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1. Introduction

Zadeh (1965) was the first person in the field of logic and set theory to introduce the idea of a fuzzy set between
real standard intervals in mathematics. Chang (1968) took the general topology as a fuzzy topological space and
framed it with a fuzzy set. Lewine. K (1970), define Generalized closed sets in topology. Atanassov (1983)
introduced intuitionistic fuzzy sets, which combine membership and non-membership values. Abdel- Monsef, El-
Deep and Mohmoud (1983) introduced -Open sets and 8 -Continuous mappings. Coker (1997) developed the
intuitionistic fuzzy topological space. Chatterjee, Majumdar and Samanta (2016) contributed significantly to this
development by introducing similarity measures and entropy for quadripartitioned single-valued neutrosophic
sets. Arokiarani, Dhavaseelan, Jafari and Parimala (2017) introduced a variety of new notions and functions in
neutrosophic topological spaces. Smarandache (2012) introduced the idea of neutrosophic set at the start of the
20th century. Salama and Alblowi (2012), neutrosophic set in a neutrosophic Topological spaces. §-open sets in
a fuzzy topological spaces defined by Saha. Vadivel, Seenivasan and John Sundar (2021) introduce § -open sets
in a Neutrosophic topological spaces.Navuluri Mohanarao and Sathish kumar(2025),proposed a new operator
based on £ -Open sets within quadri-partitioned neutrosophic topological spaces. Sai Anu and Arulselvam (2025)
proposed on intuitionistic quadri-partitioned neutrosophic N-soft set model. In the context of Pentapartitioned
neutrosophic topological spaces, we expand on the notion of § -open sets and § -closed sets in this study. we also
provide examples of some of their fundamental characteristics.

2. Preliminaries

Definition 2.1 Assume % is a non — empty set. An object with the form &=
{0, Ta(), Ce(m), I (v), Ua (v), Fa(v): eD} whereTo () — [0,1] Truth, Co(y) — [0,1], contradiction, Io(n) -
[0,1], ignorance, Uy(y) — [0,1], unknown, Fy(y) — [0,1], falsity

and 0< To(n) + Co(v) + Ig(v) + Ug(v) + F(y) < 5 for each ye 9.

Definition 2.2 Assume %) is a non — empty set and the pentapartitioned neutrosophic sets £ and M in the form& =
{9, Te(®), Ce(9), Lo (), Ug (1), Fo(9): €D}, M = {n, T (v), Cn (), fan (), U (v), Fm (9): 9D}, then

(a) 0.‘PN = <1), 0,0, 1, 1,1) and 1TN = (1), 1, 1, 0, 0,0),

(b) £ € Mif Tev) < T ), Ce) < C W), (M) = Ix (1), Ue(v) = Uge (v), Fo(n) = Fip (v): peD),
(c) L =Miff  CPMand M L,

(d) 8¢ = {n,Fa(m) , Ug(9),1 = Io(v), Co(v), Te(v): e},
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e fuM=

{(n, max(Te(n), T (9)), max(Ce(v), Cix (9)), min(le(m), Iy (), Mun(Ug (v), U (1)), min(Fe (n), Fan (9): eD)}
® 2 NM=

{{o, min(Ty (v), T (v)), min(Co(v), Cor (v)), max (o (v), Iy (v)), max (Vs (v), U (v)), max (Fe(v), Fan (v): veD)}

Definition 2.3 A non-empty set possessing a pentapartitioned neutrosophic structure, there are pentapartitioned
subsets of 9 that satisfy the family gpy,.

(@) Opxs 1pn € Qpy-
(b) 21 N 22 € Opyr, for any 21, 22 € Opy.
() UL, Eopy,V8a:a€ACpy

Then (2, 0py) is called pentapartitioned neutrosophic topological space in 2). In 2), the ¢ elements are referred
as pentapartitioned neutrosophicopen sets. If the complement C¢ of a PNy is PNyg, it is reffered as a
pentapartitioned neutrosophic closed set.
Definition 2.4 If £ is a pentapartitioned neutrosophic set on Yand (2, 0p5-) is a pentapartitioned neutrosophic
topological space on 9), then the pentapartitioned neutrosophic closure of £ and its pentapartitioned neutrosophic
interior are defined as

PN int(®) =U{3:J S Land JisaPNysinD}

PN cl(®) =n{J:& S Jand JisaPNgsinD}.
Definition 2.5 If € is a pentapartitioned neutrosophic set on Yand (), 0p»-) is a pentapartitioned neutrosophic
topological space on 9. Consequently, & is regarding as a pentapartitioned neutrosophic regular(resp. pre, semi,
and B) open set (briefly, PN, s(resp. PNP s, PN'Sys, and PN Bys)) if
g = PNint(PNcl()(resp.L € PNint(PNcl(R)),L € PNcl(PNint(R)),2 € PNcl(L))
(resp. & € PNint(PNcl(R)), L € PNcl(PNint(R)), L € PNint(PNcl(PNcl(R))) and gc
PNcl(PNint(PNcl(R))).

The complement of an PNy (resp, PNSps, PN ays and PN Bys) is called a pentapartitioned
neutrosophic pre(resp. semi, a, regular and f) closed set (brief, PNys(resp. PN Scs, PN acs and PN Bs) )in
9.

The family of all PNPys(resp, PNPcs, PNSps, PN Scs,
PNays, PNacs , PN Losand PN B¢s )of Y is denoted by PNP () (resp.

PNPcs(9), PNSos(D), PNScs (D), PN aos(D), PN acs (D), PN Bos (D). PN Bes(D))-

3. 6 —open sets in PN'ts
In the above sections, let (%), 0p5) be any PN'ts. Let J, &, £, M and N be an PN's'S in PNts.
Definition 3.1 A set £ is said to be a pentapartitioned neutrosophic

(a) ¢ interior of J(short, PN'§ int(J)) is defined by PN'S int(F)) = U{J:T S Jand J is a PN, in Y}.
(b) § closure of J(short, PNS cl(J)) is defined by PN cl(F)) = N{B:J € B and B is a PN, in D}.

Definition 3.2 A set J is said to be a pentapartitioned neutrosophic

(a) 8 —open set(breifly, PNSys ) if I =PNS int(J).

(b) 6 — pre open set(breifly, PN6Pys ) if I S PNint(PN6cl(3J)).
(c) 6 — semi open set(breifly, PN'3Sys ) if I S PN cl(PNSint(J)).
(d) da — open (breifly, PNéaps ) if I S PNInt(PNcl(PN6int(3))).
(e) 6 — open (breifly, PN Bays ) if IS PN cl(PNint(PN6cl(3T))).
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The complement of an PNbys, PNIPys, PNESps, PNSays and PN6SLys is  called a
PN6b¢cs, PNOPcs, PNEScs, PNSacs and PNS6fcs in 9P are represents the family of all
PNSgs, PNEes, PNEPys, PNEPcs, PNESys, PNEScs, PNSaps , PNSacs , PNELys and PNSSqs of

9.

Definition 3.3 A set Jis said to be a pentapartitioned neutrosophic § — pre(resp. PN'S§ — semi, PN'§ —
a and PN S — ) interior of J(briefly, PN 6Pint(2)), (resp. PN ISint (D), PN dinta(?), PN SLint (D)) is
the union of all PNEP s (resp. PN 6Sps, PNSays and PNSSys contained in 3.

Definition 3.4 A set Jis said to be a pentapartitioned neutrosophic § — pre(resp.PNS — semi, PN —
a and PN§ — B) closure of J(briefly, PN SPcl(D)), (resp. PN3EScl(D), PN Scla(D)), PNSLcl(D)) is the
intersection of all PN SP.s (resp. PNEScs, PNSacs and PN SBqs contained in J.

Proposition 3.5 The pentapartitioned neutrosphic § —interior operator satisfies

(a) PNGint(K) € K.

(b) K C M = PNSint(K) € PN Sint(M).

(©) PNint(RNM) = PN Sint(K)NPN §int ().
(d) PNSint(K) is the greatest PN §,¢ containing K.
(e) PNSint(]) = Kif and only if K is an PNy .

€3] PN Gint (PN Sint(K])) = PNSint(K).

() (Y — PN Sint(K)) = PNScl(Y — K).

Proof:

(a) PNSint(]) = U{C: € € K and € is a PN, ys}. Thus, PN Sint(K) € K.

(b) PNSint(M) = U{C:€ < Mand € is a PNy} 2U{C: €S Kand € is a PNy} 2

PN Sint(K). Thus PN Sint(K) € PN Sint(IMN).

(c) PNint(KRNM) = U{C: € € KNM and € is a PN} = (U{C:C S

K)and € is a PNy} N(UE: € € MandCis a PN;ys}) = PNSint(K)NPNSint(KRNM) =
PN Sint(IM).

(d) If Wis an PN 6y in ], then A S PNSint(K).Hance ,
PNSint(K) is the biggest PNy containing K.
(e) Assume K represents any PN6ys of 9. The biggest PNys found in

Kis itself.Thus PNGint(K) = K.

6] According to (d), itself is the largest PNGSys that contains PN §int(K).Consequently,
PN Sint (PN Fint(K)) = PNFint(K).

(2) The maximum number of PN, that contain & is a PN int(K). The smallest PN g in Y —
K is the complement. Consequently, PNécl (Y — K) = (Y — PNGint(R)).

Proposition 3.6 The pentapartitioned neutrosophic § — closure operator satisfies
(a) TN S PNScl(N).

(b) K< M= PNGSI(K) € PNSint(M).

(c) PN Scl(K) U PN Sint (IN).

(d) PN Scl(K) is the smallest PN S K.

(e) PNScl(]) = Kiff Risan PN 8¢ .

() PN (PNSC(K)) = PNSCL(R).

(2) (3 — PNS)int(3 — K) = PNSint (3 — ).
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(h) i EPNECU(R) iff KNC =P forevery PNSys € containing j.

Proof. (h) Suppose j € PNScl(K). Let € be a PN §yg containing N. If KN E =@, then N — Cisa PNcg
containing & and so N & PNEScl(K), a contradiction . Therefore, RN EC =@.If j& PNIcl(K), then I a
PN6Scs € containing &It ¢ CC. Then € = N — C€ is a PN§yg containing Jtsuch that KNE =0 , a
contradiction. Therefore, It € PN §cl(KR). The other cases are follows from proposition 3.5.

Proposition 3.7 The proposition 3.5 and 3.6 are also true for

Proposition 3.8 PNts are covered by the assertions PNIPys , PNESps , PNSays , PNESys of their
respective interior and closure operators.

(a) ANl PN Syg (resp. PN s ) are PNyg (resp. PNgs ).

(b) ANl PN Sps (resp. PN s ) are PN'SESys (resp. PNSEScs ).

(¢ ANl PN S5 (resp. PN s ) are PN Py (resp. PN Py ).
(d) ANl PN ESys (resp. PNEScs ) are PNS6Bys (resp. PN 6Bcs ).
(e) ANl PN EPys (resp. PN SPs ) are PN EBys (resp. PNSEBcs ).
) ANl PN Sayg (resp. PN Sacs ) are PNESys (resp. PN ESs ).
(2) Al PN Sayg (resp. PN Sacs ) are PNEPyg (resp. PNEPcs ).

But not converse.
Proof.

(a) KisaPNGys , then & = PNGint(]) € PNint(K).. Kisa PNy .

(b)  Risa PNy, then & C PNSint(X). So & € PNSint(®) € PNcl(PNSint(R)). - & is a
PNGESys .

(c) Kisa PNy, then &§ € PNSint(]). So & € PNGint(]R) S PNint(PNScl(R)). -~ & is a
PNEP,s .

(d) Kisa PN6SSys , then &§ € PN cl(PNSint(])) & PNcl(PNint(PNScl(R))). - Kisa PNSLys -
©)  Risa PNSP,s ,then & € PNint(PNSC(R)) € PNCI(PNint(PNE(R))). - Kisa PNSBys .
) Risa PNoags ,then & S PNint(PNcl(PNSint(R))). So & € PNint(PNcl(PNSint(R)))
PNC(PNGint(R)). - Kisa PNSSys .

(g) Kisa PNbays ,then & € PNint(PNcl(PNSint(]))). So & & PNint(PNcl(PNSint(])))
PNint(PNScl(K)). - Kisa PNSPs .

The closed sets are also in a similar way.

Example 3.9. Let®) =u and define PN’'S 9, and 9, in Y are 9; = (9,(0.2,0.4,0.5,0.7,0.9))9, =
(9, (0.3,0.6,0.5,0.6,0.3)). Then we have ¢pp = {0py, D1, D2, 1pp-} then Yy is a PN, but not PN Sy .

Example 3.10. LetY) ={,m,n} and define PN'S 9,9, and 9Y; in Y are 9P, =
(9, (0.3,0.4,0.5,0.7,0.8), (0.3,0.5,0.5,0.6,0.7), (0.4,0.6,0.5,0.7,0.8)),9, =

(9, (0.2,0.3,0.5,0.8,0.9), (0.3,0.4,0.5,0.7,0.8), (0.4,0.5,0.5,0.8,0.9)), 95 =

(9, (0.4,0.6,0.5,0.6,0.7), (0.5,0.6,0.5,0.6,0.7), (0.6,0.7,0.5,0.7,0.6)). Then we have ¢ppr = {055, D1, D2 1on ),
then

(a) 93 isa PNESys but not PNys (resp. PN bays ).
(b) 93 isa PNELys but not PN Py .

Example 3.11. LetY = [,m,n and define PN'S 9,,9,,9; and Y, in Y are
9, = (9,(0.3,0.4,0.5,0.6,0.8), (0.3,0.5,0.5,0.7,0.9), (0.4,0.5,0.6,0.6,0.8)),
2, = (9, (0.4,0.5,0.6,0.7,0.9), (0.4,0.6,0.7,0.7,0.8), (0.5,0.6,0.6,0.8,0.9) ),
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s = (9, (0.4,0.5,0.5,0.6,0.8), (0.4,0.6,0.5,0.6,0.7), (0.5,0.6,0.6,0.5,0.6)),

2, = (9,(0.3,0.4,0.5,0.7,0.9), (0.3,0.5,0.6,0.8,0.9), (0.4,0.5,0.7,0.8,0.9))..Then =~ we  have ¢pp =
{0pn 91,92, 195}, then

(a) 9, isa PNEPyg but not PNyg (resp. PN days ).
(b) 2)4 isa ?N(Yﬁos but not ?NSSOS .

Properties 3.12. The union (resp. intersection ) of any family of PNESos (Y) (resp. PNIBcs (9)) is a
PN6Bos (D) (resp. PN5Bcs (D))

Proof.

Let {K,: a€ ¢py -} be a family of PNSEBys 'S. For each a€ ¢pp, Kqg S PN (PN int(PNScl(K,))).
UaC ¢pp Ky S U aC ¢cop PN Cl(PNint(PNScl(K,)))

C PNcl(PNScl(U K)).

The other case is similar.

The proposition 3.12 is also true for PN'3Sps (D), PN 6Scs (D)(resp. PN IPys (D), PNEPs (D)).
4. Properties of PN 6y

Proposition 4.1. If € is a PN 6,5 , then 8N & isa PNES,s

Proof. gNK c  gn PN (PN int(PNScL(R))) C PNcl(& N PNint(PNScl(R))) <
PN (PN int(PNScl(L N K). Therefore, £ N & is a PN'ESL is a PNSBoys -

Remark 4.2. The proposition 4.1 is also true if R isa PN'8Sys , PNE6Pys and PN Say -

Proposition 4.3. If € is a PN'SP,s and Kisa PNSa,s then €N K isa PNSLys -

Proof. £N & € PNint(PNScl(R)) N PNint(PNcl(PNSint(K))) S PNint(PNint(PNcl(2)))N
PNcl(PNSint(R)) S PNint(PNcl(PNScl(R))) N PNcl(PNSint(])) € PNint(PNcl(PNScl(L))) N

PNGSint(]) € PNint(PNcl(PNScl(8NK ) = PNint(PNScl(8N K)) ). Therefore, ENK is a

Corollary 4.4. If 8 is a PN SP.s and & is a PN Says ,then LU Kisa PNSP.g
Proposition 4.5. & is a pentapartitioned neutrosophic subset of 9 and £ is a PN §P,s on 9) such that
LC K S PNCl(PNcl(PNSint(8))). Then & is a PN'SBys -

Proof. Let If Lis a PNS6Pys, LS PNint(PNScl(L). Now & S (PNcl(PNGSint(R)) <
PNcl(PNint(PNSint(PNScl(R)))) = PN cl(PNint (PN Scl(R))). Hence &§ € PN cl(PNint(PNScl(R))).

Therefore, & is a PNy -
Proposition 4.6. If each 8 is a PN'6f,5 which is a PNES.s is also a PN Sy .

Proof. Let 8 be a PN'6B,s and PNSScs . Then € € PNcl(PNint(PNScl(L))) and PNint(PNScl(L))
L. Therefore, PNint (PN 8cl(R)) € € and so, PN cl(PNint (PN Scl(R)) & PN cl(PNSint(R)). Hence, £
PNcl(PNint(PNScl(R))) € PN cl(PN Sint(R)). Therefore, 8 is a PNES,s .

c
c

Proposition 4.7. If each 8 is a PN'§fcs and PN Sy , then it is a PN 8Scs .

Proof. Since £ is a PN'5Bcs and PNSSys .Then Y — Lis PNSBys and PN S5 and so by proposition 4.6,
9 — Lisa PNES,s . Therefore, Lis a PNSS.s .
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Proposition 4.8. If each 8 isa PN B,s which is a PN Sa s is alsoa PN .

Proof. Let & be a PN§Bysand PNSacs .Then, 8CS  PNcl(PNint(PNScl(R)) and
PN (PN int(PNScl(R))) € &.Therefore, PN cl(PNint (PN Scl(8))) € £ € PN cl(PNint (PN Scl(L))).So,
L=PNcl(PNint(PNScl(R))). Therefore, 8 is a PN Scs .

Corollary 4.9. If each & is a PN'5fs which is PN Sa,s is also a PN 6y
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