

3,4

3,5

4,4

4,5

5,8

Further, we divide the edges of Γ based on their CNs.
We have the following seven partitions for the edges as
given below:

( ) { ( ) ( ) }

( ) { ( ) ( ) }

( ) { ( ) ( ) }

( ) { ( ) ( ) }

( ) { ( ) ( ) }

( ) { ( ) ( ) }

( ) { ( ) ( ) }

( ) { ( ) ( ) }

( ) { ( ) ( ) }

= = = ∈ = =

= = = ∈ = =

= = = ∈ = =

= = = ∈ = =

= = = ∈ = =

= = = ∈ = =

= = = ∈ = =

= = = ∈ = =

= = = ∈ = =

P B e mz T ϑ m ϑ z
P B e mz T ϑ m ϑ z
P B e mz T ϑ m ϑ z
P B e mz T ϑ m ϑ z
P B e mz T ϑ m ϑ z
P B e mz T ϑ m ϑ z
P B e mz T ϑ m ϑ z
P B e mz T ϑ m ϑ z
P B e mz T ϑ m ϑ z

Γ : 2, 3
Γ : 3, 3
Γ : 3, 4
Γ : 3, 5
Γ : 4, 4

Γ : 4, 5
Γ : 4, 6
Γ : 5, 8
Γ : 6, 6

e

e

e

e

e

e

e

e

e

1 2,3 Γ Γ

2 3,3 Γ Γ

3 3,4 Γ Γ

4 3,5 Γ Γ

5 4,4 Γ Γ

6 4,5 Γ Γ

7 4,6 Γ Γ

8 5,8 Γ Γ

7 6,6 Γ Γ

Now, we compute |B2,3(Γ)|. One can easily see that
(2,3)-type edges exist in diamond and star structures of
hexagons. The number of (2,3)-type edges in diamond
structure is four, while in star structure, it is 2.

Thus, we have

| ( )|

| ( )| ( )

∣ ( )∣

( )

( )

( )

= × =

= −

= + = +

B
B a
B a a

diamond structure of hexagons 4 4 16
star structure of hexagons 2 2 2
Γ 16 4 – 4, 4 12

2,3

2,3

2,3

Next, we compute |B3,3(Γ)|. As it can be seen that only
the D structure of hexagons contains the (3,3)-type edges
in Γ. Thus, we have:

| ( )| ( )

| ( )|

( )

( )

= +

= +

B D a
B a

structure of hexagons 2 3 1
Γ 6 2

3,3

3,3

Similarly, we can calculate the other edges. The car-
dinalities of the other type of edges are:

| ( )| | ( )|

| ( )| | ( )|

∣ ( )∣ | ( |

| ( )|

= + = +

= + = +

= + = +

= +

B a B a
B a B a
B a B a
B a

Γ 12 4, Γ 4 12
Γ 42 14, Γ 12 4
Γ 12 14 Γ 8 8
Γ 3 1

3,4 3,5

4,4 4,5

4,6 5,8

6,6
Now, in order to compute modified 1st MZCI, modi-

fied 2nd MZCI, and modified 3rd MZCI, we split the parti-
tioned degree-based edges with respect to the connec-
tion-based edges.

Table 2 shows the cardinality of edges with degree
( )νµ, and CNs ( )λ ϑ, . By placing the values of | ( )|( )( )B Γν λ ϑµ, ,
in Eq. 1, we have:
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Theorem 4.2. Let Γ = ZnSl be a molecular structure of zinc
oxide graph of growth a ≥ 1. Then, the expression to com-
pute the modified 2nd MZCI is given as:

( ) [ ] [ ] [ ]

[ ] [ ] [ ] [ ]

= × ×

× × × ×

+ + +

+ + + +

Z C Γ 210 11880 12
24 20 36 47

M a a a

a a a a
2
⁎ 4 12 12 4 6 2

6 12 36 12 3 1 8 8

Proof. After placing the values of | ( )|( )( )B Γν λ ϑµ, , from Table 2
in Eq. 2, we have:

Theorem 4.3. Let Γ = ZnSl be a molecular structure of zinc
oxide graph of growth a ≥ 1. Then, the expression to com-
pute the modified 3rd MZCI is given as:

( ) [ ] [ ] [ ]

[ ] [ ] [ ]

[ ]

= × ×

× × ×

×

+ + +

+ + +

+

Z C Γ 2160 1866240 36

144 96 324
480

M a a a

a a a

a

3
⁎ 4 12 12 4 6 2

6 12 36 12 3 1

8 8

( ) [ ] [( )( ) ( )( )]

[( )( ) ( )( )] [( )( ) ( )( )]

[( )( ) ( )( )] [( )( ) ( )( )]

[( )( ) ( )( )] [( )( ) ( )( )]

[( )( ) ( )( )] [( )( ) ( )( )]

[( )( ) ( )( )] [( )( ) ( )( )] [( )( ) ( )( )]

[( )( ) ( )( )] [( )( ) ( )( )] [( )( ) ( )( )]

[( )( ) ( )( )] [( )( ) ( )( )] [( )( ) ( )( )]

[( )( ) ( )( )] [( )( ) ( )( )] [ ] [ ]

[ ] [ ] [ ]

[ ] [ ] [ ] [ ]

[ ]

[ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ]

[ ] [ ] [ ] [ ] [ ]( ) [ ] [ ] [ ]

( ) ( )

( ) ( )

( ) ( )

( ) ( )

( ) ( )

( )

( )( ) ( )( )

( )( ) ( )( )

( )( ) ( )( )

( )( ) ( )( )

( )( ) ( )( )

( )( )

∏= + = +

× + × +

× + × +

× + × +

× + × +

× + = + × +

× + × + × +

× + × + × +

× + × + = + × +

× + × + × +

× + × + × + × +

× +

= × × × × × × × ×

× = × × × + × × ×

≤ ∈

≤ ∈

∣ ∣ ∣ ∣

∣ ∣ ∣ ∣

∣ ∣ ∣ ∣

∣ ∣ ∣ ∣

∣ ∣ ∣ ∣

∣ ∣ + +

+ + +

+ + +

+ + + +

+ + +

+ + + +

+

+ + + + + + + + +

+ + + + + + +

Z C Q µλ νβ

a

2 2 2 3

2 3 2 3 2 3 3 4
2 3 3 5 2 4 3 4
2 4 3 5 3 4 3 4
3 4 3 6 3 6 3 6
3 5 4 8 2 2 2 3 2 3 2 3
2 3 3 4 2 3 3 5 2 4 3 4
2 4 3 5 3 4 3 4 3 4 3 6
3 6 3 6 3 5 4 8 4 6 6 6

6 12 6 15 8 12
8 15 12 12 12 18 18 18
15 32

10 12 18 21 20 22 24 30 36
47 210 11880 12 24 6 12 20 36 47

M

λ β N
μ ν N

B Q B

B B

B B

B B

B B

B a a

a a a

a a a

a a a a

a a a

a a a a

a

a a a a a a a a a

a a a a a a a

2
⁎ Γ

Γ Γ

Γ Γ

Γ Γ

Γ Γ

Γ 4 12 6 2

12 4 4 12 36 12

12 4 6 12 12 4

3 1 8 8 4 12 6 2

12 4 4 12 36 12

12 4 6 12 12 4 3 1

8 8

4 12 6 2 12 4 4 12 36 12 12 4 6 12 12 4 3 1

8 8 4 12 12 4 6 2 36 12 3 1 8 8

ν λ βµ, , 2,2 2,3

2,2 3,3 2,3 3,4

2,3 3,5 2,3 4,4

2,3 4,5 3,3 4,4

3,3 4,6 3,3 6,6

3,4 5,8

( ) [ ] [( )( ) ( )( )] [( )( ) ( )( )]

[( )( ) ( )( )] [( )( ) ( )( )] [( )( ) ( )( )]

[( )( ) ( )( )] [( )( ) ( )( )] [( )( ) ( )( )]

[( )( ) ( )( )] [( )( ) ( )( )]

[( )( ) ( )( )] [( )( ) ( )( )] [( )( ) ( )( )] [( )( ) ( )( )]

[( )( ) ( )( )] [( )( ) ( )( )] [( )( ) ( )( )] [( )( ) ( )( )]

[( )( ) ( )( )] [( )( ) ( )( )] [ ] [ ] [ ] [ ]

[ ] [ ] [ ] [ ] [ ] [ ]

[ ] [ ] [ ] [ ] [ ] [ ] [ ]

[ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ]

[ ]

( ) ( ) ( )

( ) ( ) ( )

( ) ( ) ( )

( ) ( )

( )( ) ( )( ) ( )( )

( )( ) ( )( ) ( )( )

( )( ) ( )( ) ( )( )

( )( ) ( )( )

∏= + = + × +

× + × + × +

× + × + × +

× + × +

= + × + × + × +

× + × + × + × +

× + × + = + × + × + × +

× + × + × + × + × + × +

= × × × × × ×

× × × = × × × × ×

×

≤ ∈

≤ ∈

∣ ∣ ∣ ∣ ∣ ∣

∣ ∣ ∣ ∣ ∣ ∣

∣ ∣ ∣ ∣ ∣ ∣

∣ ∣ ∣ ∣

+ + + +

+ + + +

+ + + + + +

+ + + + + +

+ + + + + + +

+ + + + + + + + +

+

Z C Q µβ νλ 2 3 2 2 2 3 2 3

2 4 3 3 2 5 3 3 2 4 3 4
2 5 3 4 3 4 3 4 3 6 3 4
3 6 3 6 3 8 4 5

2 3 2 2 2 3 2 3 2 4 3 3 2 5 3 3
2 4 3 4 2 5 3 4 3 4 3 4 3 6 3 4
3 6 3 6 3 8 4 5 6 4 6 6 8 9 10 9

8 12 10 12 12 12 18 12 18 18 24 20
10 12 17 19 20 22 24

30 36 44 190 11220 12 24 20 36
44

M

λ β N
μ ν N

B Q B B

B B B

B B B

B B

a a a a

a a a a

a a a a a a

a a a a a a

a a a a a a a

a a a a a a a a a

a

1
⁎ Γ Γ

Γ Γ Γ

Γ Γ Γ

Γ Γ

4 12 6 2 12 4 4 12

36 12 12 4 6 12 12 4

3 1 8 8 4 12 6 2 12 4 4 12

36 12 12 4 6 12 12 4 3 1 8 8

4 12 6 2 12 4 4 12 36 12 12 4 6 12

12 4 3 1 8 8 4 12 12 4 6 2 6 12 36 12 3 1

8 8

ν λ βµ, , 2,2 2,3 2,2 3,3

2,3 3,4 2,3 3,5 2,3 4,4

2,3 4,5 3,3 4,4 3,3 4,6

3,3 6,6 3,4 5,8
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Proof. Afterplacing thevaluesof | ( )|( )( )B Γν λ ϑµ, , fromTable 2
in Eq. 3, we have:

( ) [ ] [( )( ) ( )( )] [( )( ) ( )( )]

[( )( ) ( )( )] [( )( ) ( )( )] [( )( ) ( )( )]

[( )( ) ( )( )] [( )( ) ( )( )] [( )( ) ( )( )]

[( )( ) ( )( )] [( )( ) ( )( )] [( )( ) ( )( )] [( )( ) ( )( )]

[( )( ) ( )( )] [( )( ) ( )( )] [( )( ) ( )( )] [( )( ) ( )( )]

[( )( ) ( )( )] [( )( ) ( )( )] [( )( ) ( )( )] [( )( ) ( )( )]

[ ] [ ] [ ] [ ] [ ] [ ] [ ]

[ ] [ ] [ ] [ ] [ ] [ ] [ ] (

) [ ] ( ) [ ] [ ] [ ] [ ] [ ] [ ]

[ ] [ ] [ ] [ ] [ ] [ ]

( ) ( ) ( )

( ) ( ) ( )

( ) ( ) ( )

( ) ( )

( )( ) ( )( ) ( )( )

( )( ) ( )( ) ( )( )

( )( ) ( )( ) ( )( )

( )( ) ( )( )

∏= × = × × ×

× × × × × ×

× × × × × ×

× × × × = × × ×

× × × × × × × ×

× × × × × × × ×

= × × × × × × × × × × × × ×

× × × × × × = × × ×

+ × + × × × × × =

× × × × × ×

≤ ∈

≤ ∈

∣ ∣ ∣ ∣ ∣ ∣

∣ ∣ ∣ ∣ ∣ ∣

∣ ∣ ∣ ∣ ∣ ∣

∣ ∣ ∣ ∣ + +

+ + + +

+ + + +

+ + + + + + +

+ + + + + +

+ + + + + +

+ + + + + +

Z C Γ µλ νβ

a
a

2 2 2 3 2 3 2 3

2 3 3 4 2 3 3 5 2 4 3 4
2 4 3 5 3 4 3 4 3 4 3 6
3 6 3 6 3 5 4 8 2 2 2 3 2 3 2 3
2 3 3 4 2 3 3 5 2 4 3 4 2 4 3 5
3 4 3 4 3 4 3 6 3 6 3 6 3 5 4 8

4 6 6 6 6 12 6 15 8 12 8 15 12 12
12 18 18 18 15 32 24 36 72 90 ˆ 4

12 96 ˆ 36 12 120 144 216 324 480 2160
1866240 36 144 96 324 480

M

λ β N
μ ν N

B B B

B B B

B B B

B B a a

a a a a

a a a a

a a a a a a a

a a a a a a

a a a a a a

a a a a a a

3
⁎ Γ Γ Γ

Γ Γ Γ

Γ Γ Γ

Γ Γ 4 12 6 2

12 4 4 12 36 12 12 4

6 12 12 4 3 1 8 8

4 12 6 2 12 4 4 12 36 12 12 4 6 12

12 4 3 1 8 8 4 12 6 2 12 4

12 4 6 12 12 4 3 1 8 8 4 12

12 4 6 2 6 12 36 12 3 1 8 8

ν λ βµ, , 2,2 2,3 2,2 3,3

2,3 3,4 2,3 3,5 2,3 4,4

2,3 4,5 3,3 4,4 3,3 4,6

3,3 6,6 3,4 5,8

Table 2: Total number of edges on degree and connection bases

B μ ν, Γd| ( )( )| B λ ϑ, Γ| ( )( )| B ν λ ϑµ, , Γ| ( )( )( )|

(on degree bases) (on connection bases)
B aΓ 4 12d

2,2| ( )| = +
B aΓ 4 122,3| ( )| = + B aΓ 4 122,2 2,3| ( )|( )( ) = +

B aΓ 6 2d
2,2| ( )| = +

B aΓ 6 23,3| ( )| = + B aΓ 6 22,2 3,3| ( )|( )( ) = +

B aΓ 12 4d
2,3| ( )| = +

B aΓ 12 43,4| ( )| = + B aΓ 12 42,3 3,4| ( )|( )( ) = +

B aΓ 4 12d
2,3| ( )| = +

B aΓ 4 123,4| ( )| = + B aΓ 4 122,3 3,5| ( )|( )( ) = +

B aΓ 36 12d
2,3| ( )| = +

B aΓ 36 124,4| ( )| = + B aΓ 36 122,3 4,4| ( )|( )( ) = +

B aΓ 12 4d
2,3| ( )| = +

B aΓ 12 44,5| ( )| = + B aΓ 12 42,3 4,5| ( )|( )( ) = +

B aΓ 6 12d
3,3| ( )| = +

B aΓ 6 124,4| ( )| = + B aΓ 6 123,3 4,4| ( )|( )( ) = +

B aΓ 12 4d
3,3| ( )| = +

B aΓ 12 44,6| ( )| = + B aΓ 12 43,3 4,6| ( )|( )( ) = +

B aΓ 3 1d
3,3| ( )| = +

B aΓ 3 16,6| ( )| = + B aΓ 3 13,3 6,6| ( )|( )( ) = +

B aΓ 8 8d
3,4| ( )| = +

B aΓ 8 85,8| ( )| = + B aΓ 8 83,4 5,8| ( )|( )( ) = +

Table 3: Comparison between the values of ZnOx- and ZnSl-related MOFs

Z C ΨM
1
⁎( ) 190 7128 20 44a a a a4 12 12 4 33 11 8 8[ ] [ ] [ ] [ ]× × ×

+ + + +

ZnOx-related Z C ΨM
2
⁎( ) 210 7452 22 20 55a a a a a4 12 12 4 24 8 9 3 8 8[ ] [ ] [ ] [ ] [ ]× × × ×

+ + + + +

MOFs Z C ΨM
3
⁎( ) 24 36 96 90 96

120 180 600

a a a a a

a a a

4 12 12 4 24 8 4 12 9 3

12 4 12 4 8 8

[ ] [ ] [ ] [ ] [ ]

[ ] [ ] [ ]

× × × ×

× × ×

+ + + + +

+ + +

Z C ΓM
1
⁎( ) 190 11220 12 24 20

36 44

a a a a a

a a

4 12 12 4 6 2 6 12 36 12

3 1 8 8

[ ] [ ] [ ] [ ] [ ]

[ ] [ ]

× × × ×

× ×

+ + + + +

+ +

ZnSl-related Z C ΓM
3
⁎( ) a210 11880 12 24 6 12 20

36 47

a a a a

a a

4 12 12 4 6 2 36 12

3 1 8 8

[ ] [ ] [ ] [ ] ( ) [ ]

[ ] [ ]

× × × + ×

× ×

+ + + +

+ +

MOFs Z C ΓM
3
⁎( ) 2160 1866240 36 144 96

324 480

a a a a a

a a

4 12 12 4 6 2 6 12 36 12

3 1 8 8

[ ] [ ] [ ] [ ] [ ]

[ ] [ ]

× × × ×

× ×

+ + + + +

+ +
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5 Comparative analysis and
concluding remarks

In this section, we compare ZnOx- and ZnSl-related MOFs
via some MZCIs, namely modified 1st MZCI, modified 2nd
MZCI, and modified 3rd MZCI. The computed values of
MZCIs for ZnOx- and ZnSl-related MOFs are given in
Table 3.

From Table 3, it can be concluded that modified 3rd
MZCI attains the maximum value than all the other MZCIs
for both ZnOx- and ZnSl-related MOFs. Thus, modified
3rd MZCI has larger ability to predict the physical and
chemical properties of MOFs. On the other side, all com-
puted values for zinc silicate-related MOFs are higher
than zinc oxide-related MOFs. Thus, zinc silicate-related
MOFs are better than zinc oxide-related MOFs.

The concluding remarks are as follows:
1. MOFs are recently developed porous chemical com-

pounds having vast range of utilizations in absorption
analysis, heterogeneous catalysis, sensing, environ-
mental hazard, super-capacitors, gas storage device,
and the assessment of different chemicals. Zinc-related
MOFs are widely utilized in medical applications such
as biosensing, drug delivery, and cancer imaging.

2. TIs, the numerical graph descriptors are useful in
characterizing the topology of molecular structures
and helpful in defining the psychochemical properties
of these structures. The ZCI, rather than the other
classical degree and distance-based ZIs, have better
applicability to specify the physical and chemical
properties of molecular structures.

3. In this article, we have compared two zinc-related
MOFs, namely, ZnOx and ZnSl via some multiplicative
Zagreb indices (MZIs), namely modified first MZCI (1st
MZCI), modified second MZCI (2nd MZCI), and modi-
fied third MZCI (3rd MZCI). We have observed from the
comparison that the modified 3rd MZCI attains the
maximum value than the other MZCIs.
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