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Abstract  

 
In this paper, we introduce and characterize some new generalized locally closed sets known as 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗-locally 
closed sets and lightly 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗-locally closed sets in nano ideal topological spaces. Also we discuss some of its 
properties. Additionally, we define and study certain new classes of continuous mappings namely 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗-LC 
continuous functions and L 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗-LC continuous functions in nano ideal topological spaces. Comparison and 
characterisation of these functions are explored.    
  
Keywords- Nano Ideal Topology, locally closed sets, 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗-locally closed sets, lightly   
𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗-locally closed sets, 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗-𝐿𝐶 continuous mappings and 𝐿 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗-𝐿𝐶 continuous mappings.  
 
1. Introduction  
 

In topological spaces, locally closed sets were studied 
more by Bourbaki [11] in 1966, which is the 
intersection of an open set and a closed set. 
Kuratowski [3] was introduced the local function in 
ideal spaces. The notion of nano topology was 
introduced by Lellis Thivagar[4] which was defined 
in terms of approximations and boundary region of a 
subset of an universe using an equivalence relation 
on it. M. Parimala et al. [5,6,7] introduced the concept 
of nano ideal topological spaces and investigated 
some of its basic properties. In 2018, [12] R. Asokan, 
O. Nethaji and I. Rajasekaran, introduced lightly nano 
𝐼 -locally closed set in nano ideal topological spaces. 
In 2021, Selvaraj Ganesan [14] introduced µ-𝑛𝐼-
locally closed sets set in nano ideal topological 
spaces. Recently we [1] defined 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗-closed sets 
and 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗-open sets in nano ideal topological 
spaces. The purpose of this paper is to introduce the 
new notions of locally closed sets and locally closed 
continuous functions in nano ideal topological 
spaces. We study the concept of 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗-locally 
closed sets, lightly 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗locally closed sets, 
𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗-𝐿𝐶 continuous mappings and 𝐿 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗-
𝐿𝐶 continuous mappings in nano ideal topological 
spaces.  
 
2. Preliminaries  
 

Throughout this paper (𝑈,𝜏𝑅(𝑋)) represent nano 
topological spaces on which no separation axioms 
are assumed unless otherwise mentioned. For a 
subset 𝐴 of a space (𝑈, 𝜏𝑅(𝑋)), 𝑛𝑐𝑙(𝐴) and 𝑛𝑖𝑛𝑡(𝐴) 
denote the nano closure of 𝐴 and the nano interior of 

𝐴 respectively. We recall the following definitions, 
which will be used in the sequel.   
 
Definition 2.1 [1] A subset 𝐴 of a nano ideal 
topological space (𝑈, 𝒩, 𝐼) is said to be nano ideal 
generalized semi*-closed (briefly, 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗-closed) 
if 𝐴𝑛

∗ ⊆ 𝑉 whenever 𝐴 ⊆ 𝑉 and 𝑉 is 𝑛𝑎𝑛𝑜 𝑠𝑒𝑚𝑖∗-open.   
 
Definition 2.2 [1] A subset 𝐴 of a nano ideal 
topological space (𝑈, 𝒩, 𝐼) is said to be nano ideal 
generalized semi*-open (briefly, 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗-open) if 
X − A is 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗-closed.  
 
Theorem 2.3. [1] Consider a space (𝑈, 𝒩, 𝐼), then the 
following implications are true and reverse 
implications are may not be true.  
i) A nano closed is always a 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗-closed set.  
ii) A 𝑛𝑔-closed is always a 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗-closed set.  
iii) A 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗-closed is always a 𝑛𝐼𝑔-closed set.  
 
Definition 2.4 [1] Consider a subset 𝐴 of a nano ideal 
topological space (𝑈,𝒩,𝐼). Then 𝒏𝒂𝒏𝒐 𝐼 
𝒈𝒆𝒏𝒆𝒓𝒂𝒍𝒊𝒛𝒆𝒅 𝒔𝒆𝒎𝒊∗-closure of 𝐴 is defined as the 
intersection of all 𝑛𝑎𝑛𝑜 𝐼 𝑔𝑒𝑛𝑒𝑟𝑎𝑙𝑖𝑧𝑒𝑑 𝑠𝑒𝑚𝑖∗-closed 
sets containing 𝐴 and it is denoted by 𝑛𝐼 𝑔𝑒𝑛𝑒𝑟𝑎𝑙𝑖𝑧𝑒𝑑 
𝑠𝑒𝑚𝑖∗-𝑐𝑙(𝐴). i.e., 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗-𝑐𝑙(𝐴) = ∩{𝐹∶ 𝐴 ⊆ 𝐹 ∈ 
𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝑐(U). 𝑛𝐼 𝑔𝑒𝑛𝑒𝑟𝑎𝑙𝑖𝑧𝑒𝑑 𝑠𝑒𝑚𝑖∗-c𝑙(𝐴) is the 
smallest 𝑛𝑎𝑛𝑜 ideal 𝑔𝑒𝑛𝑒𝑟𝑎𝑙𝑖𝑧𝑒𝑑 𝑠𝑒𝑚𝑖∗-𝑐𝑙𝑜𝑠𝑒𝑑 set 
containing 𝐴.  
The following two propositions are easy 
consequences from definitions.   
 
Proposition 2.5 [1] For any 𝑀 ⊆ 𝑈, the following 
holds.   
1. 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗-𝑐𝑙(𝑀) is the smallest 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗-closed 
set containing 𝑀.   
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2. 𝑀 is 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗-closed if and only if 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝑐𝑙(𝑀) 
= 𝑀.   
 
Proposition 2.6 [1] For any two subsets 𝑀 and 𝑃 of 
(𝑈, 𝑁 , 𝐼), the following holds.   
1. If 𝑀 ⊆ 𝑃, then 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝑐𝑙(𝑀) ⊆ 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗-𝑐𝑙(𝑃).  
2. 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝑐𝑙(𝑀∩𝑃)⊆𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝑐𝑙(𝑀)∩ 
𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝑐𝑙(𝑃).   
 
Definition: 2.7 [2] Let (𝒰,𝜏𝑅(𝑋)) be a nano 
topological space and 𝐴 ⊆ 𝒰. Then 𝐴 is said to be a 
nano locally closed if 𝐴 = 𝑈 ∩ 𝐹, where 𝑈 is nano 
open and 𝐹 is a nano closed in 𝒰.   
 
Definition 2.8. [2] A subset 𝐴 of (𝑈, 𝜏𝑅(𝑋)), is called 
Nano generalized locally closed set (briefly 𝑁GLC) 
if 𝐴 = 𝐺 ∩ 𝐹, where 𝐺 is 𝑁𝑔-open in (𝑈, 𝜏𝑅(𝑋)) and 𝐹 
is 𝑁𝑔-closed in (𝑈, 𝜏𝑅(𝑋)). The collection of all nano 
generalized locally closed sets of (𝑈, 𝜏𝑅(𝑋)) will be 
denoted by 𝑁𝐺𝐿𝐶(𝑈, 𝜏𝑅(𝑋)).   
The following two collections of subsets of  (𝑈, 
𝜏𝑅(𝑋)) (𝑖. 𝑒) 𝑁𝐺𝐿𝐶∗ (𝑈, 𝜏𝑅(𝑋)) 𝑎𝑛𝑑 𝑁𝐺𝐿𝐶∗∗(𝑈, 𝜏𝑅(𝑋)) 
are defined as follows.   
 
Definition 2.9.[2] For a subset 𝐴 of (𝑈, 𝜏𝑅(𝑋)), 𝐴 ∈ 
𝑵𝑮𝑳𝑪∗ (𝑈, 𝜏𝑅(𝑋)), if there exist a 𝑁𝑔- open set 𝐺 and 
a nano closed set 𝐹 of (𝑈, 𝜏𝑅(𝑋)), respectively, such 
that 𝐴 = 𝐺 ∩ 𝐹.   
 
Definition 2.10. [2] For a subset 𝐴 of (𝑈, 𝜏𝑅(𝑋)), 𝐴 ∈ 
𝑵𝑮𝑳𝑪∗∗(𝑈, 𝜏𝑅(𝑋)), if there exist a nano open set 𝐺 and 
a 𝑁𝑔-closed set 𝐹 of (𝑈, 𝜏𝑅(𝑋)), respectively, such that 
𝐴 = 𝐺 ∩ 𝐹.  
 
Definition 2.11. [2] A function 𝑓: (𝑈, 𝜏𝑅(𝑋)) → (𝑉, 
𝜏𝑅0(𝑌 )) is called nano locally closed continuous 
function [shortly, 𝑁𝐿C continuous] if 𝑓−1(𝐵) is a nano 
locally closed set of (𝑈, 𝜏𝑅(𝑋)) for each nano open set 
𝐵 of (𝑉, 𝜏𝑅0

(𝑌)).   

 
Definition 2.12. [2] A function 𝑓∶ (𝑈, 𝜏𝑅(𝑋)) → (𝑉, 𝜏𝑅0

 

(𝑌)) is called Nano Generalized locally closed 
continuous function [shortly, 𝑁𝐺𝐿𝐶 continuous], 
(resp. 𝑁𝐺𝐿𝐶∗-continuous, resp. 𝑁𝐺𝐿𝐶∗∗-continuous) 
if 𝑓−1(𝐵) ∈ 𝑁𝐺𝐿𝐶((𝑈, 𝜏𝑅(𝑋)) (resp. 𝑓−1(𝐵) ∈ 
𝑁𝐺𝐿𝐶∗((𝑈, 𝜏𝑅(𝑋)), 𝑓−1(𝐵) ∈ 𝑁𝐺𝐿𝐶∗∗((𝑈, 𝜏𝑅(𝑋)) for 
each 𝐵 ∈ 𝜏𝑅0

 (𝑌 ).   

 
Definition 2.13. [12] A subset 𝐴 of  an nano ideal 
topological space (𝑈, 𝑁, 𝐼) is called an lightly nano 𝑰 
-locally closed (briefly 𝐿-𝑛𝐼-𝐿𝐶) if 𝐴 = 𝑀 ∩ 𝑁 where 
𝑀 is 𝑛-open and 𝑁 is 𝑛∗-closed.  
 
Definition 2.14 [8]. A subset 𝐴 of a nano ideal 
topological space (𝑈, 𝒩, 𝐼) is 𝑛∗-dense in itself  
(resp. 𝑛∗ -perfect and 𝑛∗ -closed) if 𝐴 ⊆ 𝐴𝑛

∗   (resp.  
𝐴 = 𝐴𝑛

∗  and 𝐴𝑛
∗ ⊆ 𝐴.   

3. 𝒏𝑰𝒈𝒔𝒆𝒎𝒊∗-Locally Closed Sets  

 
Definition 3.1. A subset 𝐴 of an nano ideal 
topological space (𝑈, 𝒩, 𝐼) is called 𝒏𝑰𝒈𝒔𝒆𝒎𝒊∗ -

locally closed set (briefly 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝐿𝐶) if 𝐴 = 𝐺 ∩ 𝐹 
where 𝐺 is 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗-open and 𝐹 is 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗ -closed 
in (𝑈, 𝒩, 𝐼).   
 
Notation 3.2. The class of all 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗-locally closed 
sets in (𝑈, 𝒩, 𝐼)  is denoted by  
𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝐿𝐶 (𝑈, 𝒩, 𝐼) or simply 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝐿𝐶.   
 
Definition 3.3. For a subset 𝐴 of (𝑈, 𝒩, 𝐼), 𝑨 ∈ 
𝒏𝑰𝒈𝒔𝒆𝒎𝒊∗𝑳𝑪∗(𝑼, 𝓝, 𝑰) if there exist a 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗-open 
set 𝐺 and a nano closed set 𝐹 of (𝑈, 𝒩, 𝐼) such that 𝐴 
= 𝐺 ∩ 𝐹.   
 
Definition 3.4. For a subset 𝐴 of (𝑈, 𝒩, 𝐼), 𝑨 ∈ 
𝒏𝑰𝒈𝒔𝒆𝒎𝒊∗𝑳𝑪 ∗∗ (𝑼, 𝓝, 𝑰) if there exist an nano open 
set 𝐺 and a 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗ -closed set 𝐹 of (𝑈, 𝒩, 𝐼) such 
that 𝐴 = 𝐺 ∩ 𝐹.   
 
Proposition 3.5. Let 𝐴 be a subset of an ideal space 
(𝑈, 𝒩, 𝐼). Then the following holds.   
(i) If 𝐴 ∈ 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝐿𝐶 , then 𝐴 ∈ 𝑁𝐿𝐶   
(ii) If 𝐴 ∈ 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝐿𝐶∗, then 𝐴 ∈ 𝑁𝐿𝐶  
(iii) If 𝐴 ∈ 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝐿𝐶, then 𝐴 ∈ 𝑁𝐺𝐿𝐶   
(iv) If 𝐴 ∈ 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝐿𝐶∗, then 𝐴 ∈ 𝑁𝐺𝐿𝐶∗  
(v) If 𝐴 ∈ 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝐿𝐶∗∗, then 𝐴 ∈ 𝑁𝐿𝐶   
(vi) If 𝐴 ∈ 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝐿𝐶∗∗, then 𝐴 ∈ 𝑁𝐺𝐿𝐶∗∗  
 
Proof.  
i) Assume 𝐴 ∈  𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝐿𝐶. Let G be nano open set 

and 𝐹 be nano closed set in nano ideal topological 
spaces. We know the fact that every nano open set 
is 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗-open set and every nano closed set is 
𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗-closed set. Then G is 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗-open set 
and 𝐹 is 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗-closed set. Since 𝐴 ∈  
𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝐿𝐶, 𝐴 = 𝐺 ∩ 𝐹. Hence 𝐴 ∈ 𝑁𝐺𝐿𝐶.  

ii) Assume 𝐴 ∈ 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝐿𝐶∗. Let G be nano 
generalised open set and 𝐹 be nano closed set in 
nano ideal topological spaces. Then clearly G is 
𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗-open set and 𝐹 is nano closed set. Since 
𝐴 ∈  𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝐿𝐶∗, 𝐴 = 𝐺 ∩ 𝐹. Hence 𝐴 ∈ 𝑁𝐺𝐿𝐶.  

iii) Assume 𝐴 ∈ 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝐿𝐶. Let 𝐺  be nano 
generalised open set and 𝐹 be nano generalised 
closed set in nano ideal topological spaces. We 
know the fact that every nano generalised open 
set is 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗-open set and every nano 
generalised closed set is 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗-closed set. 
Then G is 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗-open set and 𝐹 is 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗-
closed set. Since 𝐴 ∈ 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝐿𝐶, 𝐴= 𝐺 ∩ 𝐹. Hence 
𝐴 ∈ 𝑁𝐺𝐿𝐶.  

iv) Assume 𝐴 ∈ 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝐿𝐶∗. Let 𝐺 be nano open set 
and 𝐹 be nano closed set in nano ideal topological 

spaces. Then clearly G is 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗-open set and 𝐹 
is nano closed set. Since 𝐴 ∈ 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝐿𝐶∗, 𝐴 = 𝐺 ∩ 
𝐹. Hence 𝐴 ∈ 𝑁𝐺𝐿𝐶∗   

v) Assume 𝐴 ∈  𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝐿𝐶∗∗. Let 𝐺  be nano open 
set and 𝐹 be nano closed set in nano ideal 
topological spaces. Then clearly G is nano open 
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set and 𝐹 is 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗-closed set.  Since 𝐴 ∈  
𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝐿𝐶∗∗, 𝐴 = 𝐺 ∩ 𝐹. Hence 𝐴 ∈ 𝑁𝐺𝐿𝐶.   

vi) Assume 𝐴 ∈  𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝐿𝐶∗∗. Let 𝐺  be nano open 
set and 𝐹 be nano generalised closed set in nano 
ideal topological spaces. We know the fact that 
every nano generalised closed set is 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗-
closed set. Then clearly G is nano open set and 𝐹 
is 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗-closed set. Since 𝐴 ∈ 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝐿𝐶∗∗, 𝐴 
= 𝐺 ∩ 𝐹. Hence 𝐴 ∈ 𝑁𝐺𝐿𝐶∗∗   

 
Remark 3.6. The following examples shows that the 
converse of the above proposition is not always true.   
 
Example 3.7. Consider the universal set 𝑈 = {𝑎, 𝑏, 𝑐, 
𝑑}, the approximation space 𝑈/ ℛ = 
 {{𝑎}, {𝑐}, {𝑏, 𝑑}}, 𝑋 = {𝑎, 𝑏} ∈ 𝑈 with the ideal 𝐼 = {𝜑, 
{𝑎}}. The nano topology defined by 𝑈 is 𝜏𝑅(𝑋) = {𝑈, 𝜑, 
{𝑎}, {𝑏, 𝑑}, {𝑎, 𝑏, 𝑑}} and 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗-open sets are  
{{𝑎}, {𝑏}, {𝑑}, {𝑎, 𝑏}, {𝑏, 𝑑}, {𝑎, 𝑑}, {𝑏, 𝑐, 𝑑}, {𝑎, 𝑏, 𝑑}, 𝑈, 
𝜑}. Nano generalised closed sets are  
{{𝑐}, {𝑏, 𝑐}, {𝑐, 𝑑}, {𝑎, 𝑐}, {𝑏, 𝑑}, {𝑎, 𝑏, 𝑐}, {𝑏, 𝑐, 𝑑}, {𝑎, 𝑐, 
𝑑} , 𝑈, 𝜑, }. Let 𝐺 = {𝑏, 𝑑}, 𝐹 = {𝑏, 𝑐, 𝑑}. Then 𝐴 = {𝑏, 𝑑} 
∈ 𝑁𝐿𝐺, 𝑁𝐺𝐿𝐶, 𝑁𝐺𝐿𝐶∗ but 𝐴 ∉ 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝐿𝐶∗∗.  
 
Example 3.8. Let 𝑈 = {𝑎, 𝑏, 𝑐, 𝑑}, with 𝑈/ 𝑅 = {{𝑏}, {𝑑}, 
{𝑎, 𝑐}} and 𝑋 = {𝑎, 𝑑}. Then the Nano topology 𝒩 = { 
𝜙, 𝑈, {𝑑}, {𝑎, 𝑐}, {𝑎, 𝑐, 𝑑}} and 𝐼 = {𝜙, {𝑑}}.Then 
𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗-closed sets are {𝜙, 𝑈, {𝑏}, {𝑑}, {𝑎, 𝑏}, {𝑏, 𝑐}, 
{𝑏, 𝑑}, {𝑎, 𝑏, 𝑐}, {𝑏, 𝑐, 𝑑}, {𝑎, 𝑏, 𝑑}} and 𝑛𝑔-closed sets 
are {𝜙, 𝑈, {𝑏}, {𝑎, 𝑏}, {𝑏, 𝑐}, {𝑏, 𝑑}, {𝑎, 𝑏, 𝑐}, {𝑏, 𝑐, 𝑑}, {𝑎, 
𝑏, 𝑑}. Let 𝐺 = {𝑏, 𝑑}, 𝐹 = {𝑎, 𝑏, 𝑐}, Then 𝐴 = {𝑏} ∈ 𝑁𝐺𝐿𝐶∗∗ 
but not in 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝐿𝐶 and 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝐿𝐶∗.   
 
Theorem 3.9. For a subset 𝐴 of nano ideal space (𝑈, 
𝒩, 𝐼), If 𝐴∈𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝐿𝐶∗ then 𝐴 = 
 𝐺∩𝑛-𝑐𝑙(𝐴) for some 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗-open set 𝐺.   
 
Proof. Let 𝐴 ∈ 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝐿𝐶∗, then there exist a 
𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗-open set 𝑈 and a nano closed set 𝐹 in (𝑈, 
𝒩, 𝐼) such that 𝐴 = 𝐺 ∩ 𝐹. Since 𝐴 ∈ 𝐺 and 𝐴 ∈ 𝑛-𝑐𝑙(𝐴), 
we have 𝐴 ⊆ 𝐺∩𝑛-𝑐𝑙(𝐴).  
Since 𝐴 ⊆ 𝐹, 𝑛-𝑐𝑙(𝐴) ⊆ 𝑛-𝑐𝑙(𝐹). Since 𝐹 is nano closed, 
𝑛 -𝑐𝑙(𝐹) = 𝐹 . Therefore, 𝑛-𝑐𝑙(𝐴) ⊆  𝐹 and 𝐴 = 𝐺 ∩  𝐹 
⊇𝐺 ∩ 𝑛-𝑐𝑙(𝐴). Hence 𝐴 = 𝐺 ∩ 𝑛-𝑐𝑙(𝐴).   
 
Theorem 3.10. For a subset 𝐴 of an nano ideal space 
(𝑈, 𝑁, 𝐼), (𝑛-𝑐𝑙(𝐴))–𝐴 is 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗ -closed if and only 
if  𝐴 ∪ 𝑈 − (𝑛-𝑐𝑙(𝐴))  is 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗-open.   
 
Proof. Necessity- Let 𝐹 = (𝑛 - 𝑐𝑙(𝐴)) –𝐴. By 
hypothesis, 𝐹 is 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗-closed and 𝑈– 𝐹   
 𝑈 ∩ (𝑈 − 𝐹) =  𝑈 ∩ (𝑈 −  (𝑛 - 𝑐𝑙(𝐴)) –𝐴) = 𝐴 ∪ (𝑈 − 
(𝑛-𝑐𝑙(𝐴)). Since 𝑈– 𝐹 is 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗-open, 𝐴 ∪ (𝑈 − (𝑛-
𝑐𝑙(𝐴)) is 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗-open.   
Sufficiency- Let 𝐺 = 𝐴 ∪ (𝑈 − (𝑛 - 𝑐𝑙(𝐴)) . By 
hypothesis 𝐺 is 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗-open. Then 𝑈– 𝐺 is 
 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗-closed and 𝑈–𝐺   𝑈–(∪ (𝑈 − (𝑛 -𝑐𝑙(𝐴)) )=
𝑛-𝑐𝑙(𝐴) ∩ (𝑈 − 𝐴) = 𝑛-𝑐𝑙(𝐴))–𝐴.  Hence proved.   
 
Theorem 3.11. For a subset 𝐴 of an nano ideal space 
(𝑈, 𝒩, 𝐼), the following are equivalent. 

(i) 𝐴 ∈ 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝐿𝐶  
(ii) 𝐴  𝐺 ∩ 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝑐𝑙(𝐴)for some 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗-open 
set 𝐺 and 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗-closed set 𝐴.  
(iii) 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝑐𝑙(𝐴) − 𝐴 is 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗ -closed. 
(iv) 𝐴 ∪ (𝑈– 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝑐𝑙(𝐴)) is 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗-open. 
Proof. (i) ⇒(ii). Let 𝐴∈ 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝐿𝐶, then there exist 
a 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗-open set 𝐺 and 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗ -closed set 𝐹 in 
(𝑈, 𝒩, 𝐼) such that 𝐴 = 𝐺 ∩ 𝐹 . Since 𝐴⊆ 𝐺 and 𝐴⊆
𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝑐𝑙(𝐴),  we have 𝐴 ⊆ 𝐺 ∩ 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝑐𝑙(𝐴) . 
Also, since  
𝐴 ⊆ 𝐹 , 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝑐𝑙(𝐴) ⊆ 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝑐𝑙(𝐹).  Since 𝐹 is 
𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗-closed, 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝑐𝑙(𝐹) = 𝐹. 
Therefore, 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝑐𝑙(𝐴) ⊆ 𝐹 and 𝐴 = 𝐺 ∩ 𝐹 ⊇ 𝐺 ∩
𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝑐𝑙(𝐴).  
This proves (ii). 
(ii) ⇒  (i). Since 𝐺 is 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗ -open and 𝐴 is 
𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗-closed we have  
𝐺 ∩ 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝑐𝑙(𝐴) = 𝐺 ∩ 𝐴 ∈ 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝐿𝐶.   
(iii) (iv). Let 𝐹 =  𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝑐𝑙(𝐴)– 𝐴.  By 
hypothesis, 𝐹  is 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗ -closed and 𝑈– 𝐹 =
 𝑈  (𝑈– 𝐹)  =  𝑈 (𝑈– ( 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝑐𝑙(𝐴) – 𝐴))  =
 𝐴  (𝑈–  𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝑐𝑙(𝐴)).  Since 𝑈– 𝐹  is 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗ -
open, 𝐴  (𝑈–  𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝑐𝑙(𝐴)) is 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗-open.  
(iv) (iii). Let 𝐺 =  𝐴 (𝑈–  𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝑐𝑙(𝐴)).  By 
hypothesis 𝐺  is 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗ -open. Then 𝑈– 𝐺  is 
𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗ -closed and 𝑈– 𝐺 =
 𝑈– (𝐴(𝑈–  𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝑐𝑙(𝐴))  =
 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝑐𝑙(𝐴)  (𝑈– 𝐴)  =  𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝑐𝑙(𝐴) – 𝐴 . 
This proves (iii).  
(ii)  (iv). Let 𝐴 =  𝐺 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝑐𝑙(𝐴)  for some 
𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗ -open set 𝐺 . Now, 
𝐴 (𝑈– 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝑐𝑙(𝐴))  =
 (𝐺 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝑐𝑙(𝐴))  (𝑈–  𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝑐𝑙(𝐴))  =
(𝐺𝑈–  𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝑐𝑙(𝐴))  ( 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝑐𝑙(𝐴)  (𝑈–  
𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝑐𝑙(𝐴))  = (𝐺𝑈–  𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝑐𝑙(𝐴))  𝑈 =
 (𝐺  (𝑈–  𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝑐𝑙(𝐴))) is 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗-open.  

(iv)(ii) Let 𝐺 =  𝐴 (𝑈–  𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝑐𝑙(𝐴)).  Then 𝐺 

is 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗ -open. Now, 𝐺 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝑐𝑙(𝐴)  =
 (𝐴(𝑈–  𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝑐𝑙(𝐴)))  𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝑐𝑙(𝐴)  =
( 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝑐𝑙(𝐴) 𝐴)  ( 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝑐𝑙(𝐴)  (𝑈–  
𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝑐𝑙(𝐴)))  =  𝐴   =  𝐴 . Therefore 𝐴 =
 𝐺𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝑐𝑙(𝐴) for some 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗-open set 𝐺.  
 
Theorem 3.12. For a subset 𝐴  of  (𝑈, 𝒩, 𝐼) , If 
𝐴 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝐿𝐶∗∗ then there exist an nano open set 
𝐺 such that 𝐴 =  𝐺  𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝑐𝑙(𝐴).  
Proof. Let 𝐴 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝐿𝐶∗∗ . Then there exists an 
nano open set 𝐺  and a 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗ -closed set 𝐹  in 
 (𝑈, 𝒩, 𝐼)  such that 𝐴 = 𝐺𝐹 . Since 𝐴𝐺  and 
𝐴 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝑐𝑙(𝐴), we have 𝐴𝐺 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝑐𝑙(𝐴)--
-----(a). Also, since 
𝐴𝐹, 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝑐𝑙(𝐴)  𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝑐𝑙(𝐹).  But 
𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝑐𝑙(𝐹) = 𝐹 , since 𝐹  is 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗ -closed. 
Therefore , 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝑐𝑙(𝐴)𝐹 . Hence 𝐴 =
𝐺𝐹 𝐺 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝑐𝑙(𝐴) -----------(b). From (a) and 
(b),  𝐴 = 𝐺 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝑐𝑙(𝐴). 
 
Theorem 3.13. Let 𝐴  and 𝐵  be any two subsets 
of (𝑈, 𝒩, 𝐼). If 𝐴 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝐿𝐶∗ and 𝐵 is nano closed, 
then 𝐴𝐵 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝐿𝐶∗.  
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Proof. If 𝐴 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝐿𝐶∗ , then there exists a 
𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗ -open set 𝐺  and a nano closed set 𝐹  in 
 (𝑈, 𝒩, 𝐼)  such that 𝐴 = 𝐺𝐹 . Now, 𝐴𝐵 =
 (𝐺𝐹)𝐵 =  𝐺(𝐹𝐵)  𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝐿𝐶∗.  
 
Theorem 3.14. Let 𝐴  and 𝐵  be two subsets 
of(𝑈, 𝒩, 𝐼). If 𝐴𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝐿𝐶∗∗  and 𝐵 is nano closed 
then 𝐴𝐵 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝐿𝐶∗∗  
Proof. If 𝐴 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝐿𝐶∗∗,  then there exist an nano 
open set 𝐺  and a 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗ -closed set 𝐹  such that 
𝐴 =  𝐺𝐹 . Then 𝐴𝐵 = (𝐺𝐹)𝐵 =
  𝐺(𝐹𝐵) 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝐿𝐶∗∗,  since every nano open 
set is an 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗-closed set.   
 
Theorem 3.15. Let (𝑈, 𝒩, 𝐼)  be nano ideal space and 
𝐴, 𝐵 are subsets of 𝑈. Then the following hold.  
(i) If𝐴, 𝐵  𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝐿𝐶∗ then 
𝐴 𝐵  𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝐿𝐶∗ 
(ii) If 𝐴, 𝐵 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝐿𝐶 then 𝐴𝐵  𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝐿𝐶.  
(iii) If 𝐴, 𝐵  𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝐿𝐶∗∗then 
𝐴𝐵  𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝐿𝐶∗∗ 
Proof. (i) Since 𝐴, 𝐵  𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝐿𝐶∗ , there exist 
𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗ -open sets 𝐺, 𝐻  and closed sets 𝐸, 𝐹  such 
that 𝐴 = 𝐺𝐸  and 𝐵 = 𝐻  𝐹.  Now, 𝐴𝐵 =
(𝐺𝐸)  (𝐻  𝐹)  =
(𝐺𝐻) (𝐸𝐹)  𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝐿𝐶∗.  
The proof of (ii) and (iii) are similar to the proof of 
(i). 
 
4. Lightly 𝒏𝑰𝒈𝒔𝒆𝒎𝒊∗-Locally Closed Sets 
 
Definition 4.1. A subset 𝐴  of an nano ideal 
topological space (𝑈, 𝒩, 𝐼)  is called an Lightly 
𝒏𝑰𝒈𝒔𝒆𝒎𝒊∗-Locally Closed Sets (briefly  𝐿 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗-
𝐿𝐶) if 𝐴 =  𝑀 ∩ 𝑁 where 𝑀 is 𝑛𝑎𝑛𝑜 𝑠𝑒𝑚𝑖∗ -open and 
𝑁 is 𝑛∗ -closed.  
 
Example 4.2. Consider the universal set 𝑈 =
{𝑎, 𝑏, 𝑐, 𝑑} , the approximation space 𝑈/ ℛ =
 {{𝑎}, {𝑐}, {𝑏, 𝑑}}, 𝑋 = {𝑎, 𝑏}  ⊆  𝑈  with the ideal 𝐼 =
 {𝜑, {𝑎}}. The nano topology defined by 𝑈 is 𝜏𝑅(𝑋) =
 {𝑈, 𝜑, {𝑎}, {𝑏, 𝑑}, {𝑎, 𝑏, 𝑑}}  and  𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗ -open sets 
are 

{{𝑎}, {𝑏}, {𝑑}, {𝑎, 𝑏}, {𝑏, 𝑑}, {𝑎, 𝑑}, {𝑏, 𝑐, 𝑑}, {𝑎, 𝑏, 𝑑}, 𝑈, 𝜑}. 

Nano 𝑠𝑒𝑚𝑖∗ -open sets are 
{{𝑎}, {𝑎, 𝑐}, {𝑏, 𝑑}, {𝑎, 𝑏, 𝑑}, 𝑈, 𝜑} . 𝑛∗ -closed sets are 
{{𝑎}, {𝑐}, {𝑎, 𝑐}, {𝑏, 𝑐, 𝑑}, 𝑈, 𝜑 }  Then 𝐴 = {𝑏, 𝑑}𝐿 
𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗-𝐿𝐶. 
Proposition 4.3. Let (𝑈, 𝒩, 𝐼)  be an nano ideal 
topological space and 𝐴  be a subset of 𝑈 . Then the 
following statements are hold.  
(1) If 𝐴 is nano 𝑠𝑒𝑚𝑖∗-open, then 𝐴 is 𝐿 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗-𝐿𝐶 
set.  
(2) If 𝐴 is 𝑛∗-closed, then 𝐴 is 𝐿 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗-𝐿𝐶 set.  
(3) If 𝐴 is a 𝐿-𝑛𝐼-𝐿𝐶-set, then 𝐴 is an 𝐿 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗-𝐿𝐶 
set.  
Proof. It is obvious from definitions 2.13 and 4.1.  
The converse of the above proposition 4.3  need not 
be true as shown in the following examples. 
 

Example 4.4. Let 𝑈, 𝑁  and 𝐼  be defined as an 
example 4.2. Here 𝐴 = {𝑏, 𝑑}𝐿  𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗ -𝐿𝐶  but 𝐴 
is not 𝑛∗-closed. 
 
Example 4.5. Let 𝑈 =  {𝑎, 𝑏, 𝑐, 𝑑}  be the universe, 
𝑋 =  {𝑎, 𝑑}  ⊂  𝑈 , 𝑈/𝑅 =   {{𝑏}, {𝑑}, {𝑎, 𝑐}}  and 
𝒩 =  {𝑈, 𝜑, {𝑑}, {𝑎, 𝑐}, {𝑎, 𝑐, 𝑑}}  and the ideal 𝐼 =
 {𝜑, {𝑑}}  Then nano 𝑠𝑒𝑚𝑖∗ -open sets are 
{{𝑎, 𝑐}, {𝑑}, {𝑏, 𝑑}, {𝑎, 𝑏, 𝑐}, {𝑎, 𝑐, 𝑑}, 𝑈, 𝜑} . 𝑛∗ -closed 
sets are {{𝑏}, {𝑑}, {𝑏, 𝑑}, {𝑎, 𝑏, 𝑐}, 𝑈, 𝜑 } . Here 𝐴 =
{𝑏}𝐿 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗-𝐿𝐶 but 𝐴 ∉ 𝐿-𝑛𝐼-𝐿𝐶-set. 
 
Theorem 4.6. Let (𝑈, 𝒩, 𝐼)   be an nano ideal 
topological space. If 𝐴  is an 𝐿  𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗ -𝐿𝐶  set and 
𝐵 is a 𝑛∗-closed set, then 𝐴 ∩ 𝐵 is an 𝐿 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗-𝐿𝐶 
set.  
Proof. Let 𝐵  be 𝑛∗ -closed. Then 𝐴 ∩  𝐵 =  (𝑂 ∩
 𝑃 )  ∩  𝐵 =  𝑂 ∩  (𝑃 ∩  𝐵) , where 𝑃 ∩  𝐵  is 𝑛∗ -
closed. Hence 𝐴 ∩  𝐵 is an 𝐿 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗-𝐿𝐶 set. 
 
Theorem 4.7. A subset 𝐴   of an nano ideal 
topological space (𝑈, 𝒩, 𝐼) is 𝑛∗-closed if and only if 
it is 𝐿 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗-𝐿𝐶 set and 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗ -closed.  
Proof. Necessity is trivial.  
We prove only sufficiency. Let 𝐴  be 𝐿  𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗ -𝐿𝐶 
set and 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗ -closed set. Since 𝐴 is 𝐿 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗-
𝐿𝐶  set, 𝐴 =  𝑂 ∩ 𝑃  , where 𝑂  is 𝑛𝑠𝑒𝑚𝑖∗  -open and 𝑃 
is 𝑛∗-closed. So we have 𝐴 =  𝑂 ∩ 𝑃 ⊆  𝑂. Since 𝐴 is 
𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗ -closed, 𝐴 𝑛

∗ ⊆  𝑂 . Also since 𝐴 = 𝑂 ∩ 𝑃 ⊆
 𝑃  and 𝑃  is 𝑛∗ -closed, 𝐴 𝑛

∗ ⊆  𝑃 . Consequently, 𝐴 𝑛
∗ ⊆

 𝑂 ∩  𝑃 =  𝐴 and hence 𝐴 is 𝑛∗-closed.   
 
Remark 4.8. The notions of 𝐿 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗-𝐿𝐶 set and 
𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗ -closed set are independent.  
 
Example 4.9. Let 𝑈 =  {𝑎, 𝑏, 𝑐, 𝑑}  be the universe, 

𝑋 =  {𝑐} ⊆  𝑈, 𝑈/ ℛ =   {{𝑎}, {𝑏}, {𝑐, 𝑑}} and 𝒩 =

 {𝑈, 𝜑, {𝑐, 𝑑}}  and the ideal 𝐼 = {𝜑, {𝑐}} . 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗ -

closed = { 
𝑈, 𝜑, {𝑎}, {𝑏}, , {𝑎, 𝑏}, {𝑏, 𝑐}, {𝑎, 𝑑}, {𝑎, 𝑐}, {𝑏, 𝑑}, {𝑎, 𝑏, 𝑐}, 
{𝑏, 𝑐, 𝑑}, {𝑎, 𝑏, 𝑑}, {𝑎, 𝑐, 𝑑}}. Nano 𝑠𝑒𝑚𝑖∗-open sets are 
{{𝑐, 𝑑}`, 𝑈, 𝜑} . 𝑛∗ -closed sets are {{𝑏}, {𝑎, 𝑏}, 𝑈, 𝜑 } . 𝐿 
𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗-𝐿𝐶 sets are {𝑈, 𝜑}. It is clear that {𝑎} is an 
𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗-closed but it is not 𝐿 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗-𝐿𝐶 set.  
Example 4.10. Let 𝑈 =  {𝑎, 𝑏, 𝑐, 𝑑}  be the universe, 
𝑋 =  {𝑎, 𝑑}  ⊂  𝑈 , 𝑈/𝑅 =   {{𝑏}, {𝑑}, {𝑎, 𝑐}}  and 
𝒩 =  {𝑈, 𝜑, {𝑑}, {𝑎, 𝑐}, {𝑎, 𝑐, 𝑑}}  and the ideal 𝐼 =
 {𝜑, {𝑑}} . 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗  -closed sets are 
{{𝑏}, {𝑑}, {𝑎, 𝑏}, {𝑏, 𝑐}, {𝑏, 𝑑}, {𝑎, 𝑏, 𝑐}, {𝑏, 𝑐, 𝑑}, {𝑎, 𝑏, 𝑑}}
.Then nano 𝑠𝑒𝑚𝑖∗ -open sets are 
{{𝑎, 𝑐}, {𝑑}, {𝑏, 𝑑}, {𝑎, 𝑏, 𝑐}, {𝑎, 𝑐, 𝑑}, 𝑈, 𝜑} . 𝑛∗ -closed 
sets are {{𝑏}, {𝑑}, {𝑏, 𝑑}, {𝑎, 𝑏, 𝑐}, 𝑈, 𝜑 } .Here 𝐴 =
{𝑎, 𝑐}𝐿 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗-𝐿𝐶 but 𝐴 ∉ 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗-closed. 
 
Remark 4.11. The notions of 𝐿 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗-𝐿𝐶 set and 
𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝐿𝐶  set are independent.  
 
Example 4.12. Let 𝑈, 𝑁 and 𝐼 be defined as an 
Example 3.8, Then 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗ -open sets are 
{{𝑎}, {𝑐}, {𝑑}, {𝑎, 𝑐}, {𝑎, 𝑑}, {𝑐, 𝑑}, {𝑎, 𝑏, 𝑐}, {𝑎, 𝑐, 𝑑}, 𝑈, 𝜑}
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.𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝐿𝐶  sets are 
{{𝑎}, {𝑏}, {𝑐}, {𝑑}, {𝑎, 𝑐}, {𝑎, 𝑑}, {𝑐, 𝑑}, {𝑎, 𝑏}, {𝑏, 𝑐}, {𝑎, 𝑏, 𝑐}, 𝑈, 𝜑}. 
𝐿 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗-𝐿𝐶 sets are 
{{𝑏}, {𝑑}, {𝑏, 𝑑}, {𝑎, 𝑐}, {𝑎, 𝑏, 𝑐}, 𝑈, 𝜑}. Here {𝑎} ∈
𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗LC but {𝑎} ∉ 𝐿 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗-𝐿𝐶 . Also {𝑏, 𝑑} ∈
𝐿 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗-𝐿𝐶  but {𝑏, 𝑑} ∉ 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗LC. Thus  𝐿 
𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗-𝐿𝐶 set and 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝐿𝐶  set are 
independent. 
 
5. 𝒏𝑰𝒈𝒔𝒆𝒎𝒊∗ -𝑳𝑪  continuous and 𝑳  𝒏𝑰𝒈𝒔𝒆𝒎𝒊∗ -𝑳𝑪 
continuous mappings 
 
Definition 5.1. A function 𝑓 ∶ (𝑈, 𝑁, 𝐼)  →  (𝑉, 𝑀, 𝐽) is 
said to be 𝒏𝑰𝒈𝒔𝒆𝒎𝒊∗ - 𝑳𝑪  continuous if  𝑓−1(𝐴)  is 
𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝐿𝐶  set in (𝑈, 𝑁, 𝐼) for every 𝑛-closed set 𝐴 
of (𝑉, 𝑀, 𝐽).  
 
Example 5.2. Let  𝑈 =  {𝑎, 𝑏, 𝑐, 𝑑}, the 
approximation space 𝑈/ ℛ =  {{𝑎}, {𝑏}, {𝑐, 𝑑}}, 𝑋 =
 {{𝑏}, {𝑑}} ⊆ 𝑈 with the ideal 𝐼 = {𝜑, {𝑎}}. The nano 
topology defined by 𝑈 is 𝜏𝑅(𝑋) =
  {𝑈, 𝜑, {𝑏}, {𝑐, 𝑑}, {𝑏, 𝑐, 𝑑}}and 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗-open sets 

are {{𝑏}, {𝑐}, {𝑑}, {𝑐, 𝑑}, {𝑏, 𝑑}, {𝑏, 𝑐}, {𝑏, 𝑐, 𝑑}, 𝑈, 𝜑},  

and 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗-closed sets are 
{{𝑎}, {𝑎, 𝑏}, {𝑎, 𝑐}, {𝑎, 𝑑}, {𝑎, 𝑏, 𝑐}, {𝑎, 𝑐, 𝑑}, {𝑎, 𝑏, 𝑑}, 𝑈, 𝜑}.   
𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝐿𝐶 sets are 
{{𝑏}, {𝑐}, {𝑑}, {𝑐, 𝑑}, {𝑏, 𝑑}, {𝑏, 𝑐}, {𝑐, 𝑑}, 𝑈, 𝜑}. Let  𝑉 =
 {𝑎, 𝑏, 𝑐, 𝑑}, the approximation space 𝑉/ ℛ =
 {{𝑎}, {𝑑}, {𝑏, 𝑐}}, 𝑌 =  {{𝑎}, {𝑑}}  ⊆ 𝑉 with the ideal 
𝐽 = {𝜑, {𝑎}}. The nano topology defined by 𝑉 is 
𝛺𝑅(𝑌) =  {𝑉, 𝜑, {𝑎, 𝑑}}. The function 𝑓 ∶
(𝑈, 𝑁, 𝐼) → (𝑉, 𝑀, 𝐽) is defined as 𝑓(𝑎) =  𝑐, 𝑓(𝑏) =
𝑏, 𝑓(𝑐)  = 𝑎, 𝑓(𝑑)  =  𝑑 is a 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗-𝐿𝐶 continuous 
function. 
 
Definition 5.3. A function 𝑓: (𝑈, 𝑁, 𝐼)  →  (𝑉, 𝑀, 𝐽) is 
said to be 𝑳  𝒏𝑰𝒈𝒔𝒆𝒎𝒊∗ -𝑳𝑪  continuous if  𝑓−1(𝐴)  is 
𝐿 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗-𝐿𝐶  set in (𝑈, 𝑁, 𝐼) for every 𝑛-closed set 
𝐴 of (𝑉, 𝑀, 𝐽). 
 
Example 5.4. Consider the universal set 𝑈 =
{𝑎, 𝑏, 𝑐, 𝑑} , the approximation space 𝑈/ ℛ  =

 {{𝑎}, {𝑐}, {𝑏, 𝑑}}, 𝑋 = {𝑎, 𝑏} 𝑈  with the ideal 𝐼 =

 {𝜑, {𝑎}}. The nano topology defined by 𝑈 is 𝜏𝑅(𝑋) =

 {𝑈, 𝜑, {𝑎}, {𝑏, 𝑑}, {𝑎, 𝑏, 𝑑}} and  𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗ -open sets 

are 

{{𝑎}, {𝑏}, {𝑑}, {𝑎, 𝑏}, {𝑏, 𝑑}, {𝑎, 𝑑}, {𝑏, 𝑐, 𝑑}, {𝑎, 𝑏, 𝑑}, 𝑈, 𝜑}. 

nano 𝑠𝑒𝑚𝑖∗ -open sets are 

{{𝑎}, {𝑎, 𝑐}, {𝑏, 𝑑}, {𝑎, 𝑏, 𝑑}, 𝑈, 𝜑} . 𝑛∗ -closed sets are 

{{𝑎}, {𝑐}, {𝑎, 𝑐}, {𝑏, 𝑐, 𝑑}, 𝑈, 𝜑 } , 𝐿  𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗ - 𝐿𝐶  sets 

are {{𝑎}, {𝑐}, {𝑎, 𝑐}, {𝑏, 𝑑}, 𝑈, 𝜑}.  Let  𝑉 =  {𝑎, 𝑏, 𝑐, 𝑑} , 

the approximation space 𝑉/𝑅 =  {{𝑎}, {𝑑}, {𝑏, 𝑐}},

𝑌 =  {{𝑎}, {𝑑}} 𝑉  with the ideal 𝐽 = {𝜑, {𝑎}} . The 

nano topology defined by 𝑉 is 𝛺𝑅(𝑌) =  {𝑉, 𝜑, {𝑎, 𝑑}} 

and 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗-open sets are 
{{𝑎}, {𝑏}, {𝑐}, {𝑎, 𝑏}, {𝑏, 𝑐}, {𝑐, 𝑑}, {𝑎, 𝑐}, {𝑏, 𝑑}{𝑏, 𝑐, 𝑑},  

{𝑎, 𝑐, 𝑑}, {𝑎, 𝑏, 𝑑}, 𝑉, 𝜑}.  Then nano 𝑠𝑒𝑚𝑖∗ -open sets 
are {{𝑎, 𝑑}, 𝑉, 𝜑}. 𝑛∗-closed sets are {{𝑎}, {𝑏, 𝑐}, 𝑉, 𝜑 }. 
The function 𝑓 ∶  (𝑈, 𝑁, 𝐼) → (𝑉, 𝑀, 𝐽)  is defined as 

𝑓(𝑎) =  𝑏, 𝑓(𝑏) = 𝑎, 𝑓(𝑐)  = 𝑐, 𝑓(𝑑)  =  𝑑  is a 𝐿 
𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗-𝐿𝐶 continuous function. 
 
Theorem 5.5. A function 𝑓 ∶ (𝑈, 𝑁, 𝐼)  →  (𝑉, 𝑀, 𝐽) is 
𝑛∗ -continuous if and only if it is 𝐿 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗ - 𝐿𝐶  
continuous and  𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗-continuous.  
Proof. It is an immediate consequence of Theorem 
4.7.  
 
Remark 5.6 The notions of 𝐿  𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗ - 𝐿𝐶 
continuous and 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗ - 𝐿𝐶   continuous are 
independent.  
 
Example 5.7. Let  𝑈 =  {𝑎, 𝑏, 𝑐, 𝑑} , the 
approximation space 𝑈/ ℛ =  {{𝑎}, {𝑏}, {𝑐, 𝑑}}, 𝑋 =
 {{𝑏}, {𝑑}}  𝑈  with the ideal 𝐼 = {𝜑, {𝑎}} . The nano 
topology defined by 𝑈  is 𝜏𝑅(𝑋) =
  {𝑈, 𝜑, {𝑏}, {𝑐, 𝑑}, {𝑏, 𝑐, 𝑑}} and 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗ -open sets 

are {{𝑏}, {𝑐}, {𝑑}, {𝑐, 𝑑}, {𝑏, 𝑑}, {𝑏, 𝑐}, {𝑏, 𝑐, 𝑑}, 𝑈, 𝜑},  

and 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗ -closed sets are 
{{𝑎}, {𝑎, 𝑏}, {𝑎, 𝑐}, {𝑎, 𝑑}, {𝑎, 𝑏, 𝑐}, {𝑎, 𝑐, 𝑑}, {𝑎, 𝑏, 𝑑}, 𝑈, 𝜑}. 
Nano 𝑠𝑒𝑚𝑖∗ -open sets are 

{{𝑏}, {𝑐, 𝑑}, {𝑏, 𝑐, 𝑑}, 𝑈, 𝜑}  and 𝑛∗ -closed sets are 

{{𝑎}, {𝑎, 𝑏}, {𝑎, 𝑐, 𝑑}, 𝑈, 𝜑} . 𝐿 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗ - 𝐿𝐶  sets are 
{{𝑏}, {𝑐, 𝑑}, 𝑈, 𝜑}  and  𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝐿𝐶  sets are 
{{𝑏}, {𝑐}, {𝑑}, {𝑐, 𝑑}, {𝑏, 𝑑}, {𝑏, 𝑐}, {𝑐, 𝑑}, 𝑈, 𝜑}. Let  𝑉 =
 {𝑎, 𝑏, 𝑐, 𝑑} , the approximation space 𝑉/ ℛ =
 {{𝑎}, {𝑑}, {𝑏, 𝑐}}, 𝑌 =  {{𝑎}, {𝑑}}  ⊆ 𝑉  with the ideal 
𝐽 = {𝜑, {𝑎}} . The nano topology defined by 𝑉  is 
𝛺𝑅(𝑌) =  {𝑉, 𝜑, {𝑎, 𝑑}} . The function 𝑓 ∶
 (𝑈, 𝑁, 𝐼) → (𝑉, 𝑀, 𝐽)  is defined as 𝑓(𝑎) =  𝑐, 𝑓(𝑏) =
𝑏, 𝑓(𝑐)  = 𝑎, 𝑓(𝑑)  =  𝑑  is a 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗ -𝐿𝐶 continuous 
function. But the function 𝑓  is not 𝐿  𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗ -𝐿𝐶 
continuous since 𝑓−1({𝑏, 𝑐}) = {𝑎, 𝑏} ∉ 𝐿 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗ -
𝐿𝐶 in (𝑈, 𝑁, 𝐼). 
 
Example 5.8. Consider the universal set 𝑈 =
{𝑎, 𝑏, 𝑐, 𝑑}, the approximation space 𝑈/ ℛ  =

 {{𝑎}, {𝑐}, {𝑏, 𝑑}}, 𝑋 = {𝑎, 𝑏} ⊆  𝑈 with the ideal 𝐼 =

 {𝜑, {𝑎}}. The nano topology defined by 𝑈 is 𝜏𝑅(𝑋) =

 {𝑈, 𝜑, {𝑎}, {𝑏, 𝑑}, {𝑎, 𝑏, 𝑑}}and 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗-open sets 

are 

{{𝑎}, {𝑏}, {𝑑}, {𝑎, 𝑏}, {𝑏, 𝑑}, {𝑎, 𝑑}, {𝑏, 𝑐, 𝑑}, {𝑎, 𝑏, 𝑑}, 𝑈, 𝜑}. 

𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗-closed sets are 
{{𝑎}, {𝑐}, {𝑐, 𝑑}, {𝑎, 𝑐}, {𝑏, 𝑐}, {𝑎, 𝑏, 𝑐}, {𝑏, 𝑐, 𝑑}, {𝑎, 𝑐, 𝑑}, 𝑈, 𝜑}. 

Nano 𝑠𝑒𝑚𝑖∗-open sets are 

{{𝑎}, {𝑎, 𝑐}, {𝑏, 𝑑}, {𝑎, 𝑏, 𝑑}, 𝑈, 𝜑}. 𝑛∗-closed sets are 

{{𝑎}, {𝑐}, {𝑎, 𝑐}, {𝑏, 𝑐, 𝑑}, 𝑈, 𝜑 }, 𝐿 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗-𝐿𝐶 sets 

are {{𝑎}, {𝑐}, {𝑎, 𝑐}, {𝑏, 𝑑}, 𝑈, 𝜑}. 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝐿𝐶 sets 

are
 {{𝑎}, {𝑏}, {𝑐}, {𝑑}, {𝑎, 𝑏}, {𝑏, 𝑐}, {𝑐, 𝑑}, {𝑎, 𝑑}, {𝑏, 𝑑}, {𝑏, 𝑐, 𝑑}, 
 𝑈, 𝜑}  Let  𝑉 =  {𝑎, 𝑏, 𝑐, 𝑑} , the approximation space 

𝑉/ ℛ  =  {{𝑎}, {𝑑}, {𝑏, 𝑐}}, 𝑌 =  {{𝑎}, {𝑑}} ⊆  𝑉  with 

the ideal 𝐽 = {𝜑, {𝑎}}. The nano topology defined by 

𝑉  is 𝛺𝑅(𝑌) =  {𝑉, 𝜑, {𝑎, 𝑑}}  and 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗ -open sets 

are
 {{𝑎}, {𝑏}, {𝑐}, {𝑎, 𝑏}, {𝑏, 𝑐}, {𝑐, 𝑑}, {𝑎, 𝑐}, {𝑏, 𝑑}{𝑏, 𝑐, 𝑑},  
{𝑎, 𝑐, 𝑑}, {𝑎, 𝑏, 𝑑}, 𝑉, 𝜑}.  Then  nano 𝑠𝑒𝑚𝑖∗ -open sets 
are {{𝑎, 𝑑}, 𝑉, 𝜑}. 𝑛∗-closed sets are {{𝑎}, {𝑏, 𝑐}, 𝑉, 𝜑 }. 
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The function 𝑓 ∶  (𝑈, 𝑁, 𝐼) → (𝑉, 𝑀, 𝐽)  is defined as 
𝑓(𝑎) =  𝑏, 𝑓(𝑏) = 𝑎, 𝑓(𝑐)  = 𝑐, 𝑓(𝑑)  =  𝑑  is a 𝐿 
𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗-𝐿𝐶 continuous function. But the function 𝑓 
is not 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗ -𝐿𝐶  continuous since 𝑓−1({𝑏, 𝑐}) =
{𝑎, 𝑐} ∉ 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗𝐿𝐶 in (𝑈, 𝑁, 𝐼). 
 
Conclusion 
In this present work, we introduced the new concept 
namely 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗ -locally closed sets, lightly  
𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗ -locally closed sets, 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗ - LC 
continuous mappings and 𝐿 𝑛𝐼𝑔𝑠𝑒𝑚𝑖∗ - 𝐿𝐶 
continuous mappings in nano ideal topological space 
(𝑈, 𝑁, 𝐼) . Also we studied and proved the basic 
properties of these locally closed sets. 
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