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ABSTRACT 
In this paper a new class of closed sets called (1, 2)*-𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-closed sets in bitopological spaces is introduced. Several 
properties of this class and its inclusion relationship with other known classes of closed sets are analyzed. This class 
contains the class of all (1, 2)*-closed sets and is contained in the class of all (1, 2)*-𝛼𝛼𝛼𝛼- closed sets and (1, 2)*-𝑔𝑔𝑔𝑔- 
closed sets. Also several new classes of spaces induced by the class of (1, 2)*-𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-closed sets are defined and their 
properties are investigated. 
 
Keywords: (1,2)*-𝛼𝛼-closed sets, (1,2)*-𝑏𝑏-closed sets, (1,2)*-𝑔𝑔�-closed sets, (1,2)*-𝑏𝑏𝑔𝑔�-closed sets, (1,2)*-𝛼𝛼𝛼𝛼𝑔𝑔�-closed 
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1. INTRODUCTION 
 
Njastad [17] introduced and investigated the concept of alpha open sets (briefly 𝛼𝛼-open sets). Maki et.al [16] defined 
generalized alpha and alpha generalized closed sets (briefly 𝑔𝑔𝑔𝑔 and 𝛼𝛼𝛼𝛼 closed sets) in 1993 and 1994 respectively in 
topological spaces as an extension of alpha and generalized closed sets. Andrijevic [2] in 1996 exhibited a new class 
called b-open sets in a topological space. This class is contained in the class of semi pre-opens sets and contains all 
semi-open and pre-open sets. Norman Levine introduced the concept of generalized closed sets [13] (briefly 𝑔𝑔-closed 
set) in topological spaces in 1963. As an extension of 𝑔𝑔-closed sets, Veera Kumar [21] defined 𝑔𝑔�-closed sets in 
topological spaces in 2003. Subasree and Maria Singam [20] defined a new class namely 𝑏𝑏𝑔𝑔�-closed sets in topological 
spaces which is a subclass of 𝑔𝑔𝑔𝑔-closed sets and contains 𝑏𝑏-closed set. Followed by this, Mary and Nagajothi [18] [19] 
defined and characterized the class 𝛼𝛼𝛼𝛼𝑔𝑔�-closed sets which is a subclass of 𝑏𝑏𝑏𝑏𝑔𝑔�-closed sets and contains 𝛼𝛼-closed sets.  
 
In 1963 Kelly [16] introduced the concept of Bitopological Spaces. A set 𝑋𝑋 equipped with two topologies 𝜏𝜏1 and 𝜏𝜏2 is 
called Bitoplogical spaces and it is denoted by(𝑋𝑋, 𝜏𝜏1, 𝜏𝜏2). The concept and various class of closed sets defined in 
topological spaces (𝑋𝑋, 𝜏𝜏) have been extended to bitopological spaces(𝑋𝑋, 𝜏𝜏1, 𝜏𝜏2). Fukutake [8], [9] defined generalized 
closed sets and semi open sets in bitopological space in 1986 and 1989 respectively. In 1990, Jelic [11] introduced the 
concept of alpha open sets in bitopological space. El-Tantawy and Abu-Donia [7] extends the class of  𝛼𝛼-closed set to 
alpha generalized closed sets in bitopological spaces. Recently the authors introduced (1,2)*-𝛼𝛼𝛼𝛼𝑔𝑔�-closed sets and 
analyzed their properties[20]. 
 
In this paper another new class of closed sets namely (1,2)*-g𝛼𝛼𝛼𝛼𝑔𝑔�-closed sets is introduced in bitopological spaces that 
satisfies the inclusion relation given below: 
 
{(1,2)*-𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠} ⊂ {(1,2)*-𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠} ⊂ {(1,2)*-𝛼𝛼𝛼𝛼-𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠} 
 
Based on the definition of (1,2)*-𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠, a new space namely (1,2)*-𝑇𝑇𝑔𝑔𝑔𝑔𝑔𝑔 𝑔𝑔� 

 -space is defined and  further 
several theorems on its relationship with other known bitopological spaces are proved. 
 
2. PRELIMINARIES: 
 
Throughout this paper, (𝑋𝑋, 𝜏𝜏1, 𝜏𝜏2) denote a bitopological space with the topologies 𝜏𝜏1 and  𝜏𝜏2. 
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Definition 2.1.1: [10] A 𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕 on a set 𝑋𝑋 is a collection 𝜏𝜏 of subsets of 𝑋𝑋 having the following properties: 

1) 𝜙𝜙 and 𝑋𝑋 are in 𝜏𝜏. 
2) The union of the elements of any sub collection of 𝜏𝜏 is in 𝜏𝜏. 
3) The intersection of the elements of any finite sub collection of 𝜏𝜏 is in 𝜏𝜏. 

A set 𝑋𝑋 for which a topology 𝜏𝜏 has been specified is called a 𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕 𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔. 
 
Definition 2.1.2: [12] A set 𝑋𝑋 with two topologies 𝜏𝜏1 and 𝜏𝜏2 is said to be a 𝒃𝒃𝒃𝒃𝒃𝒃𝒃𝒃𝒃𝒃𝒃𝒃𝒃𝒃𝒃𝒃𝒃𝒃𝒃𝒃𝒃𝒃𝒃𝒃𝒃𝒃 𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔 and it is denoted by 
(𝑿𝑿, 𝝉𝝉𝟏𝟏, 𝝉𝝉𝟐𝟐). 
 
Definition 2.1.3: [6] A subset 𝐴𝐴 of a bitopological space (𝑋𝑋, 𝜏𝜏1, 𝜏𝜏2) is called 𝝉𝝉𝟏𝟏,𝟐𝟐-𝒐𝒐𝒐𝒐𝒐𝒐𝒐𝒐 𝒔𝒔𝒔𝒔𝒔𝒔 if 𝐴𝐴 ∈ 𝜏𝜏1 ∪ 𝜏𝜏2. The 
complement of a 𝜏𝜏1,2-open set is 𝝉𝝉𝟏𝟏,𝟐𝟐-𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄 𝒔𝒔𝒔𝒔𝒔𝒔. 
 
Definition 2.1.4: [6] Let 𝐴𝐴 be a subset of a bitopological space (𝑋𝑋, 𝜏𝜏1, 𝜏𝜏2), then 

1. The 𝝉𝝉𝟏𝟏,𝟐𝟐-𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊 𝒐𝒐𝒐𝒐 𝑨𝑨 in (𝑋𝑋, 𝜏𝜏1, 𝜏𝜏2), denoted by 𝜏𝜏1,2-𝑖𝑖𝑖𝑖𝑖𝑖(𝐴𝐴), is defined as  ∪ {𝐹𝐹/𝐹𝐹 ⊂ 𝐴𝐴 𝑎𝑎𝑎𝑎𝑎𝑎 𝐹𝐹 𝑖𝑖𝑖𝑖 𝜏𝜏1,2 -
𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 𝑠𝑠𝑠𝑠𝑠𝑠}. 

2. The 𝝉𝝉𝟏𝟏,𝟐𝟐-𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄 𝒐𝒐𝒐𝒐 𝑨𝑨 in (𝑋𝑋, 𝜏𝜏1, 𝜏𝜏2), denoted by 𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝐴𝐴), is defined as ∩ {𝐺𝐺/𝐴𝐴 ⊂ 𝐺𝐺 𝑎𝑎𝑎𝑎𝑎𝑎 𝐺𝐺 𝑖𝑖𝑖𝑖 𝜏𝜏1,2-
𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑠𝑠𝑠𝑠𝑠𝑠}. 

 
Definition 2.1.5: [6] A subset 𝐴𝐴 of a bitopological space (𝑋𝑋, 𝜏𝜏1, 𝜏𝜏2) is called 

1. a (1,2)*-𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 𝑠𝑠𝑠𝑠𝑠𝑠 if 𝐴𝐴 ⊆ 𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝜏𝜏1,2-𝑖𝑖𝑖𝑖𝑖𝑖(𝐴𝐴)) and a (1,2)*-𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑠𝑠𝑠𝑠𝑠𝑠 if 𝜏𝜏1,2-𝑖𝑖𝑖𝑖𝑖𝑖(𝐴𝐴)(𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝐴𝐴)) ⊆ 𝐴𝐴. 
2. a (1,2)*-𝑝𝑝𝑝𝑝𝑝𝑝 𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 𝑠𝑠𝑠𝑠𝑠𝑠 if 𝐴𝐴 ⊆ 𝜏𝜏1,2-𝑖𝑖𝑖𝑖𝑖𝑖(𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝐴𝐴)) and a (1,2)*-𝑝𝑝𝑝𝑝𝑝𝑝 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑠𝑠𝑠𝑠𝑠𝑠 if 𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝐴𝐴)(𝜏𝜏1,2-𝑖𝑖𝑖𝑖𝑖𝑖(𝐴𝐴)) ⊆ 𝐴𝐴. 
3. a (1,2)*-𝛼𝛼- 𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 𝑠𝑠𝑠𝑠𝑠𝑠 if 𝐴𝐴 ⊆ 𝜏𝜏1,2-𝑖𝑖𝑖𝑖𝑖𝑖(𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝜏𝜏1,2-𝑖𝑖𝑖𝑖𝑖𝑖(𝐴𝐴))) and a (1,2)*-𝛼𝛼- 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑠𝑠𝑠𝑠𝑠𝑠 if            

𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝜏𝜏1,2-𝑖𝑖𝑖𝑖𝑖𝑖(𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝐴𝐴))) ⊆ 𝐴𝐴. 
4. a (1,2)*-𝑏𝑏- 𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 𝑠𝑠𝑠𝑠𝑠𝑠 if 𝐴𝐴 ⊆ 𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝜏𝜏1,2-𝑖𝑖𝑖𝑖𝑖𝑖(𝐴𝐴)) ∪ 𝜏𝜏1,2-𝑖𝑖𝑖𝑖𝑖𝑖(𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝐴𝐴)) and a (1,2)*-𝑏𝑏- 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑠𝑠𝑠𝑠𝑠𝑠 if  

𝜏𝜏1,2-𝑖𝑖𝑖𝑖𝑖𝑖(𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝐴𝐴)) ∩ 𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝜏𝜏1,2-𝑖𝑖𝑖𝑖𝑖𝑖(𝐴𝐴)) ⊆ 𝐴𝐴. 
5. a (1,2)*-𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑝𝑝𝑝𝑝𝑝𝑝 𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 𝑠𝑠𝑠𝑠𝑠𝑠 if 𝐴𝐴 ⊆  𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝜏𝜏1,2-𝑖𝑖𝑖𝑖𝑖𝑖(𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝐴𝐴))) and a (1,2)*-𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑝𝑝𝑝𝑝𝑝𝑝 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑠𝑠𝑠𝑠𝑠𝑠 if  

𝜏𝜏1,2-𝑖𝑖𝑖𝑖𝑖𝑖(𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝜏𝜏1,2-𝑖𝑖𝑖𝑖𝑖𝑖(𝐴𝐴))) ⊆ 𝐴𝐴. 
 
Definition 2.1.6: [6] 

1. The intersection of all (1,2)*-𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 containing 𝐴𝐴 is called (1,2)*-𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑜𝑜𝑜𝑜 𝐴𝐴 and it is 
denoted by 𝜏𝜏1,2-𝑠𝑠𝑠𝑠𝑠𝑠(𝐴𝐴).    

2. The intersection of all (1,2)*-𝛼𝛼-𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 containing 𝐴𝐴 is called (1,2)*-𝛼𝛼-𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑜𝑜𝑜𝑜 𝐴𝐴 and it is denoted by 
𝜏𝜏1,2-𝛼𝛼𝛼𝛼𝛼𝛼(𝐴𝐴).               

3. The intersection of all (1,2)*-𝑏𝑏-𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑠𝑠𝑒𝑒𝑒𝑒𝑒𝑒 containing 𝐴𝐴 is called (1,2)*-𝑏𝑏-𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑜𝑜𝑜𝑜 𝐴𝐴 and it is denoted by 
𝜏𝜏1,2-𝑏𝑏𝑏𝑏𝑏𝑏(𝐴𝐴).   

4. The intersection of all (1,2)*-𝑝𝑝𝑝𝑝𝑝𝑝 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 containing 𝐴𝐴 is called (1,2)*-𝑝𝑝𝑝𝑝𝑝𝑝 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑜𝑜𝑜𝑜 𝐴𝐴 and it is 
denoted by 𝜏𝜏1,2-𝑝𝑝𝑝𝑝𝑝𝑝(𝐴𝐴).         

5. The intersection of all (1,2)*-𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑝𝑝𝑝𝑝𝑝𝑝 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 containing 𝐴𝐴 is called (1,2)*-𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑝𝑝𝑝𝑝𝑝𝑝 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑜𝑜𝑜𝑜 𝐴𝐴 and 
it is denoted by 𝜏𝜏1,2-𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠(𝐴𝐴).        
 

Definition 2.1.7: [6] The family of all (1,2)*-open sets, (1,2)*-𝛼𝛼-open sets, (1,2)*-𝑏𝑏-open sets, (1,2)*-𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 open sets 
in 𝑋𝑋 are denoted by (1,2)*-𝑂𝑂(𝑋𝑋), (1,2)*-𝛼𝛼𝛼𝛼(𝑋𝑋), (1,2)*-𝐵𝐵𝐵𝐵(𝑋𝑋) and  (1,2)*-𝑆𝑆𝑆𝑆(𝑋𝑋) respectively.  
 
Definition 2.1.8: [6] A subset 𝐴𝐴 of a bitopological space (𝑋𝑋, 𝜏𝜏1, 𝜏𝜏2) or 𝑋𝑋 is called 

1. a (1,2)*-𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑠𝑠𝑠𝑠𝑠𝑠 ( briefly (1,2)*-𝑔𝑔-𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑠𝑠𝑠𝑠𝑠𝑠) if  𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝐴𝐴) ⊆ 𝑈𝑈, whenever 𝐴𝐴 ⊆ 𝑈𝑈 and 𝑈𝑈 ∈ 
(1,2)*-𝑂𝑂(𝑋𝑋).  

2. a (1,2)*-𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑠𝑠𝑠𝑠𝑠𝑠 ( briefly (1,2)*-𝑔𝑔𝑔𝑔-𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑠𝑠𝑠𝑠𝑠𝑠) if  𝜏𝜏1,2-𝑠𝑠𝑠𝑠𝑠𝑠(𝐴𝐴) ⊆ 𝑈𝑈, whenever 𝐴𝐴 ⊆ 𝑈𝑈 
and 𝑈𝑈 ∈ (1,2)*-𝑂𝑂(𝑋𝑋).  

3. a (1,2)*- 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑠𝑠𝑠𝑠𝑠𝑠 ( briefly (1,2)*-𝑠𝑠𝑠𝑠-𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑠𝑠𝑠𝑠𝑠𝑠) if 𝜏𝜏1,2-𝑠𝑠𝑠𝑠𝑠𝑠(𝐴𝐴) ⊆ 𝑈𝑈, whenever 𝐴𝐴 ⊆ 𝑈𝑈 
and 𝑈𝑈 ∈ (1,2)*-𝑆𝑆𝑆𝑆(𝑋𝑋).  

4. a (1,2)*-𝛼𝛼 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑠𝑠𝑠𝑠𝑠𝑠 ( briefly (1,2)*-𝛼𝛼𝛼𝛼-𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑠𝑠𝑠𝑠𝑠𝑠) if  𝜏𝜏1,2-𝛼𝛼𝛼𝛼𝛼𝛼(𝐴𝐴) ⊆ 𝑈𝑈, whenever 𝐴𝐴 ⊆ 𝑈𝑈 and 
𝑈𝑈 ∈ (1,2)*-𝑂𝑂(𝑋𝑋).  

5. a (1,2)*- 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝛼𝛼 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑠𝑠𝑠𝑠𝑠𝑠 ( briefly (1,2)*-𝑔𝑔𝑔𝑔-𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑠𝑠𝑠𝑠𝑠𝑠) if  𝜏𝜏1,2-𝛼𝛼𝛼𝛼𝛼𝛼(𝐴𝐴) ⊆ 𝑈𝑈, whenever 𝐴𝐴 ⊆ 𝑈𝑈 
and 𝑈𝑈 ∈ (1,2)*-𝛼𝛼𝛼𝛼(𝑋𝑋).  

6. a (1,2)*-𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝑝𝑝𝑝𝑝𝑝𝑝 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑠𝑠𝑠𝑠𝑠𝑠 ( briefly (1,2)*-𝑔𝑔𝑔𝑔-𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑠𝑠𝑠𝑠𝑠𝑠) if 𝜏𝜏1,2-𝑝𝑝𝑝𝑝𝑝𝑝(𝐴𝐴) ⊆ 𝑈𝑈, whenever 𝐴𝐴 ⊆ 𝑈𝑈 
and 𝑈𝑈 ∈ (1,2)*-𝑂𝑂(𝑋𝑋).  

7. a (1,2)*-𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑝𝑝𝑝𝑝𝑝𝑝 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑠𝑠𝑠𝑠𝑠𝑠 ( briefly (1,2)*-𝑔𝑔𝑔𝑔𝑔𝑔-𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑠𝑠𝑠𝑠𝑠𝑠) if 𝜏𝜏1,2-𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠(𝐴𝐴) ⊆ 𝑈𝑈, whenever 
𝐴𝐴 ⊆ 𝑈𝑈 and 𝑈𝑈 ∈ (1,2)*-𝑂𝑂(𝑋𝑋).  

8. a (1,2)*-𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑠𝑠𝑠𝑠𝑠𝑠 (briefly (1,2)*-𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠-𝑔𝑔-𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑠𝑠𝑠𝑠𝑠𝑠) if 𝜏𝜏1,2𝑐𝑐𝑐𝑐(𝑖𝑖𝑖𝑖𝑖𝑖(𝐴𝐴)) ⊆ 𝑈𝑈 
whenever 𝐴𝐴 ⊆ 𝑈𝑈 and 𝑈𝑈 ∈ (1,2)*-𝑂𝑂(𝑋𝑋).  
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Definition 2.1.9: [6] A subset 𝐴𝐴 of a bitopological space (𝑋𝑋, 𝜏𝜏1, 𝜏𝜏2) or 𝑋𝑋 is called 

1. a (1,2)*-𝑔𝑔�-𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑠𝑠𝑠𝑠𝑠𝑠 if 𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝐴𝐴) ⊆ 𝑈𝑈, whenever 𝐴𝐴 ⊆ 𝑈𝑈 and 𝑈𝑈 ∈ (1,2)*-𝑆𝑆𝑆𝑆(𝑋𝑋) and the complement of 
(1,2)*-𝑔𝑔�-𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑠𝑠𝑠𝑠𝑠𝑠 is called a (1,2)*-𝑔𝑔�-𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 𝑠𝑠𝑠𝑠𝑠𝑠.  

2. a (1,2)*-𝑔𝑔𝑔𝑔-𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑠𝑠𝑠𝑠𝑠𝑠 if 𝜏𝜏1,2-𝑏𝑏𝑏𝑏𝑏𝑏(𝐴𝐴) ⊆ 𝑈𝑈, whenever 𝐴𝐴 ⊆ 𝑈𝑈 and 𝑈𝑈 ∈ (1,2)*-𝑂𝑂(𝑋𝑋) and the complement of 
(1,2)*-𝑔𝑔𝑔𝑔-𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑠𝑠𝑠𝑠𝑠𝑠 is called a (1,2)*-𝑔𝑔𝑔𝑔-𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 𝑠𝑠𝑠𝑠𝑠𝑠. 

3. a (1,2)*-𝑏𝑏𝑔𝑔�-𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑠𝑠𝑠𝑠𝑠𝑠 if 𝜏𝜏1,2-𝑏𝑏𝑏𝑏𝑏𝑏(𝐴𝐴) ⊆ 𝑈𝑈, whenever 𝐴𝐴 ⊆ 𝑈𝑈 and 𝑈𝑈 ∈ (1,2)*-𝐺𝐺�𝑂𝑂(𝑋𝑋) and the complement of 
(1,2)*-𝑏𝑏𝑔𝑔�-𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑠𝑠𝑠𝑠𝑠𝑠 is called a (1,2)*-𝑏𝑏𝑔𝑔�-𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 𝑠𝑠𝑠𝑠𝑠𝑠.  

4. a (1,2)*-𝛼𝛼𝑔𝑔�-𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑠𝑠𝑠𝑠𝑠𝑠 if 𝜏𝜏1,2-𝛼𝛼𝛼𝛼𝛼𝛼(𝐴𝐴) ⊆ 𝑈𝑈, whenever 𝐴𝐴 ⊆ 𝑈𝑈 and 𝑈𝑈 ∈ (1,2)*-𝐺𝐺�𝑂𝑂(𝑋𝑋) and the complement of 
(1,2)*-𝛼𝛼𝑔𝑔�-𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑠𝑠𝑠𝑠𝑠𝑠 is called a (1,2)*-𝛼𝛼𝑔𝑔�-𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 𝑠𝑠𝑠𝑠𝑠𝑠.  

5. a (1,2)*-𝑏𝑏𝑏𝑏𝑔𝑔�-𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑠𝑠𝑠𝑠𝑠𝑠 if 𝜏𝜏1,2-𝑏𝑏𝑏𝑏𝑏𝑏(𝐴𝐴) ⊆ 𝑈𝑈, whenever 𝐴𝐴 ⊆ 𝑈𝑈 and 𝑈𝑈 ∈ (1,2)*-𝛼𝛼𝐺𝐺�𝑂𝑂(𝑋𝑋) and the complement 
of (1,2)*-𝑏𝑏𝑏𝑏𝑔𝑔�-𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑠𝑠𝑠𝑠𝑠𝑠 is called a (1,2)*-𝑏𝑏𝑏𝑏𝑔𝑔�-𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 𝑠𝑠𝑠𝑠𝑠𝑠. 
 

Definition 2.1.10: The family of all (1,2) *-𝑔𝑔-open sets, (1,2) *-𝑔𝑔�- open sets, (1,2) *-𝛼𝛼𝑔𝑔�-open sets and  (1,2) *-𝑏𝑏𝑔𝑔�-
open sets in 𝑋𝑋 are denoted by (1,2) *-𝐺𝐺𝐺𝐺(𝑋𝑋), (1,2) *-𝐺𝐺�𝑂𝑂(𝑋𝑋), (1,2) *-𝛼𝛼𝐺𝐺�𝑂𝑂(𝑋𝑋) and (1,2) *-𝐵𝐵𝐺𝐺�𝑂𝑂(𝑋𝑋) respectively. 
 
Definition 2.1.11: A function 𝑓𝑓: (𝑋𝑋, 𝜏𝜏1, 𝜏𝜏2) ⟶ (𝑌𝑌,𝜎𝜎1,𝜎𝜎2) is called  

1. a (1,2)*-𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 if 𝑓𝑓−1(𝑉𝑉) is (1,2)*-closed set in (𝑋𝑋, 𝜏𝜏1, 𝜏𝜏2) for every (1,2)*-closed set 𝑉𝑉 of 
(𝑌𝑌,𝜎𝜎1,𝜎𝜎2). 

2. a (1,2)*-𝑔𝑔-𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 if 𝑓𝑓−1(𝑉𝑉)  is (1,2)*-𝑔𝑔-closed set in (𝑋𝑋, 𝜏𝜏1, 𝜏𝜏2) for every (1,2)*-closed set 
𝑉𝑉 of (𝑌𝑌,𝜎𝜎1,𝜎𝜎2). 

3. a (1,2)*-𝛼𝛼 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 (briefly (1,2)*-𝛼𝛼𝛼𝛼-continuous) if 𝑓𝑓−1(𝑉𝑉) is (1,2)*-𝛼𝛼𝛼𝛼-closed 
set in (𝑋𝑋, 𝜏𝜏1, 𝜏𝜏2) for every (1,2)*-closed set 𝑉𝑉 of (𝑌𝑌,𝜎𝜎1,𝜎𝜎2). 

4. a (1,2)*- 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝛼𝛼 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 (briefly (1,2)*-𝑔𝑔𝑔𝑔-continuous) if 𝑓𝑓−1(𝑉𝑉) is (1,2)*-𝑔𝑔𝑔𝑔-closed 
set in (𝑋𝑋, 𝜏𝜏1, 𝜏𝜏2) for every (1,2)*-closed set 𝑉𝑉 of (𝑌𝑌,𝜎𝜎1,𝜎𝜎2). 

5. a (1,2)*- 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 (briefly (1,2)*-𝑔𝑔𝑔𝑔-continuous) if 𝑓𝑓−1(𝑉𝑉) is (1,2)*-𝑔𝑔𝑔𝑔-
closed set in (𝑋𝑋, 𝜏𝜏1, 𝜏𝜏2) for every (1,2)*-closed set 𝑉𝑉 of (𝑌𝑌,𝜎𝜎1,𝜎𝜎2). 

6. a (1,2)*- 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 (briefly (1,2)*-𝑠𝑠𝑠𝑠-continuous) if 𝑓𝑓−1(𝑉𝑉) is (1,2)*-𝑠𝑠𝑠𝑠-
closed set in (𝑋𝑋, 𝜏𝜏1, 𝜏𝜏2) for every (1,2)*-closed set 𝑉𝑉 of (𝑌𝑌,𝜎𝜎1,𝜎𝜎2). 

7. a (1,2)*- 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠-𝑝𝑝𝑝𝑝𝑝𝑝 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 (briefly (1,2)*-𝑔𝑔𝑔𝑔𝑔𝑔-continuous) if 𝑓𝑓−1(𝑉𝑉) is (1,2)*-
𝑔𝑔𝑔𝑔𝑔𝑔-closed set in (𝑋𝑋, 𝜏𝜏1, 𝜏𝜏2) for every (1,2)*-closed set 𝑉𝑉 of (𝑌𝑌,𝜎𝜎1,𝜎𝜎2). 

8. a (1,2)*- 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝑝𝑝𝑝𝑝𝑝𝑝 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 (briefly (1,2)*-𝑔𝑔𝑔𝑔-continuous) if 𝑓𝑓−1(𝑉𝑉)  is (1,2)*-𝑔𝑔𝑔𝑔-
closed set in (𝑋𝑋, 𝜏𝜏1, 𝜏𝜏2) for every (1,2)*-closed set 𝑉𝑉 of (𝑌𝑌,𝜎𝜎1,𝜎𝜎2). 

9. a (1,2)*-𝑔𝑔𝑔𝑔-𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 if 𝑓𝑓−1(𝑉𝑉) is (1,2)*-𝑔𝑔𝑔𝑔-closed set in (𝑋𝑋, 𝜏𝜏1, 𝜏𝜏2) for every (1,2)*-closed set 
𝑉𝑉 of (𝑌𝑌,𝜎𝜎1,𝜎𝜎2). 
 

Definition 2.1.12:[6] A bitopological space (𝑋𝑋, 𝜏𝜏1, 𝜏𝜏2) is called 
1. a (1,2)*-𝑇𝑇1/2-𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 if every (1,2)*-𝑔𝑔-closed set in it is (1,2)*-closed set. 
2. a (1,2)*-𝑇𝑇𝑏𝑏 -𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 if every (1,2)*-𝑔𝑔𝑔𝑔-closed set in it is (1,2)*-closed set. 
3. a (1,2)*- 𝛼𝛼𝑇𝑇𝑏𝑏 -𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 if every (1,2)*-𝛼𝛼𝛼𝛼-closed set in it is (1,2)*-closed set. 
4. a (1,2)*-𝑇𝑇𝑏𝑏𝑏𝑏𝑔𝑔�𝑐𝑐 -𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 if every (1,2)*-𝑏𝑏𝑏𝑏𝑔𝑔�-closed set in it is (1,2)*-closed set. 

 
3. (1, 2)*-𝒈𝒈𝜶𝜶𝒃𝒃𝒈𝒈�-CLOSED SETS 
 
In this section we introduce a new class of closed sets called (1, 2)*-𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-closed sets ((1,2)*-generalized 𝛼𝛼𝛼𝛼𝑔𝑔�-closed 
sets) which lie between the class of (1,2)*-closed sets and the class of (1,2)*-𝛼𝛼𝛼𝛼-closed sets. 
 
Definition 3.1: A subset 𝐴𝐴 of a bitopological space (X,𝜏𝜏1,𝜏𝜏2) is said to be (1,2)*- 𝒈𝒈𝒈𝒈𝒈𝒈𝒈𝒈�-𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄 𝒔𝒔𝒔𝒔𝒔𝒔 if  𝜏𝜏1,2-cl(A) ⊆ U, 
whenever A ⊆ U and U ∈ (1,2)*- 𝛼𝛼b𝑔𝑔�-open set in (X,𝜏𝜏1,𝜏𝜏2). The family of all (1,2)*- 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 in 𝑋𝑋 is denoted 
by (1,2)*-𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�𝑂𝑂(𝑋𝑋). 
 
3.1 Relationship of (1,2)*- 𝒈𝒈α𝒃𝒃𝒈𝒈� closed sets with other classes of (1,2)*-closed sets: 
 
Theorem 3.1.1: 

(i) Every (1,2)*-closed set is (1,2)*-𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-closed set. But the converse need not be true. 
(ii) If a (1,2)*- gαb𝑔𝑔�-closed set is (1,2)*- 𝛼𝛼b𝑔𝑔�-closed set, then it is (1,2)*-closed set. 

 
Proof: 

(i) Let A be an (1,2)*-closed set and U ∈ (1,2)*-𝛼𝛼𝛼𝛼𝑔𝑔�-open set such that A ⊆ U. Since A is (1,2)*-closed set, we 
have  𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝐴𝐴) = 𝐴𝐴 ⊆  𝑈𝑈. Therefore,  𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝐴𝐴)  ⊆  𝑈𝑈, whenever 𝐴𝐴 ⊆  𝑈𝑈 and U ∈ (1,2)*-α𝑏𝑏𝑔𝑔�-open set. 
Hence A is (1,2)*-𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-closed set.The converse of the above theorem need not be true. This is proved in the 
following example: 



Stella Irene Mary J.*1, Divya T.2 /  
On Some Properties of (1, 2)*-𝒈𝒈𝒈𝒈𝒈𝒈𝒈𝒈�-Closed Sets in Bitopological Spaces / IJMA- 7(1), Jan.-2016. 

© 2016, IJMA. All Rights Reserved                                                                                                                                                                        19   

 
Example 3.1.1: Let X = {a, b, c} with 𝜏𝜏1= {𝜙𝜙 , X, {a}} and 𝜏𝜏2= {𝜙𝜙 , X, {a, b}}.         
 
Clearly A= {a, c} is (1,2)*-𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-closed set, but not (1,2)*-closed set. 

(ii) Let A be (1,2)*-𝛼𝛼𝛼𝛼𝑔𝑔�-open set and  (1,2)*-𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-closed set. Since 𝐴𝐴 ⊆ 𝐴𝐴, and by our hypothesis we have 𝜏𝜏1,2-
𝑐𝑐𝑐𝑐(𝐴𝐴) ⊆ 𝐴𝐴. It is obvious that  𝐴𝐴 ⊆  𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝐴𝐴). Hence A is a (1,2)*-closed set. 

 
Theorem 3.1.2: Let A be a (1,2)*-𝑔𝑔αb𝑔𝑔� closed set in a bitopological space (X,𝜏𝜏1,𝜏𝜏2). Then A is a) (1,2)*-𝑔𝑔-closed set, 
b) (1,2)*-𝛼𝛼𝛼𝛼-closed set, c) (1,2)*-𝑔𝑔𝑔𝑔-closed set, d) (1,2)*- 𝑔𝑔𝑔𝑔-closed set, e) (1,2)*- 𝑔𝑔𝑔𝑔𝑔𝑔-closed set, f) (1,2)*- 𝑔𝑔𝑔𝑔-closed 
set, g) (1,2)*-𝑔𝑔𝑔𝑔-closed set. 
 
Proof: Let 𝐴𝐴 be a (1,2)*-𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-closed set. Then by definition 𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝐴𝐴) ⊆ U whenever 𝐴𝐴 ⊆ 𝑈𝑈 and 𝑈𝑈 be a (1,2)*-𝛼𝛼𝛼𝛼𝑔𝑔�-
closed set.   

a) Let 𝑈𝑈 be an (1,2)*-open set such that 𝐴𝐴 ⊆ 𝑈𝑈. Since every (1,2)*-open set is (1,2)*- 𝛼𝛼𝛼𝛼𝑔𝑔�-open set [20], 𝑈𝑈 is a 
(1,2)*-𝛼𝛼𝛼𝛼𝑔𝑔�-open set, and hence 𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝐴𝐴) ⊆ 𝑈𝑈. Thus A is (1,2)*-𝑔𝑔-closed set. 

b) Let 𝑈𝑈 be an (1,2)*-open set such that 𝐴𝐴 ⊆ 𝑈𝑈. Since every (1,2)*-open set is (1,2)*- 𝛼𝛼𝛼𝛼𝑔𝑔�-open set [20], 𝑈𝑈 is a 
(1,2)*-𝛼𝛼𝛼𝛼𝑔𝑔�-open set. Always 𝜏𝜏1,2-𝛼𝛼𝛼𝛼𝛼𝛼(𝐴𝐴 ⊆ 𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝐴𝐴). Hence by hypothesis 𝜏𝜏1,2-𝛼𝛼𝛼𝛼𝛼𝛼(𝐴𝐴) ⊆ 𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝐴𝐴 ⊆ 𝑈𝑈. 
Thus 𝐴𝐴 is (1,2)*-𝛼𝛼𝛼𝛼-closed set. 

c) Let 𝑈𝑈 be an (1,2)*-open set such that 𝐴𝐴 ⊆ 𝑈𝑈. Since every (1,2)*-open set is (1,2)*- 𝛼𝛼𝛼𝛼𝑔𝑔�-open set [20], 𝑈𝑈 is a 
(1,2)*-𝛼𝛼𝛼𝛼𝑔𝑔�-open set. Always 𝜏𝜏1,2-𝑠𝑠𝑠𝑠𝑠𝑠(𝐴𝐴 ⊆ 𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝐴𝐴).Hence by hypothesis 𝜏𝜏1,2-𝑠𝑠𝑠𝑠𝑠𝑠(𝐴𝐴) ⊆ 𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝐴𝐴) ⊆ 𝑈𝑈. 
Thus 𝐴𝐴 is (1,2)*-𝑔𝑔𝑔𝑔-closed set. 

d) Let U be an (1,2)*-open set such that 𝐴𝐴 ⊆ 𝑈𝑈. Since every (1,2)*-open set is (1,2)*- 𝛼𝛼𝛼𝛼𝑔𝑔�-open set [20], 𝑈𝑈 is a 
(1,2)*-𝛼𝛼𝛼𝛼𝑔𝑔�-open set. It is well known that, 𝜏𝜏1,2-𝑝𝑝𝑝𝑝𝑝𝑝(𝐴𝐴) ⊆  𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝐴𝐴).Hence by hypothesis 𝜏𝜏1,2-𝑝𝑝𝑝𝑝𝑝𝑝(𝐴𝐴) ⊆         
𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝐴𝐴) ⊆ 𝑈𝑈. Thus 𝐴𝐴 is (1,2)*-𝑔𝑔𝑔𝑔-closed set. 

e) Let U be an (1,2)*-open set such that 𝐴𝐴 ⊆ 𝑈𝑈. Since every (1,2)*-open set is (1,2)*- 𝛼𝛼𝛼𝛼𝑔𝑔�-open set [20], 𝑈𝑈 is a 
(1,2)*-𝛼𝛼𝛼𝛼𝑔𝑔�-open set. It is well known that, 𝜏𝜏1,2-𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠(𝐴𝐴) ⊆  𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝐴𝐴).Hence by hypothesis 𝜏𝜏1,2-𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠(𝐴𝐴) ⊆  
𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝐴𝐴) ⊆ 𝑈𝑈. Thus 𝐴𝐴 is (1,2)*-𝑔𝑔𝑔𝑔𝑔𝑔-closed set. 

f) Let U be an (1,2)*-open set such that 𝐴𝐴 ⊆ 𝑈𝑈. Since every (1,2)*-open set is (1,2)*- 𝛼𝛼𝛼𝛼𝑔𝑔�-open set [20], 𝑈𝑈 is a 
(1,2)*-𝛼𝛼𝛼𝛼𝑔𝑔�-open set. It is well known that, 𝜏𝜏1,2-𝑏𝑏𝑏𝑏𝑏𝑏(𝐴𝐴) ⊆  𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝐴𝐴).Hence by hypothesis 𝜏𝜏1,2-𝑏𝑏𝑏𝑏𝑏𝑏(𝐴𝐴) ⊆     
𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝐴𝐴) ⊆ 𝑈𝑈. Thus 𝐴𝐴 is (1,2)*-𝑔𝑔𝑔𝑔-closed set. 

g) Let U be an (1,2)*-𝛼𝛼-open set such that 𝐴𝐴 ⊆ 𝑈𝑈. Since every (1,2)*-𝛼𝛼-open set is (1,2)*- 𝛼𝛼𝛼𝛼𝑔𝑔�-open set [20], 𝑈𝑈 
is a (1,2)*-𝛼𝛼𝛼𝛼𝑔𝑔�-open set. Always , 𝜏𝜏1,2-𝛼𝛼𝛼𝛼𝛼𝛼(𝐴𝐴) ⊆  𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝐴𝐴).Hence by hypothesis 𝜏𝜏1,2-𝛼𝛼𝛼𝛼𝛼𝛼(𝐴𝐴) ⊆ 𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝐴𝐴) ⊆ 
𝑈𝑈. Thus 𝐴𝐴 is (1,2)*-𝑔𝑔𝑔𝑔-closed set. 
 

Remark 3.1.1: Note that the converse of the above Theorem need not be true. The following examples prove this 
statement: 
 
Example 3.1.2: Let X = {a, b, c} with 𝜏𝜏1= {𝜙𝜙, X, {a}} and 𝜏𝜏2= {𝜙𝜙, X, {a, b}}. Clearly A= {a, c} is (1,2)*-𝑔𝑔-closed 
set, but not (1,2)*-𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-closed set. 
 
Example 3.1.3: Let X = {a, b, c} with 𝜏𝜏1= {𝜙𝜙, X, {a}} and 𝜏𝜏2= {𝜙𝜙, X, {a, b}}. Clearly A= {a, c} is (1,2)*-𝛼𝛼𝛼𝛼-closed 
set, but not (1,2)*-𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-closed set. 
 
Example 3.1.4: Let X = {a, b, c} with 𝜏𝜏1= {𝜙𝜙, X, {a}} and 𝜏𝜏2= {𝜙𝜙, X, {a, b}}. Clearly A= {b} is (1,2)*-𝑔𝑔𝑔𝑔-closed set, 
but not (1,2)*-𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-closed set. 
 
Example 3.1.5: Let X = {a, b, c} with 𝜏𝜏1= {𝜙𝜙, X, {a}} and 𝜏𝜏2= {𝜙𝜙, X, {a, b}}. Clearly A= {b} is (1,2)*-𝑔𝑔𝑔𝑔-closed set, 
but not (1,2)*-𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-closed set. 
 
Example 3.1.6: Let X = {a, b, c} with 𝜏𝜏1= {𝜙𝜙, X, {a}} and 𝜏𝜏2= {𝜙𝜙, X, {a, b}}. Clearly A= {a, c} is (1,2)*-𝑔𝑔𝑔𝑔-closed 
set, but not (1,2)*-𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-closed set. 
 
Example 3.1.7: Let X = {a, b, c} with 𝜏𝜏1= {𝜙𝜙, X, {a}} and 𝜏𝜏2= {𝜙𝜙, X, {a}, {b}, {a, b}}. Clearly A= {a} is                    
(1,2)*-𝑔𝑔𝑔𝑔𝑔𝑔-closed set, but not (1,2)*-𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-closed set. 
 
Example 3.1.8: Let X = {a, b, c} with 𝜏𝜏1= {𝜙𝜙, X, {a}} and 𝜏𝜏2= {𝜙𝜙, X, {a}, {b}, {a, b}}. Clearly A= {a} is              
(1,2)*-𝑔𝑔𝑔𝑔-closed set, but not (1,2)*-𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-closed set. 
 
Remark 3.1.2: From Theorem 3.1.1 and Theorem 3.1.2 it is observe that the following inclusion relations holds: 
{(1,2)*-closed sets} ⊂ {(1,2)*-𝒈𝒈𝒈𝒈𝒈𝒈𝒈𝒈�-closed sets} ⊂ {(1,2)*-𝜶𝜶𝜶𝜶-closed sets} 
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Remark 3.1.3: The following examples reveal that the class of (1,2)*-𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-closed set are 𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊 from the 
class of (1,2)*-𝛼𝛼-closed sets, class of (1,2)*-𝛼𝛼𝛼𝛼𝑔𝑔�-closed sets and class of (1,2)*-semi closed sets. 
 
Example 3.1.9: 

(i) Let X= {a, b, c} with 𝜏𝜏1= {𝜙𝜙, X, {a}} and 𝜏𝜏2= {𝜙𝜙, X, {a, b}}. Clearly A= {b} is (1,2)*-𝛼𝛼-closed set, but  not 
(1,2)*-𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-closed set. 

(ii) Let X= {a, b, c} with 𝜏𝜏1= {𝜙𝜙, X, {a}} and 𝜏𝜏2= {𝜙𝜙, X, {b,c}}. Clearly A= {a, b} is (1,2)*-𝑔𝑔𝑔𝑔𝑏𝑏𝑔𝑔�-closed set, but 
not (1,2)*-𝛼𝛼-closed set.  

 
Example 3.1.10: 

(i) Let X = {a, b, c} with 𝜏𝜏1= {𝜙𝜙, X, {a}} and 𝜏𝜏2= {𝜙𝜙, X, {b,c}}. Clearly A= {a, b} is (1,2)*-𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-closed set, 
but not (1,2)*-𝛼𝛼𝛼𝛼𝑔𝑔�-closed set. 

(ii) Let X = {a, b, c} with 𝜏𝜏1= {𝜙𝜙, X, {a}} and 𝜏𝜏2= {𝜙𝜙, X, {a, b}}. Clearly A= {b} is (1,2)*-𝛼𝛼𝛼𝛼𝑔𝑔�-closed set, but 
not (1,2)*-𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-closed set.  

 
Example 3.1.11: 

(i) Let X = {a, b, c} with 𝜏𝜏1= {𝜙𝜙, X, {a}} and 𝜏𝜏2= {𝜙𝜙, X, {a, b}}. Clearly A= {b} is (1,2)*-semi closed set, but 
not (1,2)*-𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-closed set. 

(ii) Let X = {a, b, c} with 𝜏𝜏1= {𝜙𝜙, X, {a}} and 𝜏𝜏2= {𝜙𝜙, X, {b, c}}. Clearly A= {a, c} is (1,2)*-𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-closed set, 
but not (1,2)*-𝛼𝛼-closed set.  
 

Relationships of (1,2)*-𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-closed sets with other closed sets are represented by the following diagram: 
 

 

 

 

 

 

 

 

In the above diagram, A⟶B denotes A implies B, A                 B denotes A implies B but B does not imply A,                     
A                  B denotes B implies A but A does not imply B, A                B denotes A and B are independent. 
 
3.2 PROPERTIES OF (1,2)*-𝒈𝒈𝒈𝒈𝒈𝒈𝒈𝒈�-CLOSED SETS 
 
Theorem 3.2.1: If A and B are (1,2)*-𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-closed sets in (𝑋𝑋, 𝜏𝜏1, 𝜏𝜏2) then 𝐴𝐴 ∪ 𝐵𝐵 is (1,2)*-𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-closed set. 
 
Proof: Let 𝐴𝐴 and 𝐵𝐵 be (1,2)*-𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-closed sets in (𝑋𝑋, 𝜏𝜏1, 𝜏𝜏2) and 𝑈𝑈 be any (1,2)*-𝛼𝛼𝛼𝛼𝑔𝑔�-open set containing  𝐴𝐴 ∪ 𝐵𝐵. 
Since 𝐴𝐴 ⊆ 𝑈𝑈 and 𝐵𝐵 ⊆ 𝑈𝑈, we have 𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝐴𝐴) ⊆ 𝑈𝑈 and 𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝐵𝐵) ⊆ 𝑈𝑈. Also 𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝐴𝐴 ∪ 𝐵𝐵) = 𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝐴𝐴) ∪ 𝜏𝜏1,2-
𝑐𝑐𝑐𝑐(𝐵𝐵) ⊆ 𝑈𝑈. Hence 𝐴𝐴 ∪ 𝐵𝐵 is (1,2)*- 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-closed set. 
 
Theorem 3.2.2: If a set 𝐴𝐴 is (1,2)*- 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-closed set then 𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝐴𝐴)\𝐴𝐴 contains no non empty (1,2)*-closed set in 
(𝑋𝑋, 𝜏𝜏1, 𝜏𝜏2). 
 
Proof: Suppose F is a (1,2)*-closed subset of 𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝐴𝐴)\𝐴𝐴. Then F ⊆  𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝐴𝐴) and 𝐴𝐴 ⊆  𝐹𝐹𝑐𝑐 . Since A is                  
(1,2)*- 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-closed set and  𝐹𝐹𝑐𝑐  is (1,2)*-open set, since every (1,2)*-open set is (1,2)*- 𝛼𝛼𝛼𝛼𝑔𝑔�-open set, 𝐹𝐹𝑐𝑐  is (1,2)*-
 𝛼𝛼𝛼𝛼𝑔𝑔�-open set such that  𝐴𝐴 ⊆ 𝐹𝐹𝑐𝑐 , we have 𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝐴𝐴) ⊆ 𝐹𝐹𝑐𝑐 . Hence F ⊆ 𝜏𝜏1,2-(𝑐𝑐𝑐𝑐(𝐴𝐴))𝑐𝑐 . We have F ⊆  𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝐴𝐴) ∪ 𝜏𝜏1,2-
(𝑐𝑐𝑐𝑐(𝐴𝐴))𝑐𝑐  and hence F is empty. Therefore 𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝐴𝐴)\𝐴𝐴 contains no non empty (1,2)*-closed set in (𝑋𝑋, 𝜏𝜏1, 𝜏𝜏2). 

(1,2)*-𝒈𝒈𝒈𝒈𝒈𝒈𝒈𝒈�-
closed  set 

 
(1,2)*-𝛼𝛼𝛼𝛼𝑔𝑔�-closed set 

 

(1,2)*-𝑔𝑔𝑔𝑔-closed set 

 

(1,2)*-𝑔𝑔𝑔𝑔-closed set 

 

(1,2)*-𝑔𝑔-closed set 

 

(1,2)*-𝑔𝑔𝑔𝑔𝑔𝑔-closed set 

 

(1,2)*-𝛼𝛼-closed set 

 

(1,2)*-closed set 

(1,2)*-𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐     
closed set 

 

(1,2)*-𝛼𝛼𝛼𝛼-closed set 

(1,2)*-𝑔𝑔𝑔𝑔-closed set 

 
(1,2)*-𝑔𝑔𝑔𝑔-closed set 
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Remark 3.2.1: The converse of the above Theorem need not be true. This is proved in the following example: 
 
Example 3.2.1:  Let X = {a, b, c} with 𝜏𝜏1= {𝜙𝜙, X, {a}} and 𝜏𝜏2= {𝜙𝜙, X, {a, b}}. If    A= {a, c}, 𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝐴𝐴) − 𝐴𝐴 = X – 
{a, c} = {b} does not contain non empty closed set then A is not (1,2)*- 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-closed set. 
 
Theorem 3.2.3: A set 𝐴𝐴 is (1,2)*- 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-closed set if and only if 𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝐴𝐴)\𝐴𝐴 contains no non empty (1,2)*-𝛼𝛼𝛼𝛼𝑔𝑔�-
closed set in (𝑋𝑋, 𝜏𝜏1, 𝜏𝜏2). 
 
Proof: Suppose that A is (1,2)*- 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-closed set. Let F be a (1,2)*-𝛼𝛼𝛼𝛼𝑔𝑔�-closed subset of  𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝐴𝐴)\𝐴𝐴. Thus, 𝐴𝐴 ⊆ 𝐹𝐹𝑐𝑐 .  
Since A is (1,2)*- 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-closed set, we have 𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝐴𝐴)  ⊆ 𝐹𝐹𝑐𝑐 .Therefore  𝐹𝐹 ⊆  𝜏𝜏1,2-(𝑐𝑐𝑐𝑐(𝐴𝐴))𝑐𝑐 . Consequently 𝐹𝐹 ⊆  𝜏𝜏1,2-
𝑐𝑐𝑐𝑐(𝐴𝐴) ∩  𝜏𝜏1,2-(𝑐𝑐𝑐𝑐(𝐴𝐴))𝑐𝑐 = 𝜙𝜙. Thus F is empty. Hence 𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝐴𝐴)\𝐴𝐴 contains no non empty (1,2)*-𝛼𝛼𝛼𝛼𝑔𝑔�-closed set. 
 
Conversely, Suppose that 𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝐴𝐴)\𝐴𝐴 contains no non empty (1,2)*-𝛼𝛼𝛼𝛼𝑔𝑔�-closed set. Let 𝐴𝐴 ⊆ 𝐺𝐺 and G be (1,2)*-𝛼𝛼𝛼𝛼𝑔𝑔�-
open set. If 𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝐴𝐴)is not a subset of a G, then 𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝐴𝐴) ∩ 𝐺𝐺𝑐𝑐 , then 𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝐴𝐴) ∩ 𝐺𝐺𝑐𝑐  is a non empty subset of a      
𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝐴𝐴)\𝐴𝐴. Since 𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝐴𝐴) is a closed set and 𝐺𝐺𝑐𝑐  is a (1,2)*-𝛼𝛼𝛼𝛼𝑔𝑔�-closed set, 𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝐴𝐴) ∩ 𝐺𝐺𝑐𝑐  is a non empty (1,2)*-
𝛼𝛼𝛼𝛼𝑔𝑔�-closed subset of  𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝐴𝐴)\𝐴𝐴 which is a contradiction. Therefore 𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝐴𝐴) ⊆ 𝐺𝐺 and hence A is (1,2)*- 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-
closed set. 
 
Corollary 3.2.1: If A is (1,2)*- 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-closed set in (𝑋𝑋, 𝜏𝜏1, 𝜏𝜏2), and 𝐴𝐴 ⊆ 𝐵𝐵 ⊆ 𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝐴𝐴), then 𝐵𝐵 is (1,2)*- 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-closed 
set in (𝑋𝑋, 𝜏𝜏1, 𝜏𝜏2). 
 
Proof: Since 𝐵𝐵 ⊆ 𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝐴𝐴), we have 𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝐵𝐵) ⊆ 𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝐴𝐴). Then 𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝐵𝐵)\𝐵𝐵 ⊆ 𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝐴𝐴)\𝐴𝐴. By theorem 3.2.3, 
𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝐴𝐴)\𝐴𝐴 contains no non empty (1,2)*-𝛼𝛼𝛼𝛼𝑔𝑔�-closed subset of  (𝑋𝑋, 𝜏𝜏1, 𝜏𝜏2) and hence 𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝐵𝐵)\𝐵𝐵 contains no non 
empty (1,2)*-𝛼𝛼𝛼𝛼𝑔𝑔�-closed subset of  (𝑋𝑋, 𝜏𝜏1, 𝜏𝜏2). Hence again by Theorem 3.2.3, 𝐵𝐵 is (1,2)*- 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-closed set in            
(𝑋𝑋, 𝜏𝜏1, 𝜏𝜏2). 
 
Theorem 3.2.4: Suppose Y is a subspace of (𝑋𝑋, 𝜏𝜏1, 𝜏𝜏2) and 𝐴𝐴 ⊆ 𝑌𝑌 is a (1,2)*- 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-closed set in (𝑋𝑋, 𝜏𝜏1, 𝜏𝜏2)  then A is 
(1,2)*- 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-closed relative to Y. 
 
Proof: Let 𝐴𝐴 ⊆ 𝑌𝑌 ∩ 𝐺𝐺 where 𝐺𝐺 ∈ (1,2)*-𝛼𝛼𝛼𝛼𝑔𝑔�-open set in (𝑋𝑋, 𝜏𝜏1, 𝜏𝜏2). Then 𝐴𝐴 ⊆ 𝐺𝐺 and since 𝐴𝐴 is a (1,2)*- 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-closed 
set, we have 𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝐴𝐴) ⊆ 𝐺𝐺. This implies that 𝑌𝑌 ∩ 𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝐴𝐴) ⊆ 𝑌𝑌 ∩ 𝐺𝐺 whenever 𝐴𝐴 ⊆ 𝑌𝑌 ∩ 𝐺𝐺 where 𝐺𝐺 ∈ (1,2)*-𝛼𝛼𝛼𝛼𝑔𝑔�-
open set in (𝑋𝑋, 𝜏𝜏1, 𝜏𝜏2). Thus A is (1,2)*- 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-closed relative to Y. 
 
Theorem 3.2.5: In a bitopological space (𝑋𝑋, 𝜏𝜏1, 𝜏𝜏2), let F denotes the class of (1,2)*-closed sets in X, then                       
(1,2)*-𝛼𝛼𝛼𝛼𝑔𝑔�𝑂𝑂(𝑋𝑋)  = 𝐹𝐹 if and only if every subset of X is (1,2)*- 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-closed set in (𝑋𝑋, 𝜏𝜏1, 𝜏𝜏2). 
 
Proof: Suppose (1,2)*-𝛼𝛼𝛼𝛼𝑔𝑔�𝑂𝑂(𝑋𝑋)  = 𝐹𝐹. Let A be a subset of X such that 𝐴𝐴 ⊆ 𝐺𝐺 where 𝐺𝐺 ∈ (1,2)*-𝛼𝛼𝛼𝛼𝐺𝐺�O(X) then              
𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝐺𝐺) = 𝐺𝐺. Also  𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝐴𝐴) ⊆ 𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝐺𝐺) = 𝐺𝐺. Hence 𝐴𝐴 is (1,2)*- 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-closed set in (𝑋𝑋, 𝜏𝜏1, 𝜏𝜏2). 
Conversely,  
 
Suppose every subset of X is (1,2)*- 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-closed set in X.  
 
Let 𝐺𝐺 ∈ (1,2)*-𝛼𝛼𝛼𝛼𝐺𝐺�O(X). Since 𝐺𝐺 ⊆ 𝐺𝐺 and 𝐺𝐺 is (1,2)*- 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-closed set in X, we have 𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝐺𝐺) ⊆ 𝐺𝐺. Thus            
𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝐺𝐺) = 𝐺𝐺. Therefore (1,2)*-𝛼𝛼𝛼𝛼𝐺𝐺�O(X) ⊆ 𝐹𝐹. 
 
If 𝑆𝑆 ∈ 𝐹𝐹 , then 𝑆𝑆𝑐𝑐  is (1,2)*-open set  and hence it is (1,2)*- 𝛼𝛼𝛼𝛼𝑔𝑔�-open set. Therefore 𝑆𝑆𝑐𝑐 ∈ (1,2)*-𝛼𝛼𝛼𝛼𝐺𝐺�O(X) ⊆ 𝐹𝐹 and 
hence  𝑆𝑆 ∈ 𝐹𝐹𝑐𝑐 . This implies that 𝑆𝑆 is (1,2)*-open set and hence it is (1,2)*-𝛼𝛼𝛼𝛼𝑔𝑔�-open set. Therefore 𝐹𝐹 ⊆ (1,2)*-
𝛼𝛼𝛼𝛼𝐺𝐺�O(X). Thus (1,2)*-𝛼𝛼𝛼𝛼𝐺𝐺�O(X)=F. 
 
3.3 CHARACTERIZATION OF (1,2)*-𝒈𝒈𝒈𝒈𝒈𝒈𝒈𝒈�-OPEN SETS 
 
Theorem 3.3.1: A set A is (1,2)*-𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-open set if and only if 𝐹𝐹 ⊆ 𝜏𝜏1,2-𝑖𝑖𝑖𝑖𝑖𝑖(𝐴𝐴), where 𝐹𝐹 is (1,2)*-𝛼𝛼𝛼𝛼𝑔𝑔�-closed set and 
𝐹𝐹 ⊆ 𝐴𝐴. 
 
Proof: Suppose A is (1,2)*-𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-open set, 𝐹𝐹 ⊆ 𝐴𝐴 and 𝐹𝐹 is (1,2)*-𝛼𝛼𝛼𝛼𝑔𝑔�-closed set. Then 𝐹𝐹𝑐𝑐  is (1,2)*-𝛼𝛼𝛼𝛼𝑔𝑔�-open set and 
 𝐴𝐴𝑐𝑐 ⊆ 𝐹𝐹𝑐𝑐 . Since  𝐴𝐴𝑐𝑐  is (1,2)*-𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-closed set, we have 𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝐴𝐴𝑐𝑐 ) ⊆  𝐹𝐹𝑐𝑐 . Hence  𝐹𝐹 ⊆ 𝜏𝜏1,2-𝑖𝑖𝑖𝑖𝑖𝑖(𝐴𝐴).  
 
Conversely, Suppose 𝐹𝐹 ⊆ 𝜏𝜏1,2-𝑖𝑖𝑖𝑖𝑖𝑖(𝐴𝐴), where 𝐹𝐹 is (1,2)*-𝛼𝛼𝛼𝛼𝑔𝑔�-closed set and 𝐹𝐹 ⊆ 𝐴𝐴. Let  𝐴𝐴𝑐𝑐 ⊆ 𝐺𝐺 where 𝐺𝐺 =  𝐹𝐹𝑐𝑐  is 
(1,2)*-𝛼𝛼𝛼𝛼𝑔𝑔�-open set. Then  𝐺𝐺𝑐𝑐 ⊆ 𝜏𝜏1,2-𝑖𝑖𝑖𝑖𝑖𝑖(𝐴𝐴). This implies that, 𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝐴𝐴𝑐𝑐)  ⊆ 𝐺𝐺. Thus 𝐴𝐴𝑐𝑐  is (1,2)*-𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-closed set. 
Hence A is (1,2)*-𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-open set. 
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Theorem 3.3.2: In a bitopological space (𝑋𝑋, 𝜏𝜏1, 𝜏𝜏2),  if  𝐴𝐴 ⊆ 𝐵𝐵 ⊆ 𝑋𝑋 where A is (1,2)*-𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-open set relative to B and 
B is (1,2)*-𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-open set in (𝑋𝑋, 𝜏𝜏1, 𝜏𝜏2), then A is (1,2)*-𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-open set in (𝑋𝑋, 𝜏𝜏1, 𝜏𝜏2). 
 
Proof: Let F be a (1,2)*-𝛼𝛼𝛼𝛼𝑔𝑔�-closed set in 𝑋𝑋 and suppose that 𝐹𝐹 ⊆ 𝐴𝐴. Then 𝐹𝐹 = 𝐹𝐹 ∩ 𝐵𝐵 is (1,2)*-𝛼𝛼𝛼𝛼𝑔𝑔�-closed set in 𝐵𝐵. 
Since 𝐴𝐴 is (1,2)*-𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-open set relative to 𝐵𝐵, we have 𝐹𝐹 ⊆ 𝜏𝜏1,2-𝑖𝑖𝑖𝑖𝑖𝑖𝐵𝐵(𝐴𝐴). Since 𝜏𝜏1,2-𝑖𝑖𝑖𝑖𝑖𝑖𝐵𝐵(𝐴𝐴) is an (1,2)*-open set 
relative to B, we have 𝐹𝐹 ⊆ 𝐺𝐺 ∩ 𝐵𝐵 ⊆ 𝐴𝐴 for some (1,2)*-open set 𝐺𝐺 in 𝑋𝑋. Since 𝐵𝐵 is (1,2)*-𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-open set in 𝑋𝑋, we have 
𝐹𝐹 ⊆ 𝜏𝜏1,2-𝑖𝑖𝑖𝑖𝑖𝑖(𝐵𝐵) ⊆ 𝐵𝐵. Therefore 𝐹𝐹 ⊆ 𝜏𝜏1,2-𝑖𝑖𝑖𝑖𝑖𝑖(𝐵𝐵) ∩ 𝐺𝐺 ⊆ 𝐵𝐵 ∩ 𝐺𝐺 ⊆ 𝐴𝐴. It follows that, 𝐹𝐹 ⊆ 𝜏𝜏1,2-𝑖𝑖𝑖𝑖𝑖𝑖(𝐴𝐴). Hence A is 
(1,2)*-𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-open set in (𝑋𝑋, 𝜏𝜏1, 𝜏𝜏2). 
 
Theorem 3.3.3: If 𝜏𝜏1,2-𝑖𝑖𝑖𝑖𝑖𝑖(𝐴𝐴) ⊆ 𝐵𝐵 ⊆ 𝐴𝐴 and if 𝐴𝐴 is (1,2)*-𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-open set in X, then 𝐵𝐵 is (1,2)*-𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-open set in 
(𝑋𝑋, 𝜏𝜏1, 𝜏𝜏2). 
 
Proof: Suppose that 𝜏𝜏1,2-𝑖𝑖𝑖𝑖𝑖𝑖(𝐴𝐴) ⊆ 𝐵𝐵 ⊆ 𝐴𝐴 and if 𝐴𝐴 is (1,2)*-𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-open set in X then 𝐴𝐴𝑐𝑐 ⊆ 𝐵𝐵𝑐𝑐 ⊆ 𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝐴𝐴𝑐𝑐). Since 𝐴𝐴𝑐𝑐  
is (1,2)*-𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-closed set in (𝑋𝑋, 𝜏𝜏1, 𝜏𝜏2), by corollary 3.2.1 𝐵𝐵 is (1,2)*-𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-open set in (𝑋𝑋, 𝜏𝜏1, 𝜏𝜏2). 
 
Theorem 3.3.4: A set A is (1,2)*- 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-closed set in (𝑋𝑋, 𝜏𝜏1, 𝜏𝜏2) if and only if 𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝐴𝐴)\𝐴𝐴 is (1,2)*-𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-open set in 
(𝑋𝑋, 𝜏𝜏1, 𝜏𝜏2). 
 
Proof: Suppose that A is (1,2)*- 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-closed set. Let F ⊆ 𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝐴𝐴)\𝐴𝐴 where 𝐹𝐹 is (1,2)*-𝛼𝛼𝛼𝛼𝑔𝑔�-closed. By theorem 
3.2.3, 𝐹𝐹 is empty. Therefore  𝐹𝐹 ⊆  𝜏𝜏1,2-𝑖𝑖𝑖𝑖𝑖𝑖(𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝐴𝐴)\𝐴𝐴). By theorem 3.3.1, we have 𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝐴𝐴)\𝐴𝐴 is (1,2)*-𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-
open set in (𝑋𝑋, 𝜏𝜏1, 𝜏𝜏2). 
 
Conversely, Suppose that 𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝐴𝐴)\𝐴𝐴 is (1,2)*-𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-open set in (𝑋𝑋, 𝜏𝜏1, 𝜏𝜏2). Let 𝐴𝐴 ⊆ 𝐺𝐺 where 𝐺𝐺 be (1,2)*-𝛼𝛼𝛼𝛼𝑔𝑔�-open 
set. Then 𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝐴𝐴) ∩ 𝐺𝐺𝑐𝑐 ⊆ 𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝐴𝐴) ∩ 𝐴𝐴𝑐𝑐  = 𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝐴𝐴)\𝐴𝐴. Since  𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝐴𝐴) ∩ 𝐺𝐺𝑐𝑐  is (1,2)*-𝛼𝛼𝛼𝛼𝑔𝑔�-closed set and by 
hypothesis, we have 𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝐴𝐴) ∩ 𝐺𝐺𝑐𝑐 ⊆  𝜏𝜏1,2-𝑖𝑖𝑖𝑖𝑖𝑖(𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝐴𝐴)\𝐴𝐴) = 𝜙𝜙. So  𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝐴𝐴) ⊆ 𝐺𝐺. Hence A is (1,2)*- 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-
closed set in (𝑋𝑋, 𝜏𝜏1, 𝜏𝜏2). 
 
3.4 (1,2)*-𝒈𝒈𝒈𝒈𝒈𝒈𝒈𝒈�- CONTINUOUS FUNCTION 
 
We introduce the following definition. 
 
Definition 3.4: A function 𝑓𝑓: (X, 𝜏𝜏1 ,𝜏𝜏2) → (Y, 𝜎𝜎1, 𝜎𝜎2) is called (1,2)*-𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-continuous if 𝑓𝑓−1(V) is a (1,2)*-𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-
closed set of (X, 𝜏𝜏1 ,𝜏𝜏2) for every closed set V of  (Y, 𝜎𝜎1, 𝜎𝜎2). 

 
Theorem 3.4.1: Every continuous map 𝑓𝑓: (X, 𝜏𝜏1 ,𝜏𝜏2) → (Y, 𝜎𝜎1, 𝜎𝜎2) is (1,2)*-𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-continuous. 
 
Proof: Let V be a (1,2)*- closed set in (Y, 𝜎𝜎1, 𝜎𝜎2) , then 𝑓𝑓−1(V) is a (1,2)*- closed set in (X, 𝜏𝜏1 ,𝜏𝜏2). Since every        
(1,2)*-closed set is (1,2)*-𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-closed set, 𝑓𝑓−1(V) is a (1,2)*-𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�- closed set in (X, 𝜏𝜏1 ,𝜏𝜏2). Hence 𝑓𝑓 is an           
(1,2)*- 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�- continuous. 
 
Remark 3.4.1: The converse of the above theorem need not true. This is proved in the following example:  
 
Example 3.4.1: Let X={a, b, c}=Y with 𝜏𝜏1,2= {𝜙𝜙, X, {a}, {b, c}} and 𝜎𝜎1,2= {𝜙𝜙, Y, {a}, {a, b}}. Let  f: (X, 𝜏𝜏1 ,𝜏𝜏2) → 
(Y, 𝜎𝜎1, 𝜎𝜎2) be the identity map, then  f  is (1,2)*-𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-continuous but not (1,2)*- continuous. For the (1,2)*-closed set 
{c} in (Y, 𝜎𝜎1, 𝜎𝜎2), 𝑓𝑓−1({c})={c} is (1,2)*-𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-closed set, but not (1,2)*-closed set in (X, 𝜏𝜏1 ,𝜏𝜏2) . 
 
Theorem 3.4.2: Every (1,2)*-𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-continuous map is a) (1,2)*-𝑔𝑔- continuous map,  b) (1,2)*-𝛼𝛼𝛼𝛼- continuous map,      
c) (1,2)*-𝑔𝑔𝑔𝑔-continuous map, d) (1,2)*- 𝑔𝑔𝑔𝑔-continuous map, e) (1,2)*-𝑔𝑔𝑔𝑔𝑔𝑔-continuous map, f) (1,2)*-𝑔𝑔𝑔𝑔-
continuous map, g) (1,2)*-𝑔𝑔𝑔𝑔- continuous map. 
 
Proof: Let f: (X, 𝜏𝜏1 ,𝜏𝜏2) → (Y, 𝜎𝜎1, 𝜎𝜎2) be a (1,2)*-𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-continuous map. Let V be a (1,2)*-closed set in  (Y, 𝜎𝜎1, 𝜎𝜎2), 
then 𝑓𝑓−1(V) is a (1,2)*-𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-closed set in (X, 𝜏𝜏1 ,𝜏𝜏2). Then by Theorem 3.1.2 a), b), c), d), e), f) and g), 𝑓𝑓 is an    
(1,2)*-𝑔𝑔-continuous, (1,2)*-𝛼𝛼𝛼𝛼-continuous, (1,2)*-𝑔𝑔𝑔𝑔-continuous, (1,2)*-𝑔𝑔𝑔𝑔-continuous, (1,2)*-𝑔𝑔𝑔𝑔𝑔𝑔-continuous, 
(1,2)*-𝑔𝑔𝑔𝑔-continuous and (1,2)*-𝑔𝑔𝑔𝑔-continuous respectively.  
 
Remark 3.4.2: The converse of the above Theorem need not be true. This is proved in the following examples:  
 
Example 3.4.2: Let X={a, b, c}=Y with 𝜏𝜏1,2= {𝜙𝜙, X, {a}, {a, b}} and 𝜎𝜎1,2= {𝜙𝜙, Y, {a}, {b}, {a, b}}. Let                      
f: (X, 𝜏𝜏1 ,𝜏𝜏2) → (Y, 𝜎𝜎1, 𝜎𝜎2) be the identity map, then f  is (1,2)*-𝑔𝑔-continuous but not (1,2)*-𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-continuous. For the 
(1,2)*-closed set {a, c} in (Y, 𝜎𝜎1, 𝜎𝜎2), 𝑓𝑓−1({a, c})={a, c} is (1,2)*-𝑔𝑔-closed set, but not (1,2)*-𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-closed set in 
(X, 𝜏𝜏1 ,𝜏𝜏2). 
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Example 3.4.3: Let X={a, b, c}=Y with 𝜏𝜏1,2= {𝜙𝜙, X, {a}, {a, b}} and 𝜎𝜎1,2= {𝜙𝜙, Y, {a}, {b}, {a, b}}. Let                                
f: (X, 𝜏𝜏1 ,𝜏𝜏2) → (Y, 𝜎𝜎1, 𝜎𝜎2) be the identity map, then f  is (1,2)*-𝛼𝛼𝛼𝛼-continuous but not (1,2)*-𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-continuous. For the 
(1,2)*-closed set {a, c} in (Y, 𝜎𝜎1, 𝜎𝜎2), 𝑓𝑓−1({a, c})={a, c} is (1,2)*-𝛼𝛼𝛼𝛼-closed set, but not (1,2)*-𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-closed set in 
(X, 𝜏𝜏1 ,𝜏𝜏2). 
 
Example 3.4.4: Let X={a, b, c}=Y with 𝜏𝜏1,2= {𝜙𝜙, X, {a}, {a, b}} and 𝜎𝜎1,2= {𝜙𝜙, Y, {a}, {b, c}}. Define                         
f: (X, 𝜏𝜏1 ,𝜏𝜏2) → (Y, 𝜎𝜎1, 𝜎𝜎2) by  f(a)={c}, f(b)={a}, f(c)={b}, and 𝑓𝑓−1(c)={a}, 𝑓𝑓−1(a)={b}, 𝑓𝑓−1(b)={c}, then f  is              
(1,2)*-𝑔𝑔𝑔𝑔-continuous but not (1,2)*- 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-continuous. For the (1,2)*-closed set {a} in (Y, 𝜎𝜎1, 𝜎𝜎2), 𝑓𝑓−1({a})={b} is 
(1,2)*-𝑔𝑔𝑔𝑔-closed set, but not (1,2)*-𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-closed set in (X, 𝜏𝜏1 ,𝜏𝜏2) . 
 
Example 3.4.5: Let X={a, b, c}=Y with 𝜏𝜏1,2= {𝜙𝜙, X, {a}, {a, b}} and 𝜎𝜎1,2= {𝜙𝜙, Y, {a}, {b}, {a, b}}. Let                                
f: (X, 𝜏𝜏1 ,𝜏𝜏2) → (Y, 𝜎𝜎1, 𝜎𝜎2) be the identity map, then f  is (1,2)*-𝑔𝑔𝑔𝑔-continuous but not (1,2)*- 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-continuous. For the 
(1,2)*-closed set {a, c} in (Y, 𝜎𝜎1, 𝜎𝜎2), 𝑓𝑓−1({a,c})={a,c} is (1,2)*-𝑔𝑔𝑔𝑔-closed set, but not (1,2)*-𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-closed set in 
(X, 𝜏𝜏1 ,𝜏𝜏2) . 
 
Example 3.4.6: Let X={a, b, c}=Y with 𝜏𝜏1,2= {𝜙𝜙, X, {a}, {a, b}} and 𝜎𝜎1,2= {𝜙𝜙, Y, {a}, {b}, {a, b}}. Define                 
f: (X, 𝜏𝜏1 ,𝜏𝜏2) → (Y, 𝜎𝜎1, 𝜎𝜎2) by  f(a)={c}, f(b)={b}, f(c)={a}, and 𝑓𝑓−1(c)={a}, 𝑓𝑓−1(b)={b}, 𝑓𝑓−1(a)={c}, then f  is              
(1,2)*-𝑔𝑔𝑔𝑔-continuous but not (1,2)*- 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-continuous. For the (1,2)*-closed set {a, c} in (Y, 𝜎𝜎1, 𝜎𝜎2), 𝑓𝑓−1({a, c})={a, 
c} is (1,2)*-𝑔𝑔𝑔𝑔-closed set, but not (1,2)*-𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-closed set in (X, 𝜏𝜏1 ,𝜏𝜏2). 
 
Example 3.4.7: Let X={a, b, c}=Y with 𝜏𝜏1,2= {𝜙𝜙, X, {a}, {a, b}} and 𝜎𝜎1,2= {𝜙𝜙, Y, {a}, {b}, {a, b}}. Let                                            
f: (X, 𝜏𝜏1 ,𝜏𝜏2) → (Y, 𝜎𝜎1, 𝜎𝜎2) be an identity map, then f  is (1,2)*-𝑔𝑔𝑔𝑔𝑔𝑔-continuous but not (1,2)*-𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-continuous. For 
the (1,2)*-closed set {a, c} in (Y, 𝜎𝜎1, 𝜎𝜎2), 𝑓𝑓−1({a,c})={a,c} is (1,2)*-𝑔𝑔𝑔𝑔𝑔𝑔-closed set, but not (1,2)*-𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-closed set in 
(X, 𝜏𝜏1 ,𝜏𝜏2) . 
 
Example 3.4.8: Let X={a, b, c}=Y with 𝜏𝜏1,2= {𝜙𝜙, X, {a}, {b}, {a, b}} and 𝜎𝜎1,2= {𝜙𝜙, Y, {a, c}}. Let                                       
f: (X, 𝜏𝜏1 ,𝜏𝜏2) → (Y, 𝜎𝜎1, 𝜎𝜎2) be an identity map, then f  is (1,2)*-𝑔𝑔𝑔𝑔-continuous but not (1,2)*-𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-continuous. For the 
(1,2)*-closed set {c} in (Y, 𝜎𝜎1, 𝜎𝜎2), 𝑓𝑓−1({c})={c} is (1,2)*-𝑔𝑔𝑔𝑔-closed set, but not (1,2)*-𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-closed set in          
(X, 𝜏𝜏1 ,𝜏𝜏2) . 
 
3.5 APPLICATIONS OF (1,2)*-𝒈𝒈𝒈𝒈𝒈𝒈𝒈𝒈�-CLOSED SETS 
 
As an application of (1,2)*-𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-closed sets we introduce a new space namely (1,2)*-𝑇𝑇𝑔𝑔𝑔𝑔𝑔𝑔 𝑔𝑔�  -space. 
 
Definition 3.5: A space (X, 𝜏𝜏1 ,𝜏𝜏2) is called (1,2)*-𝑇𝑇𝑔𝑔𝑔𝑔𝑔𝑔 𝑔𝑔�  -space if every (1,2)*-𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-closed sets in it is (1,2)*-closed 
set. 
 
Theorem 3.5.1: For a space (X, 𝜏𝜏1, 𝜏𝜏2) the following are equivalent: 

a) (X, 𝜏𝜏1 ,𝜏𝜏2) is a (1,2)*-𝑇𝑇𝑔𝑔𝑔𝑔𝑔𝑔 𝑔𝑔�  -space. 
b) Every singleton of (X, 𝜏𝜏1, 𝜏𝜏2) is either (1,2)*-𝛼𝛼𝛼𝛼𝑔𝑔�-closed set or (1,2)*-open set. 

 
Proof: 
(𝒂𝒂) ⇒ (𝒃𝒃): Let (X, 𝜏𝜏1 ,𝜏𝜏2) be a (1,2)*-𝑇𝑇𝑔𝑔𝑔𝑔𝑔𝑔 𝑔𝑔�  -space. Assume that for some∈ 𝑋𝑋, the set {𝑥𝑥} is not (1,2)*-𝛼𝛼𝛼𝛼𝑔𝑔�-closed set 
in (X, 𝜏𝜏1 ,𝜏𝜏2). Then the only (1,2)*-𝛼𝛼𝛼𝛼𝑔𝑔�-open set containing {𝑥𝑥}𝑐𝑐  is the space 𝑋𝑋 itself and so {𝑥𝑥}𝑐𝑐  is (1,2)*-𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-
closed set in (X, 𝜏𝜏1 ,𝜏𝜏2). By our assumption {𝑥𝑥}𝑐𝑐  is (1,2)*-closed set in (X, 𝜏𝜏1 ,𝜏𝜏2) and hence {𝑥𝑥} is (1,2)*-open set. 
 
(𝒃𝒃) ⇒ (𝒂𝒂): Let 𝐴𝐴 be a (1,2)*-𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-closed subset of (X, 𝜏𝜏1 ,𝜏𝜏2) and let 𝑥𝑥 ∈ 𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝐴𝐴). By assumption {𝑥𝑥} is either               
(1,2)*-𝛼𝛼𝛼𝛼𝑔𝑔�-closed set or (1,2)*-open set. 
 
𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪 𝟏𝟏: Suppose {𝒙𝒙} is (1,2)*-𝜶𝜶𝜶𝜶𝒈𝒈�-closed set. 
 
If {𝑥𝑥} ∉ 𝐴𝐴, then 𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝐴𝐴)\𝐴𝐴 contains a non empty (1,2)*-𝛼𝛼𝛼𝛼𝑔𝑔�-closed set {𝑥𝑥}, which is a contradiction. Therefore  ∈ 𝐴𝐴. 
This implies that 𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝐴𝐴) ⊆ 𝐴𝐴. Hence 𝐴𝐴 is (1,2)*-closed set. 
 
𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪 𝟐𝟐: Suppose {𝒙𝒙} is (1,2)*-open set.  
 
Since 𝑥𝑥 ∈ 𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝐴𝐴), {𝑥𝑥} ∩ 𝐴𝐴 ≠ 𝜙𝜙 and therefore 𝜏𝜏1,2-𝑐𝑐𝑐𝑐(𝐴𝐴) ⊆ 𝐴𝐴. Hence 𝐴𝐴 is (1,2)*-closed set. 
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Theorem 3.5.2: 

a) Every (1,2)*-𝑇𝑇1/2-space is a (1,2)*-𝑇𝑇𝑔𝑔𝑔𝑔𝑔𝑔 𝑔𝑔�  -space. 
b) Every (1,2)*-𝑇𝑇𝑏𝑏 -space is a (1,2)*-𝑇𝑇𝑔𝑔𝑔𝑔𝑔𝑔 𝑔𝑔� -space. 
c) Every (1,2)*- 𝛼𝛼𝑇𝑇𝑏𝑏 -space is a (1,2)*-𝑇𝑇𝑔𝑔𝑔𝑔𝑔𝑔 𝑔𝑔�  -space. 

 
Proof: 

a) Let (X, 𝜏𝜏1 ,𝜏𝜏2) be a (1,2)*-𝑇𝑇1/2-space, and let 𝐴𝐴 be a (1,2)*-𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-closed subset of (X, 𝜏𝜏1 ,𝜏𝜏2). By theorem 
3.1.2(a), 𝐴𝐴 is (1,2)*-𝑔𝑔-closed set. Since (X, 𝜏𝜏1 ,𝜏𝜏2) is a (1,2)*-𝑇𝑇1/2-space, 𝐴𝐴 is (1,2)*-closed set in (X, 𝜏𝜏1 ,𝜏𝜏2). 
Hence (X, 𝜏𝜏1 ,𝜏𝜏2) is (1,2)*-𝑇𝑇𝑔𝑔𝑔𝑔𝑔𝑔 𝑔𝑔�  -space. 

b) Let (X, 𝜏𝜏1 ,𝜏𝜏2) be a (1,2)*-𝑇𝑇𝑏𝑏 -space, and let 𝐴𝐴 be a (1,2)*-𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-closed subset of (X, 𝜏𝜏1 ,𝜏𝜏2). By theorem 
3.1.2(d), 𝐴𝐴 is (1,2)*-𝑔𝑔-closed set. Since (X, 𝜏𝜏1 ,𝜏𝜏2) is a (1,2)*-𝑇𝑇𝑏𝑏 -space, 𝐴𝐴 is (1,2)*-closed set in (X, 𝜏𝜏1 ,𝜏𝜏2). 
Hence (X, 𝜏𝜏1 ,𝜏𝜏2) is (1,2)*-𝑇𝑇𝑔𝑔𝑔𝑔𝑔𝑔 𝑔𝑔�  -space. 

c) Let (X, 𝜏𝜏1 ,𝜏𝜏2) be a (1,2)*- 𝛼𝛼𝑇𝑇𝑏𝑏 -space, and let 𝐴𝐴 be a (1,2)*-𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�-closed subset of (X, 𝜏𝜏1 ,𝜏𝜏2). By theorem 
3.1.2(b), 𝐴𝐴 is (1,2)*-𝛼𝛼𝛼𝛼-closed set. Since (X, 𝜏𝜏1 ,𝜏𝜏2) is a (1,2)*- 𝛼𝛼𝑇𝑇𝑏𝑏 -space, 𝐴𝐴 is (1,2)*-closed set in (X, 𝜏𝜏1 ,𝜏𝜏2). 
Hence (X, 𝜏𝜏1 ,𝜏𝜏2) is (1,2)*-𝑇𝑇𝑔𝑔𝑔𝑔𝑔𝑔 𝑔𝑔� -space. 
 

Remark 3.5.1: The converse of the above Theorem need not be true. This is proved in the following examples: 
 
Example 3.5.1: Let X= {a, b, c} with 𝜏𝜏1= {𝜙𝜙, X, {a}} and 𝜏𝜏2= {𝜙𝜙, X, {a, b}}. Let (X, 𝜏𝜏1 ,𝜏𝜏2) be a (1,2)*-𝑇𝑇𝑔𝑔𝑔𝑔𝑔𝑔 𝑔𝑔�  -space. 
Here A = {a, c} is (1,2)*-𝑔𝑔-closed set but not (1,2)*-closed set. Hence (X, 𝜏𝜏1 ,𝜏𝜏2) is not (1,2)*-𝑇𝑇1/2-space. 
 
Example 3.5.2: Let X= {a, b, c} with 𝜏𝜏1= {𝜙𝜙, X, {a}} and 𝜏𝜏2= {𝜙𝜙, X, {a}, {b}, {a, b}}. Let (X, 𝜏𝜏1 ,𝜏𝜏2) be a              
(1,2)*-𝑇𝑇𝑔𝑔𝑔𝑔𝑔𝑔 𝑔𝑔� -space. Here A = {a} is (1,2)*-𝑔𝑔𝑔𝑔-closed set but not (1,2)*-closed set. Hence (X, 𝜏𝜏1 ,𝜏𝜏2) is not            
(1,2)*-𝑇𝑇𝑏𝑏 -space. 
 
Example 3.5.3: Let X= {a, b, c} with 𝜏𝜏1= {𝜙𝜙, X, {a}} and 𝜏𝜏2= {𝜙𝜙, X, {a, b}}. Let (X, 𝜏𝜏1 ,𝜏𝜏2) be a (1,2)*-𝑇𝑇𝑔𝑔𝑔𝑔𝑔𝑔 𝑔𝑔�  -space. 
Here A = {a, c} is (1,2)*-𝛼𝛼𝛼𝛼-closed set but not (1,2)*-closed set. Hence (X, 𝜏𝜏1 ,𝜏𝜏2) is not (1,2)*- 𝛼𝛼𝑇𝑇𝑏𝑏 -space. 
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