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Absract 

           In this paper, we find new family of 

neighbourly irregular graphs namely, Neighbourly 

Irregular Independent  Chemical graphs.  Also we 

find Independent neighbourhood  number of 

neighbourly irregular chemical graphs. A connected 

graph G is said to be Neighbourly Irregular 

Independent Chemical Graph, if no two vertices in 

neighbourhood set are adjacent. Also we find line 

graphs of neighbourly irregular chemical graphs. 

Here molecular structure in area of inorganic 

chemistry which is derived from the combination of 

s-block and p-block elements. And also considering 

the atom as vertices, covalent bond as edges, and 

valency as degree of vertices. 

Keywords: 

        Regular graph, Irregular graph, Neighbourly 

irregular graph, Neighbourly irregular chemical 

graph,  Independent neighbourhood number of a 

neighbourly irregular chemical graph,Line graph. 

Introduction 

          A pair of vertices and edges are considered as a 

graph which is finite, undirected without loops and  

 

 

multiple edges in a graph theory. Here we considered 

vertices as atoms and edges as covalent bond in 

neighbourly irregular chemical graph of a molecular 

structure. A connected graph G is said to be irregular, 

in which each atoms has a different valency. Inspired 

by the work of V.R. Kulli, [1] we define independent 

neighborhood number of neighbourly irregular 

chemical graphs, in which no two adjacent atoms of 

G have the same valency and also discussed about 

line graph from neighbourly irregular chemical 

graphs. 

Definitions 

Regular graph 

    For any graph G, we define 

and 

 

If for all points of G have the same degree r, then 

    rGG  and this case G is called regular 

graph of degree r. 
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  Figure 1:     3 GG  

Irregular graph 

 A graph G is called irregular graph, if there is a 

vertex which is adjacent only to vertices with distinct 

degrees.  

     u1  u2 

 

                             u5 

   u3                                       u4 

               Figure 2 

Neighbourly irregular graph 

 A graph G is said to be a neighbourly irregular (NI 

graph) if every pair of  its adjacent vertices have 

distinct degrees. 

 

 G 

 

 

              Figure 3  G  

Neighbourly irregular chemical graph 

  A graph is said to be a neighbourly irregular 

chemical graph (NIC graph) if molecular structure of 

corresponding element of the atoms has different 

valency bond in its adjacent atoms. 

 

 

              F  

   

  S F 

                             

 S 

  F F 

 

             Figure 4:  F4S2 (Disulphate tetrafluoride) 

 

 Independent neighbourhood number of a NIC 

graph 

  The neighbourhood elements n(G) of G is the 

minimum elements of atoms in a neighbourhood set 

of G. A neighbourhood set A of G is an independent 

neighbourhood set, if no two atoms of molecular 

structure in A are adjacent. The neighbourly irregular 

independent neighbourhood number ni(G) of G is the 

minimum elements of atoms in an independent 

neighbourhood set of G. 

                  PCl5 (Phosphorus Tri chloride)                               

 

          Cl                    P                  Cl 

 

 

                                     Cl                     Figure 5 

             v1                       v2               v3 

 

 

                              v4 

)(GnNIC  = 1 and  GniNIC = 1 
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Line graph 

The line graph L(G) of a graph G is the graph whose 

atoms corresponds to the covalent bond of G and two 

atoms in L(G) are adjacent if and only if  the 

corresponding covalent bonds are adjacent. 

If e=uv is an covalent bond of G then  

Valency of line graph (e) = valency of graph (u) +  

valency of graph (v) -2. 

Let N(u) denotes the set of atoms which are adjacent 

to u. 

Independent Neighborhood Number of a 

Neighbourly Irregular Chemical Graph 

 In this section we discussed about independent 

neighbourhood problems. 

Problem  

In a some neighbourly irregular chemical graphs, the 

minimum covering number  GNIC is greater than 

or equal to the independent neighbourhood number 

 GniNIC  

i.e., 
 GNIC   GniNIC  

Solution : 

Here we consider the neighbourly irregular graph of  

trimethylaluminium (Al2(CH3)6 

 The independent neighborhood set of NIC graph is 

{v2,v5}  and independent neighborhood number is 

denoted by 
 GniNIC . 

 GniNIC  = 2.
 

The minimum covering set of NIC graph is {v2, v5}. 

The minimum covering number of atoms is denoted 

by  GNIC . 

Therefore  GNIC  = 2. 

And so  2  2 

 

 GNIC   GniNIC .
 

 

Problem  

The number of atoms in some neighbourly irregular 

chemical graph is greater than or equal to the sum of 

domination number  GNIC
 and the independent 

neighbourhood number 
 GniNIC . 

i.e., 
  )(GnGp iNLCNLC  

 

Solution : 

  Let p = {v1,v2,v3,v4,v5,v6,v7,v8} be the atoms of NIC 

graph.
 

  By [2]  , we have 

 GNIC   GNIC
 (1)  

And by above problem , we have 

 GNIC   GniNIC  (2) 

Hence 
  )(GnG iNLCNLC   =  GNIC +

 GNIC
 (by 1 & 2) 

                                            = 6 + 2 

           
  )(GnG iNLCNLC 

  = 8 

 

Notations: 

 GNIC  is independence number of NIC graph. 

 GNIC  is covering number of NIC graph. 

 GNIC  is domination number of NIC graph. 

 GniNIC   is independent neighbourhood number of 

NIC graph.
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CH3 CH3 CH3 v1                                                     v4                                                  v7  

 v2 v5 

 Al  Al  

CH3 CH3 v3           v6                           v8 

 CH3 

Al2(CH3)6   (Trimethylaluminium) NIC graph 

 Figure 6

 

Neighbourly irregular chemical graph and it’s line 

graph
 

Theorem  

Let G be a some neighbourly irregular chemical 

graph. The subdivision graph S(G) of NIC graph is 

neighbourly irregular if and only if G does not have 

any atoms of valency two. 

Proof:                                                                             

.Let V(G) = {v1,v2,…………vn} be the atoms of 

neighbourly irregular chemical graph. 

Suppose G does not have any atoms of valency  two. 

 Let valency (v1) = 1. 

If v1V(G) then valency of  atom  (v1) = S(G) of 

valency (v1)  . 

In subdivision S(G) for covalent bond e = v1v2 in G, a 

new atom  is added and we get  

valency of  subdivision graph of new atom not equal 

to one. 

S(G) of valency (v1)   S(G) of new atom of 

valency. 

Hence, no two adjacent atoms has same valency 

Therefore, S(G) is neighbourly irregular graph. 

Conversely, if G is a graph with atleast one atom of 

valency 2. 

Then S(G) is not neighbourly irregular chemical 

graph. 

Example:  

F                                              v1  

 

 Br                     F                     v2                                  v3 

  

F                                               v4 

BrF3 ( Brominefluoride)                       G 

                         Figure 7 

  Consider the molecular structure of bromine 

trifluoride (BrF3) which is neighbourly irregular 

chemical graph. 

Let V(G) = {v1,v2,v3,v4} be the atoms of bromine 

trifluoride. 

Suppose G does not have any atoms of valency  two. 

Valency of graph (v1) = 1. 

If v1V(G) then valency of graph (v1) = valency of  

subdivision graph (v1)  . 
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In subdivision S(G) for covalent bond e = v1v2 in G, a 

new atom  is added and we get  

valency of  subdivision graph of new atom is 2 

valency of  subdivision graph (v1)  valency of  

subdivision graph of new atom added. 

for every adjacent pair  of atoms of S(G). 

Hence S(G) is neighbourly irregular graph. 

Conversely, if G is a graph with atleast one atom of 

valency 2. 

In a graph G, 

Valency of graph (v1) = 1 

Valency of graph (v2) = 3 

Valency of graph (v3) = 1 

Valency of graph (v4) = 1 

But we have contradiction to this fact that ,any one 

atom not have valency 2,so that S(G) is not 

neighbourly irregular. 

Theorem:3.2 

Let G be a some neighbourly irregular chemical 

graph, its line graph is not NIC graph if and only if 

open neighbourhood contains all atoms of same 

valency for all uV(G). 

Proof: 

Let  L(G) be neighbourly irregular chemical graph. 

To prove , open neighbourhood  contains all atoms of 

same valency . 

On the contrary. Open neighbourhood contains two 

atoms u2 and u3 of different valency. 

i.e., valG(u2)   valG(u3)    u2,u3N(u1)    (valency is 

denoted by val) 

therefore valG(u1)+ valG(u2) – 2 = valG(u1)+valG(u3) – 

2 

valL(G)(e1)  = valL(G)(e2) 

But we have contradiction to this fact that , valency 

of covalent bond of line graph is same. 

Hence open neighbourhood contains all atoms of 

same valency. 

Conversely,  if open neighbourhood contains same 

valency , then line graph of NIC graph is not 

neighbourly irregular chemical graph. 

Example : Structure of triethylsilane 

 

 

  CH3                                                               u1 

                                                                                   u5          

                                                   u2                u3                                                    

CH3          Si            CH3 

                                                                          u5 

          CH3 

Triethylsilane                                   NIC graph          

 

                    e1                                                    e2 

 

 

 

                      e4                                                    e5 

                               Line graph 

                              Figure 8 

Let {u1, u2,u3,u4,u5} be the atoms of NIC graph of 

molecular structure CH3. 

And {e1, e2, e3, e4}be the covalent bond of NIC graph 

and considered covalent bond as atoms in its line 

graph. 

Let L(G) be not NI graph, because 

Valency of line graph (e1) = 3 
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Valency of line graph (e2) = 3 

Valency of line graph (e3) = 3 

Valency of line graph (e4) = 3 

All valency of atoms has same valency, so open 

neighbourhood contains all atoms of same valency. 

Conversely , if open neighbourhood contains all 

atoms of same valency . 

i.e., N(e1) = 3,      N(e2) = 3,      N(e3) = 3,      N(e4) = 

3 

Each atoms in NIC graph of triethylsilane has same 

valency 3, which is contradiction that no two adjacent 

atom has same valency. 

Therefore , L(G) is not neighbourly irregular graph. 

Problem :  

If w is a atom of maximum valency in a some NIC 

graph. Then open neighbourhood N(w) contains 

atleast three atoms of same valency.                                     

Solution :                                                                         

Here we consider the NIC graph of  P4O10                                           

(Tetraphosphorus decaoxide)                                              

 Let V(G)  = 

{w1,w2,w3,w4,w5,w6,w7,w8,w9,w10,w11,w12,w13,w14} be 

the atoms of molecular structure of tetraphosphorus 

decaoxide which is NIC graph. 

Open neighbourhood of atoms: 

N(w1) = {w7} = 1 

N(w2) = {w3,w7} = 2 

N(w3) = {w2,w4,w5,w6}= 4 

N(w4) = {w3}= 1  

N(w5) = {w3,w9}= 2                                         w1 

N(w6)= {w3,w12}= 2                                                    

N(w7)= {w1,w2,w8,w11}= 4  

N(w8) = {w7,w9} = 2 

N(w9) = {w5,w8,w10,w13}= 4 

N(w10) = {w9}= 1 

N(w11) = {w7,w12}= 2  

N(w12) = {w8,w11,w13,w14}= 4 

N(w13) = {w9,w12} = 2 

N(w14) = {w12} = 1 

w3,w7,w9 and w12 are atoms has same valency 4 of 

NIC graph. 

Therefore the open neighbourhood N(w) contains 

atleast three atoms of same valency. 

                                  O 

 

 

                O                P                O 

 

  P                            O                             P 

 

O                                                                            O 

                O                  P                     O 

 

                                           O 

 

P4O10 (Tetraphosphorus decaoxide)                                                         

                      w4 

 

w2                       w3               w5            

                                     w6 

w7                      

                      w8              w9                               w10 

w11                     w12                w13 

                               w14 

       Figure 9: NIC graph 

International Journal of Applied Engineering Research ISSN 0973-4562 Volume 14, Number 3, 2019 (Special Issue)  
© Research India Publications.  http://www.ripublication.com

Page 31 of 32



Conclusion 

             In this paper, we discussed the neighbourly 

irregular chemical graph and its line graph from s-

block and p-block elements. Further we obtain the 

independent neighbourhood number of a NIC graphs. 
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