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Abstract 

Investigation of topological descriptors is one of the most active research field in chemical graph theory. It 
illustrates atomic construction mathematically and is utilized in the advancement of qualitative structure 
activity/ property relationships. There are several topological indices that have been introduced in 
theoretical chemistry to measure the properties of molecular topology. Among these tools, M-Polynomial 
and Neighborhood M-Polynomial are most important. This research work defines the Neighborhood M-
polynomial of line graph of subdivision of some convex polytopes to obtain neighborhood degree-based 

topological indices. For a graph , the Neighborhood M-polynomial is defined 

as , where  , (i, j ≥ 1), is the number of edges uv of  such that (u) = i 

and  (v) = j. The line graph L ( ) of a graph  is a graph whose vertex set is one-to-one 

correspondence with the edge set of the graph  and two vertices of L ( ) are adjacent if and only if the 

corresponding edges are adjacent in . The subdivision graph S ( ) of a graph  is the graph obtained by 

inserting a new vertex into each edge of . From the neighborhood M-polynomial, some neighborhood 

degree sum based topological indices are recovered. In future, the importance of this research is to 
uncover fresh findings that will aid in the development of more exact and accurate estimates in the field of 
QSPR and QSAR. 

Keywords:  Topological Index, Chemical Graph Theory, Subdivision Graph, M-Polynomial. 

 
1. INTRODUCTION 

A graph can be recognized by a numerical number, a polynomial, a combination of 
numbers or a lattice which speaks to the entire diagram, and these representations are 
expected to be uniquely characterized for that chart. A graph  (V; E) is represented by 

vertices (apex, nodes or points) which are joined by edges. Chemical graph theory 
(CGT), also known as molecular graph theory, is an interdisciplinary field that uses 
graph theory to explore molecular structures. A molecular graph is a finite, simple graph 
in which the vertices correspond to atoms and the edges to molecule bonds. The 
mathematical tools of graph theory can be utilized to model chemical compounds [5]. 

In quantum chemistry, graph theory is also particularly useful for investigating the 
structural features of chemical molecules. The qualities of a chemical molecule can be 
studied using a numerical measure called topological index (TI). A topological index, 
also known as a molecular structure descriptor or graph index, is a single integer that 
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can be arisen from a molecular graph and used to characterize some attribute of the 
underlying molecule [12]. 

The term “graph” was proposed by Sylvester in paper published in 1878. A graph  (V; 

E) is represented by vertices (nodes or points) which are connected by edges. Graph 
theory, now a days applied in various branches of studies. A branch of graph theory that 
deals with the study of molecular structure is called chemical graph theory or molecular 
graph. A chemical graph is a finite, simple graph where we ignored hydrogen, and the 
atoms of molecules are represented by vertices and bonds by the edges. Therefore, 
Graph theory is used as a tool to understand the structural properties of a chemical 
compound [5].  

Convex polytopes [4] are basic geometric figures. Their theory's beauty is now 
complemented by its importance in a variety of other mathematical fields, including 
integration theory, algebraic topology, and algebraic geometry, as well as linear and 
combinatorial optimization [13].  
 
2. RESULTS AND DISCUSSION 

2.1. Convex Polytope  

The graph of convex polytope  consists of 3-sided faces, 5-sided faces and r-sided 

face. The convex polytope   for r = 8 is shown in Figure 1. We obtain the subdivision 

S( ) by adding additional vertex between each pair of neighboring vertices of . S( ) 

is shown in Figure 2. The S( ) consists of 10r vertices out of which 5r vertices are of 

degree 2, 2r vertices are of degree 3 and r vertices are of degree 4. So, we have 

|E(S( ))| = 10r.  The line graph of subdivision of   is L(S( )) for r = 8 is shown in 

Figure 3. The line graph of subdivision of   consists of 10r vertices out which 6r 

vertices are of degree 3 and 4r vertices are of degree 4. So, we have |E(L(S( )))| = 17r. 

                             

Figure 1: Convex Polytope                             Figure 2: Subdivision of  
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Figure 3: Line graph of subdivision of 

Theorem 1. 

Let  be a line graph of subdivision of convex polytope . Then we have, 

 
Proof: 

The line graph of subdivision of convex polytope  (L(S ( ))) has 17r number of edges. 

Its edge set can be partitioned as follows: 

|{9,9} | = |{𝑢𝑣 ∈ 𝐸( ): 𝛿𝑢 = 9, 𝛿𝑣 = 9}| = 5r = (9,9) , 

|{9,10} | = |{𝑢𝑣 ∈ 𝐸( ): 𝛿𝑢 = 9, 𝛿𝑣 = 10}| = 2r =  (9,10) , 

|{10,10} | = |{𝑢𝑣 ∈ 𝐸( ): 𝛿𝑢 = 10, 𝛿𝑣 = 10}| = r =  (10,10) , 

|{10,15} | = |{𝑢𝑣 ∈ 𝐸( ): 𝛿𝑢 = 10, 𝛿𝑣 = 15}| = 2r =  (10,15) , 

|{15,15} | = |{𝑢𝑣 ∈ 𝐸( ): 𝛿𝑢 = 15, 𝛿𝑣 = 15}| = r =  (15,15) , 

|{15,16} | = |{𝑢𝑣 ∈ 𝐸( ): 𝛿𝑢 = 15, 𝛿𝑣 = 16}| = 4r =  (15,16) ,   

|{16,16} | = |{𝑢𝑣 ∈ 𝐸( ): 𝛿𝑢 = 16, 𝛿𝑣 = 16}| = 2r =  (16,16). 

From the definition, the NM-polynomial of  is obtained as follows. 
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Figure 4: 3D plot of line graph of subdivision of convex polytope  

Now using this NM-polynomial, we calculate some Neighborhood M-Polynomial and 

degree based TIs of line graph of subdivision of convex polytope   as follows 

Theorem 2. 

Let  be a line graph of subdivision of convex polytope . Then we have, 

1.  

2. , 

3.  
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4.  

5.  

6.  

7.  

8.  

9.  

10. . 

Proof: 

Let, 

………. (A) 

Then, 1st neighborhood first Zagreb index is  

                                               

Where, 

 

Applying this on equation (A), we get 

 

Similarly, following same procedure we can find  
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Now, by adding eq (1) and (2) we calculate 

 

Now  put m=n=1 in eq (3), we get this  

 

= 90r+38r+20r+50r+30r+124r+64r 

 

For second neighborhood Zagreb index           

 

By multiplying eq (1) and (2), we get 

 

By putting m=n=1 we get,  

  

= 405r+180r+100r+300r+225r+960r+512r 

                                 

For Neighborhood forgotten topological index: 

 

Now we take derivative of eq (1), to get 

Now take derivative of eq (1), to get this 

Adding eq (5) and (6), to get this  
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Put m=n=1in above equation, we get,  

  

= 810r+362r+200r+650r+450r+192r+1024r 

                                   

Neighborhood second modified Zagreb index: 

 

As we know, 

 

Applying this on eq (A), we get 

 

Similarly, following above procedure we get 

 

                                                                                                 

…………… (8) 

Now we can multiply eq (7) and (8), to get 

                                                                                                  

…………... (9) 

Putting m=n=1 in eq (9), we get  
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  Or = 0.1362r.                   

Neighborhood general Randic index: 

 

Using results from eq (4), we get 

 

r. 

Third  index: 

 

By multiplying results of eq (3) and (4), we get that 

  

Now putting m=n=1, we get this  

  

= 7290r+3420r+2000r+7500r+6750r+29760r+16384r 

                                   

Fifth  index: 

 

Multiplying eq (1) and (8), we get 
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Now multiply eq (7) and (2), we get this 

 

Now, by adding eq (10) and (11) we calculate 

 

Now putting m=n=1 this will become,  

  

  

                

Neighborhood Harmonic index: 

 

As we know,  

Now, we are going to apply J on eq (A). 

 

 

 

Putting m=1, we get  

  

                                 

 Neighborhood inverse sum index: 

 

Applying J on eq (4) 
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Putting m=1, we get  

  

                                   

Sanskruti index: 

 

Take derivative of eq (5) to get  

                 
…………… (13) 

Now taking derivative of eq (6) to get  

                 
……………(14) 

Multiplying eq (13) and (14), to get  

  

Applying J on above eq to get,  

       

Now applying  on above eq. As we know 

 

So, 



Jilin Daxue Xuebao (Gongxueban)/Journal of Jilin University (Engineering and Technology Edition) 

ISSN：1671-5497 

E-Publication Online Open Access 
Vol: 41 Issue: 12-2022 
DOI 10.17605/OSF.IO/ZTR3D 
 
 

 

Dec 2022 | 809  

  

Now, applying on above equation to get, 

  

Again applying on above equation to get, 

  

Again applying on above eq to get this, 

  

Putting m=1 to get  

   

.                               

2.2 Convex Polytope  

We obtain the subdivision S ( ) by adding additional vertex between each pair of 

neighboring vertices of . The S( ) consists of 13r vertices out which 8r vertices are of 

degree 2, 4r vertices are of degree 3 and r vertices are of degree 4. The line graph of 

subdivision of   is L(S ( )) for r = 8. The line graph of subdivision of   consists of 16r 

vertices out which 12r vertices are of degree 3 and 4r vertices are of degree 4.  

Theorem 3.  Let  be a line graph of subdivision of convex polytope . Then we have, 

          

Proof: 

The line graph of subdivision of convex polytope  (L(S( ))) has 26r number of edges. 

Its edge set can be partitioned as follows: 

|{9,9} | = |{𝑢𝑣 ∈ 𝐸( ): 𝛿𝑢 = 9, 𝛿𝑣 = 9}| = 4r = (9,9) , 
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|{9,10} | = |{𝑢𝑣 ∈ 𝐸( ): 𝛿𝑢 = 9, 𝛿𝑣 = 10}| = 6r =  (9,10) , 

|{9,11} | = |{𝑢𝑣 ∈ 𝐸( ): 𝛿𝑢 = 9, 𝛿𝑣 = 11}| = r =  (9,11) , 

|{10,10} | = |{𝑢𝑣 ∈ 𝐸( ): 𝛿𝑢 = 10, 𝛿𝑣 = 10}| = r =  (10,10) , 

|{10,11} | = |{𝑢𝑣 ∈ 𝐸( ): 𝛿𝑢 = 10, 𝛿𝑣 = 11}| =2r =  (10,11) , 

|{10,15} | = |{𝑢𝑣 ∈ 𝐸( ): 𝛿𝑢 = 10, 𝛿𝑣 = 15}| = 2r =  (10,15) ,   

|{11,14} | = |{𝑢𝑣 ∈ 𝐸( ): 𝛿𝑢 = 11, 𝛿𝑣 = 14}| = 2r =  (11,14), 

|{14,14} | = |{𝑢𝑣 ∈ 𝐸( ): 𝛿𝑢 = 14, 𝛿𝑣 = 14}| = 2r =  (14,14), 

|{15,16} | = |{𝑢𝑣 ∈ 𝐸( ): 𝛿𝑢 = 15, 𝛿𝑣 = 16}| = 4r =  (15,16), 

|{16,16} | = |{𝑢𝑣 ∈ 𝐸( ): 𝛿𝑢 = 16, 𝛿𝑣 = 16}| = 2r =  (16,16). 

From the definition, the NM-polynomial of  is obtained as follows. 

 
= 

. 
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Figure 5: 3D plot of line graph of subdivision of convex polytope  

Theorem 4. Let  be a line graph of subdivision of convex polytope . Then we have, 

1.  

2. , 

3.  

4.  

5.  

6.  

7.  

8.  

9.  

10. . 
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Proof: 

Let, 

   
……… (A)   

Then we have, 

                                               

 

 

From equation (A), we get  

                                                                                         
…………… (1)                                                                                          

Similarly, 

 

                                                            
…………… (2) 

Now adding eq (1) and (2) to get   

                                                           
…………… (3) 

Putting m=n=1 in equation (3) to get this  
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Neighborhood second Zagreb index: 

 

By multiplying equation (1) and (2), we get 

                                                      
…………… (4) 

Putting m=n=1 in eq (4) to get  

  

      

                                     

Neighborhood forgotten topological index: 

 

Now we take derivative of eq (1), to get  

                                                      
…………… (5) 

Now taking derivative of eq (2) to get  

                                                     
…………… (6) 

Adding equation (5) and (6), to get  

                                                     
…………… (7) 

Now putting m=n=1 to get this  
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.                                       

Neighborhood second modified Zagreb index: 

 

As we know, 

 

Applying this on equation (A), to get  

  

dt  

  

                               
.…………. (8) 

Similarly following same procedure we can get  

 

 

                               
…………...(9) 

Multiplying equation (8) and (9) to get  
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Putting m=n=1 to get  

  

                                

Neighborhood general Randic index: 

 

Using results from equation (4), we get 

              

Putting m=n=1 in above equation we can get  

  

                                     

Third index: 

 

By multiplying results of equation (3) and (4), we get that 

  

Putting m=n=1 to get  

  

  

                                        . 
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Fifth  index: 

 

Multiplying equation (1) and (9), we get  

 

  

                                                                                                               …………… (10)                   

Now multiplying equation (2) and (8) to get  

       

                                                                                                               …………… (11) 

Now adding equation (10) and (11), to get  

  

Putting m=n=1 to get,  

  

                                             

Neighborhood Harmonic index: 

 

As we know,  

Now, we are going to apply J on eq (A). 

           

Now finding   of above eq 
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Now calculating  

  

Putting m=1, we get  

  

                                                     

Neighborhood inverse sum index: 

 

Applying  on eq (4) 

   

Finding  of above eq, 

  

Putting m=,1 to get  

  

                                             

 Sanskruti index: 

 

Take derivative of equation (5), to get  
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…………... (12) 

Similarly, now taking derivative of equation (6), to get   

                                                 
…………... (13) 

Multiplying equation (12) and (13), to get  

  

Apply  on above eq,  

  

Now applying  on above eq, to get this 

  

Now calculating  

  

Now finding,  
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Now we can calculate  

  

Putting m=1, to get  

  

 .                                       

2.3. Graphical Representation 

In this section, we will discuss results of convex polytopes,  are , graphically.  

Where, red color indicated the reading of  while green color represented . All indices 

react differently in each compound under consideration. Through graphical 
representations, we compare the behavior of the Neighborhood degree sum indices that 

correlate for both the  and . 
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Figure 7:  for   and           Figure 8:  for   and  

 

         Figure 9.  for   and           Figure 10.  for  and  
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Figure 10.  for   and               Figure 11:  for   and  

     

                Figure 12.  for   and                 Figure 13.  for  and  

 
CONCLUSION 

Convex polytopes are key mathematical items that have been researched since 
antiquity. Here, we calculate the newly introduced neighborhood M polynomials for line 

graph of subdivision of convex polytopes  and . From the neighborhood M-

polynomial, some neighborhood degree based topological indices are recovered. Our 
result will be helpful in non-exact quantitative structure / activity relationship. 
Furthermore, the importance of this research is to uncover fresh findings that will aid in 
the development of more exact and accurate estimates in the field of QSPR and QSAR. 
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