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1. Introduction 

Chemical graph theory is a branch of mathematical chemistry which has an important effect on the development of the chemical 

sciences. A Topological Index for a chemical graph is a numerical representation of the molecular structure derived from the 

molecular graph [3]. 

           In this paper, we consider the graph which is finite, undirected, loopless and without multiple edges. Let G be a connected 

graph with vertex set 𝑉(𝐺) and edge set 𝐸(𝐺). Recently, V.R.Kulli [2] introduced the multiplicative second F-index, the 

Multiplicative first and second Hyper F-indices, General Multiplicative first and second F-indices, Multiplicative product 

connectivity F-index, Multiplicative sum connectivity F-index, Multiplicative ABC F-index and Multiplicative GA F-index of a 

graph are as follows, 

 

The multiplicative second F-index of a graph G is defined as 

  𝐹2𝐼𝐼 (𝐺) = ∏ (𝑑𝐺 (𝑢)2𝑑𝐺(𝑣)2)

𝑢𝑣∈𝐸(𝐺)

                  

The multiplicative first and second Hyper F-indices of a graph G are defined as 

        𝐻𝐹1𝐼𝐼(𝐺)  = ∏ (𝑑𝐺 (𝑢)2 + 𝑑𝐺 (𝑣)2)2

𝑢𝑣∈𝐸(𝐺)

                   

   𝐻𝐹2𝐼𝐼(𝐺) = ∏ (𝑑𝐺(𝑢)2𝑑𝐺(𝑣)2)2

𝑢𝑣∈𝐸(𝐺)

                   

The general multiplicative first and second F-indices of a graph G are defined as 

                                                   𝐹1
𝑎𝐼𝐼(𝐺)  = ∏  (𝑑𝐺(𝑢)2 + 𝑑𝐺(𝑣)2)𝑎                  

𝑢𝑣∈𝐸(𝐺)

                               (1) 

                                                   𝐹2
𝑎𝐼𝐼(𝐺) = ∏  (𝑑𝐺 (𝑢)2𝑑𝐺(𝑣)2)𝑎                  

𝑢𝑣∈𝐸(𝐺)

                                     (2) 

The multiplicative sum connectivity F-index and the multiplicative product connectivity F-index of a graph G is defined as 

    𝑆𝐹𝐼𝐼(𝐺) = ∏
1

√𝑑𝐺(𝑢)² + 𝑑𝐺(𝑣)²
                 

𝑢𝑣∈𝐸(𝐺)

 

            𝑃𝐹𝐼𝐼(𝐺) = ∏
1

√𝑑𝐺(𝑢)2𝑑𝐺(𝑣)2
𝑢𝑣∈𝐸(𝐺)

                               

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

                                            𝐴𝐵𝐶𝐹𝐼𝐼(𝐺) = ∏ √
𝑑𝐺(𝑢)2 + 𝑑𝐺(𝑣)2 − 2

𝑑𝐺(𝑢)2𝑑𝐺(𝑣)2

𝑢𝑣∈𝐸(𝐺)

                                                 (3) 

The multiplicative geometric-arithmetic F-index of a graph G is defined as 

                                                   𝐺𝐴𝐹𝐼𝐼(𝐺) = ∏
2√𝑑𝐺(𝑢)2𝑑𝐺(𝑣)2

𝑑𝐺 (𝑢)2 + 𝑑𝐺 (𝑣)2

𝑢𝑣∈𝐸(𝐺)

                                                          (4)    

In this paper, we investigate the above presented topological indices of 𝑇𝑈𝐶4𝐶8(𝑚, 𝑛)nanotubes. 
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3. Main Results 

Nanotubes are the important category of nanostructured materials which can be prepared from carbon. These materials are usually 

represented as molecular graph where the vertices of graph correspond to the atoms and the edges correspond to the chemical bonds. 

We first present following definition [4] that will be useful to divide the vertex set 𝑉(𝐺) and edge set 𝐸(𝐺) of a molecular graph G 

based on its degree of vertices.   

Definition 3.1 

Let G and 𝑑𝑣 (1 ≤ 𝑑𝑣 ≤ 𝑛 − 1) be a simple connected molecular graph and the vertex degrees of vertices/atom v in G. We divide 

the vertex set 𝑉(𝐺) and edge set 𝐸(𝐺) of G into several partitions based on 𝑑𝑣 (𝑓𝑜𝑟 𝑎𝑙𝑙 𝑣 ∈ (𝐺)) as follows, 

 

 𝑉𝑘 =  {𝑣 ∈ 𝑉(𝐺)|𝑑𝑣 = 𝑘}                          𝑓𝑜𝑟 𝑎𝑙𝑙 𝑘, 𝛿 ≤ 𝑘 ≤ ∆, 
 

  𝐸𝑖 =  {𝑒 = 𝑢𝑣 ∈ 𝐸(𝐺)|𝑑𝑣 + 𝑑𝑢 = 𝑖}      𝑓𝑜𝑟 𝑎𝑙𝑙 𝑖, 2𝛿 ≤ 𝑖 ≤ 2∆, 
 

         𝐸𝐽
∗ =  {𝑒 = 𝑢𝑣 ∈ 𝐸(𝐺)|𝑑𝑣 𝑑𝑢 = 𝑗}         𝑓𝑜𝑟 𝑎𝑙𝑙 𝑗,  𝛿2 ≤ 𝑗 ≤ ∆2,            

 

Where  𝛿 and ∆ are the minimum and maximum degree of 𝑑𝑣 for all 𝑣 ∈ (𝐺). 
 
3.1 Result for 𝑻𝑼𝑪𝟒𝑪𝟖(𝒎, 𝒏) nanotubes 

In 𝑇𝑈𝐶4𝐶8(𝑚, 𝑛) nanotubes, the degree of an arbitrary vertex/atom of a molecular graph is equal to 1, 2 or 3. Since the hydrogen 

atoms in molecular graphs (i.e., vertices of degree 1) are often omitted, thus we will ignore the vertex set 𝑉1.   

Therefore, we have two partitions of vertex set 𝑉(𝐺) are as follows,  

 

         𝑉2 =  {𝑣 ∈ 𝑉(𝐺)|𝑑𝑣 = 2}         |𝑉2| = 4𝑚       
 

          𝑉3 =  {𝑣 ∈ 𝑉(𝐺)|𝑑𝑣 = 3}          |𝑉3| = 8𝑚𝑛    
 

 Next, the three partitions of edge set 𝐸(𝐺) are as follows, 

        𝐸4 = 𝐸4
∗ = {𝑢, 𝑣 ∈ 𝑉(𝐺)|𝑑𝑢 = 𝑑𝑣 = 2}                   |𝐸4| = |𝐸4

∗| =
1

2
 |𝑉2| = 2𝑚 

 

      𝐸5 = 𝐸6
∗ =  {𝑢, 𝑣 ∈ 𝑉(𝐺)|𝑑𝑢 = 2 & 𝑑𝑣 = 3}           |𝐸5| = |𝐸6

∗| = |𝑉2| = 4𝑚   
 

         𝐸6 = 𝐸9
∗ =  {𝑢, 𝑣 ∈ 𝑉(𝐺)|𝑑𝑢 = 𝑑𝑣 = 3}                  |𝐸6| = |𝐸9

∗| = 12𝑚𝑛 − 2𝑚  
 

Let G be a 𝑇𝑈𝐶4𝐶8(𝑚, 𝑛) nanotubes, where M.V.Diudea denoted the numbers of octagons 𝐶8 in the first row of G by m and the 

numbers of octagons 𝐶8 in the first column of G by n of the corresponding 3-Dimensional and 2-Dimensional lattices of 

𝑇𝑈𝐶4𝐶8(𝑚, 𝑛) which is shown in Figure 3.1.   

             The Number of vertices/atoms and edges/bonds in 𝑇𝑈𝐶4𝐶8(𝑚, 𝑛) (for all 𝑚, 𝑛 ∈ ℕ) is equal to |𝑉| = 8𝑚𝑛 + 4𝑚 and 
|𝐸| = 12𝑚𝑛 + 4𝑚.  

 

 
 

Figure 3.1 - The 2-Dimensional Lattice of G = 𝑻𝑼𝑪𝟒𝑪𝟖(𝒎, 𝒏) 

In the following theorem, we compute the general multiplicative first F-index of 𝑇𝑈𝐶4𝐶8(𝑚, 𝑛) nanotubes, 

 

Theorem 3.1. The general multiplicative first F-index of 𝑇𝑈𝐶4𝐶8(𝑚, 𝑛) is  

                         𝐹1
𝑎𝐼𝐼 (𝑇𝑈𝐶4𝐶8[𝑚, 𝑛])  =  (8)2𝑎𝑚  × (13)4𝑎𝑚 × (18)𝑎(12𝑚𝑛−2𝑚)                                              (5) 
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Proof. Let G = 𝑇𝑈𝐶4𝐶8(𝑚, 𝑛). From equation (1) and by cardinalities of edge partition of G, we have 

𝐹1
𝑎𝐼𝐼(𝐺)  = ∏  (𝑑𝐺(𝑢)² + 𝑑𝐺(𝑣)²)𝑎

𝑢𝑣∈𝐸(𝐺)

                           

                                                = ∏  (22 + 22)𝑎  ×
𝑢𝑣∈𝐸4

∏  (22 + 32)𝑎  ×
𝑢𝑣∈𝐸5

∏  (32 + 32)𝑎  
𝑢𝑣∈𝐸6

  

                                                   = [(22 + 22)𝑎]2𝑚  × [(22 + 32)𝑎]4𝑚   ×  [(32 + 32)𝑎]12𝑚𝑛−2𝑚
   

             = (8)2𝑎𝑚  × (13)4𝑎𝑚 ×  (18)𝑎(12𝑚𝑛−2𝑚)  

 
We obtain the following results by using Theorem 3.1. 

 

Corollary 3.2. The multiplicative first hyper F-index of 𝑇𝑈𝐶4𝐶8(𝑚, 𝑛) is 

𝐻𝐹1𝐼𝐼 (𝑇𝑈𝐶4𝐶8[𝑚, 𝑛])  =  (8)4𝑚  × (13)8𝑚 × (18)(24𝑚𝑛−4𝑚) 

Proof. Put a=2 in equation (5), we get the desired result. 

 

Corollary 3.3. The multiplicative sum connectivity F-index of 𝑇𝑈𝐶4𝐶8(𝑚, 𝑛) is 

𝑆𝐹𝐼𝐼 (𝑇𝑈𝐶4𝐶8[𝑚, 𝑛])  =  (
1

√8
)

2𝑚

× (
1

√13
)

4𝑚

× (
1

√18
)

12𝑚𝑛−2𝑚

 

Proof. Put a = 
−1

2
 in equation (5), we get the desired result. 

 

We now compute the general multiplicative second F-index of 𝑇𝑈𝐶4𝐶8(𝑚, 𝑛)  

 

Theorem 3.4. The general multiplicative second F-index of 𝑇𝑈𝐶4𝐶8(𝑚, 𝑛) is  

                       𝐹2
𝑎𝐼𝐼 (𝑇𝑈𝐶4𝐶8[𝑚, 𝑛])  =  (16)2𝑎𝑚  × (36)4𝑎𝑚 × (81)𝑎(12𝑚𝑛−2𝑚)                                      (6) 

 
Proof. Let G = 𝑇𝑈𝐶4𝐶8(𝑚, 𝑛). From equation (2) and by cardinalities of edge partition of G, we have 

𝐹2
𝑎𝐼𝐼(𝐺)  = ∏  (𝑑𝐺(𝑢)² × 𝑑𝐺(𝑣)²)𝑎

𝑢𝑣∈𝐸(𝐺)

                          

                                                  = ∏  (22 × 22)𝑎  ×

𝑢𝑣∈𝐸4
∗

∏  (22 × 32)𝑎  ×

𝑢𝑣∈𝐸6
∗

∏  (32 × 32)𝑎  

𝑢𝑣∈𝐸9
∗

  

                                                     = [(22 × 22)𝑎]2𝑚  × [(22 × 32)𝑎]4𝑚   ×  [(32 × 32)𝑎]12𝑚𝑛−2𝑚
   

                =  (16)2𝑎𝑚  × (36)4𝑎𝑚 × (81)𝑎(12𝑚𝑛−2𝑚)  

 

We obtain the following results by using Theorem 3.4. 

 

Corollary 3.5. The multiplicative second F-index of 𝑇𝑈𝐶4𝐶8(𝑚, 𝑛) is 

𝐹2𝐼𝐼 (𝑇𝑈𝐶4𝐶8[𝑚, 𝑛])  =    (16)2𝑚  × (36)4𝑚 × (81)(12𝑚𝑛−2𝑚) 

Proof: Put a=1 in equation (6), we get the desired result. 

 

Corollary 3.6. The multiplicative second hyper F-index of 𝑇𝑈𝐶4𝐶8(𝑚, 𝑛) is 

𝐻𝐹2𝐼𝐼 (𝑇𝑈𝐶4𝐶8[𝑚, 𝑛])  =    (16)4𝑚  × (36)8𝑚 × (81)(24𝑚𝑛−4𝑚) 

Proof: Put a=2 in equation (6), we get the desired result. 

 

Corollary 3.7. The multiplicative product connectivity F-index of 𝑇𝑈𝐶4𝐶8(𝑚, 𝑛) is 

𝑃𝐹𝐼𝐼 (𝑇𝑈𝐶4𝐶8[𝑚, 𝑛])  =  (
1

4
)

2𝑚

×  (
1

6
)

4𝑚

×  (
1

9
)

12𝑚𝑛−2𝑚

 

Proof. Put a = 
−1

2
 in equation (6), we get the desired result. 

 

In the following theorems, we determine the Multiplicative Atom bond connectivity (ABC) F-index and the Multiplicative 

Geometric-Arithmetic (GA) F-index of 𝑇𝑈𝐶4𝐶8(𝑚, 𝑛) nanotubes. 

 

Theorem 3.8. The multiplicative Atom Bond Connectivity F -index of 𝑇𝑈𝐶4𝐶8(𝑚, 𝑛) is  

𝐴𝐵𝐶𝐹𝐼𝐼 (𝑇𝑈𝐶4𝐶8[𝑚, 𝑛])  =  (
3

8
)

𝑚

×  (
11

36
)

2𝑚

×  (
4

9
)

12𝑚𝑛−2𝑚
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Proof. Let G = 𝑇𝑈𝐶4𝐶8(𝑚, 𝑛). From equation (3) and by cardinalities of edge partition of G, we have 

 𝐴𝐵𝐶𝐹𝐼𝐼(𝐺) = ∏ √
𝑑𝐺(𝑢)2 + 𝑑𝐺(𝑣)2 − 2

𝑑𝐺(𝑢)² 𝑑𝐺(𝑣)²
𝑢𝑣∈𝐸(𝐺)

                                                                          

                                       =   ∏  (√
22 + 22 − 2

22 × 22
) ×

𝑢𝑣∈𝐸4
∗

∏  (√
22 + 32 − 2

22 × 32
) × ∏  (√

32 + 32 − 2

32 × 32
) 

𝑢𝑣∈𝐸9
∗

  

𝑢𝑣∈𝐸6
∗

 

   =  (
3

8
)

𝑚

× (
11

36
)

2𝑚

× (
4

9
)

12𝑚𝑛−2𝑚

                                                   

 

Theorem 3.9. The multiplicative Geometric-Arithmetic F -index of 𝑇𝑈𝐶4𝐶8(𝑚, 𝑛) is  

𝐺𝐴𝐹𝐼𝐼 (𝑇𝑈𝐶4𝐶8[𝑚, 𝑛])  =  (
12

13
)

4𝑚

     

Proof.  Let G = 𝑇𝑈𝐶4𝐶8(𝑚, 𝑛). From equation (4) and by cardinalities of edge partition of G, we have 

𝐺𝐴𝐹𝐼𝐼(𝐺) = ∏
2√𝑑𝐺(𝑢)² 𝑑𝐺(𝑣)²

𝑑𝐺(𝑢)² + 𝑑𝐺 (𝑣)²
                                                

𝑢𝑣∈𝐸(𝐺)

 

                                                 =  ∏  (
2√22 × 22

22 + 22
) ×

𝑢𝑣∈𝐸4

∏  (
2√22 × 32

22 + 32
) 

𝑢𝑣∈𝐸5

  × ∏  (
2√32 × 32

32 + 32
) 

𝑢𝑣∈𝐸6

 

  = (
12

13
)

4𝑚

                                                                

Conclusion 

         In this paper, some new topological indices for a family of Carbon Nanotubes namely 𝑇𝑈𝐶4𝐶8(𝑚, 𝑛) Nanotubes were 
investigated. These multiplicative groups of F-indices are useful for surveying structure of some connected molecular graphs and 

nanostructures, which is based on degrees of their vertices/edges. 

 

References 

[1] B. Furtula, I. Gutman, A forgotten topological index, J. Math. Chem., 53(2015), 1184-1190. 

[2] V.R.Kulli, On multiplicative F-indices and multiplicative connectivity F-indices of chemical networks, Int. Journal of 
current Research in science and technology, vol.5 (2019),1-10. 

[3] V.R.Kulli, F-indices of chemical networks, IJMA-10(3) (2019), 21-30. 

[4] M.R.Farahani, Multiplicative versions of Zagreb indices of TUC4C8(m, n) Nanotubes, Journal of chemistry and 

Materials Research, vol.2 (2), 2015. 

[5] H.Garse, R.Hirlekar, (2009), Carbon Nanotubes and its application: A Review, Asian Journal of Pharmaceutical and 

Clinical Research, Vol.2, Issue 4, pp.974-987. 

 

 

http://www.jetir.org/

