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Abstract: In (QSAR)/(QSPR) studies, topological indices play an essential role, as a molecular descriptor. For 

measuring the structural information of chemical graphs and complex networks, the graph entropies with 

topological indices take the help of Shannon’s entropy concept, which now become the information-theoretic 

quantities. In discrete mathematics, biology, and chemistry, the graph entropy measures play an essential role. In 

this paper, we study the Boron Nanotube and we compute entropies of these structures by making relation of 

newly defined degree based topological indices, called Sombor index with the help of the information function, 

which is the number of vertices of different degrees together with the number of edges among the various 

vertices. Further, the numerical and graphical comparison are also studied. 
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1. Introduction 

A significant role in the chemical graph theory, 

is predicting the chemical properties of non-materials 

without going into labs. Chem-informatics is a new 

discipline, used to calculate the biological activities and 

characteristics of non-materials in quantitative 

structure-activity (QSAR) and structure-property 

(QSPR) connections [1, 2]. A new subject known as, 

Chem-informatics which have the combination of 

chemistry, mathematics, and information science, 

which helps in the bio-activity and physiochemical 

properties of chemical compounds.  

In Shannon’s renowned paper entitled 

“The entropy of a probability distribution is known as a 

measure of the unpredictability of information content 

or a measure of the uncertainty of a system” the 

concept of entropy was introduced. Later, entropy was 

found to be useful in graphs and chemical networks. It 

was developed for measuring the structural information 

of graphs and chemical networks. The idea of graph 

entropy based on the classifications of vertex orbits 

was introduced by Rashevsky [3]. Now a day, graph 

entropies are broadly used in various fields like 

chemistry, biology, ecology, and sociology. The graph 

entropy measures the relative probability distributions 

with elements (like vertices, edges, etc.) of a graph 

that can be classified as intrinsic and extrinsic 

measures. There are more than a few types of such 

graph entropy measures (See [4]). The degree powers 

are extremely important invariants and are studied 

extensively in graph theory, and network science, and 

they are used as the information functional to 

investigate the networks (See [5-7]). In this paper, we 

measure the entropy of some molecular graphs using 

the Sombor index and study  them with the help of 

graph. 

 

2. Preliminaries 

Here, some of the definitions are discussed and 

those are used in our work. Let 𝐺 be a simple graph 

with vertex set 𝑉 = 𝑉(𝐺) an edge set, 𝐸 = 𝐸(𝐺) and 𝜁 

denotes a meaningful information function. The 

number of edges of 𝐺 that a connected to a vertex 𝜈 

and its degree  𝜒(𝜈). The graph entropy (Shannon’s) of 

a graph 𝐺 is given by: 

𝐸NTζ(G) = − ∑
ζ(vi)

∑ ζ(vj)n
j=1 

n
i=1 [

logζ(vi)

∑ ζ(vj)n
j=1

]   (1) 

Now, if 𝑣𝑖 ∈  𝑉 and information function 𝜁(𝜈𝑖) 

denotes the degree of the vertex 𝜈𝑖, which means 

𝜁(𝜈𝑖)  =  𝜒(𝜈𝑖), then equation (1) with fundamental 

theorem in graph theory becomes, 

𝐸NTζ(G) = log (2p) −
1

2p
log[∏ χ(vi)

χ(vi)n
i=1 ]  (2) 

In [8], edge weighted graph entropy have 

defined and given by, 
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ENTζ(G) =

− ∑
ζ(v1v2)

∑ ζ(v1v2)v1v2∈E(G)

logv1v2∈E(G) [
ζ(v1v2)

∑ ζ(v1v2)v1v2∈E(G)

]  (3) 

In [9] Gutman defined new degree based 

topological index called Sombor index, denoted by 

𝑆𝑂(𝐺) and defined as, 

SO(G) = ∑ √du
2 + dv

2
vu∈E          (4) 

By reducing equation (3), we get Sombor 

entropy as follow, 

ENTSO(G) = lo g(SO(G)) −

1

SO(G)
log [∏ √χ(v1)2 + χ(v2)2

√χ(v1)2+χ(v2)2
n
v1v2∈E(G) ]  (5) 

 

3. Application of Degree Based Entropies 

In 1946, Shannon’s paper become the initial 

view of the modern information theory. There are 

many applications in the field of biology and chemistry 

found in [10, 12]. The applications of Shannon’s 

entropy formulas are found in [13, 14]. In the various 

fields (biology, chemistry) the entropy measures of 

graphs are applied and found in [15]. Generally, the 

entopic network measures are used to explore the 

biological or chemical properties of molecular graphs. 

In this paper, we have introduced new degree-based 

entropy that can be used to measure network 

heterogeneity. The entopic measures are studied with 

the help of vertex-degrees topological indices to detect 

network heterogeneity are found in [16,17]. 

4. Results on Boron Triangular 
Nanotubes 

Nanoscience has developed into the heart of 

the current age because of its rising applications. There 

are top four sections namely, nanowires, nanotubes, 

nanocrystals, and nanomaterials. Nanowires and 

nanotubes are one-dimensional sections. After the 

1990s, the importance of one-dimensional 

nanomaterials developed unexpectedly, and many 

works are done on this. The molecular structure is a 

graph in which vertices as atoms, and edges, as 

chemical bonds. Due to the unique quality of Boron 

nanotubes, such as electronic structure, work function, 

structural stability, and transport qualities, it is wildly 

studied [18]. The significance of the two structural 

classes of boron nanotubes can’t be showy. One of 

them is generated from a triangular sheet, and the 

other one is generated from a sheet. Both the 

nanotubes are more conductive than each other, in 

spite of their structure or chirality. In theoretical 

chemistry, we use the mathematical technique to learn 

molecular structures [19, 20]. Figure 1 shows the 

perceptions of boron triangular and boron-nanotube. 

For more on entropy see [21-23]. 

We compute the Sombor entropy of Boron 

Triangular Nanotubes with the help of Equation (5) 

and Table 1. For Boron Triangular Nanotubes, the 

Sombor index is as followes: 

SO(G)  =  18𝑚𝑛√2 +  12√13 𝑛 −  60√2 𝑛 

Now use equation (3) (with Table 1) we get, 

 

𝐸𝑁𝑇𝑆𝑂(𝐺) = log(18𝑚𝑛√2  +  12√13 𝑛 –  60√2 𝑛) −
log ([4√2]

4√2
3𝑛)

18𝑚𝑛√2 +  12√13 𝑛 –  60√2 𝑛
− 

log ([2√13]
2√13

6𝑛)

18𝑚𝑛√2 +  12√13 𝑛 –  60√2 𝑛

−
log ([6√2]

6√2
3𝑛(3𝑚 − 2)/2)

18𝑚𝑛√2 +  12√13 𝑛 –  60√2 𝑛
 

 

Figure 1. 2D Molecular Structure of (a) Boron Nanotubes and (b) Alpha boron Nanotubes 
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Table 1.Edge partition of Boron Triangular Nanotubes based on degrees of each 

edge and vetex 

( (𝜒(𝑣1 ) , 𝜒(𝑣2) ) Frequency Set of edges 

(4,4) 3𝑛 𝐸1 

(4,6) 6𝑛 𝐸2 

(6,6) 3𝑛(3𝑚 − 8)

2
 

𝐸3 

 

Table 2. Edge partition of Alpha Boron Triangular Nanotubes based on degrees 

of each edge and vetex 

( (𝜒(𝑣1 ) , 𝜒(𝑣2) ) Frequency Set of edges 

(4,4) 3𝑛 𝐸1 

(4,5) 4𝑛 𝐸2 

(4,6) 3𝑛(3𝑚 − 8)

2
 

𝐸3 

(5,5) 𝑛(3𝑚 − 8)

2
 

𝐸4 

(6,6) 2𝑛(𝑚 − 3) 𝐸5 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Sombor entropy of nonotubes 

 

5. Results on Alpha Boron Triangular 
Nanotubes 

The edge partition of the Alpha Boron 

Triangular Nanotubes is given in Table 2. We compute 

Sombor entropy of this Nanotubes with the help of 

Equation (5) and Table 2. 

The Sombor index for this Nanotubes is as 

follows: 

SO(G) = (4√41 − 4√13 − 6√61 − 8√2)n + (2√61 +
15√2

2
)  mn

     (7) 

 

 

 

 

 

 

 

 

(a) Sombor entropy of Alpha Boron Triangular 

Nanotube 
(b) Sombor entropy of Alpha Boron Triangular 
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Now equation (4) (with Table 2) can be written as: 

𝐸𝑁𝑇𝑆𝑂(𝐺) = log ((4√41 − 4√13 − 6√61 − 8√2)𝑛 + (2√61 +
15√2

2
) 𝑚𝑛) −

log([√32]
√32

3𝑛)

(4√41−4√13−6√61−8√2)𝑛+(2√61+
15√2

2
) 𝑚𝑛

−

log([√41]
√41

4𝑛)

(4√41−4√13−6√61−8√2)𝑛+(2√61+
15√2

2
) 𝑚𝑛

−
log([√52]

√52
2𝑛)

(4√41−4√13−6√61−8√2)𝑛+(2√61+
15√2

2
) 𝑚𝑛

−
log([√50]

√50𝑛(3𝑚−8)

2
)

(4√41−4√13−6√61−8√2)𝑛+(2√61+
15√2

2
) 𝑚𝑛

−

log([√61]
√61

2𝑛(𝑚−3))

(4√41−4√13−6√61−8√2)𝑛+(2√61+
15√2

2
) 𝑚𝑛

         (8) 

  

 

Table 3. Numerical values of Sombor Entropies for Nanotubes[n]. 

[n] ENTSO(G) (Boron Triangular Nanotub) ENTSO(G) (Alpha Boron Trian- gular Nanotub) 

[4] 5.373101608188483 5.11170727047355 

[5] 5.994648295072788 5.852654213370223 

[6] 6.459153310272955 6.372815336653734 

[7] 6.831922264919784 6.776536235432427 

[8] 7.144019651128448 7.107845028033726 

[9] 7.412809515743534 7.389491370867745 

[10] 7.6490430547951 7.634814760617512 

[11] 7.859865238824556 7.852339088328805 

[12] 8.050277923414857 8.04785971107262 

 

6. Comparisons and Discussion 

In view of the fact that, degree-based entropy 

has a broad range of applications in science. Scientists 

are benefited from the numerical and graphical 
representation of these predictable outcomes. In this 

paper, we have found Sombor entropies for Boron 
Triangular Nanotubes and Alpha Boron Triangular 

Nanotubes with different values of n,a newly defined 

degreebased topological index called Sombor index.  In 
small values forn, we created Table 3 for the numerical 

comparison of various entropy. And as observed in 
Table 3, the values of entropy are in rising order, as n 

rising. The graphical representations of results can be 

seen in the Figures 2 for definite values of n. 

 

7. Conclusion 

In this article, we examine the graph entropies 

connected with a new information function using 
Shannon’s entropy and Chen et al.’s entropy definitions 

in this research. We have created a connection among 

the newly defined degree-based topological indices, 
the Sombor index with degree-based entropies. We 

calculated the Sombor entropies for the Boron 
Triangular Nanotubes and Alpha Boron Triangular 

Nanotubes. Next, the numerical values of these 

entropies are tabulated. 
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