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ABSTRACT 
Recently, a novel degree based topological index was introduced, the so called Nirmala index. In this paper, we 

introduce the first, second, third, fourth and fifth irregularity Nirmala indices of a graph and compute exact 

formulas for some important chemical structures of drugs such as chloroquine, hydroxychloroquine and 

remdesivir.                       
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1. INTRODUCTION 
Let G be a finite, simple connected graph with vertex set V(G) and edge set E(G). The degree d(v) of a vertex v is 

the number of vertices adjacent to v. For additional definitions and notations, the reader may refer to [1]. 

 

A molecular graph is a graph whose vertices correspond to the atoms and the edges to the bonds. Chemical graph 

theory has an important effect on the development of chemical sciences. A single number that can be used to 

characterize some property of the graph of molecular is called a topological index. Several topological indices 

have been considered in Theoretical Chemistry, see [2]. 

 

            In [3] Albertson introduced the irregularity index as  

 ( ) ( ) ( )
( )

.
uv V G

Alb G d u d v


= −  

 In [4], the Nirmala index of a molecular graph G was introduced and it is defined as 

 ( ) ( ) ( ) 
( )

1

2 .
uv E G

N G d u d v


= +
 

Recently, some Nirmala indices were studied, for example, in [5, 6, 7, 8, 9, 10, 11, 12].  

 

The reciprocal minus connectivity index of a graph G is defined by Kulli in [13] as  

 ( ) ( ) ( )
( )

1

2 .
uv V G

RMic G d u d v


= −
 

 

We now call the reciprocal minus connectivity index as the first irregularity Nirmala index and it is denoted by 

IN1(G). 

 

Motivated by the above research work, we introduce the second, third, fourth and fifth  irregularity Nirmala 

indices of a graph as follows: 
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The second irregularity Nirmala index of a molecular graph G is defined as 

 ( ) ( ) ( )
( )

1

2
2

uv V G

IN G n u n v


 = − 
 

where the number  n (u) of vertices of G lying closer to the vertex u than to the vertex v for the edge uv of a graph 

G. 

 

The third irregularity Nirmala index of a molecular graph G is defined as 

 ( ) ( ) ( )
( )

1

2
3

uv V G

IN G m u m v


 = − 
  

where the number m (u) of edges of G lying closer to the vertex u than to the vertex v for the edge uv of a graph 

G. 

 

 The fourth irregularity Nirmala index of a molecular graph G is defined as

 
 ( ) ( ) ( )

( )

1

2
4

uv V G

IN G u v 


 = − 
  

where the number (u) is the eccentricity of vertex u. 

  

The fifth irregularity Nirmala index of a molecular graph G is defined as 

 ( ) ( ) ( )
( )

1

2
5

uv V G

IN G s u s v


 = −   

where s(u) denote the sum of the degrees of all vertices adjacent to vertex u. 

 

The general minus index of a graph G is defined by Kulli in [13] as  

 ( ) ( ) ( )
( )

.
a

a

i

uv V G

M G d u d v


 = −   

Recently, some new topological indices were studied, for example, in [14, 15, 16, 17, 18,19,20, 21, 22, 23, 24, 

25, 26, 27] and also some new versions of graph indices were studied, for example, in [28, 29, 30, 31, 32, 33, 34].  

 

In this study, we compute the different types of the Nirmala indices of some significant molecular structures of 

drugs such as chloroquine, hydroxychloroquine, remdesivir. For molecular structures,  see [35, 36]. 

 

2. RESULTS FOR CHLOROQUINE 
Chloroquine is an antiviral compound (drug) which was discovered in 1934 by H.Andersag. This drug is 

medication primarily used to prevent and treat malaria. 

 

Let G1 be the chemical structure of chloroquine. This structure has 21 atoms and 23 bonds, see Figure 1. 
 

 

Figure 1. Chemical structure of chloroquine 

 

From Figure 1, we obtain that  

(i) {(d(u), d(v)) \ uv  E(G1)} has 5 bond set partitions, 

http://www.ijesrt.com/
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(ii){(n(u), n(v)) \ uv  E(G1)} has 10 bond set partitions, 

(iii){(m(u), m(v)) \ uv  E(G1)} has 12 bond set partitions, 

(iv) {(ε(u), ε(v)) \ uv  E(G1)} has 7 bond set partitions, 

(iv) {(s(u), s(v)) \ uv  E(G1)} has 10 bond set partitions. 

 
Table 1. Bond set partitions of chloroquine 

d(u), d(v) \ uv  E(G1) 

Number of bonds 

n(u), n(v) \ uv  E(G1) 

Number of bonds 

  

 

m(u), m(v) \ uv  E(G1) 

Number of bonds 

 

 

ε(u), ε(v) \ uv  E(G1) 

Number of bonds 

 

 

s(u), s(v) \ uv  E(G1) 

Number of bonds 

(1, 2) 

2 

(1,19) 

2 

(5,15) 

4 

   (1,21) 

2 

(5,16) 

1 

(7,7) 

1 

(11,12) 

4 

     

    (2,4) 

2 

(5,6) 

3 

(1,3) 

2 

(1,20) 

4 

(6,14) 

1 

(1,22) 

4 

(6,15) 

1 

(8,7) 

3 

(12,13) 

3 

 

(3,5) 

2 

(5,7) 

2 

 

 

(2, 2) 

5 

(2,18) 

2 

(7,13) 

3 

(2,19) 

2 

(7,14) 

2 

(8,9) 

3 

 

 

 

(4,5) 

4 

(5,8) 

1 

(2, 3) 

12 

(3,17) 

4 

(9,11) 

1 

(3,18) 

4 

(8,13) 

1 

(9,10) 

4 

 

 

 

(4,6) 

2 

(6,7) 

2 

(3, 3) 

2 

(4,16) 

1 

(10,10) 

1 

(4,17) 

1 

(9,13) 

1 

(10,11) 

5 

 

 

 

(5,5) 

3 

(7,8) 

2 

 

 

            

 

 

 

 

 

(5,15) 

3 

(10,12) 

1 

 

 

 

 

 

  

In the following theorem, we compute the different versions of Nirmala indices of chloroquine. 

 

Theorem 1. Let G1 be the chemical structure of chloroquine. Then 

(i) ( )1 1 16.8284271247.GIN =
 

(ii) ( )2 1 76.5918288668.GIN =   

(iii) ( )3 1 81.3635125342.GIN =  

(iv) ( )14 22.N GI =  

(v)  ( )15 24.0457593066.N G =  

 

Proof: By using the definitions and cardinalities of the bond partition of G1, we deduce 

(i)  ( ) ( ) ( )
( )1

1

2
1 1

uv V G

IN G d u d v


 = −   

              ( ) ( ) ( ) ( ) ( )
1 1 1 1 1

2 2 2 2 21 2 2 1 3 2 2 2 5 2 3 12 3 3 2.= − + − + − + − + −  
After simplification, we get the desired result.  

 (ii)  ( ) ( ) ( )
( )1

1

2
2 1

uv V G

IN G n u n v


 = −   

           ( ) ( ) ( ) ( ) ( )
1 1 1 1 1

2 2 2 2 21 19 2 1 20 4 2 18 2 3 17 4 4 16 1= − + − + − + − + −  
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                          ( ) ( ) ( ) ( ) ( )
1 1 1 1 1

2 2 2 2 25 15 4 6 14 1 7 13 3 9 11 1 10 10 1.+ − + − + − + − + −         

  

After simplification, we get the desired result.  

(iii)  ( ) ( ) ( )
( )1

1

2
3 1

uv V G

IN G m u m v


 = −   

           ( ) ( ) ( ) ( ) ( ) ( )
1 1 1 1 1 1

2 2 2 2 2 21 21 2 1 22 4 2 19 2 3 18 4 4 17 1 5 15 3= − + − + − + − + − + −
 

                           ( ) ( ) ( ) ( ) ( ) ( )
1 1 1 1 1 1

2 2 2 2 2 25 16 1 6 15 1 7 14 2 8 13 1 9 13 1 10 12 1.+ − + − + − + − + − + −  
After simplification, we get the desired result.  

(iv)  ( ) ( ) ( )
( )1

1

2
4 1

uv V G

IN G u v 


 = −   

                 ( ) ( ) ( ) ( ) ( )
1 1 1 1 1

2 2 2 2 27 7 1 8 7 3 8 9 3 9 10 4 10 11 5= − + − + − + − + −  

                              ( ) ( )
1 1

2 211 12 4 12 13 3.+ − + −  
After simplification, we get the desired result.  

(v)  ( ) ( ) ( )
( )1

1

2
5 1

uv V G

IN G s u s v


 = −   

               ( ) ( ) ( ) ( ) ( )
1 1 1 1 1

2 2 2 2 22 4 2 3 5 2 4 5 4 4 6 2 5 5 3= − + − + − + − + −  

                            ( ) ( ) ( ) ( ) ( )
1 1 1 1 1

2 2 2 2 25 6 3 5 7 2 5 8 1 6 7 2 7 8 2.+ − + − + − + − + −  
After simplification, we get the desired result.   

 

3. RESULTS AND DISCUSSION: HYDROXYCHLOROQUINE  
Hydroxychloroquine is another antiviral compound (drug) which has antiviral activity very similar to that of 

chloroquine. These compounds have been repurposed for the treatment of a number of other conditions 

including HIV, systemic lupus erythmatosus and rheumatoid arthritis . 

 

Let G2 be the chemical structure of hydroxychloroquine. This structure has 22 atoms and 24 bonds, see Figure 2.  

 

 
Figure 2. Chemical structure of hydroxychloroquine 

 

From Figure 2, we obtain that  

(i) {(d(u), d(v)) \ uv  E(G2)} has 5 bond set partitions, 

(ii){(n(u), n(v)) \ uv  E(G2)} has 9 bond set partitions, 

(iii){(m(u), m(v)) \ uv  E(G2)} has 12 bond set partitions, 

(iv) {(ε(u), ε(v)) \ uv  E(G2)} has 7 bond set partitions, 

(iv) {(s(u), s(v)) \ uv  E(G2)} has 11 bond set partitions. 
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Table 2. Bond set partitions of hydroxychloroquine 

d(u), d(v) \ uv  E(G2) 

Number of bonds 

n(u), n(v) \ uv  E(G2) 

Number of bonds 

  

 

m(u), m(v) \ uv  E(G2) 

Number of bonds 

 

 

ε(u), ε(v) \ uv  E(G2) 

Number of bonds 

 

 

s(u), s(v) \ uv  E(G2) 

Number of bonds 

(1, 2) 

2 

(1,20) 

2 

(6,15) 

3 

   (1,22) 

2 

(5,17) 

1 

(7,8) 

3 

(12,13) 

4 

     

    (2,3) 

1 

(5,6) 

4 

(1,3) 

2 

(1,21) 

4 

(7,14) 

2 

(1,23) 

4 

(6,16) 

1 

(8,9) 

2 

(13,14) 

2 

 

(2,4) 

1 

(5,7) 

2 

 

 

(2, 2) 

6 

(2,19) 

3 

(10,11) 

1 

(2,20) 

2 

(7,15) 

1 

(9,10) 

3 

 

 

 

(3,5) 

3 

(5,8) 

1 

(2, 3) 

12 

(3,18) 

4 

(8,13) 

1 

(2,21) 

1 

(8,14) 

3 

(10,11) 

4 

 

 

 

(4,5) 

4 

(6,7) 

2 

(3, 3) 

2 

(5,16) 

4 

 

 

(3,19) 

4 

(10,13) 

1 

(11,12) 

6 

 

 

 

(4,6) 

1 

(7,8) 

2 

 

 

            

 

 

 

 

 

(5,16) 

3 

(11,12) 

1 

 

 

 

 

 

(5,5) 

3 

 

In the following theorem, we compute the different versions of Nirmala indices of hydroxychloroquine. 

 

Theorem 2. Let G2 be the chemical structure of hydroxychloroquine. Then 

(i) ( )1 2 16.8284271247.GIN =
 

(ii) ( )2 2 85.2616617298.GIN =   

(iii) ( )3 2 86.256195554.GIN =  

(iv) ( )24 24.N GI =  

(v)  ( )5 2 24.6315457442.GIN =  

 

Proof: By using the definitions and cardinalities of the bond partition of G2, we deduce 

(i)  ( ) ( ) ( )
( )2

1

2
2

uv V G

IN G d u d v


 = −   

              ( ) ( ) ( ) ( ) ( )
1 1 1 1 1

2 2 2 2 21 2 2 1 3 2 2 2 6 2 3 12 3 3 2= − + − + − + − + −  

                           14 2 2.= +  

After simplification, we get the desired result.  

 (ii)  ( ) ( ) ( )
( )2

1

2
2 2

uv V G

IN G n u n v


 = −   

           ( ) ( ) ( ) ( ) ( )
1 1 1 1 1

2 2 2 2 21 20 2 1 21 4 2 19 3 3 18 4 5 16 4= − + − + − + − + −
 

                          ( ) ( ) ( ) ( )
1 1 1 1

2 2 2 26 15 3 7 14 2 10 11 1 8 13 1+ − + − + − + −             

                          2 19 3 17 4 15 4 11 2 7 9 5 10.= + + + + + +  
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After simplification, we get the desired result.  

(iii)  ( ) ( ) ( )
( )2

1

2
3 2

uv V G

IN G m u m v


 = −   

           ( ) ( ) ( ) ( ) ( ) ( )
1 1 1 1 1 1

2 2 2 2 2 21 22 2 1 23 4 2 20 2 2 21 1 3 19 4 5 16 3= − + − + − + − + − + −
 

                           ( ) ( ) ( ) ( ) ( ) ( )
1 1 1 1 1 1

2 2 2 2 2 25 17 1 6 16 1 7 15 1 8 14 3 10 13 1 11 12 1+ − + − + − + − + − + −  

                           4 22 19 3 11 10 3 6 4 5 3 3 8 2 17.= + + + + + + + +  

 

After simplification, we get the desired result.  

 (iv)  ( ) ( ) ( )
( )2

1

2
4 2

uv V G

IN G u v 


 = −   

                 ( ) ( ) ( ) ( ) ( )
1 1 1 1 1

2 2 2 2 27 8 3 8 9 2 9 10 3 10 11 4 11 12 6= − + − + − + − + −  

                              ( ) ( )
1 1

2 212 13 4 13 14 2+ − + −  
                               = 24. 

After simplification, we get the desired result.  

(v)  ( ) ( ) ( )
( )2

1

2
5 2

uv V G

IN G s u s v


 = −   

               ( ) ( ) ( ) ( ) ( ) ( )
1 1 1 1 1 1

2 2 2 2 2 22 3 1 2 4 1 3 5 3 4 5 4 4 6 1 5 5 3= − + − + − + − + − + −  

                            ( ) ( ) ( ) ( ) ( )
1 1 1 1 1

2 2 2 2 25 6 4 5 7 2 5 8 1 6 7 2 7 8 2+ − + − + − + − + −  

                           7 2 3 13.= + +  

After simplification, we get the desired result.  

 

4. RESULTS AND DISCUSSION: REMDESIVIR 
Let G3 be the molecular graph of remdesivir. This graph has 41 atoms and 44 bonds. 

 

 
Figure 3.  Chemical structure of remdesivir 

 

From Figure 2, we obtain that  

(i) {(d(u), d(v)) \ uv  E(G3)} has 8 bond set partitions, 

(ii){(n(u), n(v)) \ uv  E(G3)} has 25 bond set partitions, 

(iii){(m(u), m(v)) \ uv  E(G3)} has 23 bond set partitions, 

(iv) {(ε(u), ε(v)) \ uv  E(G3)} has 11 bond set partitions, 

(iv) {(s(u), s(v)) \ uv  E(G3)} has 23 bond set partitions. 
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Table 3. Bond set partitions of remdesivir 

d(u), d(v)\ uvE(G3) (1,2) (1, 3) (1, 4) (2, 2) (2, 3) (2, 4) (3, 3) (3, 4) 

Number of bonds 

n(u), n(v)\ uv∈E(G3) 

Number of bonds 

 

 

 

 

 

 

m(u),m(v)\uv∈E(G3) 
Number of bonds 

 
 
 
 

ε(u),ε(v)\uv∈E(G3) 
Number of bonds 

 
 

s(u),s(v)\uv∈E(G3) 
Number of bonds 

2 

(1,6) 

1 

(4,32) 

1 

(9,30) 

1 

(19,20) 

1 

(1,42) 

2 

(4,39) 

1 

(10,33) 

1 

(9,10) 

2 

(16,16) 

1 

(2,4) 

2 

(4,9) 

1 

(6,8) 

1 

5 

(1,34) 

1 

(4,33) 

1 

(10,29) 

1 

 

 

(1,43) 

9 

(4,26) 

1 

(11,32) 

2 

(10,11) 

4 

(16,17) 

4 

(3,6) 

3 

(5,5) 

2 

(7,7) 

4 

2 

(1,38) 

2 

(4,34) 

1 

(11,28) 

1 

 

 

(2,8) 

1 

(5,37) 

2 

(15,27) 

1 

(11,12) 

4 

(17,18) 

5 

(3,7) 

1 

(5,6) 

6 

(7,8) 

1 

9 

(1,39) 

9 

(4,35) 

1 

(12,24) 

1 

 

 

(2,32) 

1 

(5,38) 

1 

(16,26) 

1 

(12,13) 

7 

 

 

(3,8) 

1 

(5,7) 

1 

(7,9) 

1 

14 

(2,37) 

8 

(5,34) 

2 

(13,24) 

1 

 

 

(2,40) 

2 

(6,35) 

1 

(16,27) 

1 

(13,13) 

1 

 

 

(4,4) 

2 

(5,8) 

2 

(8,8) 

1 

4 

(3,12) 

1 

(6,32) 

1 

(13,25) 

1 

 

 

(2,41) 

6 

(6,37) 

2 

(20,23) 

1 

(13,14) 

7 

 

 

(4,5) 

4 

(5,9) 

1 

(8,9) 

2 

6 

(3,23) 

1 

(6,33) 

2 

(17,22) 

1 

 

 

(3,39) 

2 

(7,36) 

1 

(21,22) 

2 

(14,15) 

5 

 

 

(4,6) 

2 

(6,6) 

1 

(9,9) 

1 

2 

(3,36) 

2 

(8,31) 

1 

(18,21) 

1 

 

 

(4,15) 

1 

(8,35) 

2 

 

 

(15,16) 

4 

 

 

(4,7) 

1 

(6,7) 

3 

 

In the following theorem, we compute the different versions of Nirmala indices of remdesivir. 

 

Theorem 3. Let G3 be the chemical structure of remdesivir. Then 

(i) ( )1 3 34.1920236765.GIN =
 

(ii) ( )2 3 222.972451158.GIN =   

(iii) ( )3 3 231.774038525.GIN =  

(iv) ( )34 42.N GI =  

(v)  ( )5 3 44.763935737.GIN =  

 

Proof: By using the definitions and cardinalities of the bond partition of G2, we deduce 

(i)  ( ) ( ) ( )
( )3

1

2
1 3

uv V G

IN G d u d v


 = −   

              ( ) ( ) ( ) ( ) ( )
1 1 1 1 1

2 2 2 2 21 2 2 1 3 5 1 4 2 2 2 9 2 3 14= − + − + − + − + −  

                           
( ) ( )

1 1

2 23 3 6 3 4 2.+ − + −  
After simplification, we get the desired result.  

 (ii)  ( ) ( ) ( )
( )3

1

2
2 3

uv V G

IN G n u n v


 = −   

            ( ) ( ) ( ) ( ) ( ) ( )
1 1 1 1 1 1

2 2 2 2 2 21 6 1 1 34 1 1 38 2 1 39 9 2 37 8 3 12 1= − + − + − + − + − + −
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                          ( ) ( ) ( ) ( ) ( ) ( )
1 1 1 1 1 1

2 2 2 2 2 23 23 1 3 36 2 4 32 1 4 33 1 4 34 1 4 35 1+ − + − + − + − + − + −     

                         ( ) ( ) ( ) ( ) ( ) ( )
1 1 1 1 1 1

2 2 2 2 2 25 34 2 6 32 1 6 33 2 8 31 1 9 30 1 10 29 1+ − + − + − + − + − + −  

                         
( ) ( ) ( ) ( ) ( )

1 1 1 1 1

2 2 2 2 211 28 1 12 24 1 13 24 1 13 25 1 17 22 1+ − + − + − + − + −  

                         
( ) ( )

1 1

2 218 21 1 19 20 1.+ − + −  
After simplification, we get the desired result.  

(iii)  ( ) ( ) ( )
( )3

1

2
3 3

uv V G

IN G m u m v


 = −   

              ( ) ( ) ( ) ( ) ( ) ( )
1 1 1 1 1 1

2 2 2 2 2 21 42 2 1 43 9 2 8 1 2 32 1 2 40 2 2 41 6= − + − + − + − + − + −
 

                           ( ) ( ) ( ) ( ) ( ) ( )
1 1 1 1 1 1

2 2 2 2 2 23 39 2 4 15 1 4 39 1 4 26 1 5 37 2 5 38 1+ − + − + − + − + − + −  

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

1 1 1 1 1 1

2 2 2 2 2 26 35 1 6 37 2 7 36 1 8 35 2 10 33 1 11 32 2+ − + − + − + − + − + −  

                           
( ) ( ) ( ) ( ) ( )

1 1 1 1 1

2 2 2 2 215 27 1 6 26 1 6 27 1 20 23 1 21 22 2.+ − + − + − + − + −  
 After simplification, we get the desired result.  

(iv)  ( ) ( ) ( )
( )3

1

2
4 3

uv V G

IN G u v 


 = −   

                 ( ) ( ) ( ) ( ) ( ) ( )
1 1 1 1 1 1

2 2 2 2 2 29 10 2 10 11 4 11 12 4 12 13 7 13 13 1 13 14 7= − + − + − + − + − + −  

                              ( ) ( ) ( ) ( ) ( )
1 1 1 1 1

2 2 2 2 214 15 5 15 16 4 16 16 1 16 17 4 17 18 5.+ − + − + − + − + −  
After simplification, we get the desired result.  

(v)  ( ) ( ) ( )
( )3

1

2
5 3

uv V G

IN G s u s v


 = −   

               ( ) ( ) ( ) ( ) ( ) ( )
1 1 1 1 1 1

2 2 2 2 2 22 4 2 3 6 3 3 7 1 3 8 1 4 4 2 4 5 4= − + − + − + − + − + −  

                            ( ) ( ) ( ) ( ) ( ) ( )
1 1 1 1 1 1

2 2 2 2 2 24 6 2 4 7 1 4 9 1 5 5 2 5 6 6 5 7 1+ − + − + − + − + − + −  

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

1 1 1 1 1 1

2 2 2 2 2 25 8 2 5 9 1 6 6 1 6 7 3 6 8 1 7 7 4+ − + − + − + − + − + −  

                           
( ) ( ) ( ) ( ) ( )

1 1 1 1 1

2 2 2 2 27 8 1 7 9 1 8 8 1 8 9 2 9 9 1.+ − + − + − + − + −  
After simplification, we get the desired result.  

 

5. CONCLUSION 
In this study, we have found computational values of molecular structures such as chloroquine, 

hydroxychloroquine and remdesivir. These values can be useful in planning the effective use of these drugs in 

Medical Science. 
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