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Abstract 

                                                

In this paper, we introduce a new class of open sets in a topological space called 

𝑖𝑖 − open sets. We study some properties and several characterizations of this class, 

also we explain the relation of 𝑖𝑖 − open sets with many other classes of open sets. 

Furthermore, we define 𝑖𝑤 − closed sets and 𝑖𝑖𝑤 − closed sets and we give some 

fundamental properties and relations between these classes and other classes such 

as 𝑤 − closed  and 𝛼𝑤 − closed sets. 
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1. Introduction  
 

Throughout this paper we introduce and study the concept of 𝑖𝑖 − open sets in 

topological space (𝑋, 𝜏). The 𝑖𝑖 − open set is defined as follows:  A subset 𝐴 of a 

topological space (𝑋, 𝜏) is said to be 𝑖𝑖 − open if there exist an open set 𝐺 in the 

topology 𝜏 of X, such that 

i. 𝐺 ≠ ∅,𝑋  

ii. A is contained in the closure of (A∩ 𝐺) 

iii. interior points of A equal G.  

One of the classes of open sets that produce a topological space is 𝛼 − open. This 

class of open sets has been introduced in 1965 [3]. In this paper we prove that the 

family of 𝑖𝑖 − open sets are also produce a topological space (Theorem 2.10). The 

𝑖𝑖 − open set is a generalization of many classes of open sets we mention some of 

them namely semi − open sets, 𝛼 −  open sets and 𝑤 − open sets defined by 

Levine [2],  Njȧstad [3] and Sundaram and John [5],  respectively. Further, we study 

the relation of 𝑖𝑖 − open sets with the following sets: 𝑖 − open set, 𝑤 − closed set 

and 𝛼𝑤 − closed set introduced by Mohammed and Askander [1], Sundaram and  
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John [5] and Parimala et.al [4], respectively. Depending on 𝑖 − open and 𝑖𝑖 − open 

sets we define 𝑖𝑤 − closed and 𝑖𝑖𝑤 − closed sets. 

We present our work in two sections. In the first one, we define 𝑖𝑖 − open sets and 

we give many related examples, and we investigate the relationship with other 

classes of open sets. We prove some theorems to discuss their properties. In the 

second section, we discuss the relationship between iiw-closed sets with closed, 

𝑤 − closed, 𝑖𝑤 − closed and 𝛼𝑤 − closed sets. Further, we present some 

fundamental properties of 𝑖𝑖𝑤 − closed sets   with classes mentioned above. 

 

2. ii-Open Sets In Topological Space 
 

In this section, we introduce and study the notion of 𝑖𝑖 − open sets in a 

topological space and we obtain some of its basic properties. We recall the 

following definitions, which are useful in the sequel. 

 

Definition 2.1 

 A subset 𝐴 of a space (𝑋, 𝜏) is called 

1- Semi − open set  [2]  if 𝐴 ⊆ 𝑐𝑙(𝑖𝑛𝑡(𝐴)). 

2- 𝛼 − open set  [3]  if 𝐴 ⊆ 𝑖𝑛𝑡(𝑐𝑙(𝑖𝑛𝑡(𝐴))). 

3- 𝑖 − open set  [1]  if there exist an open set 𝐺 ∈  𝜏(𝑋) such that  

i. 𝐺 ≠ ∅, 𝑋.   

ii. 𝐴 ⊆ 𝑐𝑙(𝐴 ∩ 𝐺).  

  The complement of an 𝑖 − open set is an 𝑖 − closed set.  

4- 𝑤 − closed set  [5]  if 𝑐𝑙(𝐴) ⊆ 𝑈 whenever 𝐴 ⊆ 𝑈 and 𝑈  is semi − open in 

(𝑋, 𝜏).                                                                                                                                         

5- 𝛼𝑤 - closed set [4]  if 𝑤𝑐𝑙(𝐴) ⊆ 𝑈 whenever 𝐴 ⊆ 𝑈 and 𝑈 is 𝛼 − open in 

(𝑋, 𝜏). The complement of an 𝛼𝑤 − closed set is an 𝛼𝑤 − open set. 

6- 𝑜(𝑋), 𝑠𝑜(𝑋), 𝛼𝑜(𝑋), 𝑖𝑜(𝑋), 𝑤𝑐(𝑋), 𝛼𝑤𝑐(𝑋) are family of open, semi −
open, 𝛼 − open, 𝑖 − open, 𝑤 − closed, 𝛼𝑤 − closed sets respectively. 

 

Definition 2.2 

 A subset 𝐴 of a space (𝑋, 𝜏) is called 𝑖𝑛𝑡 − open set if there exist an open set 𝐺 ∈
𝑜(𝑋) and 𝐺 ≠ ∅, 𝑋, such that 𝑖𝑛𝑡(𝐴) = 𝐺. The complement of the  𝑖𝑛𝑡 − open set 

is called 𝑖𝑛𝑡 − closed. We denote the family of all 𝑖𝑛𝑡 − open sets of topological 

space by 𝑖𝑛𝑡𝑜(𝑋) and the int-closed sets is denoted by 𝑖𝑛𝑡𝑐(𝑋). 

 

Example 2.3 

 Let 𝑋 = {𝑎, 𝑏, 𝑐} and 𝜏 = {∅, 𝑋, {𝑏}, {𝑏, 𝑐}}. Here the closed sets in (𝑋, 𝜏) are 

𝐶(𝑋, 𝜏) = {∅, 𝑋, {𝑎, 𝑐}, {𝑎}}  

𝑖𝑛𝑡𝑜(𝑋) = {∅, 𝑋, {𝑏}, {𝑎, 𝑏}, {𝑏, 𝑐}} 

𝑖𝑛𝑡𝑐(𝑋) = {∅, 𝑋, {𝑎, 𝑐}, {𝑐}, {𝑎}} .     
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Definition 2.4 

 A subset 𝐴 of a space (𝑋, 𝜏) is called 𝑖𝑖 − open set if there exist an open set 𝐺 ∈
𝑜(𝑋),  such that 

i. 𝐺 ≠ ∅, 𝑋 

ii. 𝐴 ⊆ 𝑐𝑙(𝐴 ∩ 𝐺) 

iii. 𝑖𝑛𝑡(𝐴) = 𝐺. 

The complement of the 𝑖𝑖 − open set is called 𝑖𝑖 − closed set. We denote the family 

of all  𝑖𝑖 − open sets of topological space by 𝑖𝑖𝑜(𝑋).This definition means that  𝐴 

is  𝑖𝑛𝑡 − open and  𝑖 − open set. 

     

Example 2.5 

 Let 𝑋 = {𝑎, 𝑏, 𝑐} and 𝜏 = {∅, 𝑋, {𝑏}, {𝑏, 𝑐}}. Here  

 𝐶(𝑋, 𝜏) = {∅, 𝑋, {𝑎, 𝑐}, {𝑎}} 

 𝑖𝑛𝑡𝑜(𝑋) = {∅, 𝑋, {𝑏}, {𝑎, 𝑏}, {𝑏, 𝑐}} 

𝑖𝑜(𝑋) = {∅, 𝑋, {𝑏}, {𝑐}, {𝑎, 𝑐}, {𝑎, 𝑏}, {𝑏, 𝑐}} 

𝑖𝑖𝑜(𝑋) = {∅, 𝑋, {𝑏}, {𝑎, 𝑏}, {𝑏, 𝑐}} 

 

Remark 2.6 

Note that for a topological space (𝑋, 𝜏) every 𝑖𝑖 − open set is 𝑖 − open and 𝑖𝑛𝑡 −
open. Further, every semi − open is 𝑖𝑖 − open set. But the converse is not true as 

shown in the following example.   

 

Example 2.7 

Let 𝑋 = {𝑎, 𝑏, 𝑐} and 𝜏 = {∅, 𝑋, {𝑎}, {𝑏, 𝑐}}. Here  

 𝐶(𝑋, 𝜏) = {∅, 𝑋, {𝑏, 𝑐}, {𝑎}} 

𝑖𝑜(𝑋) = {∅, 𝑋, {𝑎}, {𝑏}, {𝑐}, {𝑏, 𝑐}} 

𝑖𝑛𝑡𝑜(𝑋) = {∅, 𝑋, {𝑎}, {𝑏, 𝑐}, {𝑎, 𝑏}, {𝑎, 𝑐}} 

𝑖𝑖𝑜(𝑋) = 𝑆𝑜(𝑋) = {∅, 𝑋, {𝑎}, {𝑏, 𝑐}} 

Let 𝐴 = {𝑏}. Then 𝐴 is not 𝑖𝑖 − open, but 𝐴 is an 𝑖 − open set.  Let 𝐵 = {𝑎, 𝑏}. 

Then 𝐵 is not 𝑖𝑖 − open. However 𝐵 is 𝑖𝑛𝑡 − open set. 

 

Theorem 2.8   

Every open set is 𝑖𝑖 − 𝑜𝑝𝑒𝑛 set. 
Proof.  Let 𝐺 be open set in (𝑋, 𝜏). Since 𝐺 ⊆ 𝑐𝑙(𝐺 ∩ 𝐺) = 𝑐𝑙(𝐺), it follows that 𝐺 

is 𝑖 − open. Also, 𝐺 is 𝑖𝑛𝑡 − open because 𝑖𝑛𝑡(𝐺) = 𝐺. Thus 𝐺 is 𝑖𝑖 − open set.■ 

 

 The converse of the above theorem is not true in general as shown in the following 

example. 

 

Example 2.9 

Let 𝑋 = {𝑎, 𝑏, 𝑐} and 𝜏 = {∅, 𝑋, {𝑏}, {𝑏, 𝑐}}. Here  

 𝐶(𝑋, 𝜏) = {∅, 𝑋, {𝑎, 𝑐}, {𝑎}} 

𝑖𝑛𝑡𝑜(𝑋) = {∅, 𝑋, {𝑏}, {𝑎, 𝑏}, {𝑏, 𝑐}} 
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𝑖𝑜(𝑋) = {∅, 𝑋, {𝑏}, {𝑐}, {𝑎, 𝑐}, {𝑎, 𝑏}, {𝑏, 𝑐}} 

𝑖𝑖𝑜(𝑋) = {∅, 𝑋, {𝑏}, {𝑎, 𝑏}, {𝑏, 𝑐}} 

Now, A= {𝑎, 𝑏}, is 𝑖𝑖 − open but 𝐴 is not open. 

 

Theorem 2.10 

 If (𝑋, 𝜏) is a topological space then (𝑋, 𝑖𝑖𝑜(𝑥)) is also topological space. 

Proof.  Let 𝐴 be 𝑖𝑖 − open set and let 𝑥 ∈ 𝐴, we will prove the existence of open 

set, say 𝐺 ∈ 𝑜(𝑋) such that 𝑥 ∈ 𝐺 ⊆ 𝐴. Since 𝐴 is 𝑖𝑖 − open, it follows that there 

exist an open set 𝐺 ∈ 𝑜(𝑋) such that 

i. 𝐺 ≠ ∅, 𝑋 

ii. 𝐴 ⊆ 𝑐𝑙(𝐴 ∩ 𝐺) 

iii. 𝑖𝑛𝑡(𝐴) = 𝐺. 

Therefore, 𝑥 ∈ 𝐴 implies that 𝑥 ∈ 𝑐𝑙(𝐴) and 𝑥 ∈ 𝑐𝑙(𝐺). If 𝐺 is closed, then 𝑥 ∈
𝐺 ⊆ 𝐴 and 𝐴 is open. If 𝐺 is not closed and 𝑥 ∉ 𝐺 then 𝑥 ∉ 𝑐𝑙(𝐺) because 𝐺 is not 

closed. Since 𝑥 ∈ 𝐴 implies that 𝑥 ∈ 𝑐𝑙(𝐴) ∩ 𝑐𝑙(𝐺) implies that 𝑥 ∈ 𝑐𝑙(𝐺). This 

implies a contradiction. Therefore 𝐴 is open.■  

 

Example 2.11 

Let 𝑋 = {𝑎, 𝑏, 𝑐} and 𝜏 = {∅, 𝑋, {𝑏}, {𝑏, 𝑐}}. Here  

𝐶(𝑋, 𝜏) = {∅, 𝑋, {𝑎, 𝑐}, {𝑎}}  

 𝑖𝑖𝑜(𝑋) = {∅, 𝑋, {𝑏}, {𝑎, 𝑏}, {𝑏, 𝑐}} 

 Note that (𝑋, 𝜏) is a topological space and (𝑋, 𝑖𝑖𝑜(𝑥)) is a topological space. 

 

Theorem 2.12  

Every 𝛼 −  𝑜𝑝𝑒𝑛 set is 𝑖𝑖 − 𝑜𝑝𝑒𝑛. 
Proof. Let (𝑋, 𝜏) be a topological space and 𝐴 ⊆ 𝑋 be 𝛼 − open set. Since 𝐴 ⊆

𝑖𝑛𝑡(𝑐𝑙(𝑖𝑛𝑡(𝐴))) ⊆ 𝑐𝑙(𝑖𝑛𝑡(𝐴)). Therefore 𝐴 is semi − open. Since, there exist an 

open set, say, 𝐺 ≠ ∅, 𝑋 satisfying int(A)   G, it follows that 𝑖𝑛𝑡(𝐴) ⊆ 𝐺 ∩ 𝐴. 

Therefore 𝐴 ⊆ 𝑐𝑙(𝐴 ∩ 𝐺). Thus, 𝐴 is 𝑖 − open. We shall prove that 𝑖𝑛𝑡(𝐴) = 𝐺. 

 Note that if 𝑖𝑛𝑡(𝐴) ≠ 𝐺, for all 𝐺 ∈ 𝑜(𝑋),  then 𝑐𝑙(𝑖𝑛𝑡(𝐴)) ≠ 𝑐𝑙(G). From above 

inclusions we conclude that  𝐴 ⊆ 𝑐𝑙(𝑖𝑛𝑡(𝐴) ∩ 𝐴 ∩ 𝐺). This implies that 𝐴 ⊄
𝑐𝑙(𝐺). That is a contradiction. Therefore,  𝐴 is 𝑖𝑖 − open set.■ 

The converse of the above theorem is not true in general as shown in the following 

example. 

 

Example 2.13 

Let 𝑋 = {𝑎, 𝑏, 𝑐, 𝑑} and 𝜏 = {∅, 𝑋, {𝑎}, {𝑏, 𝑐, 𝑑}}. 

𝐶(𝑋, 𝜏) = {∅, 𝑋, {𝑎}, {𝑏, 𝑐, 𝑑}}  

𝛼𝑜(𝑋) = {∅, 𝑋, {𝑎}, {𝑏, 𝑐, 𝑑}} 

 𝑖𝑖𝑜(𝑋) = {∅, 𝑋, {𝑎}, {𝑏}, {𝑐}, {𝑑}, {𝑏, 𝑐}, {𝑏, 𝑑}, {𝑐, 𝑑}, {𝑏, 𝑐, 𝑑}} 

Now, 𝐴 = {𝑐} is 𝑖𝑖 − open but not 𝛼 − open. 
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Corollary 2.14   

Every 𝛼 − 𝑜𝑝𝑒𝑛 set is 𝑖𝑛𝑡 − 𝑜𝑝𝑒𝑛. 
Proof.  Clear.■ 

The converse of the above corollary is not true in general as shown in the following 

example. 

 

Example 2.15 

Let 𝑋 = {𝑎, 𝑏, 𝑐} and 𝜏 = {∅, 𝑋, {𝑎}, {𝑏, 𝑐}}. Here  

𝐶(𝑋, 𝜏) = {∅, 𝑋, {𝑏, 𝑐}, {𝑎}}  

𝑖𝑛𝑡𝑜(𝑋) = {∅, 𝑋, {𝑎}, {𝑏, 𝑐}, {𝑎, 𝑏}, {𝑎, 𝑐}} 

𝛼𝑜(𝑋) = {∅, 𝑋, {𝑎}, {𝑏, 𝑐}} 

Let 𝐴 = {𝑎, 𝑏}. Then 𝐴 is not 𝛼 − open. However 𝐴 is 𝑖𝑛𝑡 − open set. 

 

Remark 2.16   

The following diagram shows that the relationships of ii-open sets with other sets. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3. 𝒊𝒘 − 𝐂𝐥𝐨𝐬𝐞𝐝 And 𝒊𝒊𝒘 − 𝐂𝐥𝐨𝐬𝐞𝐝 Sets In Topological Space  
 

We introduce and study the notion of 𝑖𝑤 − closed and 𝑖𝑖𝑤 − closed sets in 

topological space and obtain some of its basic properties. The proof of main results 

in this section is similar to that in [4]. 

 

 Definition 3.1 

 A subset 𝐴 of (𝑋, 𝜏) is called a 𝑖𝑤 − closed set if 𝑤𝑐𝑙(𝐴) ⊆ 𝑈 whenever 𝐴 ⊆ 𝑈 

and 𝑈 is 𝑖 − open in (𝑋, 𝜏). The complement of an 𝑖𝑤 − closed set is 𝑖𝑤 − open 

set. 

 

open set 

int-open 

i-open set 𝜶-open set ii-open set 

Semi-open 
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Theorem 3.2  

Every 𝑖𝑤 − 𝑐𝑙𝑜𝑠𝑒𝑑 set is 𝑤 − 𝑐𝑙𝑜𝑠𝑒𝑑 set. 
Proof.  Let 𝐴 be an 𝑖𝑤 − closed set in (𝑋, 𝜏) and 𝑈 is be any semi − open set in 𝑋 

such that 𝐴 ⊆ 𝑈. Since every semi − open set is 𝑖 − open  [1]. Since 𝐴 is closed, 

𝑤𝑐𝑙(𝐴) ⊆ 𝑐𝑙(𝐴) ⊆ 𝑈. This shows that 𝐴 is 𝑤 − closed set in (𝑋, 𝜏).■ 

The converse of the above theorem is not true in general as shown in the following 

example. 

 

Example 3.3 

Let 𝑋 = {𝑎, 𝑏, 𝑐, } and 𝜏 = {∅, 𝑋, {𝑎}, {𝑏, 𝑐}}. 

𝐶(𝑋, 𝜏) = {∅, 𝑋, {𝑎}, {𝑏, 𝑐, }}  

 𝑤𝑐(𝑋, 𝜏) = {∅, 𝑋, {𝑎}, {𝑏}, {𝑐}, {𝑎, 𝑏}, {𝑎, 𝑐}, {𝑏, 𝑐}} 

let 𝐴 = {𝑎, 𝑏}.Then , 𝐴 is a 𝑤 − closed set but it is not 𝑖𝑤 − closed set. 

 

Theorem 3.4  

Every 𝑖𝑤 − 𝑐𝑙𝑜𝑠𝑒𝑑 set is 𝛼𝑤 − 𝑐𝑙𝑜𝑠𝑒𝑑 set. 
Proof.   Let 𝐴 be an 𝑖𝑤 − closed set in (𝑋, 𝜏) and 𝑈 is be any 𝛼 − open set in 𝑋 

such that 𝐴 ⊆ 𝑈. Since every 𝛼 − open set is 𝑖 − open [1]. Since 𝐴 is closed, 

𝑤𝑐𝑙(𝐴) ⊆ 𝑐𝑙(𝐴) ⊆ 𝑈. This shows that 𝐴 is 𝛼𝑤 − closed set in (𝑋, 𝜏).■ 

The converse of the above theorem is not true in general as shown in the following 

example. 

 

Example 3.5  

Let 𝑋 = {𝑎, 𝑏, 𝑐, } and 𝜏 = {∅, 𝑋, {𝑏}, {𝑏, 𝑐}}. 

𝐶(𝑋, 𝜏) = {∅, 𝑋, {𝑎}, {𝑎, 𝑐, }}  

 𝛼𝑤𝑐(𝑋, 𝜏) = {∅, 𝑋, {𝑎}, {𝑎, 𝑏}, {𝑎, 𝑐}} 

let 𝐴 = {𝑎, 𝑏}. Then 𝐴 is 𝛼𝑤 − closed but it is not 𝑖𝑤 − closed set. 

 

Theorem 3.6  

If 𝐴 is 𝑖 − 𝑜𝑝𝑒𝑛 and 𝑖𝑤 −  𝑐𝑙𝑜𝑠𝑒𝑑 set then 𝐴 is w-closed.                                                                                                          
Proof.  Let 𝑈 be semi-open such that 𝐴 ⊆ 𝑈. We shall prove that 𝑐𝑙(𝐴) ⊆ 𝑈. Since 

𝑈 is semi − open, this implies that 𝑈 is 𝑖 − open. By assumption we have 𝑐𝑙(𝐴) ⊆
𝑈. That is 𝐴 is  𝑤 − closed.■ 

 

Definition 3.7 

 A subset 𝐴 of (𝑋, 𝜏) is called  𝑖𝑖𝑤 − closed set if   𝑤𝑐𝑙(𝐴) ⊆ 𝑈 whenever 𝐴 ⊆ 𝑈 

and 𝑈 is           𝑖𝑖 − open in (𝑋, 𝜏). The complement of an 𝑖𝑖𝑤 − closed set is an 

𝑖𝑖𝑤 − open set. We denote the family of all 𝑖𝑖𝑤 − closed sets of topological space 

by 𝑖𝑖𝑤𝑐(𝑋). 

 

Example 3.8 

Let 𝑋 = {𝑎, 𝑏, 𝑐, } and 𝜏 = {∅, 𝑋, {𝑏}, {𝑏, 𝑐}}. 

𝐶(𝑋, 𝜏) = {∅, 𝑋, {𝑎}, {𝑎, 𝑐, }} ,  𝑖𝑖𝑤𝑐(𝑋, 𝜏) = {∅, 𝑋, {𝑎}, {𝑎, 𝑐}} 
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Theorem 3.9  

Every 𝑖𝑖𝑤 − 𝑐𝑙𝑜𝑠𝑒𝑑 set is 𝛼𝑤 − 𝑐𝑙𝑜𝑠𝑒𝑑 set. 
Proof.  Let 𝐴 be an 𝑖𝑖𝑤 − closed set in (𝑋, 𝜏) and 𝑈 is be any 𝛼 − open set in 𝑋 

such that 𝐴 ⊆ 𝑈. Since every 𝛼 − open set is 𝑖𝑖 − open. Since 𝐴 is closed, 

𝑤𝑐𝑙(𝐴) ⊆ 𝑐𝑙(𝐴) ⊆ 𝑈. This shows that 𝐴 is 𝛼𝑤 − closed set in (𝑋, 𝜏).■ 

The converse of the above theorem is not true in general as shown in the following 

example. 

 

Example 3.10 

Let 𝑋 = {𝑎, 𝑏, 𝑐, } and 𝜏 = {∅, 𝑋, {𝑏}, {𝑏, 𝑐}}. 

𝐶(𝑋, 𝜏) = {∅, 𝑋, {𝑎}, {𝑎, 𝑐, }}  

𝑖𝑖𝑤𝑐(𝑋, 𝜏) = {∅, 𝑋, {𝑎}, {𝑎, 𝑐}} 

 𝛼𝑤𝑐(𝑋, 𝜏) = {∅, 𝑋, {𝑎}, {𝑎, 𝑏}, {𝑎, 𝑐}} 

Let 𝐴 = {𝑎, 𝑏}. Then 𝐴 is 𝛼𝑤 − closed set but it is not 𝑖𝑖𝑤 − closed set. 

 

Theorem 3.11 

Every 𝑖𝑤 − 𝑐𝑙𝑜𝑠𝑒𝑑 set is a 𝑖𝑖𝑤 − 𝑐𝑙𝑜𝑠𝑒𝑑 set. 

Proof.  Let 𝐴 be an 𝑖𝑤 − closed set in (𝑋, 𝜏) and U is be any 𝑖𝑖 − open set in 𝑋 

such that 𝐴 ⊆ 𝑈. Since every 𝑖𝑖 − open set is 𝑖 − open. Since 𝐴 is closed, 

𝑤𝑐𝑙(𝐴) ⊆ 𝑐𝑙(𝐴) ⊆ 𝑈. This show that 𝐴 is 𝑖𝑖𝑤 − closed set in (𝑋, 𝜏).■ 

 

Theorem 3.12   

If A is 𝑖𝑖 − 𝑜𝑝𝑒𝑛 and 𝑖𝑖𝑤 − 𝑐𝑙𝑜𝑠𝑒𝑑 set then 𝐴 is 𝑤 − 𝑐𝑙𝑜𝑠𝑒𝑑. 

Proof.   Since 𝐴 ⊆ 𝐴 and 𝐴 is 𝑖𝑖 − open and 𝑖𝑖𝑤 − closed, we have 𝑤𝑐𝑙(𝐴) ⊆ 𝐴.  

Thus 𝑤𝑐𝑙(𝐴) = 𝐴. Hence 𝐴 is 𝑤 − closed set in X.■ 

 

Theorem 3.13  

Union of two 𝑖𝑖𝑤 − 𝑐𝑙𝑜𝑠𝑒𝑑 sets are 𝑖𝑖𝑤 − 𝑐𝑙𝑜𝑠𝑒𝑑 set. 
Proof.  Let 𝐴 and 𝐵 be two 𝑖𝑖𝑤 − closed sets. Let 𝐺 be any 𝑖𝑖 − open set in (𝑋, 𝜏), 

such that  𝐴 ∪ 𝐵 ⊆ 𝐺. Then 𝐴 ⊆ 𝐺 and 𝐵 ⊆ 𝐺. Since 𝐴 and 𝐵 are 𝑖𝑖𝑤 − closed set, 

𝑤𝑐𝑙(𝐴) ⊆ 𝐺 and 𝑤𝑐𝑙(𝐵) ⊆ 𝐺. Therefore 𝑤𝑐𝑙(𝐴) ∪ 𝑤𝑐𝑙(𝐵) = 𝑤𝑐𝑙(𝐴 ∪ 𝐵) ⊆ 𝐺. 

Hence 𝐴 ∪ 𝐵 is 𝑖𝑖𝑤 − closed set.■ 

 

Remark 3.14 

The following diagram shows that the relationships of 𝑖𝑖𝑤 − closed sets with other 

known existing sets. 

 

 

 

 

 

 𝝎-closed 𝒊𝒊𝝎-closed 𝜶𝝎-closed 

𝒊𝝎-closed 
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