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ABSTRACT 

Lellis Thivagar introduced the notion of Nano topology by using theory approximations and boundary region of 

a subset of a universe in terms of an equivalence relation on it and also defined nano closed sets, nano-interior 

and nano-closure in a nano topological space. In 2019, A. Pushpalatha and S. Sridevi introduced and investigated 

a new class of nano closed sets called nano semi c* generalized closed sets. They studied its basic properties and 

its relation to various other nano closed sets. The class of sets namely ano openN -   sets are playing more important 

role in topological spaces, because of their applications in various fields of Mathematics and other real fields. 

This paper is devoted to the introduction of ano s separationN - * -c g  Axioms namely ano 0s TN - * -c g  space, 

ano 1s TN - * -c g   space, ano 2s TN - * -c g  space, ano s regularN - -c g  space, ano s normalN - * -c g  space, almost 

ano s normalN - * -c g  space, mildly ano s normalN - -c g  space, ano s compactN - * -c g  space, ano s connectedN - * -c g  

space,  ano s closedN - * -c g  graph and strongly  ano s closedN - * -c g  graph in Nano topological spaces. We 

investigate the fundamental properties and characterizations of these spaces in Nano topological spaces. 

IndexTerms— ano is T space,N - * - -c g ano s regularN - * -c g  space, ano s normalN - * -c g  space, 

ano s compactN - * -c g  space, ano s connectedN - * -c g  space, ano s closedN - * -c g  graph 

INTRODUCTION 

Topology and its branches have become hot topics not only for almost all fields of mathematics, but also for 

many areas of science such as chemistry, and information systems. General Topology is vast and has many 

different inventions and interactions with other fields of Mathematics and Science. Lellis Thivagar introduced 

the notion of Nano topology by using theory approximations and boundary region of a subset of a universe in 

terms of an equivalence relation on it and defined Nano open sets, Nano closed sets, Nano-interior, and Nano-

closure in Nano topological spaces. This paper is devoted to the introduction of ano s separationN - * -c g  Axioms 

namely ano 0s TN - * -c g  space, ano 1s TN - * -c g   space, ano 2s TN - * -c g  space, ano s regularN - * -c g  space, 

ano s normalN - * -c g  space, almost ano s normalN - * -c g  space, mildly ano s normalN - * -c g  space, 

ano s compactN - * -c g  space, ano s connectedN - * -c g  space,  ano s closedN - * -c g  graph and strongly  

ano s closedN - * -c g  graph in Nano topological spaces. We investigate the fundamental properties and 

characterizations of these spaces in Nano topological space.  

PRELIMINARIES 

Definition 2.1.  Let U  be the universe, R  be an equivalence relation on U  and 

        , , 
R R R R

T X U,,L X U X B X  where X U. Then  R
T X  satisfies the following axioms. 

 1 U and  .
R

T X   
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 2 The union of any subcollection of  R
T X  is in  .R

T X  

 3 The intersection of the elements of any finite subcollection of  R
T X  is in  .R

T X  

Then  R
T X is a topology on U called the Nano topology on U with respect to X,   ,

R
U T X is called the Nano 

topological space  anoBriefly Top Space .N - - The elements of  R
T X are called as nano-open sets. The 

complements of the nano-open sets are called nano-closed sets.  

Definition 2.2.  Let   ,
R

U T X  be a  ano Top SpaceN - -  and A X. Then   

*.The Nano interior of a set A is defined as the union of all ano openN -  subsets contained in A and it is denoted 

by  ano ntN I A .-   ano nt-N I A  is the largest ano open-N  subset of A. 

**. The Nano closure of a set A is defined as the intersection of all ano closed-N  sets containing  A and it is 

denoted by  ano -N ClA .  ano -N ClA  is the smallest ano closed-N  set containingA. 

 Definition 2.3.  Let   ,
R

U T X  be a ano Top SpaceN - - and A U. Then A  is called a 

 1
ano pre closed- -N  set if  ano ano nt   - -N ClN I A A. 

 2
ano semi closed- -N  set if  ano anont l   - -N I N C A A. 

 3
ano closed-N  set if   ano ano anont   - - -N ClN I N ClA A. 

 4
ano regular openN - -  set if  ano anont l .  - -A =N I N C A  

 5
ano regular closed- -N  set if  ano anol nt  - -N C N I A =A. 

 6
ano generalized-N  closed  anobriefly closed-gN  set if  ano l -N C A G, whenever A G  and G  is ano open-N  

set in U. 

 7
ano s closedN - -  set if  ano anol nt   N C N I A A.- -  

 8  ano generalized-N  semi closed  anobriefly closed-gsN  set if  ano l s-N C A G  whenever A G  and G  is 

ano open-N  set in U. 

 9  ano closedN - -  set if   ano ano anol nt l   N C N I N C A A.- - -  

 8
ano openN - -  set if   ano ano ano

   A N Innt N ClN InntA .- - -  

 10  Nano c*-set  anobriefly setN *c- -   if ,A G F  where G  is ano openN g- -  set and F  is ano openN - -  set 

in U. 

 11  Nano   generalized closed  anobriefly closed- -gN  set if  ano l , -N C A G  whenever A G  and G is

ano open-N in U. 

The complements of the above nano open  (closed) sets are called their nano closed (resp. open) sets. 
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 Definition 2.4.  A subset A  of a  ano Top SpaceN - -    ,
R

U T X  is called a nano semi c* generalized closed 

 anobriefly closedN - * -sc g  set if  ano sCl N A G,-  whenever A G  and G  is ano setN - *c -  in   , .
R

U T X  

 Definition 2.5.  Let   ,
R

U T X  be a ano Top SpaceN - -  and A U. Then A  is called ano s open,N - * -c g  if c
A  is 

ano s closed.N - * -c g  The family of all ano s openN - * -c g   anoresp. s closedN - * -c g  sets in   ,
R

U T X  is denoted 

by     ano anos O s O ,
R

N U N U T X- * - - * -c g c g        ano anoresp. s s , .
R

N U N U T X- * - - * -C Cc g c g  

 Definition 2.6.  Let   ,
R

U T X  be a ano Top SpaceN - - and A U. Then the ano interiorN - * -sc g  and 

ano closureN - * -sc g  of A  are defined and denoted as follows:

     ano anoInt O , and .  
R

N A G :G N U T X G Asc g sc g- * - - * -  

     ano anoCl , and .  
R

N A H :H N U T X A Hsc g sc g C- * - - * -  

Theorem 2.7.    A ano closedN -  set A  in a ano Top SpaceN - -    ,
R

U T X  is ano closedN - * -sc g set. 

Proof .  Let A  be a ano closedN -  set in U. Let G  be a  ano setN *- -c   such that A G. Since A  is ano closedN -  

set we have  ano Cl  N A A G.-  But,    ano anosCl Cl N A N A G.- -  Therefore  ano sCl N A G-  where G  

is  ano set.N *- -c  Hence A  is a ano closedN - * -sc g  set in U. 

Theorem 2.8.   In a ano Top SpaceN - -    , ,
R

U T X  the intersection of any two ano closedN - * -sc g  sets is 

ano closed.N - * -sc g  

Theorem 2.9.  Let A  and B  be ano openN - * -sc g sets in a ano Top SpaceN - -   , .
R

U T X  Then A B  is also 

ano openN - * -sc g  set in   , .
R

U T X  

Proof .  Let A  and B  be ano openN - * -sc g  sets in   , .
R

U T X  Then  c
A  and c

B  are ano closedN - * -sc g  sets in 

  , .
R

U T X  By Theorem 2.8,  
cc c A B A B  is a ano closedN - * -sc g  set in   , .

R
U T X  Therefore A B  is 

ano openN - * -sc g  set in   , .
R

U T X  

Definition 2.10.  A function      : , ,f
R R

U T X V T Y/  is called ano irresoluteN - * -sc g  if  1f H  is 

ano openN - * -sc g set in    ,
R

U T X  for each ano openN - * -sc g  set H  in   , .
R

V T Y/  

Definition 2.11.  A function      : , ,f
R R

U T X V T Y/  is called quasi ano irresoluteN - * -sc g  if for each Ux  

and for each   ano O ,
R

H N V T Y- * -sc g /  with  H ,f x  there exist   ano O ,
R

G N U T X- * -sc g  such that 

Gx  and    .G N H- * -sc ganof Cl  

Definition 2.12.  A function      : , ,f
R R

U T X V T Y/ is called ano continuousN - * -sc g  if  1f H  is 

ano openN - * -sc g  set in    ,
R

U T X  for each ano openN -  set H  in   , .
R

V T Y/  

Definition 2.13.  A function      : , ,f
R R

U T X V T Y/  is called ano closedN - * -sc g  if the image of every 

ano closedN -  set in   ,
R

U T X  is ano closedN - * -sc g  in   , .
R

V T Y/  
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Definition 2.14.  A function      : , ,f
R R

U T X V T Y/  is said to be  ano openN - * -sc g  if  f G  is 

ano openN - * -sc g  for each ano openN -  set  G  in   , .
R

U T X   

Definition 2.15.  A function      : , ,f
R R

U T X V T Y/  is said to be  strongly ano closedN - * -sc g  if the image 

 f G  is ano closedN - * -sc g  in   ,
R

V T Y/  for each ano closedN - * -sc g  G  in   , .
R

U T X   

Definition 2.16.  A function      : , ,f
R R

U T X V T Y/  is said to be  strongly ano openN - * -sc g  if the image 

 f G  is ano openN - * -sc g  set in   ,
R

V T Y/  for each ano openN - * -sc g  set  G  in    , .
R

U T X   

Definition 2.17.  A function      : , ,f
R R

U T X V T Y/  is said to be  contra ano closedN - * -sc g  

 anoresp. contra openN - * -sc g  if the image of every ano closedN -   anoresp. openN -  set in   ,
R

U T X  is 

ano openN - * -sc g   anoresp. closedN - * -sc g  set in   , .
R

V T Y/   

3. Nano Semi C* Generalized Separation Axioms  

In this section, we introduce and study the concepts of ano 0s T Space,N - * - -c g  ano 1s T Space,N - * - -c g  and 

ano 2s T SpaceN - * - -c g  via ano s openN - * -c g  sets in ano Top Spaces.N - -  

Definition 3.1.  A ano Top SpaceN - -    R
U,T X  is called ano 0T Space,N - - if for any two points  Ux,y  such that 

x y,there exists a ano openN - set containing one of them but not the other.  

Definition 3.2.  A ano Top SpaceN - -    R
U,T X  is called ano 0s T Space,N - * - -c g  if for any two points  Ux,y  

with x y,there exists a ano openN - * -sc g  set containing one of them but not the other. 

Theorem 3.3.  A ano Top SpaceN - -    R
U,T X  is ano 0s T Space,N - * - -c g  if and only if ano s closuresN - * -c g  of 

distinct points are distinct. 

 Proof .  Let x,y  be distinct points of U. Since U  is a ano 0s T Space,N - * - -c g  there exists a ano s openN - * -c g  

set G  such that Gx  and G.y  Consequently, U G–  is a ano s closedN - * -c g  set containing y  but not x. But 

  ano s l yN C- * -c g  is the intersection of all ano closedN - * -sc g  sets containing y. Hence 

  ano s ly yN C- * -c g  but   ano s lx yN C- * -c g  as U G.–x  Therefore 

     ano anos l s l .x yN C N C- * - - * -c g c g  

Conversely, let   ano s l xN C- * -c g    ano s l yN C- * -c g  for x y. Then there exists at least one point Uz  

such that   ano s lz xN C- * -c g  and   ano s l .z yN C- * -c g  Suppose   ano s lx yN C- * -c g  because if 

  ano s l ,x yN C- * -c g  then     ano s lx yN C- * -c g  implies      ano anos l s l .x yN C N C- * - - * -c g c g  So 

  ano s lz yN C- * -c g  which is a contradiction.  Hence   ano s lx yN C- * -c g  which implies 

  ano s l     
x yH = U N C- * -– c g  which is a ano s openN - * -c g  set containing x  but not y. Hence U  is a 

ano 0s T Space.N - * - -c g  

Theorem 3.4.  If       : , ,f
R R

U T X V T Y/  is an injective, ano s irresoluteN - * -c g  function  and   ,
R

V T Y/  

is a ano 0s T Space,N - * - -c g  then   ,
R

U T X  is a ano 0s T Space.N - * - -c g  
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Proof .  Suppose V  is a  ano 0s T Space.N - * - -c g  Let x  and y  be any two distinct points in U. Since f  is injective, 

so  f x  and  f y  are distinct points in V. Since V  is a ano 0s T Space,N - * - -c g  there exists a ano s openN - * -c g  

set H  in V  containing  f x  but not  .f y  Again since f  is ano s irresolute,N - * -c g   1f H  a ano s openN - * -c g

set  in U  containing x  but not y. Therefore U  is a ano 0s T Space.N - * - -c g  

Theorem 3.5. If       : , ,f
R R

U T X V T Y/  is an injective, ano s continuousN - * -c g  function  and   ,
R

V T Y/  

is a ano 0T Space,N - -  then   ,
R

U T X  is a ano 0s T Space.N - * - -c g  

Proof .  Suppose   ,
R

V T Y/  is a  ano 0s T Space.N - * - -c g  Let x  and y  be any two distinct points in U. Since f  

is injective, so  p f x  and  f yq=  are distinct point in V. Since   ,
R

V T Y/  is a ano 0T Space,N - -  there 

exists a ano openN -  set H  in V  containing  p f x  but not  .f yq=  Again since f  is ano s continuous,N - * -c g  

 1fG = H  is a ano s openN - * -c g  set in U  containing x  but not y. Therefore   ,
R

U T X  is a 

ano 0s T Space.N - * - -c g  

Definition 3.6.  A ano Top SpaceN - -    R
U,T X  is called ano 1T Space,N - - if for any two points x y,there exist 

two ano openN -  sets  G  and H  with G,x  Gy  and H ,x  H .y   

Definition 3.7.  A ano Top SpaceN - -    R
U,T X  is called ano 1s T Space,N - * - -c g  if for any two points x y, there 

exist two ano s openN - * -c g  sets  G  and H  with G,x  Gy  and H ,x  H .y   

Theorem 3.8.  A ano Top SpaceN - -    R
U,T X  is ano 1s T SpaceN - * - -c g  if every singleton subset  x  of U  is a 

ano s closedN - * -c g  set in   .R
U,T X  

Proof .  Suppose  x is a ano s closedN - * -c g  set for every U.x  Let x  and Uy  with x y. Now x y  implies 

 . xU –y  Hence  xU –  is a ano s openN - * -c g  set containing y  but not x. Similarly  U – y  is a 

ano s openN - * -c g  set containing x  but not y. Hence U  is a ano 1s T Space.N - * - -c g  

Theorem 3.9.  If       : , ,f
R R

U T X V T Y/  is an injective, ano s irresoluteN - * -c g  function  and   ,
R

V T Y/  

is a ano 1s T Space,N - * - -c g  then   ,
R

U T X  is a ano 1s T Space.N - * - -c g  

Proof .  Let p  and q be pair of distinct points in U. Since f  is injective, there exist two distinct points x  and 

y  of V  such that   f p x and   f q y. Since V  is a ano 1s T Space,N - * - -c g  there exist ano s openN - * -c g  sets 

G  and H   in  V  such that  G,x  Gy  and H ,x  H .y  That is  1 f G ,p   1 f Hp  and  1 f H ,q  

 1 . f Gq  Since f  is ano s irresoluteN - * -c g  function,    1fP = G ,  1fQ = H  are ano s openN - * -c g  sets in 

U. Thus for two distinct points p  and q of U   there exist ano s openN - * -c g  sets P  and Q  such that P,p  

Qp  and Q ,q  Pq . Therefore   ,
R

U T X  is a ano 1s T Space.N - * - -c g  

Theorem 3.10.  If       : , ,f
R R

U T X V T Y/  is ano s continuous,N - * -c g  injection and   ,
R

V T Y/  is a 

ano 1T Space,N - -  then   ,
R

U T X  is a ano 1s T Space.N - * - -c g  

Proof .  Let p  and q be two distinct points in U. Then there exist two distinct points x  and y  of V  such that 

  f p x and   f q y. Since V  is a ano 1T Space,N - -  there exist ano openN -  sets G  and H   in  V  such that  

G,x  Gy  and H ,x  H .y  That is  1 f G ,p   1 f Hp  and  1 f H ,q   1 . f Gq  Since f  is a 

ano s continuousN - * -c g  function,    1fP = G ,  1fQ = H  are ano s openN - * -c g  sets in U. Thus for two distinct 
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points p  and q of U   there exist ano s openN - * -c g  sets P  and Q  such that Pp  and Qp  and Qq  and 

Pq . Therefore   ,
R

U T X  is a ano 1s T Space.N - * - -c g  

Definition 3.11.  A ano Top SpaceN - -    R
U,T X  is called ano 2T Space,N - -  if for any two points x y, there 

exists disjoint ano openN -  sets  G  and H  with Gx   and  H .y   

Definition 3.12.  A ano Top SpaceN - -    R
U,T X  is called ano 2s T Space,N - * - -c g  if for any two points x y, 

there exists disjoint ano s openN - * -c g  sets  G  and H  with Gx   and  H .y   

Theorem 3.13.  If       : , ,f
R R

U T X V T Y/  is a ano s continuousN - * -c g  injection,  and    ,
R

V T Y/  is a 

ano 2T Space,N - -  then   ,
R

U T X  is a ano 2T Space.N - * -sc g -  

Proof .  Let p  and q be two distinct points in U. Then there exist two distinct points x  and y  of V  such that 

  f p x and   f q y. Since V  is a ano 2T Space,N - -  there exist disjoint ano openN -  sets  G  and H   in  V  such 

that   Gx  and  H .y  That is  1 f Gp  and   1 . f Hq  Since f  is a ano s continuousN - * -c g  function,   

 1fP = G ,  1fQ = H  are ano s openN - * -c g  sets in U. Further as f  is injective, 

     1 1 1 .   f f f  P Q = G H  Thus for any two distinct points p  and q  of U   there exist disjoint 

ano s openN - * -c g  sets P  and Q  such that Pp  and Q .q  Therefore   ,
R

U T X  is a ano 2s T Space.N - * - -c g  

Theorem 3.14.  If       : , ,f
R R

U T X V T Y/  is an injective, ano s irresoluteN - * -c g  function  and   ,
R

V T Y/  

is a ano 2s T Space,N - * - -c g  then   ,
R

U T X  is also a ano 2s T Space.N - * - -c g  

Proof .  Let p  and q be any two distinct points in U. Since f  is injective, there exist two distinct points x  and 

y  of  V  such that   f p x and   f q y. Since V  is a ano 2s T Space,N - * - -c g  there exist disjoint 

ano s openN - * -c g  sets G  and H   in  V  such that  Gx  and  H .y  That is  1 f Gp  and  1 f H ,q   Since 

f  is a ano irresoluteN - * -sc g  function,    1fP = G ,  1fQ = H  are disjoint ano s openN - * -c g  sets in U. Thus 

for any two distinct points p  and q of U   there exist disjoint ano s openN - * -c g  sets P  and Q  such that Pp  

and Q .q  Therefore   ,
R

U T X  is a ano 2s T Space.N - * - -c g  

Theorem 3.15.  A ano Top SpaceN - -    R
U,T X  is ano 2T SpaceN - * -sc g -  if and only if for each x y  there exists  

a ano openN - * -sc g  set G  such that Gx  and  ano l .N C G- * -sc gy  

Proof .  Assume that U  is a ano 2T Space.N - * -sc g -  Let Ux,y  and x y, then there exist disjoint 

ano openN - * -sc g  sets G  and H   in  U  such that  Gx  and  H .y  Clearly, U H–  is ano closedN - * -sc g  set. 

Since G H = , G U H.–  Therefore  ano l N C G- * -sc g   ano l N C U H- * -sc g –  U H .–  Now U H–y  

implies   ano l .N C G- * -sc gy   

Conversely, let Ux,y  and x y.  By hypothesis, there exists a ano openN - * -sc g  set G  such that Gx  and 

 ano l .y N C G- * -sc g  Let  ano l .   H U N C G- * -sc g–  Then G  and H  are two disjoint ano openN - * -sc g  sets 

such that Gx  and H .y  Therefore   R
U,T X  is a ano 2T Space.N - * -sc g -  

Proposition 3.16.  Every ano kT SpaceN - -   0,1,2k  is  ano kT Space.N - * -sc g -  
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Theorem 3.17.  If      : , ,f
R R

U T X V T Y/  is a bijective strongly ano openN - * -sc g  and U  is 

ano 0T Space,N - * -sc g -  then V  is also ano 0T Space.N - * -sc g -  

Proof .  Let p  and q be two distinct points of V. Since f is bijective there exist distinct points x  and y  of U  

such that  f x p  and   .f y q  Since U  is ano 0T Space,N - * -sc g -  there exists a ano s openN - * -c g  set G  such 

that Gx  and G.y  Therefore    p f x f  G  and    .q f y f  G  Since f being strongly ano s openN - * -c g  

function,  f G  is ano s openN - * -c g  in V. Thus, there exists a ano s openN - * -c g  set  f G  in V  such that 

 p f G  and   .q f G  Therefore  V  is ano 0s T Space.N - * - -c g  

Theorem 3.18.  The property being ano 1s T SpaceN - * - -c g  is preserved under bijection and strongly  

ano s openN - * -c g  function.  

Proof .  Let       : , ,f
R R

U T X V T Y/  be bijective and strongly ano s openN - * -c g  function. Let U  be a 

ano 1s T SpaceN - * - -c g  and p, q  be any two distinct points of V. Since f  is bijective, there exist distinct points 

x,y  of U  such that   xp= f  and  .yq= f  Now V  being a ano 1s T Space,N - * - -c g  there exist ano s openN - * -c g  

sets G  and H  such that xG,yG  and xH ,yH . Therefore    x f Gp= f  but    y f Gq= f  and 

   .x f Gp= f  Now f being strongly ano s open,N - * -c g  f G  and  f H  are ano s openN - * -c g  subsets of V  

such that  f Gp  but  f Gq  and  f Hq  while  .f Hp  Hence V.is ano 1s T Space.N - * - -c g  

4. Nano Semi C* Generalized Regular Spaces  

In this section, we introduce and study the concepts of ano s regularN - * -c g  and almost ano regularN - * -sc g  spaces 

via ano s openN - * -c g  sets  in ano Top Spaces.N - -  

Definition 4.1.   A ano Top SpaceN - -    R
U,T X  is called ano regularN -  space, if for each ano closed-N subset F  

of U  and each point U F,–x  there exist two disjoint ano openN -  sets G  and H  such that Gx  and F H .  

Definition 4.2.   A ano Top SpaceN - -    R
U,T X  is called ano s regularN - * -c g  space, if for any point Ux  and 

ano closed-N  F  of U  such that  F,x  there exist two disjoint ano s openN - * -c g  sets G  and H  such that Gx  

and F H .  

Theorem 4.3.  Every ano regularN -  space is ano s regular.N - * -c g  

Theorem 4.4. If      : , ,f
R R

U T X V T Y/  is ano s irresolute,N - * -c g   ano closedN -  injection and V  is 

ano s regularN - * -c g  space then  U  is ano s regularN - * -c g space.  

Proof .  Let K  be ano closedN -  set in U  and xK. Since f  is   injection, ano closedN -    f K  is ano closedN -  

set in V  such that    .f x f K  Now V  is ano regular,N - * -sc g  there exist disjoint ano openN - * -sc g  sets G  and 

H  such that  f x G  and  f K H , which implies  1x f G  and  1 . fK H  Since f  is 

ano irresolute,N - * -sc g   1f G  and  1f H  are disjoint ano openN - * -sc g  sets in U. Therefore U  is 

ano regularN - * -sc g space. 

Theorem 4.5.  If      : , ,f
R R

U T X V T Y/  is ano continuousN -  surjective, strongly  ano openN - * -sc g  

function and U  is ano regularN - * -sc g  space  then  V  is ano regularN - * -sc g space. 
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Proof .  Let K  be ano closedN -  set in V  and y K. Take  y f x  for some x U. Since f  is     ano continuousN -  

surjective,  1f K  is ano closedN -  set in U  such that  1 .x f K  Now U  is ano s regular,N - * -c g  there exist 

disjoint ano s openN - * -c g  sets G  and H  such that x G  and  1 f K H , That is     y f x f G  and 

 . fK H  Since f is strongly ano s openN - * -c g  function,  f G  and  f H  are disjoint ano s openN - * -c g  sets 

in V. Therefore V  is ano s regularN - * -c g space. 

Theorem 4.6. If      : , ,f
R R

U T X V T Y/  is ano s continuous,N - * -c g  ano closedN -  injection and  V  is ultra-

regular space then U  is ano s regularN - * -c g space. 

Proof .  Let K  be ano closedN -  set in U  and x K. Since f  is  ano closedN -  injection,  f K  is ano closedN -  set 

in V  such that    .f x f K  Now V  is  ultra-regular, there exist disjoint ano clopenN -  sets G  and H  such that 

 f x G  and  f K H , which implies  1x f G  and  1 . fK H  Since f  is ano s continuous,N - * -c g  

 1f G  and  1f H  are disjoint ano s openN - * -c g  sets in U. Therefore U  is ano s regularN - * -c g  space. 

Theorem 4.7.  If      : , ,f
R R

U T X V T Y/  is ano continuousN -  bijective, ano s openN - * -c g  function and U  is 

ano regularN -  space then  V  is ano s regularN - * -c g space. 

Proof .  Let K  be ano closedN -  set in V  and y K. Take  y f x  for some x U. Since f  is     ano continuousN -  

bijective,  1f K  is ano closedN -  set in U  such that  1 .x f K  Now U  is ano regularN -  space, there exist 

disjoint open sets G  and H  such that x G  and  1f  K H . That is     y f x f G  and  . fK H  Since f

is  ano openN - * -sc g  function,  f G  and  f H  are disjoint ano s openN - * -c g  sets in V. Therefore V  is 

ano s regularN - * -c g space. 

Theorem 4.8.  If      : , ,f
R R

U T X V T Y/  is ano continuousN -  bijective, contra ano s closedN - * -c g  function 

and U  is ultra-regular space then  V  is ano s regularN - * -c g space. 

Proof .  Let K  be ano closedN -  set in V  and y K. Take  y f x  for some x U. Since f  is     ano continuousN -

bijective,  1f K  is ano closedN -  set in U  such that  1 .x f K  Now U  is ultra- regular, there exist disjoint 

clopen sets G  and H  such that x G  and  1f  K H . That is     y f x f G  and  . fK H  Since f  is contra 

ano s closedN - * -c g  function,  f G  and  f H  are disjoint ano s openN - * -c g  sets in V. Therefore V  is 

ano regularN - * -sc g space. 

Theorem 4.9. If      : , ,f
R R

U T X V T Y/  is ano anos continuous, closed injectionN Nc g- * - -  and V  is

ano regularN -  space,  then  U  is ano s regularN - * -c g  space.    

Proof .  Let K  be ano closedN -  set in U  and x K. Since f  is   injection, ano closedN -    f K  is ano closedN -  

set in V  such that    .f x f K  Now V  is ano regular,N -  there exist disjoint ano openN -  sets G  and H  such that 

 f x G  and  f K H , which implies  1x f G  and  1 . fK H  Since f  is ano s continuous,N - * -c g  

 1f G  and  1f H  are disjoint ano s openN - * -c g  sets in U. Therefore U  is ano s regularN - * -c g space. 

Theorem 4.10.  If      : , ,f
R R

U T X V T Y/  is ano continuousN - bijective, ano s openN - * -c g  function and U  is 

ultra-regular space then  V  is ano s regularN - * -c g space. 

Proof .  Let K  be ano closedN -  set in V  and y K. Take  y f x  for some x U. Since f  is     ano continuousN -  

bijective,  1f K  is ano closedN -  set in U  such that  1 .x f K  Now U  is ultra regular, there exist disjoint 
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clopen sets G  and H  such that x G  and  1 f K H , That is     y f x f G  and  . fK H  Since f is  

ano s openN - * -c g  function,  f G  and  f H  are disjoint ano s openN - * -c g  sets in V. Therefore V  is 

ano s regularN - * -c g space. 

Theorem 4.11.  If      : , ,f
R R

U T X V T Y/  is ano continuousN - surjective, strongly ano s openN - * -c g  

function and U  is ultra-regular space then  V   is ano s regularN - * -c g space. 

Proof .  Let K  be ano closedN -  set in V  and y K. Take  y f x  for some x U. Since f  is     ano continuousN -  

surjective,  1f K  is ano closedN -  set in U  such that  1 .x f K  Now U  is ultra- regular, there exist disjoint 

clopen sets G  and H  such that x G  and  1 f K H , We know that every  ano openN -  set is ano s open.N - * -c g  

That is     y f x f G  and  . fK H  Since f is  strongly ano s openN - * -c g  function,  f G  and  f H  are 

disjoint ano s openN - * -c g  sets in V. Therefore V  is ano s regularN - * -c g space. 

Theorem 4.12.  Let   ,
R

U T X  be any ano Top Space.N - -  Then the following statements are equivalent: 

 i  U  is ano s regular.N - * -c g  

 ii  For every point x U  and ano openN - G containing x  there exists ano s openN - * -c g  set H  such that x H

 ano Cl N H G.sc g- * -  

 iii  For every ano closedN - F,      ano anos Cl : and s O , . 
R

F = N G F G G N U T Xc g c g- * - - * -   

 iv  For every set K  and a ano openN -  set L  such that ,K L   there exists ano s openN - * -c g O  such that 

 K O  and  ano s Cl N O L.- * -c g  

 v  For every nonempty set K  and  ano closedN -  L  such that , K L  there exists disjoint ano s openN - * -c g  

sets S  and P such that K S  and L P. 

Proof .    i ii .  Let G  be a ano openN - G  set containing .x  Then U G–  is ano closedN -  set not containing .x  

Since U  is ano s regular,N - * -c g  there exists ano s openN - * -c g sets S  and H  such that x H ,   SU G–  and 

. H S  This implies H U S.–  Therefore  ano s Cl N H- * -c g   ano s Cl N U S U S.- * - – –c g  because 

U S–  is ano s closed.N - * -c g  Hence it implies that  anox s Cl   H N H U S G.- * - –c g  That is  

 anox s Cl  H N H G.- * -c g  

   ii iii .  Let F  be a ano closedN -  set and x F. Then U F– is a ano openN -  containing .x  By  ii ,  there is 

a ano s openN - * -c g  set H  such that  anox s Cl  H N H U F.- * - –c g  Hence, 

 ano s Cl    F U N H U H .- * -– –c g  Consequently, U H–  is ano s closedN - * -c g  set not containing .x  Put 

 ano s Cl .   G U N H- * -– c g  This implies F G  and G  is ano s openN - * -c g  set of U  and 

 ,anox s ClN G- * -c g  implies      ano anos Cl : & s O , 
R

N G F G G N U T X- * - - * -c g c g  .F  But F  is 

ano closedN -  and every ano closedN -  set is ano s closed.N - * -c g  Therefore F  

     ano anos Cl : & s O , 
R

N G F G G N U T X- * - - * -c g c g  is always true. Thus F  

     ano anos Cl : & s O , . 
R

N G F G G N U T X- * - - * -c g c g   

   iii iv .  Let K L   and L  is ano open.N -  Let x K L. Then U L–  is a ano closedN -  set not containing 

.x  By  iii  there exists a ano s openN - * -c g  set G  of U  such that U L G–  and  ,anox s ClN G- * -c g  Put 
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  ,ano s Cl  O =U N G- * -– c g  then O  is ano s openN - * -c g  set of U,  x K O  and 

     ano ano anos Cl s Cl Hence s Cl   N O N U G U G L. N O L.c g c g c g- * - - * - - * -– –   

   iv v .  If , K L where K  is non empty and L  is ano closed,N -  then    K U L–  and U L–  is 

ano open.N -  Therefore by  iv , there exists ano openN - * -sc g  set S  such that K S   and 

 ano s Cl S N S U L.- * - –c g  Put    .ano s Cl  P =U N S- * -– c g  Then P  is ano s openN - * -c g  set of U, 

 SU L–  and  ano s Cl N U S P,- * - –c g  U S P.–  Hence L P. 

   v i .  Let F  be a ano closedN -  set such that x F. Then   .x F   By  v , there exist disjoint 

ano s openN - * -c g  sets  S  and P  such that   x S   and F P, and hence U  is ano s regular.N - * -c g   

Definition 4.13.   A ano Top SpaceN - -    R
U,T X  is called almost ano regularN -  space, if for every ano regularN -

closed set F  and ,Fx  there exist disjoint ano openN -  sets G  and H  such that Gx  and F H .  

Definition 4.14.   A ano Top SpaceN - -    R
U,T X  is called almost ano regularN - * -sc g  space, if for every 

ano regularN -  closed set F  and ,Fx  there exist disjoint ano s openN - * -c g   sets G  and H  such that Gx  and 

F H .  

Remark 4.15.  Every almost ano regularN -  space is almost ano s regularN - * -c g  and every ano s regularN - * -c g

space is almost ano s regular.N - * -c g  

Theorem 4.16.  Let   ,
R

U T X  be any ano Top Space.N - -  Then the following statements are equivalent:  

 i  U  is almost ano s regular.N - * -c g  

 ii  For every point x U  and ano regularN - open set H  with xH  there exists a ano s openN - * -c g  set G  such 

that x G  ano Cl N G H .sc g- * -  

 iii  For each ano regularN -  closed set F  of U,F =       ano anos Cl : & s O , . 
R

N G F G G N U T X- * - - * -c g c g   

 iv  For every ano subsetN -  A U  and each ano regularN -  open set H  with A H ,  there exists 

  ,ano s O
R

G N U T X- * -c g  such that A G    and  ano s Cl N G H .- * -c g  

 v  For every nonempty ano subsetN - A  of U  and  each ano regularN -  closed subset F  of U  with  , A F  

there exists   ,ano s O
R

G,H N U T X- * -c g  such that  ,A G   F H  and G H .  

Proof .    i ii .  Let H  be a ano regularN - open set in U  set containing .x  Then U Hx –  and U H– is a 

ano regularN -  closed set  in U. Thus by  i , there exist disjoint ano s openN - * -c g sets G  and K  such that G,x  

U H K.–  So,    ano anox s Cl s Cl  G N G N U K- * - - * - –c g c g  U K H–  

   ii iii . Let F  be a ano regularN -  closed in U  and U F.x –  Then by  ii ,  there exits 

  ,ano s O
R

G N U T X- * -c g  such that  anox s Cl  G N G U F.- * - –c g  So, 

      ,ano anos Cl say s O      R
F U N G H N U T Xc g c g- * - - * -–  and G H = . Then  anox s ClN H .- * -c g   

Therefore it follows that F =      ano anos Cl : & s O , . 
R

N H F H H N U T X- * - - * -c g c g  
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   iii iv .  Let A  be a ano subsetN - of U  and H  be a ano regularN -  open subset of U  such that  A H . Let 

A H .x  Then xU H .–  Hence by  iii ,  there exist   ,ano s O
R

W N U T X- * -c g  such that U H W–  and 

 .anox s ClN W- * -c g  Put   .ano s Cl  M =U N W- * -– c g  Then M  is ano s openN - * -c g  in U  and M .x  

Hence . A M  Now M U W ,–  so  ano s Cl  N M U W H .- * - –c g  

   iv v .  Let F  be a set as in the hypothesis of  v .  Then U F– is ano regularN -  open set in U  with 

   A U F–  and hence by  iv ,  there exists ano s openN - * -c g  set G  such that  A G  and 

 ano s Cl N G U F.- * - –c g  If we put   ,ano s Cl  H =U N G- * -– c g  then H  is ano s open,N - * -c g F H  and 

G H = . 

   v i .  Let F  be a ano regularN - closed set in U  set not containing .x  Then  F x = . Then by   v ,  there 

exist ano s openN - * -c g  sets G  and H  such that G,x F H  and G H = . 

5. Nano Semi C* Generalized Normal Spaces  

In this section, we introduce and study the concepts of ano s normalN - * -c g  spaces, almost ano s normalN - * -c g  

spaces and mildly ano openN - * -sc g  spaces via ano s openN - * -c g  sets in ano Top Spaces.N - -  

Definition 5.1.  A ano Top SpaceN - -    R
U,T X  is called ano noraml-N  space if for any two disjoint ano closed-N  

sets E  and F, there exist two disjoint ano openN -  sets  G  and H  such that E G  and F H .  

Definition 5.2.  A ano Top SpaceN - -    R
U,T X  is called ano noramlN - * -sc g  space, if for any two disjoint 

ano closed-N  sets E  and F, there exist two disjoint ano s openN - * -c g  sets G  and H  such that E G  and F H .  

Theorem 5.3.  Every ano noraml-N  space is ano s noramlN - * -c g  space. 

Proof .  Proof follows from the fact that every ano openN - set is ano s open.N - * -c g  

Theorem 5.4.  Let      : , ,f
R R

U T X V T Y/  be ano continuous,-N  bijective, ano s openN - * -c g function from 

a  ano normal-N  space   ,
R

U T X  onto a ano Top SpaceN - -    , ./
R

V T Y  Then   , /
R

V T Y  is ano s noraml.N - * -c g  

 Proof .  Let E  and F  be disjoint ano closed-N sets in V. Since f  is ano continuous-N  bijective,  1f E and 

 1f F are disjoint ano closed-N sets in U. Now U  is a ano normal-N  space, there exist disjoint ano openN -  sets 

G  and H  such that  1f  E G  and   1f  F H . That is   fE G  and    fF H .Since f  is ano s openN - * -c g  

function.  f ,G   f H  are ano openN - * -sc g  sets in V  and f  is injective,       f f f . G H  Therefore 

V  is a ano s noramlN - * -c g  space. 

Theorem 5.5.  Let      : , ,f
R R

U T X V T Y/  be ano s continuous,N - * -c g  ano closed-N  injection  and 

  , /
R

V T Y  is a ano normal-N  space. Then   R
U,T X  is ano s noraml.N - * -c g   

 Proof .  Let E  and F  be disjoint ano closed-N sets in U. Since f is ano closed-N  injection,  f E  and  f F  

are disjoint ano closed-N  sets in V. Now V  is a ano normal-N  space, there exist disjoint ano openN -  sets G  and 

H  such that  f E G  and  f F H . That is  1 fE G  and   1 fF H . Since f  is ano s continuousN - * -c g  

function,  1f ,G   1f H  are ano s openN - * -c g  sets in U. Further      1 1 1   f f f . G H  Therefore U  is 

a ano s noramlN - * -c g  space. 
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Theorem 5.6.  Let      : , ,f
R R

U T X V T Y/
 be ano s irresolute,N - * -c g  ano closed-N  injection  and  

  , /
R

V T Y  is a ano s noraml.N - * -c g  Then   R
U,T X  is ano s noraml.N - * -c g   

 Proof .  Let E  and F  be disjoint ano closed-N  sets in U. Since f  is ano closed-N  injection,  f E  and  f F  

are disjoint ano closed-N  sets in V. Now V  is a ano s noramlN - * -c g  space, there exist disjoint ano s openN - * -c g  

sets G  and H  such that  f E G  and  f F H . That is  1 fE G  and   1 fF H . Since f  is 

ano s irresolute,N - * -c g   1f ,G   1f H  are ano s openN - * -c g  sets in U. Further      1 1 1   f f f . G H  

Therefore U  is a ano s noramlN - * -c g  space. 

Theorem 5.7.  Let      : , ,f
R R

U T X V T Y/  be ano s continuousN - * -c g  bijective, strongly ano s openN - * -c g  

function  and   R
U,T X   is ano s noraml.N - * -c g  Then   , /

R
V T Y  is also ano s noraml.N - * -c g  

Proof .  Let E  and F  be disjoint ano closed-N sets in V. Since f  is ano continuous-N  bijective,  1f E and 

 1f F  are disjoint ano closed-N sets in U. Now U  is a ano normal-N  space, there exist disjoint 

ano s openN - * -c g  sets G  and H  such that  1f  E G  and   1f  F H . That is   fE G  and    fF H . Since 

f  is strongly ano s openN - * -c g  function.  f ,G   f H  are ano s openN - * -c g  sets in V  and f  is injective, 

      f f f . G H  Therefore V  is a ano s noramlN - * -c g  space. 

Theorem 5.8. Let   R
U,T X  be a ano Top Space.- -N  Then the following statements are equivalent. 

 i U  is ano s noraml.N - * -c g  

 ii  For each ano closed-N  set A  and for each ano openN -  set G  containing A , there exists a ano s openN - * -c g  

set S  containing A  such that  ano l SN C G.- * -sc g  

 iii  For each pair of disjoint ano closed-N  sets A  and B  there exists a ano s openN - * -c g  set G  containing A  

such that  ano s l   N C G B = .- * -c g  

Proof .     i ii :  Let A  be a ano closed-N  set and G  be a ano openN -  set containing A. Then   .–A U G  

Thus A  and –U G  are ano closed-N  sets in U. Since U  is ano s noraml,N - * -c g  there exist disjoint 

ano s openN - * -c g  sets S  and H  such that A S, –U G H  that is –U H G. Now S H = implies 

 –S U H . Hence    ano anos l s l N C S N C U H U H ,- * - - * - – –c g c g  because –U H  is ano closedN - * -sc g  set. 

Thus,  ano s l   A S N C S U H G.- * - –c g  That is  ano s l N C S G.- * -c g  

   ii iii : Let A  and B  be disjoint ano closed-N  sets in U. Then   –A U B  and –U B  is ano openN - set 

containing A. By  ii ,  there exists a ano s openN - * -c g set G  such that A G  and  ano s l   N C G U B,- * - –c g  

which implies   .ano s l   N C G B =- * -c g  

   iii i :  Let A  and B  be disjoint ano closed-N  sets in U. By  iii , there exists a ano openN - * -sc g set G  such 

that A G  and  ano s l   N C G B =- * -c g  or   .ano s l   B U N C G- * -– c g  Put   .ano s l  H =U N C G- * -– c g  

Now G and H  are disjoint ano s openN - * -c g sets of U  such that A G and .B H  Hence U  is 

ano s noraml.N - * -c g  

Theorem 5.9.  Let   R
U,T X  be a ano Top Space.- -N  Then the following statements are equivalent: 
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 i U  is ano s noraml.N - * -c g  

 ii  For any two  ano s openN - * -c g  sets G  and H  such that ,UG H  there exist ano s closedN - * -c g sets A  and 

B such that A G and B H  and A B =U. 

Proof .     i ii :  Let G and H  be two ano s openN - * -c g sets in U  such that G H =U. Then c
G and c

H  are 

disjoint ano s closedN - * -c g  sets. Since U  is ano s noraml,N - * -c g  then there exist disjoint ano s openN - * -c g  sets 

P  and Q  such that c PG  and .c QH  Put c
A =P and .c

B =Q  Then A  and B  are ano s closedN - * -c g subsets 

of G  and H respectively such that A B =U. 

   ii i :  Let A  and B  be disjoint ano s closedN - * -c g  sets in U. Then c
A  and c

B are ano s openN - * -c g  sets such 

that c c
A B U.By  ii ,  there exists ano s closedN - * -c g  sets E and F such that , c

E A  c
F B  and E F =U. 

Then c
G =E  and c

H =F  are disjoint ano s openN - * -c g  sets containing A  and B  respectively. Therefore U  is 

ano s noraml.N - * -c g  

Definition 5.10.  A ano Top SpaceN - -    R
U,T X  is said to be almost ano s noramlN - * -c g  if for each 

ano s closedN - * -c g  A  and ano regular-N  closed B  such that ,A B  there exist disjoint ano s openN - * -c g  sets 

G  and H  such that A G  and B H . 

Theorem 5.11.  Let   R
U,T X  be a ano Top Space.- -N  Then the following statements are equivalent: 

 i U  is almost ano s noraml.N - * -c g  

 ii  For each ano s openN - * -c g  set G  and for each ano regular-N  open set H  such that G H =U, there exist 

ano s closedN - * -c g  sets A  and B  such that A G  and B H  and A B U. 

 iii  For every ano s closedN - * -c g  set A  and ano regular-N  open set G  containing A , there exists a 

ano s openN - * -c g  set H  such that   .ano s l     A H N C H G- * -c g  

Proof .     i ii :  Let  G  be a ano s openN - * -c g set and H  be a ano regular-N open set in U  such that G H =U. 

Put –A =U G  and –B =U H . Then A  is a ano s closedN - * -c g  set and B  is a ano regular-N  closed set in U  such 

that A B = . Since U  is almost ano s noraml,N - * -c g  there exist disjoint ano openN - * -sc g  sets P  and Q  such 

that A P  and B Q.  Put –E =U P  and –F =U Q. Then E  and F  are ano closedN - * -sc g  sets such that 

E G  and F H  and E F U. 

   ii iii :  Let A  be ano s closedN - * -c g  set and G  be a ano regular-N  open set containing A. Then –U A  and 

G  are ano s openN - * -c g  set and ano regular-N  open set respectively such that   –U A G U. Then by  ii ,  

there exist ano s closedN - * -c g  sets P  and Q  such that   –P U A  and Q G  and P Q U. Then  –A U P

and – –U G U Q  and     . – –U P U Q  Put –E =U P  and –F =U Q. Then E  and F  are disjoint 

ano s openN - * -c g  sets in U  such that   –A U P =E Q G. Thus we obtain 

   ano anos l s l  A E N C E N C Q- * - - * -c g c g . Q G  

   iii i :  Let A  be a ano s closedN - * -c g  set and B  be a ano regular-N closed set in U  such that .A B  Put 

–G=U B. Then .B G We have A G  where G  is a ano regular-N open set. Then by  iii ,  there exists a 

ano s openN - * -c g  set H  of U  such that  ano s l .  A H N C H G- * -c g  Put   .ano s l  M =U N C H- * -– c g  Then 
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M  is a ano s openN - * -c g set and .H M  Hence A and B  are separated by ano s openN - * -c g sets H  and M .

Therefore U  is ano s noraml.N - * -c g  

Definition 5.12.  A ano Top SpaceN - -   R
U,T X  is said to be ano s UrysohnN - * -c g  if for each pair of distinct 

points , U,x y  there exist ano openN - * -sc g  sets G  and H  such that G,x  Hy  and 

   ano anos Cl s Cl .        N G N G- * - - * -c g c g   

Theorem 5.13.  Let      : , ,
R R

U T X V T Y /
 be a quasi ano s irresoluteN - * -c g  and injective mapping, where 

V  is ano s Urysohn.N - * -c g  Then   R
U,T X  is ano 2s T .N - * -c g  

Proof .  Let p  and q  be any two distinct points of .U  Since   is injective,    p q .   Again since V  is 

ano s Urysohn,N - * -c g  there exist ano s openN - * -c g sets K  and L  in V  such that  K,p   Lq  and 

   ano anos Cl s Cl .        N K N L- * - - * -c g c g  Again since   is quasi ano s irresolute,N - * -c g  there exist 

ano s openN - * -c g  sets P  and Q  in U  containing p  and q  respectively such that    ano s Cl P N K- * -c g  

and    ano s Cl . Q N L- * -c g  Hence      P Q     ano anos Cl s Cl .N K N L- * - - * -c g c g  Thus 

    P Q    and so P Q .  Therefore   R
U,T X  is ano 2s T .N - * -c g  

Theorem 5.14.  Let the function      : , ,
R R

U T X V T Y /  be ano s openN - * -c g  and bijective, where 

  R
U,T X  is ano s Urysohn.N - * -c g  Then   ,

R
V T Y/  is ano s Urysohn.N - * -c g  

Proof .  Let p  and q  be any two distinct points of .V  Since  is bijective, there exist Ua,b  with a b,  

  a p  and   b q.  Since   R
U,T X  is ano s Urysohn,N - * -c g  there exist ano s openN - * -c g  sets G  and H  

in U  such that G,a  Hb  and    ano anos Cl s Cl .        N G N H- * - - * -c g c g  But the ano s open nessN - * - -c g  

of  ensures that       ano anos Cl s Cl  U N G V N G- * - - * -– –c g c g  and    ano s Cl U N H- * -– c g  

  ano s ClV N H- * -– c g  are ano s openN - * -c g  sets and so   ano s Cl N G- * -c g  and   ano s Cl N H- * -c g  

are ano s closedN - * -c g  in   , .
R

V T Y/  Now 

        

        

ano ano ano ano

ano ano ano ano

s Cl s Cl s Cl s Cl

s Cl s Cl s Cl s Cl .

             

       

N G N H N N G

N N H N G N H

c g c g c g c g

c g c g c g c g

- * - - * - - * - - * -

- * - - * - - * - - * -
 

Also, since   is ano s open,N - * -c g   G  and   H  are  ano s openN - * -c g  sets in V  containing p  and q  

respectively. Thus   ,
R

V T Y/  is ano s Urysohn.N - * -c g  

Theorem 5.15.  A function      : , ,f 
R R

U T X V T Y/  is strongly ano s closedN - * -c g if and only if for each 

subset B  of V  and for each ano s openN - * -c g M  in U  containing  1f ,
B there exists a ano s openN - * -c g set H  

containing B  such that  1f  H M . 

Proof .  Suppose that f is strongly ano s closed.N - * -c g  Let B  be a subset of V  and 

  ,ano s O
R

M N U T X- * -c g  containing  1f .
B  Put  f ,H =V U M– –  then H  is a ano s openN - * -c g  set of  

V  such that B H  and  1f  H M . 
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Conversely, let K  be any ano s closedN - * -c g  set of U. Then  1f f    V K U K– –  and 

  , .ano s O
R

U K N U T X- * -– c g  There exists a ano s openN - * -c g  set H  of V  such that  f V K H–  and 

 1f  H U K.–  Therefore, we have  f K V H–  and  1f .K V H–  Hence, we obtain  f K V H–  and 

 f K  is ano s closedN - * -c g  in V. This shows that f  is strongly ano s closed.N - * -c g  

Theorem 5.16.  If      : , ,f 
R R

U T X V T Y/
 is a strongly ano s closedN - * -c g  continuous function from a 

ano s normalN - * -c g  space U  onto a space V, then V is ano normal.N - * -sc g  

Proof .  Let H  and K  be disjoint ano closedN -  sets in V. Then  1f 
H  and  1f 

K  are ano closedN -  sets. Since 

U  is ano s normal,N - * -c g  then there exist disjoint ano s openN - * -c g  sets M  and L  such that  1f  H M  and 

 1f  K L. By Theorem 5.15,  there exist ano s openN - * -c g  sets A  and B  such that H A, K B, 

 1f  A M  and  1f  B L. Also, A  and B  are disjoint. Thus, V  is ano s normal.N - * -c g  

Definition 5.17.  A function      : , ,f 
R R

U T X V T Y/  is called  almost ano s irresoluteN - * -c g  if for each x  in 

U  and each ano s neighbourhoodN - * -c g  M  of  f x ,  1

ano s Cl f   N M- * -c g  is a ano s neighbourhoodN - * -c g  of 

x.  

Lemma 5.18.  For a function      : , , ,f 
R R

U T X V T Y/  the following statements are equivalent: 

 i f  is almost ano s irresoluteN - * -c g . 

      1 1

ano anoii f s Int s Cl f  
 

H N N H- * - - * -c g c g  for every   , .ano s O
R

H N V T Y- * - /c g  

Theorem 5.19.  A function      : , ,f 
R R

U T X V T Y/  is almost ano s irresoluteN - * -c g  if and only if 

   ano anof s Cl s Cl f       N M N M- * - - * -c g c g  for every   , .ano s O
R

M N U T X- * -c g  

Proof .  Let   , .ano s O
R

M N U T X- * -c g  Suppose   .anoy s Cl f M   N - * -c g  Then there exists 

   , ;ano s O y
R

H N V T Y- * - /c g  such that  f . H M  Hence,  1f  H M = . Since 

  , ,
R

M N U T X- * -sc gano O  So,     1

ano ano anos In s Cl f s Cl .   
 

N N H N Mc g c g c g- * - - * - - * -  

 Then by Lemma 5.18,    1

anof s Cl    H N M =- * -c g  and hence  anof s Cl  H N M- * -c g .=  This 

implies that  anoy f s Cl .   N M- * -c g  

Conversely if   , ,ano s O
R

H N V T Y- * - /c g  then  1

ano s Cl f      
P =U N H- * -– c g  

  , .ano s O
R

N U T X- * -c g  By assumption,    ano anof s Cl s Cl f and       N P N P- * - - * -c g c g  

   1

ano anoso, s Int s Cl f   
 

U N N H- * - - * -– c g c g  ano s Cl N P- * -c g   1

anof s Cl f  
 N P- * -c g

   1 1

anof s Cl f f   
 
N U H- * - –c g    1 1

anof Cl f    N V H V H- * - – –sc g  1f .
U H–

Therefore, it follows that      1 1

ano anof s Int s Cl f .  
 

H N N H- * - - * -c g c g  By Lemma 5.18, f  is almost 

ano s irresolute.N - * -c g  
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Theorem 5.20.  If      : , ,f 
R R

U T X V T Y/
 is a strongly  ano s openN - * -c g  continuous almost 

ano s irresoluteN - * -c g  function from a ano normalN - * -sc g  space U  onto a space V, then V  is ano normal.N - * -sc g  

Proof .  Let A  be a ano closedN -  subset of V  and B  be a ano openN -  set containing A. Then by continuity of f ,  

 1f 
A  is ano closedN -  and  1f 

B  is a ano openN -  set of U  such that    1 1f f . A B  As U  is 

ano s normal,N - * -c g  there exists a ano s openN - * -c g  set M  in U  such that 

     1 1

anof s Cl f   A M N M B- * -c g  by Theorem  5.7. Then,    1f f f    A M  

   1

anof s Cl f f .      N M B- * -c g  Since f  is strongly ano s openN - * -c g  almost ano s irresoluteN - * -c g  

surjection, we obtain     anof s Cl f .  A M N M B- * -c g  Then by Theorem 5.7, the space V  is 

ano s normal.N - * -c g  

Definition 5.21.  A function      : , ,f 
R R

U T X V T Y/   is  called 

 i  ano mapN R- -  if  1f 
H  is ano regular openN - -  in U  for every ano regular openN - -  set H  of V. 

 ii  completely ano continuousN -  if  1f 
H  is ano regular openN - -  in U  for every ano openN -  set H  of V. 

 iii  quasi ano s closedN - * -c g  if  f A is ano closedN -  in V  for each   ano C , .
R

A N U T X- * -sc g  

Theorem 5.22.  If      : , ,f 
R R

U T X V T Y/  is a  ano continuousN -  strongly ano s openN - * -c g  ano mapN R- -  

and almost ano s irresoluteN - * -c g surjection from an almost ano normalN - * -sc g  space U  onto a space V, then V  

is almost ano s normal.N - * -c g  

Proof .  Similar to Theorem 5.20. 

Corollary 5.23.  If      : , ,f 
R R

U T X V T Y/  is a completely  ano continuousN -  strongly ano s openN - * -c g  and  

almost ano s irresoluteN - * -c g  surjection from an almost ano s normalN - * -c g  space U  onto a space V, then V  is 

almost ano s normal.N - * -c g  

Definition 5.24.  A ano Top SpaceN - -   ,
R

U T X  is said to be mildly ano s normalN - * -c g  if for every pair of 

disjoint regular closed sets A  and B  of U, there exist disjoint ano s openN - * -c g  sets M  and H  such that A M  

and B H . 

Remark 5.25.  The following diagram holds for a ano Top SpaceN - -   , :
R

U T X  

ano ano

ano

s normal almost s normal

mildly normal

 N N

N

- * - - * -

- * -

c g c g

sc g
 

Theorem 5.26.  Let   R
U,T X  be a ano Top Space.- -N  Then the following statements are equivalent: 

 i  U  is mildly ano s noraml.N - * -c g  

 ii  For every pair of  ano regular openN - -  sets G  and H , whose union is U, there exist ano s closedN - * -c g  sets 

A  and B  such that  A G  and B H  and A B U. 
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 iii  For any ano regular closedN - -  set A  and every ano regular openN - -  set B  containing A , there exists a 

ano s openN - * -c g  set H  such that   .ano s Cl     A H N H B- * -c g  

 iv  For every pair of disjoint ano regular closedN - - sets A and B, there exist  ano s openN - * -c g sets G  and H  

such that A G  and B H  and    ano anos Cl s Cl        N G N H .- * - - * -c g c g  

Proof .  Similar to Theorem 5.11. 

Theorem 5.27.  If      : , ,f 
R R

U T X V T Y/  is a  strongly ano s openN - * -c g  ano mapN R- -  and almost 

ano s irresoluteN - * -c g  function from a mildly ano normalN - * -sc g  space U  onto a space V, then V  is mildly 

ano s normal.N - * -c g  

Proof .  Let A  be ano regular closedN - -  set and B  be a ano regular openN - -  set containing  A. Then by 

ano mapN R- -  of ,f   1f 
A  is a ano regular closedN - -  set contained in the ano regular openN - -  set  1 .f 

B  Since 

U  is mildly ano s normal,N - * -c g  there exists a ano s openN - * -c g  set H  such that 

     1 1

anof s Cl f   A H N H B- * -c g  by Theorem 5.25.  As f  is strongly ano openN - * -sc g  and an almost 

ano s irresoluteN - * -c g  surjection, it follows that     ,anof s O
R

H N V T Y- * - /c g  and 

   anof s Cl f     A H N H B.- * -c g  Hence V  is mildly ano s normal.N - * -c g  

Theorem 5.28.  If      : , ,f 
R R

U T X V T Y/  is ano map,N R- -  strongly ano s closedN - * -c g  function from a 

mildly ano s normalN - * -c g  space U  onto a space V, then V  is mildly ano s normal.N - * -c g   

Proof .  Similar to Theorem 5.20. 

Theorem 5.29.  Let      : , ,f 
R R

U T X V T Y/  be ano continuousN -  quasi ano s closedN - * -c g  surjection and U  

is ano s normal,N - * -c g  then V  is ano normal.N -   

Proof .  Let G and H be any disjoint ano closedN -  sets of V. Since f is ano continuous,N -   1f 
G  and  1f 

H  

are disjoint ano closedN - sets of U. Since U  is ano s normal,N - * -c g  there exist disjoint 

  ano s O ,
R

K,L N U T X- * -c g  such that  1f  G K  and  1f  H L. Put  fP =V U K– –  and 

 f ,Q =V U L– –  then P  and Q  are ano openN - sets in V, G P, H Q,  1f  P K  and  1f  Q L. Since 

K L =  and f is surjective; we have .P Q =  This shows that V  is ano normal.N -  

Theorem 5.30.  Let      : , ,f 
R R

U T X V T Y/  be a ano closedN -  ano s irresoluteN - * -c g  injection and V  is 

ano s normal,N - * -c g  then U  is ano s normal.N - * -c g  

Proof .  Let P  and Q  be any disjoint ano closedN -  sets of U. Since f is ano closedN -  injection,  f P  and  f Q  

are disjoint ano closedN -  sets of V. Since V  is ano s normal,N - * -c g  there exist disjoint 

  ano s O ,
R

G,H N V T Y- * - /c g  such that  f P G  and  f Q H . Since f is ano s irresolute,N - * -c g  1f 
G  

and  1f 
H  are ano s openN - * -c g sets of U. We also have  1f P G  and  1f Q H  as well as 

   1 1f f .  G H  This shows that U  is ano s normal.N - * -c g  
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Lemma 5.31.  A function      : , ,f 
R R

U T X V T Y/
 is almost ano s closedN - * -c g  if and only if for each subset 

B  of V  and each   ano O ,
R

M N R U T X- -  containing  1f ,
B  there exists a ano s openN - * -c g  set H  of V  

such that B H  and  1f  H M . 

Theorem 5.32.  Let      : , ,f 
R R

U T X V T Y/
 be a ano continuousN -  almost ano s closedN - * -c g  surjection.  If 

U  is ano normal,N -  then V  is ano s normal.N - * -c g  

Proof .  Let P  and Q  be any disjoint, ano closedN -  sets of V. Since f  is ano continuous,N -  1f 
P  and  1f 

Q  

are disjoint ano closedN -  sets of U. Since U  is ano normal,N -  there exist disjoint ano openN -  sets K  and L  such 

that   1f  P K  and  1f  Q L. Now put  ano anoInt Cl  G=N N K- -  and  ano anoInt Cl .  H =N N L- -  Then 

  ano O , ,
R

G,H N R U T X- -  1f   P K G,  1f   Q L H and G H = . By Lemma 5.30, there exists  

ano s openN - * -c g sets A  and B  of V  such that  P A, Q B,  1f   A K G  and  1f   B L H . Since 

G H =  and f is surjective.  We have A B = . This shows that V  is ano s normal.N - * -c g  

 

 

6. Nano Semi C* Generalized Compactness  

Definition 6.1.  A  collection   : i i JK  of ano s openN - * -c g  sets in ano Top SpaceN - -   R
U,T X  is called 

ano s openN - * -c g  cover of a subset L  of   ,R
U,T X  if  : . i i JL K  

Definition 6.2.  A ano Top SpaceN - -   R
U,T X  is called ano s compactN - * -c g  if every ano s openN - * -c g  cover of 

U  has a finite subcover. 

Definition 6.3.  A subset L  of ano Top SpaceN - -   R
U,T X  is called ano s compactN - * -c g  relative to U  if for 

every collection  : i i JK of ano s openN - * -c g  subsets of U  such that  : , i i JL K  there exists a finite 

subset 0J  of J such that  0: . i i JL K  

Definition 6.4.  A subset L  of ano Top SpaceN - -   R
U,T X  is called ano s compactN - * -c g if L  is 

ano s compactN - * -c g as a subspace of U. 

Theorem 6.5.  Every ano s compactN - * -c g space is ano compactN - space. 

Proof .  Assume that   R
U,T X  is a ano s compactN - * -c g  space. Let  i I  K :i  be a ano openN -  cover of U. 

Since every ano openN - set is ano s open.N - * -c g  Hence   is a ano s openN - * -c g  cover of U. By hypothesis,   

has a finite sub covering  * i  K :i=1,2,...,n  of U. Hence   R
U,T X  is ano compact.N -  

Theorem 6.6.  Every ano s closedN - * -c g  subset of ano compactN - * -sc g  space is ano compactN - * -sc g  relative to 

U. 

Proof .  Let U  be ano compactN - * -sc g  space and K  be ano s closedN - * -c g  subset of U. Then U K–  is 

ano s openN - * -c g set in U. Let  : i i JS K  be ano s openN - * -c g  cover of K  by ano s openN - * -c g subsets of U. 

Then  *
S =S U K–  is a ano s openN - * -c g  cover of U. Since U   is ano s compact,N - * -c g  *

S  is reducible to a 

https://jamsjournal.org/JAMS
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finite subcover of U  say   
2

... , 
i n ki i i iU =K K K U K K S.–  But K  and U K–  are disjoint. Hence  

2
... , 

i n ki i i iK K K K K S. This implies that any ano s openN - * -c g  cover S  of K   contains a finite subcover. 

Therefore K  is ano s compactN - * -c g  relative to U. 

Theorem 6.7.  If      : , ,f
R R

U T X V T Y/
 is surjective, ano s continuousN - * -c g  function and U  is 

ano s compactN - * -c g  then V  is ano compact.N -  

Proof .  Let      : , ,f
R R

U T X V T Y/
 be surjective, ano s continuousN - * -c g  from ano s compactN - * -c g  space  

  ,
R

U T X  to  ano Top SpaceN - -    , .
R

V T Y/  Let   : i i JK  be ano openN -  cover of V. Since f  is 

ano s continuous,N - * -c g    1 : if i JK  is ano s openN - * -c g  cover of U. Since U  is ano s compactN - * -c g  implies  

ano openN - * -sc g  cover   1 : if i JK  has a finite subcover say       1 1 1

1 2, ,..., .  

nf f fK K K  Since f  is 

surjective   1 2, ,..., nK K K  is a ano openN -  cover of V, which is finite. Hence V  is ano compact.N -  

Theorem 6.8.  If      : , ,f
R R

U T X V T Y/  is  ano s irresoluteN - * -c g  and a subset L  of U  is 

ano s compactN - * -c g  subset relative to U, then the image  f L   is ano s compactN - * -c g relative to V. 

Proof .  Let  : i i JK  be any collection of ano s openN - * -c g  subsets of V  such that    : . if i JL K  Then 

  1 : if i JL K  where   1 : if i JK  is family of ano s openN - * -c g  sets in U. Since L  is 

ano s compactN - * -c g  relative to U, the ano s openN - * -c g  cover   1 : if i JK  of U  has a finite subcover say 

  1

0: , if i JK  where 0J  is a finite subset of J  such that   1

0: . if i JL K  Thus    0: . if i JL K  

Hence  f L  is ano s compactN - * -c g  relative to V. 

Theorem6.9.  A ano Top SpaceN - -    ,
R

U T X  Is ano s compactN - * -c g if and only if every family of

ano s closedN - * -c g  sets of   ,
R

U T X  having finite intersection property has a non-empty intersection. 

Proof .  Suppose   ,
R

U T X  is ano s compact.N - * -c g  Let  :i i I  G  be a family of ano closedN - * -sc g  sets of 

  ,
R

U T X  with finite intersection property. Suppose .ii I



G  Then .ii I

U G U–  This implies 

  .ii I
 U G U  Thus the cover  :i i I  U G–  is a ano s openN - * -c g  cover of   , .

R
U T X  Since   ,

R
U T X  

is ano s compact.N - * -c g  Therefore the ano s openN - * -c g  cover   has a finite subcover say 

 : 1,2,..., .i i n  U G–  This implies  
1

n

ii
U U G–  which implies 

1

n

ii
U U G–  which implies 

1
.

n

ii



G  

This contradicts the assumption. Hence .ii I



G    

Conversely, suppose   ,
R

U T X  is not ano s compact.N - * -c g  Then there exists a  ano s openN - * -c g  cover of 

  ,
R

U T X  say  :i i I H having no finite subcover. This implies for any finite subfamily 

 : 1,2,...,n i i n  H  of ,  we have 
1

,
n

ii
H U  which implies  

1
.

n

ii



 U H  Then the family 

 :i i I U H–  of ano closedN - * -sc g  has a finite intersection property. Also, by assumption  ii I



U H–  

which implies  ii I



U H–  so that .ii I

H U  This implies  :i i I H  is not a cover for   , .
R

U T X  

This contradicts the fact that  :i i I H is a cover for   , .
R

U T X  Therefore any ano s openN - * -c g  cover 

 :i i I H  of   ,
R

U T X  has a finite subcover  : 1,2,..., .n i i n  H  Hence   ,
R

U T X  Is 

ano compact.N - * -sc g  
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Definition 6.10.  A ano Top SpaceN - -    R
U,T X  is aid to be ano LindelofN -  space if every ano openN - cover of 

  ,
R

U T X  has a countable subcover.  

Definition 6.11.  A ano Top SpaceN - -    R
U,T X  is aid to be ano s LindelofN - * -c g  space if every 

ano s openN - * -c g cover of   ,
R

U T X  has a countable subcover. 

Theorem6.12.  Every ano s compactN - * -c g  space   ,
R

U T X  Is ano s LindelofN - * -c g  space. 

Proof .  Let   R
U,T X  be ano s compactN - * -c g  space. Let  :i i IG  be a ano openN - * -sc g  cover of 

  .R
U,T X  Then  :i i IG  has a finite subcover  : 1,2,..., ,i i nG  since   R

U,T X  is ano s compact.N - * -c g  

Since every finite subcover is always a countable subcover and therefore,  : 1,2,...,i i nG  is countable subcover 

of  :i i IG  for   .R
U,T X  Hence   R

U,T X  is ano s LindelofN - * -c g  space. 

Theorem6.13.  If      : , ,f
R R

U T X V T Y/  is surjective ano s continuousN - * -c g function and U  is  

ano s LindelofN - * -c g  space, then  V  is ano LindelofN -  space. 

Proof .  Let      : , ,f
R R

U T X V T Y/  be a ano s continuousN - * -c g  map from a ano s LindelofN - * -c g  space 

  R
U,T X  onto a ano Top SpaceN - -    , .

R
V T Y/  Let  :i i IH  be a ano openN -  cover of   , ,

R
V T Y/   then 

  1 :if i I H  is a ano openN - * -sc g  cover of   , ,
R

U T X  since f  is ano continuous.N - * -sc g  As   ,
R

U T X  

is ano Lindelof ,N - * -sc g  the ano openN - * -sc g  cover   1 :if i I H  of   ,
R

U T X  has a countable subcover 

  1

0:if i I H  for some countable subset 0I  of .I  Therefore   
0

1

ii I
f 


U = H  which implies  

 
0

.ii I
f


U V = H  Consequently  0:i i IH  is a countable subcover of  :i i IH  for   , .

R
V T Y/  Hence 

  ,
R

V T Y/  is ano LindelofN -  space. 

Definition 6.14.  A ano Top SpaceN - -    R
U,T X  is called countably ano compactN - * -sc g  if every countable 

ano openN - * -sc g  of cover of U  has a finite subcover. 

Theorem6.15.  If a ano Top SpaceN - -    ,
R

U T X  is ano LindelofN - * -sc g  and countably ano compactN - * -sc g  

space, then   ,
R

U T X  is ano compact.N - * -sc g  

Proof .  Suppose   ,
R

U T X  is ano LindelofN - * -sc g  and countably ano compactN - * -sc g  space. Let  :i i IG  

be a ano openN - * -sc g cover of   , .
R

U T X  Since   ,
R

U T X  Is ano Lindelof .N - * -sc g  Therefore  :i i IG  has 

a countable subcover  : .
nn i n NH =G  Then  :

nn i n NH =G  is a countable ano openN - * -sc g  cover of 

  , .
R

U T X  Again since   ,
R

U T X  is countably ano compactN - * -sc g  space. Hence  :
nn i n NH =G  has a 

finite subcover  : 1,2,..., .
kn k nH  consequently  : 1,2,...,

kn k nH  is a finite subcover of  :i i IG  for 

  , .
R

U T X  Hence   ,
R

U T X  is ano compactN - * -sc g space.  

Theorem6.16.  If      : , ,f
R R

U T X V T Y/  is ano irresoluteN - * -sc g function and a subset W of U  is  

ano compactN - * -sc g relative to U , then  the image  f W  is ano compactN - * -sc g  relative to V. 
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Proof .  Let  :i i IH  be any collection of ano openN - * -sc g  sets in V  such that   .ii I
f


W H  Then 

 1 ,ii I
f 


W H  where   1

if : i I H  is a family of ano openN - * -sc g  sets in U. Since W  is 

ano compactN - * -sc g relative to U, there exists a finite subcollection  : 1,2,...,i i nH  such that  1

1
.

n

ii
f 


W H  

Hence  f W  is ano compactN - * -sc g  relative to V. 

Corollary 6.17.  If      : , ,f
R R

U T X V T Y/
 is ano irresoluteN - * -sc g  function and a subset W of U   is  

ano LindelofN - * -sc g relative  to U , then  the image  f W  is ano LindelofN - * -sc g  relative to V. 

7. Nano Semi C* Generalized Connectedness  

In this section, we study ano connectedN - * -sc g  spaces in ano Top Spaces.N - - We also study the relationship 

between ano connectednessN - and ano connectednessN - * -sc g and some properties. 

Definition 7.1.  A ano Top SpaceN - -    R
U,T X  is said to be ano connectedN -  if   R

U,T X  cannot be expressed 

as a disjoint union of two non-empty ano openN -  sets. A subset of   R
U,T X  is ano connectedN -  as a subspace. 

A subset is said to be ano disconnectedN -  if and only if it is not ano connected.N -  

Definition 7.2.  Two non-empty subsets A and B  in a ano Top SpaceN - -    R
U,T X  are said to be 

ano separatedN - * -sc g  if   A N B- * -sc gano Cl   .B N A- * -sc gano Cl   

Definition 7.3.  A ano Top SpaceN - -    R
U,T X  is called ano connectedN - * -sc g  if there is not a 

ano separationN - * -sc g  of U. Otherwise, it is called ano disconnected.N - * -sc g  

Definition 7.4.  A subset A  of a ano Top SpaceN - -    R
U,T X  is called ano connectedN - * -sc g  if there is no a

ano separationN - * -sc g of A. Otherwise, it is called ano disconnected.N - * -sc g  

Theorem 7.5.  If  G  and H  are ano separatedN - * -sc g  and A G, B H , then A  and B  are also 

ano separated.N - * -sc g  

Proof .  Let  G  and H  be ano separated.N - * -sc g  Then   G N H- * -sc gano Cl    .H N G- * -sc gano Cl   

Since A G  and B H ,    N A N G- * - - * -sc g sc gano anoCl Cl  and    N B N H- * - - * -sc g sc gano anoCl Cl  

which implies,     A N B- * -sc gano Cl      G N H- * -sc gano Cl   and hence 

  .   A N B- * -sc gano Cl   Similarly     B N A- * -sc gano Cl .  Therefore A  and B  are 

ano separated.N - * -sc g  

Theorem 7.6.  Each two ano separatedN - * -sc g sets are always disjoint.  

Proof .  Let G  and H  be ano separated.N - * -sc g  Then     G N H- * -sc gano Cl    .   H N G- * -sc gano Cl   

Now   .    G H G N H- * -sc gano Cl   Then G H = . Hence G  and H are disjoint. 

Theorem 7.7.  If G  and H  are ano openN - * -sc g and if  A =G U H– and  ,B =H U G–  then  A  and B  are 

ano separated.N - * -sc g  
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Proof .  Let G  and H  be ano openN - * -sc g subsets of .U  Then U G–  and U H–  are ano closed.N - * -sc g  Since 

A U H ,–   N A- * -sc gano Cl    N U H U H- * - – –sc gano Cl  and so   .   N A H- * -sc gano Cl   Since 

B H ,   .   N A B- * -sc gano Cl   Similarly,   .   N B A- * -sc gano Cl   Hence A  and B  are 

ano separated.N - * -sc g  

Theorem 7.8.  Any two disjoint non-empty ano closedN - * -sc g  subsets of a ano Top SpaceN - -    R
U,T X  are 

ano separated.N - * -sc g   

Proof .  Suppose G  and H  are disjoint non-empty ano closedN - * -sc g  sets. Then 

    . G N H H N G- * - - * -sc g sc gano anoCl Cl   Hence  G  and H  are ano separated.N - * -sc g  

Theorem 7.9.  A ano Top SpaceN - -    R
U,T X  is ano connectedN - * -sc g  if U  cannot be expressed as a disjoint 

union of two non-empty ano openN - * -sc g  sets in U. 

Proof .  Let U  be ano connected.N - * -sc g  Assume that two disjoint non-empty ano openN - * -sc g  subsets of U

such that U =G H . Take A =U G– and B =U H .–  Then A  and B  are ano closedN - * -sc g in U. Therefore 

 ano Cl A N B- * -sc g    B N A- * -sc gano Cl   and U =A B. Thus, U  is not ano connected,N - * -sc g  but 

this is a contradiction with the hypothesis. Thus, U  cannot be expressed as the union of two disjoint non-empty 

ano openN - * -sc g  subsets of U.  

Conversely, suppose that the condition holds. Let U =A B, A , B  𝑎𝑛𝑑 

         A N B B N A- * - - * -sc g sc gano anoCl Cl  .  Take  ano Cl  G=U N A– - * -sc g  and 

 ano Cl .  H =U N B– - * -sc g  Then G  and H  are non-empty ano openN - * -sc g  sets   and 

       ano ano anoCl Cl Cl A         G H = U N A U N B =U Nsc g sc g sc g– - * - – - * - – - * -

    U N– - * -sc gano Cl A      N B U.- * -sc gano Cl  This implies that U =G H . Again G H =  

   
 U N A– - * -sc gano Cl        

 U N B = N A– - * - - * -sc g sc gano anoCl Cl     ,N B- * -sc gano Cl   but    

this    is    a  contradiction with the hypothesis. Therefore, U  is ano connected.N - * -sc g  

Definition 7.10.  A ano Top SpaceN - -   R
U,T X  is called ano connectedN - * -sc g  if U  is not the disjoint union of 

two nonempty ano openN - * -sc g  subsets. 

Theorem 7.11.  If      : , ,f
R R

U T X V T Y/  is ano continuous,N - * -sc g  surjection and U  is 

ano connectedN - * -sc g  then V  is ano connected.N -  

Proof .  Suppose V  is not ano connected.N -  Then V =K L  where K  and L  are disjoint nonempty ano openN -  

sets in V. Since f  is ano continuousN - * -sc g  surjection,     1 1 f fU = K L  where  1f K  and  1f L  are 

disjoint nonempty ano openN - * -sc g  subsets of  U  implies U  is not ano connectedN - * -sc g  space. This is a 

contradiction to the hypothesis. Therefore V  is ano connected.N -  

Theorem 7.12.  If      : , ,f
R R

U T X V T Y/  is ano irresolute,N - * -sc g  surjection and U  is 

ano connectedN - * -sc g  then V  is also ano connected.N - * -sc g  

Proof .  Suppose V  is not ano connected.N - * -sc g  Then V =K L  where K  and L  are disjoint nonempty 

ano openN - * -sc g  sets in V. Since f  is ano irresoluteN - * -sc g  surjection,     1 1 f fU = K L  where  1f K  
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and  1f L  are disjoint nonempty ano openN - * -sc g  subsets of  U  implies U  is not ano connectedN - * -sc g  space. 

This is a contradiction to the hypothesis. Therefore V  is ano connected.N - * -sc g  

Corollary 7.13.  If      : , ,f
R R

U T X V T Y/
 is bijective ano openN - * -sc g function and V  is 

ano connectedN - * -sc g  then V  is ano connected.N -  

Theorem 7.14.  Let   R
U,T X  be a ano Top Space.N - -  Then the following statements are equivalent.  

 i U  is ano connected.N - * -sc g   

 ii  The only subsets of U  which are both ano openN - * -sc g  and  ano closedN - * -sc g  are the empty set   and 

U.   

 iii  Each ano continuousN - * -sc g  function of U  into a discrete space V  with at least two points is a constant 

function. 

Proof .    i ii . Suppose  i holds and F  is a proper subset of U  which is both ano openN - * -sc g  and 

ano closed.N - * -sc g  Then U F–  is also both ano openN - * -sc g  and ano closed.N - * -sc g  Therefore  

 U =F U F–  is disjoint union of two nonempty ano openN - * -sc g sets. This contradicts the fact that U  is 

ano connected.N - * -sc g  Hence F =  or U. 

   ii i .  Suppose  ii holds. If possible U  is not ano connected,N - * -sc g  then U =K L  where K  and L  are 

disjoint nonempty ano openN - * -sc g  sets in U. Since K =U L,–  K   is ano connectedN - * -sc g  set. But by 

assumption, K =  or U  which is contradiction. Hence  i  hold. 

    ii iii . Let f  be ano continuousN - * -sc g  function, where V  is discrete space with at least two points. Then 

  1f m  is both ano openN - * -sc g  and ano closedN - * -sc g  for each m V  and    1 : . f m mU = V  By 

assumption,   1 f m U  or .  If   1 f m   for all m V, then f will not be a function. Also there cannot 

exist more than one point m V such that   1 f m U and   1

1

 f m   where 1 m m V. This shows that f is 

a constant function. 

   iii ii . Let F  be both ano openN - * -sc g  and ano closedN - * -sc g  in U. Suppose F   and f be a 

ano continuousN - * -sc g  function defined by    f lF  and    f mU F–  for some distinct points l  and m  in 

V. By assumption f  is constant function. Therefore F =U. 

Theorem 7.15.  If a ano Top SpaceN - -   R
U,T X  is ano connected,N - * -sc g  then U  is also ano connectedN -  space.  

Proof .  Let U  be ano connected.N - * -sc g  Then the only ano clopenN - * -sc g  subsets of U  are    and U. Suppose 

U  is not ano connected.N -  Then there exists a non-empty proper subset W  of U  which is ano clopenN -  in U. 

Since every ano clopenN - is also ano clopen,N - * -sc g W  is also ano clopenN - * -sc g in U. Hence W  is a non-

empty proper ano clopenN - * -sc g  in U, which is a contradiction. Therefore, U  is ano connected.N -  

Theorem 7.16.  Let   R
W ,T X  and   ,

R
W T Y/  be two ano Top SpacesN - -  on W  with    .

RR
T Y T X/  If 

the ano Top SpaceN - -    R
U,T X  is ano connected,N - * -sc g  then   ,

R
W T Y/  is also ano connected.N - * -sc g   
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Proof .  Suppose that   R
W ,T X  is ano connectedN - * -sc g  but   ,

R
W T Y/  is not. Then  

R
T Y/  contains a 

non-empty proper ano clopen.N - * -sc g  Since     ,
RR

T Y T X/  so also  R
T X  contains ano clopen,N - * -sc g  

hence   R
W ,T X  is not ano connected,N - * -sc g  which is contradiction. Therefore,   ,

R
W T Y/  is also 

ano connected.N - * -sc g  

Theorem 7.17.  Let A  be  a ano connectedN - * -sc g  set  of  a ano Top SpaceN - -    R
U,T X  and G,H  are 

ano separatedN - * -sc g  subsets    of U  such that A G H . Then either A G  𝑜𝑟 A H . 

Proof .  Since    ,A = A G A H  we have       A G N A H- * -sc gano Cl  

  .   G N H- * -sc gano Cl   Similarly, we have       A H N A G- * -sc gano Cl  

  .   H N G- * -sc gano Cl    If  A G  and A H  are non-empty, then A  is not ano connected,N - * -sc g  which 

is a contradiction. Therefore, either A G =  or A H = . Therefore, either A G  𝑜𝑟 A H . 

Theorem 7.18.  If A  is  a ano connectedN - * -sc g  set  of  a ano Top SpaceN - -   R
U,T X  and 

 , A B N A- * -sc gano Cl  then B  is ano connected.N - * -sc g  

Proof .  Assume that B  is not ano connected.N - * -sc g  Then there  exist ano separatedN - * -sc g  sets G  and H  such  

that B =G H . Then  G  and H  are non-empty and      G N H- * -sc gano Cl     ,  H N G- * -sc gano Cl  

then    by Theorem  7.17,  we  have  either A G   or A H . So, we have two cases:  .i  Suppose A G. Then 

   N A N G- * - - * -sc g sc gano anoCl Cl  and   .   H N A- * -sc gano Cl    By hypothesis, 

 ,G H N A- * -sc gano Cl  that   is H = , but   this   is  a contradiction to the fact that H  is non-empty. 

 .ii  Suppose A H . Using similar argument of part   ,i G  is empty and this is a contradiction. Thus, B  is 

ano connected.N - * -sc g  

Corollary 7.19.  Let A  be a ano connectedN - * -sc g  subset of a ano Top SpaceN - -   .R
U,T X  Then 

 N A- * -sc gano Cl  is ano connected.N - * -sc g  

Theorem 7.20.  Let A  and B  be  subsets  of  a  ano Top SpaceN - -    .R
U,T X  If A  and B  are 

ano connectedN - * -sc g  sets and  are  not ano separatedN - * -sc g  in U,  then A B  is ano connected.N - * -sc g  

Proof .  Suppose A B  is not ano connected.N - * -sc g  Then there exist ano separatedN - * -sc g  sets G, H  in U  

such that A B =G H , then A G H . By Theorem 7.17, either A G  𝑜𝑟 A H . Again   either B G  𝑜𝑟 

B H . If  A G  𝑎𝑛𝑑 B G, then A B G  𝑎𝑛𝑑 ,H =  which is a contradiction. Therefore A G  and B H . 

Similarly, A H  and B G. Thus,              B N A H N G- * - - * -sc g sc gano anoCl Cl    and 

    A N B- * -sc gano Cl    .   H N G- * -sc gano Cl   Hence A , B  are ano separatedN - * -sc g in U,  which  is  

a contradiction. Therefore, A B  is ano connected.N - * -sc g  

8. Nano Semi C* Generalized Closed and Strongly Nano Semi C* Generalized Closed Graphs  

Definition 8.1.  Let      : , ,
R R

U T X V T Y /  be a function. Then its graph  G   is called ano closedN - * -sc g  

if for each    , , U Vx y G –  there exist a    , ;
R

K N U T X- * -sc gano O x   and  a  

  ,
R

L N V T Y- * -sc gano O /  such that     . K L G    
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Lemma 8.2.   Let      : , ,
R R

U T X V T Y /
 be a function. Then the following conditions are equivalent:   

 i .    has ano closedN - * -sc g  graph. 

 ii .  For each    , , U Vx y G –  there exist a   , ;
R

K N U T X- * -sc gano O x  and a 

  , ;
R

L N V T Y- * -sc gano O y/  such that   .  U L   

Proof .  The proof is straightforward and thus omitted. 

Theorem 8.3.  Let      : , ,
R R

U T X V T Y /  be a ano irresolute,N - * -sc g  where V  is ano 2T .N - * -sc g  Then the 

graph  G   is ano closed.N - * -sc g  

Proof .  Let    , . U Vx y G –  Then  .y x  Since V  is ano 2T ,N - * -sc g  there exist  a 

    , ;
R

K N V T Y- * -sc gano O x/  and a   , ;
R

L N V T Y- * -sc gano O y/  such that .K L   Also, since   

is  ano irresolute,N - * -sc g      1 , ; 
R

H = K N U T X- * -sc gano O x  and so   . H L  Therefore the graph 

 G   is ano closed.N - * -sc g  

Theorem 8.4.  Let      : , ,
R R

U T X V T Y /  be a surjective mapping having  ano closedN - * -sc g  graph.  Then 

  ,
R

V T Y/  is ano 1T .N - * -sc g  

Proof .  Let , Vp q  with .p q  Since  is surjective, there exist Ua  such that   a p  and   .a q  Then 

   ,a q G  U V –  and so by the Lemma 8.2, we can find a   , ;
R

K N U T X- * -sc gano O a/  and a 

  , ;ano O q
R

L N V T Y- * - /sc g  such that   .K L   Thus    Kp   and .pL  Similarly, we can ensure 

the existence of Ub  such that   b q  and   b p  and a   , ;
R

P N U T X- * -sc gano O b  and a 

  , ;
R

Q N V T Y- * -sc gano O p/  such that   .P Q   Then   Pq   and Q .q  So   ,
R

V T Y/  is 

ano 1T .N - * -sc g  

Theorem 8.5.  Let      : , ,
R R

U T X V T Y /  be ano openN - * -sc g  and surjective mapping. If the graph  G    

is ano closed,N - * -sc g   then   ,
R

V T Y/  is ano 2T .N - * -sc g  

Proof .  Let , Vp q  with .p q  Since  is surjective, there exist Ua  such that   a p  and   .a q  Then 

   ,  U Va q G –  and so by Lemma 8.2, we can find a   , ;
R

K N U T X- * -sc gano O a/  and a 

  , ;
R

L N V T Y- * -sc gano O q/  such that   .K L   Again since   is ano open,N - * -sc g  

    , ; .
R

K N V T Y- * -sc gano O p /  So   ,
R

V T Y/  is ano 2T .N - * -sc g  

Theorem 8.6.  Let      : , ,
R R

U T X V T Y /  be an injective function. If the graph  G    is 

ano closed,N - * -sc g   then   ,
R

U T X  is ano 1T .N - * -sc g   

Proof .  Let , Up q  with .p q  Since  is injective,    .p q   So     , . U Vp q G –  Now by Lemma 

8.2, there exist a   , ;
R

K N U T X- * -sc gano O p  and a     , ;
R

L N V T Y- * -sc gano O q/  such that 

  .K L   Therefore     Kq   and so K.q  Hence Kp  but K.q  Again since 
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    , , U Vq p G –  we can find    , ;
R

M N U T X- * -sc gano O q/  and L.p  Hence   ,
R

U T X  is 

ano 1T .N - * -sc g  

Theorem 8.7.  Let      : , ,
R R

U T X V T Y /
 be a ano irresoluteN - * -sc g  injection. If the graph  G    is 

ano closed,N - * -sc g   then   ,
R

U T X  is ano 2T .N - * -sc g   

Proof .  Let , Up q  with .p q  Since   is injective,    .p q   So     , . U Vp q G –  Then Lemma 

8.2 ensures the existence of a   , ;
R

K N U T X- * -sc gano O p  and a     , ;
R

L N V T Y- * -sc gano O q/  such 

that   .K L   Since   is  ano irresolute,N - * -sc g      1 , ; . 
R

L N U T X- * -sc gano O q  So   ,
R

U T X  is 

ano 2T .N - * -sc g  

Definition 8.8.   Let      : , ,
R R

U T X V T Y /  be a function. Then its graph  G   is called strongly 

ano closedN - * -sc g  if for each    , , U Vx y G –  there exists a   , ;
R

K N U T X- * -sc gano O x  and a 

  , ;
R

L N V T Y- * -sc gano O y/  such that    ano Cl G .      U N L- * -sc g  Clearly, every function 

possessing strongly ano closedN - * -sc g  graph has ano closedN - * -sc g  graph. 

Lemma 8.9.   Let      : , ,
R R

U T X V T Y /  be a function. Then the following conditions are equivalent: 

 i .  The graph  G   is strongly ano closed.N - * -sc g  

 ii .  For each    , , U Vx y G –  there exist a   , ;
R

K N U T X- * -sc gano O x  and a 

  , ;
R

L N V T Y- * -sc gano O y/  such that     .   K N L- * -sc gano Cl    

Proof .  The proof is straightforward and thus omitted. 

Definition 8.10.  A filter base   on a ano Top SpaceN - -    ,
R

U T X  is said to ano convergeN - * -sc g

 anorespectively convergeN - * -sc g  to a point Ux  if for each   , ; ,
R

L N U T X- * -sc gano O x  there exists a 

K  such that  ano ClK N L- * -sc g  respectively .K L  

Theorem 8.11.  Let      : , ,
R R

U T X V T Y /  be any function and   ,
R

V T Y/  be ano regular.N - * -sc g  Then 

the following statements are equivalent: 

 i .  The graph  G   is strongly ano closed.N - * -sc g  

 ii .  If a filter base   on a ano Top SpaceN - -   , ,
R

U T X  ano convergesN - * -sc g  to x  and     

ano convergesN - * -sc g  to y  in   , ,
R

V T Y/  then  .y x   

Proof .    i ii .  Let   be a filter base on   ,
R

U T X  that ano convergesN - * -sc g  to x  and     

ano convergesN - * -sc g  to .y  If possible, let  .y x  Then    , . U Vx y G –  Clearly, 

  , ; 
R

N U T X- * -sc gano O x  and      ano anoCl : O , ;y
R

N L L N V T Y- * - - * -sc g sc g /
  .   So for each 

  , ;
R

K N U T X- * -sc gano O x  and each   ano O , ;y ,
R

L N V T Y- * -sc g /  there exist P  and Q  such 

that P K  and    anoQ Cl .  N L- * -sc g  Hence there exists a M  such that M P Q  and satisfies 

https://jamsjournal.org/JAMS
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M K  as well as    ano Cl . M N L- * -sc g  Hence      ano Cl .     M K N L- * -sc g  So by Lemma 

8.10,  G  is not strongly ano closed.N - * -sc g  

   i ii .  Let   ,
R

V T Y/  be ano regularN - * -sc g  and the given condition  ii  holds for .  If possible, let  G   

be not strongly ano closed.N - * -sc g  Then there exists    ,  U Vx y G –  such that 

    ano Cl G      U N L- * -sc g  for each   , ;
R

K N U T X- * -sc gano O x  and each 

  ano O , ;y .
R

L N V T Y- * -sc g /  Since V  is ano regular,N - * -sc g  the family 

               : , : , ; & , ;KL ano ano anoM p p p Cl G O x O y      
R R

K K N L K N U T X L N V T Ysc g sc g sc g- * - - * - - * - /   

is a filter base on   , .
R

U T X  But   ano convergesN - * -sc g  to x  in   ,
R

U T X  and  

ano convergesN - * -sc g  to y  and  y x ― a contradiction. 

Theorem 8.12.  Let      : , ,
R R

U T X V T Y /  be any function. If the graph  G   is strongly 

ano closed,N - * -sc g  then for each xU,   x        : , ;
R

N K K N U T X- * - - * -sc g sc gano anoCl O x  

Proof .  If possible, let there exist an Ux  and an    Vy x  such that   - -anoy * s Cl N g M  for each 

  , ; .
R

M N U T X- * -sc gano O x  Since    , , U Vx y G –  by Lemma 8.9, we can find a 

  , ;
R

K N U T X- * -sc gano O x  and a   , ;
R

L N V T Y- * -sc gano O y/  such that 

   ano Cl     K N L- * -sc g  and so      ano Cl .      K L K N L- * -sc g  Thus   K L = .  Then 

  anoy Cl , N K- * -sc g  a contradiction. 

Theorem 8.13.  Let   ,
R

U T X  be an arbitrary ano Top SpaceN - -  and   ,
R

V T Y/  is ano 2T .N - * -sc g  Let 

     : , ,
R R

U T X V T Y /  be ano irresolute.N - * -sc g  Then the graph  G   is strongly ano closed.N - * -sc g   

Proof .  Let    , . U Vx y G – Then  .y x  Since   ,
R

V T Y/  is ano 2T ,N - * -sc g  there exist a 

    , ;
R

K N U T X- * -sc gano O x  and a   , ;
R

L N V T Y- * -sc gano O y/  such that K L = .  Again since   

is ano irresolute,N - * -sc g      1 
R

M K N U T X- * -sc gano O , ;x  and so  M L = ,   i.e.  L V M ,–  

i.e.    N L V M- * -sc gano Cl ,–  i.e.       M N L- * -sc gano Cl .   Hence  G  is strongly 

ano closed.N - * -sc g  

Theorem 8.14.  Let      : , ,
R R

U T X V T Y /  be a quasi ano irresoluteN - * -sc g  injection. If the graph   G    

is strongly ano closed,N - * -sc g  then   ,
R

U T X  is ano 2T .N - * -sc g  

Proof .  Let any two distinct points ,p qU. Since   is injective.    .p q   Then     ,p q G   –U V  

and so by Lemma 8.9, there exist a   , ;
R

K N U T X- * -sc gano O p  and a     ano O , ; q 
R

L N V T Y- * -sc g /  

such that    ano Cl     K N L- * -sc g  and so  1

ano Cl    N L U K.- * - –sc g  Since   is a quasi 

ano irresoluteN - * -sc g , there exist   , ;ano O q
R

M N U T X- * -sc g  such that    ano Cl . M N L- * -sc g  Then 

 1

ano Cl    M N L U K- * - –sc g  and  hence M K = . So   ,
R

U T X  is ano 2T .N - * -sc g   
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Theorem 8.15.  Let   ,
R

U T X  be any ano Top Space,- -N    ,
R

V T Y/  be ano UrysohnN - * -sc g ano Top SpaceN - -  

and      : , ,
R R

U T X V T Y /
 be a quasi ano irresolute.N - * -sc g  Then its graph  G   is strongly 

ano closed.N - * -sc g  

Proof .  Let    , . U Vx y G – Then  .y x  Since   ,
R

V T Y/  is ano Urysohn,N - * -sc g  there exist a 

    , ;
R

K N V T Y- * -sc gano O x/  and a   , ;
R

L N V T Y- * -sc gano O y/  such that 

   ano anoCl Cl .        N K N L- * - - * -sc g sc g  Again since   is quasi ano irresolute,N - * -sc g  there exists a 

  , ;ano O x
R

H N U T X- * -sc g  such that    ano Cl  H N K- * -sc g   ano Cl .  V N L– - * -sc g  Therefore 

    .  H N L =- * -sc gano Cl   Hence  G   is strongly ano closed.N - * -sc g  

CONCLUSIONS 

We have introduced the notions of ano SeparationN - * -sc g  Axioms namely ano 0TN - * -sc g  space, 

ano 1TN - * -sc g  space, ano 2TN - * -sc g  space, ano regularN - * -sc g  space, ano normalN - * -sc g  space,  almost 

ano normalN - * -sc g  space, Mildly ano normalN - * -sc g  space,  ano compactN - * -sc g space, 

ano connectedN - * -sc g  space, ano closedN - * -sc g  graph and strongly ano closedN - * -sc g  graph in Nano 

topological  spaces. We have investigated fundamental properties and characterizations of these spaces in Nano 

topological spaces. I intend to continue to investigate further properties and characterizations of 

ano continuous,N - * -sc g ano irresolute,N - * -sc g ano open,N - * -sc g  and ano closedN - * -sc g  mappings in Nano 

Topological Spaces. This work will be expanded in the future with some real-life applications. 

ACKNOWLEDGEMENT 

The author is highly and gratefully indebted to the Prince Mohammad Bin Fahd University, Saudi Arabia, for 

providing research facilities during the preparation of this research paper. 

REFERENCES 

1. Nehmat K. Ahmed and Osama T. Pirbal, Nano S Connectedness - in Nano Topological Spaces, Al-

Mustansiriyah Journal of Science, Volume 34, No. 2, (June 2023), pp. 87 – 94.  

2. Arhangel Skii, Connectedness and disconnectedness, North – Holland Publishing Company,5, (1975), 9 - 

33.   

3. S. S. Benchalli and Priyanka M. Bansil, gb – compactness and gb – connectedness, International Journal of 

cont. Mathematical Sciences, Vol. 6, (2011), pp. 465 – 475.   

4. M. Bhuvaneswari and N. Nagaveni, On Nwg-Normal and Nwg-Regular Spaces, International Journal of 

Mathematics Trends and Technology (IJMTT)-Special Issue ICRMIT (March 2018) pp. 1 – 5.  

5. S. Antony David, M. Ramesh Pandi, and R. Premkumar, Almost Nano Regular Spaces, Advances in 

Mathematics, Scientific Journal, Vol. 9 (2020), No. 8, pp. 5631 – 5636.  

6. A. Devika and R. Vani, On πg*β-Closed Sets in Topological Spaces, Journal of Applied & Computational 

Mathematics, Volume 7, Issue 3. (2018) 5 pages. 

7. Arul Mary A. Dhanis and I. Arockiarani, Note on b Normal Space, Bulletin of Mathematics and Statistics 

Research, (2015), pp. 124 – 136. 

8. M. Dharani, V. Senthilkumaran and Y. Palaniappan, On Nano αɡ*s Closed Sets in Topological Spaces, 

International Journal of Mathematics Research, Volume 13, Number 1(2021), pp. 21 – 29.  

www.irphouse.com  

9. M. Dharani, V. Senthilkumaran and Y. Palaniappan, Properties of Nαɡ^*s Closed Sets in Topological 

Spaces, International Journal of Scientific and Research Publications, Volume 11, Issue 10, October 2021, 

pp. 638 – 646. www.ijsrp.org  

https://jamsjournal.org/JAMS
http://www.irphouse.com/
http://www.ijsrp.org/


www.jamsjournals.org 

 

 

                      Page 1019 

JOURNAL OF ADVANCED MULTIDISCIPLINARY STUDIES (JAMS)                                                                                                           

JAMS | Autumn Conference September 2026 | DOI: 10.68050/JAMS  
 

 

 
 

10. M. Dharani, V. Senthilkumaran and Y. Palaniappan, On Nαɡ*S Closed and Nαɡ*S Contra Continuous 

Functions, International Journal of Engineering Research & Technology (IJERT), Volume 10, Issue 10, 

October 2021, pp. 510 – 517. http://www.ijert.org  

11. K. Geetha and M. Vigneshwaran, Nano *gα-Normal Spaces and Almost Nano *gα-Normal Spaces, Kong. 

Res. J. 8(1),  (2021), pp. 1 – 4.  

12. M. K. Ghosh, Separation Axioms and Graphs of Functions in Nano Topological Spaces via Nano β-open 

sets, Annals of Pure and Applied Mathematics, Vol. 14, No. 2, (2017) pp. 213 – 223. 

13. Hariwan Z. Ibrahim, Micro Separation Axioms, International Journal of Analysis and Applications, Volume 

18, Number 4, (2020) pp. 572 – 585. 

14. Hariwan Z. Ibrahim, Applications of Nano Topology Via Nano Operations, J. Korean Soc. Math. Edu. Ser. 

B: Pure Appl. Math. Volume 28, Number 3, (2021) pp. 199 – 215. 

15. R. Jeevitha, M. Parimala and R. Udhaya Kumar, Nano Aψ-Connectedness and Compactness in Nano 

Topological Spaces, International Journal of Recent Technology and Engineering (IJRTE), Volume – 8, Issue 

– 2, (July 2019), pp. 4 Pages.  

16. S. Krishna Prakash, K. Ramesh, R. Ramesh and R. Suresh, Nano Compactness and Nano Connectedness in 

Nano Topological Space, International Journal of Pure and Applied Mathematics,119(13),(2018),107 – 115.  

17. M. Parimala Jeevitha, and R. Udhaya Kumar, Nano A ψ-Connectedness and Compactness in Nano 

Topological Spaces, International Journal of Recent Technology and Engineering (IJRTE), Volume -8, Issue-

2, (July 2019), pp. 788 – 791. 

18. Dhanis Arul Mary and A. Arockiarani, Properties of Nano b-regular Spaces, International Journal of 

Mathematics Trends and Technology, Volume 28, Number 1, (December 2015), pp. 4 – 8.  

19. S. Krishna Prakash, R. Ramesh and R. Suresh, Nano-Compactness and Nano-Connectedness in Nano 

Topological Space, International Journal of Pure and Applied Mathematics, Volume 119, No. 13 (2018), pp. 

107 – 115.   

20. Nawras Hasan Mohammed and Ali A. Shihab, M Nano – Separation Axioms Mn-Ti Spaces, Tikrit Journal 

of Pure Science, Vol. 28 (3), (2023), pp. 109 – 113.  

21. S. Narmatha, Bebina E. Glory and Priyaa R. Vishnu, On πgβ-Closed Sets and Mappings in Neutrosophic 

Topological Spaces, International Journal of Innovative Technology and Exploring Engineering (IJITEE), 

Volume 8, Issue 12S, (2019) pp. 505 – 510. 

22. A. Padma, M. Saraswathi and A. Vadivel, Nano M separation axioms, Malaya Journal of Mathematik, Vol. 

5, No. 1, (2019) pp. 673 – 678. 

23. A. Pushpalatha and S. Sridevi, Nano semi c* generalized closed sets in nano topological spaces, Malaya 

Journal of Matematik, Vol. S, No. 1, (2019), pp. 361 – 366.  

24. K. Sakthivel and K. B. Devaki, Some Separation Axioms in Ngδs-Closed Sets, Advances and Applications 

in Mathematical Sciences, Volume 18, Issue 11, (2019) pp. 1521 – 1529. 

25.  P. Sathishmohan, V. Rajendran and P.K. Dhanasekaran, More on Nano Pre-regular Spaces in Nano 

Topological Space, Journal of Applied Science and Computations, Volume 5, 10, 2018.   

26. P. Sathishmohan, V. Rajendran, C. Vignesh Kumar and P. K. Dhanasekaran, A Few Separation Axioms on 

Nano Topological Spaces, International Journal of Recent Technology and Engineering (IJRTE) ISSN:2277-

3878, Volume-7 Issue-5s, (January 2019) pp. 461 – 463.  

27. P. Sathishmohan, V. Rajendran, C. Vignesh Kumar and P. K. Dhanasekaran and S, Brindha, Further 

Properties of Nano Pre-To, Nano Pre-T1 and Nano Pre-T2 Spaces, Malaya Journal of Mathematik, Vol. 7, 

No.1. (2019) 34 – 38. 

28. P. Sathishmohan, V. Rajendran, P. K. Dhanasekaran and C. Vignesh Kumar, Nano Pre-Regular and Strongly 

Nano Pre-Regular Spaces, International Journal of Recent Technology and Engineering (IJRTE) ISSN:2277-

3878, Volume-7 Issue-5s, (January 2019) pp. 464 – 466. 

29. P. Sathishmohan, V. Rajendran, and C. Vignesh Kumar, More on Nano Semi Pre-Regular and Nano Semi 

Pre-Normal Spaces, Malaya Journal of Matematik, Vol. S, No. 1, (2019), pp. 367 – 374. 

30. P. Sathishmohan, V. Rajendran and P. Jeevitha, On nano πɡ*s-closed sets in nano topological spaces, Malaya 

Journal of Matematik, Vol. 6, No. 3, (2018), pp. 536 – 541.  

31. S. Sathyapriya, S. Kamali and M. Kousalya, On Nano αg*s-Closed Sets in Nano Topological Spaces, 

International Journal of Innovative Research in Science, Engineering and Technology, Vol. 8, Issue 2, 

February 2019, pp. 777 – 784. www.ijirset.com  

https://jamsjournal.org/JAMS
http://www.ijert.org/
http://www.ijirset.com/


www.jamsjournals.org 

 

 

                      Page 1020 

JOURNAL OF ADVANCED MULTIDISCIPLINARY STUDIES (JAMS)                                                                                                           

JAMS | Autumn Conference September 2026 | DOI: 10.68050/JAMS  
 

 

 
 

32. S. B. Shalini, G. Sindhu and K. Indirani, On Nano Generalized β Regular Spaces and Nano Generalized β 

Normal Spaces in Nano Topological Spaces, Annals of Pure and Applied Mathematics, Vol. 14, No. 2, (30 

August 2017), pp. 225 – 229. www.researchmathsci.org  

33. P. Srividhya and T. Indira, On Nano Regular B – Connectedness in Nano Topological Spaces, International 

Journal of Aquatic Science, ISSN: 2008 – 8019. Vol. 12, Issue 02, 2021, pp. 79 – 90.  

34. P. Subbulakshmi & Dr. N.R. Santhi Maheshwari, Some New Form of Nano Connectedness and Nano 

Compactness in Nano Topological Spaces, International Journal of Creative Research Thoughts (IJCRT), 

IJCRT2304208, ISSN:2320 – 2882. IJCRT.ORG. pp. b748 – b755.  

35. M. Lellis Thivagar and Carmel Richard, On nano forms of weakly open sets, International Journal of 

Mathematics and Statistics Invention, Volume 1, (2013) pp. 31 – 37.  

36. M. Lellis Thivagar, M. Arockia Dasan and V. Ramesh, Computation of Separation Axioms in N-Topology, 

Journal of Ultra Scientist of Physical Sciences, Vol. 29(2). (2017) pp. 77 – 82. 

37. Adinatha C. Upadhya and Mamata M. K., On Nano GP-Regular and Nano GP-Normal Spaces, The 

International Journal of Analytical and Experimental Model Analysis, Volume XII, Issue VII, (July 2020), 

pp. 3770 – 3775.  

38. R. Vani and A. Devika, A new class of nano generalized closed sets in nano topological spaces, International 

Journal of Scientific Research and Review, Volume 7, Issue 7. (2021) pp. 55 – 66. 

39. G. Vasanthakannan, K. Indirani, Nano Regular Generalized Star Star B-Normal Space in Nano Topological 

Spaces, IOSR journal of Mathematics (IOSR-JM), Volume 14, Issue 3 Ver. III (May – June 2018), pp. 14 – 

18

 

https://jamsjournal.org/JAMS
http://www.researchmathsci.org/

	INTRODUCTION

