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Abstract

In 1999, Molodtsov introduced Soft Set Theory as a mathematical tool to
deal with uncertainty. It has been applied to many fields both as theoretical
and application aspects. Since 1999, different kinds of soft set operations
have been defined and used in various types. In this paper, we define a
new kind of soft set operation called, “complementary soft binary
piecewise lambda operation” and we handle its basic algebraic properties.
Also, it is intended to contribute to the literature of soft set by gaining the
relationships between this new soft set operation and some other types of
soft set operations via examining the distribution of complementary soft
binary piecewise lambda operation over extended soft set operations,
complementary extended soft set operations, soft binary piecewise
operations, complementary soft binary piecewise operations and restricted
soft set operations in order to inspire to obtain the algebaric structures of
soft sets and some new decision making methods.

Keywords: Soft sets, soft set operations, conditional complements

Yeni Bir Esnek Kiime Islemi: Tiimleyenli Esnek ikili Parcah Lambda () islemi
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Oz

Molodtsov, 1999 yilinda Esnek Kiime Teoriyi belirsizlikle basa ¢ikmak
icin bir matematiksel arag olarak ortaya koymustur. Teori, hem teorik hem
de uygulama yoniiyle bir¢ok alana uygulanmistir. 1999 yilindan bu yana,
farkli gesitlerde esnek kiime islemleri tanimlanmis ve cgesitli tiirlerde
kullanilmistir. Bu ¢alismada, “tiimleyenli esnek ikili pargali lambda
islemi” adi verilen yeni bir esnek kiime islemi tanimlanmis ve temel
cebirsel ozellikleri arastirilmistir. Ayrica tiimleyenli esnek ikili parcali
lambda igleminin genisletilmis esnek kiime islemleri, tiimleyenli
genisletilmis esnek kiime islemleri, esnek ikili pargali islemler, tiimleyenli
esnek ikili parcali islemler ve kisitlanmig esnek kiime iglemleri tizerine
dagilmasi incelenerek bu yeni esnek kiime islemi ile diger esnek kiime
islemleri arasindaki iligkiler elde edilerek esnek kiimelerin cebirsel
yapilarmi ve bazi yeni karar verme yoOntemlerini elde etmek icin
okuyuculara ilham vermek adma esnek kiime literatiiriine katki
saglanmasi amag¢lanmaktadir.

Anahtar Kelimeler: Esnek kiimeler, esnek kiime islemleri, kosullu
tiimleyenler
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Introduction

Molodtsov [1] introduced Soft Set Theory as a mathematical tool to overcome some types of uncertainty
in many fields. There are three well-known basic theories that we can count as a mathematical tool to
deal with uncertainties, which are Probability Theory, Fuzzy Set Theory and Interval Mathematics. But
since all these theories have their own shortcomings, Soft Set Theory has seen many interest and it has
been applied to many fields both as theoretically and application. Maji et. al. [2] and Pei and Miao [3]
made first contributions as regards soft set operations. After then, several soft set operations (restricted
and extended soft set operations) were introduced and examined in Ali et. al. [4]. Basic properties of
soft set operations were discussed and the interconnections of soft set operations with each other were
illustrated in Sezgin and Atagiin [5]. They also defined the notion of restricted symmetric difference of
soft sets and investigated its properties. A new soft set operation called extended difference of soft sets
was defined in Sezgin et al. [6] and extended symmetric difference of soft sets was defined and its
properties were investigated in Stojanovic [7]. When the studies are investigated, we see that the
operations in soft set theory can be categorized in two main headings, as restricted soft set operations
and extended soft set operations. Two conditional complements of sets as new concepts of set theory
were proposed and the relationships between them were examined by Cagman [8]. Via the inspiration
of this study, some new complements of sets were defined by Sezgin et al. [9]. They also transferred
these complements to soft set theory, and some new restricted soft set operations and extended soft set
operations were defined by Aybek [10]. Demirci [11], Sarialioglu [12], Akbulut [13] defined a new type
of extended operation by changing the form of extended soft set operations and studied the basic
properties of them in detail. Also, a new type of soft difference operation was defined in Eren [14] and
by being inspired this study, Yavuz [15] defined some new soft set operations, which is called soft binary
piecewise operations and they studied their basic properties in detail, too. Also, Sezgin and Sarialioglu
[16], Sezgin and Demirci [17], Sezgin and Atagiin [18], Sezgin and Cagman [19], Sezgin and Aybek
[20] and Sezgin et al. [21, 22] continued their work on soft set operations by defining a new type of soft
binary piecewise operation. They changed the form of soft binary piecewise operation by using the
complement at the first row of the soft binary piecewise operations. The purpose of this study is to
contribute to the soft set theory literature by describing a new soft set operation which is called
“complementary soft binary piecewise lambda operation”. For this intend, the definition of the operation
and its example are given, the algebraic properties, such as closure, associative, unit and inverse element
and abelian property of this new operation are examined in detail. Especially it is intended to contribute
to the soft set literature by obtaining the distributions of the complementary soft binary piecewise
lambda operation over extended soft set operations, complementary extended soft set operations, soft
binary piecewise operations, complementary soft binary piecewise operations and restricted soft set

operations.
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Preliminaries

In this section, some basic concepts related to soft set theory are compiled.

Definition 1. Let U be the universal set, E be the parameter set, P(U) be the power set of U and A € E.
A pair (F,A) is called a soft set over U where F is a set-valued function such that F: A — P(U) [1].
Throughout this paper, the set of all the soft sets over U (no matter what the parameter set is) is
designated by Sg(U). Let A be a fixed subset of E and S,(U) be the collection of all soft sets over U
with the fixed parameters set A. Clearly, S,(U) is a subset of Sg(U) and, in fact, all the soft sets are the
elements of Sg(U).

Definition 2. (Z, D) is called a relative null soft set (with respect to the parameter set D), denoted by @p,
if Z(t) = @ for all teD and (Z, D) is called a relative whole soft set (with respect to the parameter set
D), denoted by Uy, if Z(t) = U for all teD. The relative whole soft set Ug with respect to the universe
set of parameters E is called the absolute soft set over U [4]. We shall denote by @, the unique soft set
over U with an empty parameter set, which is called the empty soft set over U. Note that by @4 and by
@, are different soft sets over U [23].

Definition 3. For two soft sets (Z,D) and (R,]), we say that (Z, D) is a soft subset of (R,]) and it is
denoted by (Z,D) € (R,]), if DS Jand Z(t) € R(t), Vt € D. Two soft sets (Z,D) and (R,]) are said
to be soft equal if (Z, D) is a soft subset of (R,]) and (R, ]) is a soft subset of (Z, D) [3].

Definition 4. The relative complement of a soft set (Z, D), denoted by (Z, D)", is defined by (Z,D)" =
(Z,D), where Z": D — P(U) is a mapping given by (Z, D) = U\Z(t) for all t € D [4]. From now on,
U\Z(t)=[Z(t)]" will be designated by Z’(t) for the sake of designation.

Two conditional complements of sets as a new concept of set theory were defined in [8]. For the sake
of illustration, we show these complements as + and @, respectively. These complements are binary
operations and are defined as follows: Let D and J be two subsets of U. J-inclusive complement of D is
defined by, D+J=D’UJ and J-Exlusive complement of D is defined by D& J = D’NJ’. Here, U refers to
a universe, D’ is the complement of D over U. For more information, we refer to [8]. The relations
between these two complements were examined in detail by Sezgin et. al [9] and they also introduced
such new three complements as binary operations of sets as follows: Let D and J be two subsets of U.
Then, D*J=D’UJ’, DyJ= D’NJ, DAJ=DUJ’ [9]. These set operations were also conveyed to soft sets in
[10] and they defined restricted and extended soft set operations and examined their properties. As a
summary for soft set operations, we can categorize all types of soft set operations: Let "V" be used to
represent the set operations (i.e., here V can be N, U\, +,0, *, A,y), then restricted operations, extended
operations, complementary extended operations, soft binary piecewise operations, complementary soft

binary piecewise operations are defined in soft set theory as follows:
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Definition 5. [4, 5, 10] Let (Z, D) and (R, ]) be soft sets over U. The restricted V operation of (Z, D) and

(R,]) is the soft set (S,T), denoted by, (Z,D)VR(R,]) = (S5, T), where T=DNnJ#@ and VteT,
S(t) =Z(t) VR(t). Here note that if D N ] = @, then (Z, D)Vr(R,]) = By [23].

Definition 6. [2, 4, 6, 7, 10] Let (Z, D) and (R, ]) be soft sets over U. The extended V operation of (Z, D)
and (R,]) is the soft set (S,T), denoted by, (Z, D)V:(R,]) = (5,T) ,where T=DU]Jand Vt € T,

Z(v), t € D\J,
S = R, t€J\D,
Z(H)VR(), teDnN].

Definition 7. [11-13] Let (Z, D) and (R, ]) be soft sets over U. The complementary extended V operation
*
of (Z,D) and (R,]) is the soft set (S,T), denoted by, (Z, D) v (R =(T),where T=DU]J and
€
VteT
Z'(v), t e D\J,
sm=4 R, t€J\D,
Z(H)VR(t), teDn].
Definition 8. [14, 15] Let (Z, D) and (R, ]) be soft sets over U. The soft binary piecewise V operation of

(Z,D) and (R,]) is the soft set (S,D), denoted by (Z, D); (R,]) = (S,D), where VteD,

Z(v), teD\J
S(t)=
Z(t) VR(t) , teDNJ

Definition 9. [16-22] Let (Z, D) and (R, ]) be soft sets over U. The complementary soft binary piecewise

*
V operation of (Z,D) and (R, ]) is the soft set (S,D), denoted by (Z,D) ~ (R,]) = (S, D), where VteD;
\%
7(t), teD\J
S(H)=
Z(t) VR(t), teDNJ

Let (S,*) be a groupoid. An element e€S is called a left identity element if ess=s for all s€S. Similarly,
e is a right identity element is see=x for all e€S. An element which is both a left and a right identity is
an identity element. A groupoid may have more than one left identify element: in fact the operation
defined by x*y=y for all x, yeS defines a groupoid (in fact, a semigroup) on any set S, and every element
is a left identity. But as soon as a groupoid has both a left and a right identity, they are necessarily unique
and equal. For if e is a left identity and f is a right identity, then f=e+f=e [24].

Let (S,*) be a groupoid. An absorbing (annihilating/zero) element is an element z such that for all s in
S, zes=s*z=z. This notion can be refined to the notions of left absorbing, where one requires only that

z+s=z, and right absorbing, where s*z=z. As a similar case for identity element, if a groupoid has both a
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left absorbing element z and a right absorbing element z', then it has an absorbing element, since

z=z7' =7' [25].

Complementary soft binary piecewise lambda () operation and its properties

Definition 10. Let (F,Y) and (Z,L) be soft sets over U. The complementary soft binary lambda ()

%
operation of (F,Y) and (Z, L) is the soft set (H,Y), denoted by, (F,Y)~ (Z, L) = (H,Y), where VIeY,
A
F(1), leY\L
H(l)=
F() uz’ (1), leYNL

Example 1. Let E={e;,e,,e3,e,} be the parameter set Y={e,, es} and L={e,, e3 , 4} be the subsets of
E and U={h;,h;,h3,h,,hs} be the initial universe set. Assume that (F,Y) and (Z,L) are the soft sets over

U defined as follows:
(F,Y):{( el, {hZ,hS})! (93,{h1,h2,h5})}

(Z,L):{( e21{h1 !h4!h5})1 (93,{h2,h3,h4}),(84,{ h3 ’hS})}

*
Let (F,Y)~ (Z,L)=(H,Y). Then,
A
F(l), leY\L
H(l)=
F(1) vz’ (1), leYNnL

Since Y={e,, es} and Y\L={e,}, so H(e;) =F’(e;)={ hy,h3,h,}. And since YNL={e3} so H(e3)=F(e3)
UZ’(e3)={hy, hy,hs}U{hy,hs}={hy, hy, hs}.

*

ThUS, (F’Y) ~ (Zvl—):{( el’{hl ’h3’h4})’ (83, {hl!hZ'hS})}
A

Theorem 1. (Algebraic properties of the operation)

%
1) The set Sg(U) is closed under the operation ~. That is, when (F,Y) and (Z,L) are two soft sets over
A
%
U, thensois (F,Y)~ (Z,L).
A
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*
Proof. It is clear that ~ is a binary operation in Sg(U). Hence, the set Sg(U) is closed under the
A
*
operation ~
A
* * * *
2) [(FY)~ (ZY)] ~(HY)# (FY)~[(ZY)~ (H.Y)]
A A A A
*
Proof. Let (F,Y)~ (Z,Y)=(T,Y), where VIeY;
A
F (D), leY\Y=0
T()=
F(yuz (), leyny=y
*
Let (T,Y)~ (H,Y)=(M,Y), where VIeY;
A
(1), leY\Y=0
M(l)=
T() UH’ (1), leYNY=Y
Thus,
(1), leY\Y=0
M(l)=
[F() uZ’(H] UH’(1), leYNY=Y
*
Let (Z,Y)~ (H,Y)=(L,Y), where VIeY;
A
(D), leY\Y=0
L(=
Z(l) uH (1), leyny=y
%
Let (F,Y) ~ (L,Y)=(N,Y), where VIeY;
A
F (D), leY\Y=0
N(l)=
F() uL’ (1), leyny=y
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Thus,

F(l), leY\Y=0
N(1)=
F(I) U [2()nH(1)] , leYNY=Y

Itis seen that (M,Y) = (N,Y).

*
That is, for the soft sets whose parameter sets are the same, the operation ~ does not have associativity
A

property. Moreover, we have the following:

* * * *
3 [(F.Y)~ (ZL)] ~HR) # (FY)~[(ZL) ~(HR)]
A A A A
*
Proof. Let (F,Y) ~ (Z,L)=(T,Y), where VIeY;
A
F (1), leY\L
T(l)=
F(I) uz’ (), leYNL
*
Let (T,Y)~ (H,R) =(M,Y), where VIeY;
A
(D), leY\R
M(l)=
T(l) UH (1), leYNR
[ F(1), le(Y\L)\R=YNL’NR’
M= | F°(1) nZ()), le(YNL)\R=YNLNR’
F’(1) UH’(1), le(Y\L)NR=YNL’NR
| [F() uz> ()] UH(1), 1&(YNL) NR=YNLNR
*
Let (Z,L) ~ (H,R)=(K,L), where VIeL;
A
Z(1), leL\R
K()=
Z(l) UH’ (1), leLNR
*
Let (F,Y) ~ (K,L) =(S,Y), where VIeY;
A
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F (D), leY\L
S(h)=
F(l) UK’(1) , leYNL
Thus,
F (D), leY\L
S(h)= F() uz(l), leYN(L\R)=YNLNR’

F() u [Z’() NH()],  1eYN(LNR)=YNLNR

Here let’s handle le Y\L in the second equation of the first line. Since Y\L= YNL’, if leL’, then 1eR\L
or le(LUR)’. Hence, if 1eY\L, then leYNL’NR’ or leYNL’NR. Thus, it is seen that (M,Y) # (S,Y). That

*
is, for the soft sets whose parameter sets are not the same, the operation ~ has not associativety property
A
in the set Sg(U).
% %
4 (FY)~ ZL=# ZL) ~ (FY)
A A

Proof. Here, while the parameter set of the soft set of the left hand side is Y; the parameter set of the

soft set of the right hand side is L. Thus, by the definition of soft equality

* *
(F,Y)~(ZL)YAZL) ~(FY).
A A

%
Hence, the operation ~ has not commutative property in the set Sg(U),
A

*
5) (F,Y)~ (F,Y)=Uy
A

%
Proof. Let (F,Y) ~ (F,Y)=(H,Y), where VIeY;
A
F(1), leY\Y=0
H(D)=
F() UE (), leyny=y
Here VIeY; H(I)= F(l) U F’(1)=U, thus (H,Y)= Uy.
*

That is, the operation ~ does not have idempotency property in the set Sg(U) .
A
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*
6) (F.Y) ~ @y=Uy
A
%
Proof. Let @y=(S,Y). Then, vleY; S(D=@. Let (F,Y)~(S,Y)=(H,Y), where VIeY,
A
FQ1), leY\Y =0
H(I)=
F() u s’ (), leyny=y

Hence, VleY; H(D)= F(l) u S’(1) = F(1) uU= U. Thus, (H,Y)= Uy

*
7) @y ~ (F,Y)= (F, Y)".
A
*
Let @y=(S,Y). Then, vleY; S()= 8. Let (S,Y) ~ (F,Y)=(H,Y), where VleY;
A
S'(), leY\Y =0
H(1)=
s(l) U F(1), leYNy=Y

Thus, VIeY; H(1)= S(I) U F>(1)= @UF’(1)= F’(1), hence (H,Y)= (F, Y)'.

%
8) (F,Y) ~ @g=Uy.
A
*
Proof. Let @g =(S,E) . Hence VIeE; S()=@. Let (F,Y)~ (S,E)=(H,Y). Thus, VIeY,
A
F(1), leY\E =0

H(1)=
Flyus'(), leYNE=Y

Hence, VleY, H(l)= F(l) u S’(1)= F(1) uU=U, so (H,Y)= Uy.

*
9) (F,Y)~ Uy=(F,Y).
A
*
Proof. Let Uy = (T,Y). Then, vleY; T(I)=U. Let (F,Y) ~ (T,Y)=(H,Y), where VYIeY;
A
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(), leY\Y =0
H(l)=
F(I) U T(), leYny=Y

Thus, vleY; H(D=F(l) u T°(1)= F(1) ug=F(l), hence (H,Y)=(F,Y).

Note that, for the soft sets whose parameter set is Y, Uy is the right-identity element for the operation
%

~

A
*
10) UY ~ (F, Y) = Uy.
A
*
Proof. Let Uy = (T,Y). Then, VleY; T(I)=U. Assume that (T,Y) ~ (F,Y)=(H,Y), where VIeY;
A
(1) leY\Y =0
H(l)=
T() U F (1) leYNny =Yy

Hence, VIeY; H()=T(l) U F’()=U U F’(1)= U. Thus, (T,Y)= Uy

Note that for the soft sets whose parameter set is Y, Uy is the left-absorbing element for the operation
%

~ .

A
%
11) (F,Y) ~ Ug=(F,Y).
A
*
Proof. Let Ug =(T,E). Hence, VIeE, T(I)=U. Let (F,Y) ~ (T,E)=(H,Y), then VIeY ,
A
F(1), le Y\E =0
H(l)=
F() u T(1), leYNE=Y

Hence, vieY, H()= F(l) U T°(= F(I) u® = F(I), so (H,Y)= (F,Y).

Note that, for the soft sets (no matter what the parameter set is), Ug is the right-identity element for the

*
operation ~ in the set Sg(U) .
A
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*
12) (F,Y) ~ (F,Y)'=(F,Y).
A
%
Proof. Let (F,Y)=(H,Y). Hence, VleY; H()=F’(l). Let (F,Y) ~ (H,Y)=(T,Y), where VIeY,
A
F(1), leY\Y=0
T()=
F(l) u H (1), leyny=y

Hence, VleY; T(D= F(l) UH’(1)=F() UF(D)= F(l), thus (T,Y)=(F,Y).

%
Note that, relative complement of every soft set is its own right-identity element for the operation ~
A

in the set Sg(U).

*
13) (F,Y) ~(F,Y)=(F,Y)".
A
*
Proof. Let (F,Y)'=(H,Y). Hence, VleY; H()=F’(1). Let (H,Y)~ (F,Y)=(T,Y), where VIeY;
A
H’(1), leY\Y =0
T()=
HNOUF (), leyYny =y

Hence, VleY; T(1)= H(l) u F’()= F’(1) U F>()= F(1) , thus (T,Y)= (F, Y)".

Note that, relative complement of a soft set is the left-absorbing element of its own soft set for the

%
operation ~ in the set Sg(U).
A

£
14) [(F,Y)~ (Z,L)I=(F.Y)¥(ZL).
A

*
Proof. Let (F,Y) ~ (Z,L)=(H,Y). Then, VIeY,
A
F’(1), leY\L
H(l)=
F(hu z (1), leYNL
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Let (H,Y)=(T,Y), so VleY,

F(1), leY\L
T(N)=
F () nZ(), leYNL

Thus, (T,Y)=(F,Y)y (ZL).

In classical theory, AUB =0 © A =@ and B = @. Now, we have the following:

%
15) (F,Y)~(Z,Y)= 0y ©(F,Y) =@y and (ZY) = Uy.
A
*
Proof. Let (F,Y) ~(Z,Y) = (T,Y). Hence, VIeY,
A
F(1), leY\Y=0

T(N=
F(huz(), leYNY=Y

Since (T,Y) = @y, VIeY, T(I)= @. Hence, VleY, T()=F (I) UZ’()=g< V1 € Y, F(I)= @ and Z’(1)= @
& VieY, F()=¢ and Z(I)=U <(F,Y) = @y and (Z,Y) = Uy.

In classical theory, for all A, ® € A. Now, we have the following:

* *
16) @y E(F,Y) ~ (Z,L) and @, € (Z,L) ~ (F,Y).
A A

In classical theory, for all A, A € U. Now, we have the following:

* *
17) (FY)~(ZL) € Uyand (ZL) ~(FY)E U,.
A A

In classical theory, A € AUBand AC A U B. Now, we have the following analogy:

% £3
18) (F,Y)E (F,Y) ~(ZY) and (Z,Y)" E(F,Y)~(ZY).
A A

%
Proof. Let (F,Y)~ (Z,Y)=(H,Y). First of all, YS Y. Moreover, VIeY,
A
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(), leY\Y=0
H(l)=
Flyuz (), leYNny=Y

Since VleY, H(D=F() < F(I) u Z’(1) and Z’(1) < F(I) U Z’(1), the rest of the proof is obvious.
Distribution Rules

In this section, distribution of complementary soft binary piecewise lambda (1) operation over other soft
set operations such as extended soft set operations, complementary extended soft set operations, soft
binary piecewise operations, complementary soft binary piecewise operations and restricted soft set

operations are examined in detail and many interesting results are obtained.

Distribution of complementary soft binary piecewise lambda (A) operation over extended

soft set operations:

i) Left-distribution of complementary soft binary piecewise lambda (1) operation over extended

soft set operations

* * *
1) (F,Y) ~[(Z L) ng(H,R)=[(F,Y)~ (Z L)] G[(HR) ~(FY)],whereYNL'NnR =0
A A +

Proof. Let’s first handle the left hand side of the equality and let (Z,L) n¢( (H,R)=(M,LUR) where
VIeLUR;

Loz, leL\R
M(I)= | H(), leR\L

Z() NH(I), 1eLNR

%
Assume that (F,Y) ~ ( M,LUR)=(N,Y), where VIeY;
A
F’(1), leY\ (LUR)
N(D)=
FOuM’(l), 1eYN(LUR)
Hence
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T F(D), leY\ (LUR) =YNL’NR’
N()= | F(l)uz(), leYN(L\R)= YNLNR’
1 Foyur), leYN(R\L)= YNL’NR
F)u [z’ () uH ()], leYNLNR=YNLNR

* *
Now let’s handle the right hand side of the equality [(F,Y)~ (Z,L)] T[(H,R) ~ (F,Y)]. Assume that
A +
*
(F,Y)~ (Z,L)=(V,Y), where VIeY;
A

F’(1), le Y\L
V()=

F() u Z° (D), le YNL

%
Let (HR) ~ (F,Y)=(W,Y), where VIeR;
+

H’(1), leR\Y
W(l)=

H’(1) U F(I), leRNY
Let (V,Y)U (W,R)=(T,Y), where VIeY;

V(), leY\R
T= [V uW(), leYNR
Thus,

E (), le(Y\L)\R=YNL’NR’

F(l) u 2°(D), le(YNL)\R=YNLNR’

F’(1) UH’(1), le (Y\L)N(R\Y)=0
TM=| PO u [H ) UFD)], le(Y\L)N(RNY)=YNL’NR

[F()u zZ’ ()] ulr’(D), le(YNL)N(R\Y)=0

[FOuz®m] u [H1) UFD], eYNL)NRNY)=YNLNR
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It is seen that (N,Y)=(T,Y).

* * ES

2) (F,Y) ~ [(Z, L) Us(H,R)=[(F.Y) ~ (Z,L)] A[(H,R) ~(F.Y)], whereYnL'NnR =@
A A +
* * *x

3) (FY)~ [(ZLAMHR)] = [(FY)~ (ZL)] A [(HR) ~ (F,Y)], where YNL’NR=0.
A A U
* * *x

HFEY)~ [ZL\HR] = [(FY)~ ZL)] U [(HR) ~ (FY)] where YNL’NR =0.
A A U

ii) Right-distribution of complementary soft binary piecewise lambda (A) operation over extended

soft set operations

ES ES ES
1) [(FY)u: (ZL)] ~HR)= [(FY)~(H,R)] U, [(ZL) ~(HR)], where YNLNR’=@.
A A A
£ 3 ES £3
Moreover, [(F,Y)u. (Z,L)] ~(H,R)= [(F,Y)~H,R)] n. [(ZL) ~(H,R)], where YNLNR=0.
A A A

Proof. Let’s first handle the left hand side of the equality and let (F,Y)U¢(Z,L)=(M,YUL), where
vieYUL;

F(), leY\L
M) = = Z(l), leL\Y

F(huz(l), leynL

*
Suppose that (M,YUL) ~ (H,R)=(N,YUL), where VleYUL,;
A
M(D), le(YUL) \R
N(l)=
M) U H’(1),  1e(YUL)NR
Thus,
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N()= |

(1),
YA
F°(1) NZ(),
F(l) u H*(1),

Z(l) u H°(),

[ F() uz()] U H’(1),

le(Y\L)\R=YNL’NR’
le(L\Y)\R=Y’NLNR’

le(YNL)\R=YNLNR’
le(Y\L)NR=YNL’NR

le(L\Y)NR=Y’NLNR
le(YNL)NR=YNLNR

%

Now let’s handle the right hand side of the equality: [(F,Y) ~

*
(F,Y)~ (H,R)=(V,Y), where VIeY;
A
E (),
V(=
F(I) u H’(1),
*
Let (ZL) ~
A
(1),
W(l)=
Z(h v H (D),

le Y\R

le YNR

(H,R)=(W,L), where VIeL;

leL\R

leLNR

A

Assume that (V,Y)U, (W,L)=(T, YUL), where VleYUL,;

T()= -

V().

w(),

Hence,

V(1) uW(I),

leY\L

leL\Y

leYNL
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T, le(Y\R)\L=YNL’NR’
F(I) U H(1), le(YNR)\L=YNL’NR
Z’(D), le(L\R)\Y=Y’NLNR’
Z() U H (1), le(LNR)\Y=Y’NLNR
T()=" F Q) uz’(1), 1e(Y\R)N(L\R)=YNLNR’
F’Ayu [z() uH(1)] le(Y\R)N(LNR)=0
[F() u H’()] vz’ (), le(YNR)N(L\R)=0
C[FOuE@®] v [ZOuE O], 1e(YNR)NLNR)=YNLNR

It is seen that (N,YUL)=( T,YUL).

* £ *x
[(F,Y)U: (ZL)] ~(H,R)= [(FY)~(HR)] n. [(ZL) ~(H,R)], where YNLNR=@ can be shown
A A A

similarly.
% % %

2) [F.Y)n: (ZL)] ~(HR)= [(FY)~(H,R)] n. [(ZL) ~(H,R)], where YNLNR’=0.
A A A

* * *
Moreover, [(F,Y)n, (Z,L)] ~(H,R)= [(F,Y)~(H,R)] U, [(ZL) ~(H,R)], where YNLNR=0 .
A A A

* & &
3) [(F,Y)\: (ZL)] ~ (HR)= [(F,Y)~ (HR)] n. [(ZL) ~ (H,R)], where YNLNR’=Y’NLNR=@.
A A *

* % %
4) [(F,Y)Ae (ZL)] ~ (HR)=[(F,Y)~ (HR)] U: [(ZL) ~ (HR)], where YNLNR’=Y’NLNR =0.
A A %
Distribution of complementary soft binary piecewise lambda (A) operation over

complementary extended soft set operations:
i) Left-distribution of complementary soft binary piecewise lambda (A) operation over
complementary extended soft set operations

sk £ 3 £3
1) (F,Y)~ [(zZL) >g(H,R)] = [(F,Y)~ (zZL)] T [(HR) ~ (F,Y)], whereYNL’NR=@
A & U U
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%
Proof. Let’s first handle the left hand side of the equality. Assume (Z,L) 0 (H,R)=(M,LUR), so
€

VIELUR,
WAL leL\R
M) = | H(), leR\L
Z’(h)NH’(1), leLNR
*
Let (F,Y)~ (M,LUR)=(N,Y), then VleY,
A
F (1), leY\(LUR)
N()=
F(huM’(l), 1eYN(LUR)
Hence,
TP, leY\ (LUR) =YNL’NR’
F(I) uz(l), leYN(L\R)= YNLNR’
N()=— F(l) UH(l), leYN(R\L)= YNL’NR
F()u [(z(I) uH®D], leYNLNR=YNLNR
- * * *
Now let’s handle the right hand side of the equality [(F,Y)~ (Z,L)] U [(H,R) ~ (F,Y)]. Let (F,Y)~
U U U

(Z,L)=(V,Y), so VleY,

F’(1), leY\L
V()=
F(huz(l), leYNL
*
Let (H,R) ~ (F,Y)=(W,R), hence VIeR,
v
H’(D), leY\R
W(l)=
H(I) UF(1), leRNY

Assume that (V,Y)U(W,R)=(T,Y), hence VleY,
T()= | vQ), leY\R

V) uw(l),  leYNR
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Hence,
TF(D), 1le(Y\L)\R=YNL’NR’
F(1) u Z(1), le(YNL)\R=YNLNR’
F>(1)UH’(1), 1le(Y\L)N(R\Y)=0
T(h)=— F(Hu [H(I) uFQ)], le(Y\AL)N(RNY)=YNL’NR
[F@I) u z()] uH (), le(YNL)N(R\Y)=¢
[F)uz(M] u [H{) UFD], le(YNL)NRNY)=YNLNR

It is seen that (N,Y)=(T,Y).

* * *k

2)(F,Y)~ [(ZL) **(H,R)] = [(F,Y)~ ZL)] A [(HR) ~ (F,Y)], whereYNL’NR=0
A & U U]
* % * ES

3) (F,Y)~ [(zL) N HR)] = [(F,Y)~ (ZzL] A [(HR) ~ (F,Y)], where YNL’NR=0.
A & U +
£ 3 " £ &

4) (F,Y)~ [(ZL) v HR)] = [(FY)~ zZL)] T [(HR) ~ (F,Y)], where YNL’NR=0.
A & U +

ii) Right-distribution of complementary soft binary piecewise lambda (A) operation over
complementary extended soft set operations
%

DIEY) T @D] ~ HR)= [EY) 5 HR)] U, [ZL) 3 (HR)], where YALAR=0
; A

%
Proof. Let’s first handle the left hand side of the equality, let (F,Y) _ (Z,L)=(M,YUL), where VleYUL;
€

F(l), leY\L
M) =z, leL\Y
FOuz’ (1), leYnL
*

Let (M, YUL) ~ (H,R)=(N,YUL), where VleYUL;
A
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M’(D),
N(l)=
M(I) U H’(1),
Thus,
CF(),
Z(1),

N()= | F)NZ(),
F(1) u (D),

() U H(1),

ISSN: 2536-4383

le(YUL)\R

le(YUL)NR

[EMuze® Ju H D),

le( Y\L)\R=YNL’NR’
le(L\Y)\R=Y’NLNR’
le(YNL)\R=YNLNR’
le(Y\L)NR=YNL’NR
le(L\Y)NR=Y’NLNR

le(YNL)NR=YNLNR

Now let’s handle the right hand side of the equality: [(F,Y) & (HR)] U [(Z.L) 4 (H.R)]. Assume

that (F,Y) & (H,R)=(V,Y), where VleY;

F(0),
V()=
Fd) v H D),

leY\R

leYNR

Let (ZL) 5 (H.R)=(W,L), where VleL;

leL\R

leLNR

Assume that (V,Y)U, (W,L)=(T,YUL), where VleYUL;

Z(I),

W(l)=
() U H(),
V(),

T(H= 7 w(),
V(I)uw(l),

Thus,

leY\L

leL\Y

leYNL
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(), le(Y\R)\L=YNL’NR’
F’(1) U H*(1), le(YNR)\L=YNL’NR

Z(), le(L\R\Y=Y NLNR’

Z’() u B (D), le(LNR\Y=Y’NLNR

T(h= < F(uz(), le(Y\R)N(L\R)=YNLNR’

F()u [z’(yu H ()], le(Y\R)N(LNR)=0

[ E°(1) UH’ ()] uz(l), le(YNR)N(L\R)=@

[P UH D] u [Z20)uH ()], le(YNR)N(LNR)=YNLNR

It is seen that (N,YUL)=(T,YUL).

*
2) [(F,\():;< zL)] ~ (HR)= [FY), (HR)] n, [(ZL) 4 (HR)], where YNLNR'=0
; A

¥

3) [(F,Y)? (ZL] ~ (HR)= [(FY) ¢ (HR)] n, [ZL); (HR)], where YNLNR’= Y’NLNR =¢
e A
% * ~ ~
HIFY) . @V] ~ HR=[FY) 4 HR)] Ue [ZL), (HR)], where YALNR’= Y’NLNR =.
e A

Distribution of complementary soft binary piecewise lambda (A) operation over soft

binary piecewise operations:

i) Left-distribution of complementary soft binary piecewise lambda (A) operation over soft binary

piecewise operations
The followings are held when YNL’NR =@ .
% % *

1) F,Y)~ [(ZL)THR)] = [(FY)~ (zL)] A [(HR) ~(F,Y)].
A A +

Proof. Let’s first handle the left hand side of the equality, let (Z,L) U (H,R)=(M,L), where VI€L;

z(), leL\R
M(l)=
Z(HUH(D),  leLNR
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*
Let (F,Y)~ (M,L)=(N,Y), where VIeY;
A
F’(1), leY\L
N(D)=
Fh)uM’(), leYNL
Thus,
TF(), leY\L
N()= _J F(l)u 2z, leYN(L\R)= YNLNR’

F)u[Z) NnH 1] leYNLNR=YNLNR

*

ISSN: 2536-4383

* *

Now let’s handle the right hand side of the equality: [(F,Y)~(Z,L)] & [(H,R)~(F,Y)]. Let (F,Y)~

A
(Z,L)=(V,Y), where VIeY;

F(1), leY\L
V()=
Fl)uz'(), leYNL
%
Let (H,R) ~(F,Y)=(W,R), where VIeR;
+
H (1), leR\Y
W(l)=

HOUF(), leRNY
Suppose (V,Y)N (W,R)=(T,Y), where VIeY;

V(l), leY\R
T()=
V() NW(1), leYNR

Therefore,
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Sezgin and Yavuz

), 1e(Y\)R =YNL'NR’
Fi)yu Z°(), le(YNL)R= YNLNR’
B (1) NH’(1), 1e(Y\L)N(R\Y)=0

T()= |FQ) N[0 U F 1], le(Y\L)N(RNY)= YNL’NR

[F() U Z°(1)] NE’(1), le(YNL)N(R\Y)=0

[F(I) U Z° ()] N [H(1) U F()], le(YNL)NRNY)=YNLNR

Here let’s handle leY\L in the first equation of the first line. Since Y\L= YNL’, if 1€L’, then leR\L or
le(LUR)’. Hence, if IeY\L, then leYNL’NR’ or leYNL’NR. Thus, it is seen that (N,Y)=(T,Y).

* £ *k
2)FY)~ [(ZLAMHR)I = [(FY)~ (zZL)] T [(HR) ~ (FY)].
A A +
* & &

3) F.Y)~ [(ZL\(H.R] = [FY)~ zZL)] T [(HR) ~ (FY)].
A A U
%) %k %k
4HFY)~ [ZLAXHR]I = [(FY)~ (ZL] A [(HR) ~ (F,Y)].
A A U

ii)Right-distribution of complementary soft binary piecewise lambda (A) operation over soft
binary piecewise operations
% %

1) [(F,A)N (ZL)] ~ (HR)= [(FY)~ (HR)] A
A A

*
[(zL) ~ (HR)]
A

Proof. Let’s first handle the left hand side of the equality. Suppose (F,Y)n (Z,L)=(M,Y), where VIeY,

F(I), leY\L
M(l)=
F(HNZ(), leYNL
*
Let (M,Y)~ (H,R)=(N,Y), where VIeY,
A
M’(D), leY\R
N()=
M(l) u H(1), leYNR
Thus,
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P, le(Y\L)R =YNL’NR’
Fuz’(l), le(YNL)\R= YNLNR’
N(l)="| F()uH (1), le(Y\L)NR= YNL’NR

[FHNZM]uH’(1),  1le(YNL)NR=YNLNR

*

A

ISSN: 2536-4383

*
Now let’s handle the right hand side of the equality: [(F,Y)~ (H,R)] A [(Z,L) ~ (H,R)]. Let
A
*
(F.Y)~ (H,R)=(V,Y), where VIeY;
A
F(), leY\R
V()=
F() U H*(1), leYNR
*
Let (Z,L) ~ (H,R)=(W,L), where VIeL,;
A
Z°(1), leL\R
W(l)=
Z() U H (1), leLNR
Suppose that (V,Y)N (W,L)=(T,Y), where VIeY;
V(l), leY\L
T(l)=
V(IHNW(1), leYNL
Hence,
TP, le (Y\R)\L=YNL’NR’
F(I) u H(), le(YNR)\L=YNL’NR
F()NZ(1), 1e(Y\R)N(L\R)=YNLNR’
TH=" FPON [Z()u )], 1e(Y\R)N(LNR)=0
[F() uH (D] NZ°(), le(YNR)N(L\R)=@
[FOuBM] N [ZHhuB @], 1le(YNR)N(LNR)=YNLNR
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It is seen that (N,Y)=(T,Y).

* * *

2) ((F,AT(@ZL)] ~HR=L(FY)~ (HR)] U [(ZL)~ (HR)]
A A A
* * *

3) [(F, AAZL)] ~ (HR)= [(F,Y)~ HR)] T [(zZL) ~ (HR)]
A A *
* * *

4) [F, A\ZL)] ~ HR)= [FY)~ HR)] A [(ZL) ~ (HR)]
A A *

Distribution of complementary soft binary piecewise lambda (A) operation over

complementary soft binary piecewise operations:

i) Left-distribution of complementarysoft binary piecewise lambda (A) operation over

complementary soft binary piecewise operations

The followings are held where YNL’NR =0@.

% % % %
1) FY)~ [(ZL) ~ (HR)] = [(F,Y)~ (ZL)] & [(HR) ~ (F.Y)].
A * V] U
%
Proof. Let’s first handle the left hand side of the equality, let (Z,L) ~ (H,R)=(M,L), where VeeL,;
%
Z(), leL\R
M(l)=
Z’(HUH’(),  1eLNR
*
Let (F,Y)~ (M,L)=(N,Y), where VIeY;
A
F(1), leY\L
N(l)=
F(I) uM’(l), leYNL
Therefore,
F(1), leY\L
N()=— F(I) uz(), leYN(L\R)= YNLNR’

F(1) U [(Z(I) "H()], 1eYNLN R= YNLNR
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% %
Now let’s handle the right hand side of the equality: [(F,Y)~ (zZ,L)] A [(H,R)~ (F,Y)] Let
U u
%
(F,Y)~ (Z,L)=(V,Y), where VIeY;
U
F (), leY\L
V()=
F(I) uz(l), leYNL
%
Suppose that (H,R) ~ (F,Y)=(W,R), where VIeR;
U
H(1), le R\Y
W(l)=
H(l) UF(l), leRNY
Let (V,Y)N(W,R)=(T,Y), where VIeY;
V(l), leY\R
T()=
V(1) NW(D), leYNR
Hence,
TR, le(Y\L)\R =YNL’NR’
F(l) uz(I), le(YNL)\R= YNLNR’
F’(1) NH’(1), 1e(Y\L)N(R\Y)=0
T)=] FA) N [HQ) uF@D], le(Y\L)N(RNY)= YNL’NR
[F() uz(h] NH’ (1), le(YNL)N(R\Y)=0
() uz()] N [H() UFD)], le (YNL)N(RNY)=YNLNR

Take care that since Y\L= YNL’, if leL’, then 1€eR\L or le(LUR)’. Hence, if 1eY\L, leYNL’NR’ or
leYNL’NR. Thus, it is seen that (N,Y)=(T,Y).
* * * *

2) (FY)~ [(ZL) ~ HR)] = [(FY)~ ZL] T [(HR) ~ (FY)]
A 0 U U
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* * * *

3) (F,Y)~ [(ZL) ~H,R)] = [(F,Y)~ (zL)] T [(HR) ~ (F,Y)]
A Y U +
* * * *

4) (FY)~ [(zL) ~ HR)] = [(FY)~ (zL)] A [(HR) ~ (F,Y)]
A + U +

ii) Right-distribution of complementary soft binary piecewise lambda (A) operation over

complementary soft binary piecewise operations

The followings are held when YNLNR' =@.

% %
) [F.A) ~ ZLD] ~HR)= [FY)g HR] A [ZL) 4 (HR).
0 A
%
Proof. Let’s first handle the left hand side of the equality, let (F,Y) ~ (Z,L)=(M,Y), where VIeY ,
0
F(D), leY\L
M(l)=
F*(HNZ’(D), leYNL
%
Let (M,Y) ~ (H,R)=(N,Y), where leY,
A
M’(D), leY\R
N()=
M(l) U H’(1), leYNR
Hence,
TR, le(Y\L)\R =YNL’NR’
N(D= F(huz(l) le(YNL)\R=YNLNR’
] F’(1) U H’'(1) le(Y\L) NL= YNL’NR
[FPONZ’ (D] U H (1) 1e(YNL)NR=YNLNR

Now let’s handle the right hand side of the equality: [(F,Y), (HR)] A [(ZL) 4 (H.R)]. Let
(FY) 5 (HR)=(V.Y), where vleY;

F() leY\R
V()=
F(l) U H'(l), leYNR
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Assume that (Z,L) ; (H,R)=(W,L), where VleL,;

Z(I), leL\R
W(l)=
ZO)UH(D),  leLNR

Let (V,Y)N (W,L)=(T,Y), where VleY;

v(l) leY\L
T()=
VIHNW(1) leYNL
Therefore,
RO, le (Y\R\L=YNL’NR’
F(1) U H’()), le(YNR)\L=YNL’NR
T()= | F)NZ(), 1e(Y\R)N(L\R)=YNLNR’
= FHN[Z’() u B’ ()], 1e(Y\R)N(LNR)=0
[F°)uH D] NZ®), le(YNR)N(L\R)=0
(PO UHE®D] N [2°0) uH®O)], le(YNR)N(LNR)=YNLNR

It is seen that (N,)=(T,Y).

C

~

.l

[(@ZL)  (HR)]

[(ZL) ) (HR)]

ES *
2 [F A ~ ZL] ~HR)= [(FY) g (HR)] T [(ZL) & HR]
* A
% * -
I[(F.A) ~ ZL)] ~ HR)= [(FY) 4 (HR)]
+ A
* £'3 -
HLF.A) ~ ZD] ~ HR)= [FY) 4 HR)]
Y A

ISSN: 2536-4383

Distribution of complementary soft binary piecewise lambda (A) operation over restricted

soft set operations:

The followings are held when YNLNR =@.
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£ *k *k
1) (F,Y)~ [(ZL)ng(H,R)] = [(F,Y)~ (ZL)] ng [(F.Y)~ (HR)].
A % %

Proof. Let’s first handle the left hand side of the equality, suppose (Z,L) Ng(H,R)=(M,LNR) and so

*
vIeLNR, M(1)=Z(1) NH(l). Let (F,Y) ~ (M,LNR)=(N,Y), so VIeY,
A

(), leY\(LNR)

N()= _
Fl)uM’ (1), 1eYN(LNR)

Thus,
F(), leY\(LNR)
N(I)=

FI) v [Z()uH (D], leYN(LNR)

* *
Now let’s handle the right hand side of the equality: [(F,Y)~ (Z,L)] ng [(F,Y)~ (H,R)], Let
* *
*
(F.Y)~ (ZL)=(V,Y), and VIeY ,
*

(), le Y\L

V(l)= —
F () uz’(l), le YNL

- %
Let (F,Y)~ (H,R)=(W,Y)and VIeY,
*

—

(), le Y\R
w(l)= _
F*(1) UH’(), leYNR

Assume that (V,Y)Ng (W,Y)=(T,Y), so VIeT(l) =V(I) U W(l),
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PO N P, le( Y\L)N(Y\R)
T)= | PN [FQ) uH D), le(Y\L)N(YNR)

| LF () uz’ ()] NE ), le(YNL)N(Y\R)

L uz’(y] n [P uR’ D], le(YNL)N(YNR)

Thus,
P, le YNL’NR’
TM=| F@), leYNL’NR
] F (1), leYNLNR’
PO uzm] n [PQUE@D],  leYNLAR

Considering the parameter set of the first equation of the first row, that is, Y\(LNR); since Y\(LNR)
=YN(LNR)', an element in (LNR)"' may be in L\R, in R\L or (LUR). Then, Y\(LNR) is equivalent to the
following 3 states: YN(LNR"), YN(L'NR) and YN(L'NR"). Hence, (N,Y)=(T,Y).

£ 3 ES *k

2) (F’Y)~ |:(Z!I—) UR(H’R): [(F,Y)~ (Z’L)] nR [(F,Y)N (H,R)]
A * *
£ 3 ES %

3) (F,Y)~ [(ZL)6g (HR)] =(F,Y)~ (zL)] ug L(FY)~ (HR)].
A ' Y
£ 3 ES X

4) (FY)~ [(ZL) *xHR)] = [(FY)~ (ZL)] ng L(FY)~ (HR)].
A + +
S %k ES

5 (F.Y)~ [ZL)yr(HR)] = [(FY)~ (ZL)] ng [(FY)~ (HR)I.
A * +
* k S

6) (F,Y)~ [(ZL)Ax(HR)] =[(F.Y)~ (z,L)] u [(F.Y)~ (HR)].
A 0 '
*k % Xk

NIFY)~ [(ZL)\r HRI=[FY)~ (ZL)] nr [(FY)~ (HR)].
A y 0
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k ES ES
8) (F.Y)~ [(ZL)+r(HR)] =[(F.Y)~ (ZL)] ng [(FY)~ (HR)].
A + *
Conclusion

In this paper, we have contributed to the soft set literature by defining a new kind of soft set operation
which we call complementary soft binary piecewise lambda operation. The basic algebraic properties of
the operations have been investigated. Moreover by examining the distribution rules, we have obtained
the relationships between this new soft set operation and other types of soft set operations such extended
soft set operations, complementary extended soft set operations, soft binary piecewise operations,
complementary soft binary piecewise operations and restricted soft set operations. This paper can be
regarded as a theoretical study for soft sets and some future studies may continue by defining some new
decision making methods by using this new operation and algebraic structures of soft sets can be handled

again with the help o this new operation.
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Giris
Immiinoglobiilin G (IgG) antikoru, bagisiklik yaniti uyandirabilen belirli molekiilleri veya maddeleri
ifade eder. IgG, antikorlarin varhigmma bagisiklik sistemi tarafindan dretilen bir antikor veya

immiinoglobiilindir. Antikorlar, bakteri, viriis veya diger patojenler gibi yabanci maddelerdir ve

bagisiklik yanitini tetikler. IgG antikorlari, enfeksiyonlara karsi bagisiklik sisteminin savunmasinda
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kritik bir rol oynar: Antijenleri tanir ve baglanirlar, diger bagisiklik hiicreleri tarafindan imha edilmeleri

veya zararli etkilerinin notralize edilmesi igin isaretlerler. IgG antikorlar1 uzun vadeli bagisiklik saglar,
¢linkii ayni antijenlere karsi tekrarlayan enfeksiyonlara karsi koruma saglamak igin kan dolagiminda
uzun siire kalabilirler. Belirli antijenlere karsi IgG antikorlarinin tespiti, hastalik teshisi, tedavi
etkinliginin izlenmesi ve agilama yanitlarinin degerlendirilmesi gibi ¢esitli uygulamalarda énemlidir.
IgG antikorlarinin varligimi ve konsantrasyonunu oOlgerek, saglik profesyonelleri ve arastirmacilar
bireyin bagisiklik yanitini anlayabilir ve belirli hastaliklara karsi koruma diizeyini belirleyebilirler [1,
2]. Son yillarda, immiinolojik teshis alaninda IgG antikorlarin tespiti ve miktarinin 6l¢iimii konusunda
onemli ilerlemeler kaydedilmistir. Enzim bagli immiinosorbent testler (ELISA) gibi geleneksel
yontemler, IgG antikor tespitinde uzun siiredir kabul goren altin standart olmustur. Ancak, bu teknikler
genellikle karmasik laboratuvar siire¢lerini, zaman alici protokolleri ve 6zel donanimlar1 gerektirir, bu
durum kaynak siirli ortamlarda erisilebilirliklerini kisitlar. Bu zorluklarin {istesinden gelmek igin,
yenilik¢i teknolojiler ve yaklasimlar ortaya ¢ikmis ve IgG antikorunun tespiti alaninda devrim
yaratmistir. Bu ileri teknikler, gelistirilmis duyarlilik, 6zgiillik ve hizli sonu¢ alma siireleri sunarak
enfeksiyon hastaligi teshisi, otoimmiin bozukluk izlemi ve terapotik antikor gelistirme gibi genis bir
uygulama yelpazesinde ideal hale gelmistir [3, 4]. Bu yontemlerden birisi de kantilever kullanilarak
gelistirilen 6l¢iim sistemidir. Kantileverlar veya mikrokantileverlar bir ucundan sabitlenmis diger ucu
ise serbestge titresebilir durumda olan milimetre boyutunda veya mikrometre boyutlarindaki kati
malzemelerden yapilmis (silikon, nikel ve benzer malzemeler gibi) seritler olarak tanimlanmaktadir
(Sekil 1). Kantileverlarin hava, vakum ve siv1 gibi belirli ortamlar i¢indeki titresimleri incelenerek belirli
degiskenleri 6l¢iilerek sensor uygulamalarinda kullanilmaktadir. Bir bagka bakis agisindan kantileverlar,
molekiiler boyuttaki etkilesmeleri sinyale doniistiiren sensorlerdir ve bu 6zellikleriyle pikogram

algilama platformu olarak biiyiik potansiyele sahip cihazlardir [5-17].

Kantilever

Destek

Sekil 1. Kantilever sekilsel gosterimi

Uretim tekniklerindeki gelismeler kantilever sensorlerin yeteneklerini genisleterek sicaklik [8-10], kiitle
[11-14], manyetik [15-17] ve biyokimyasal [18-27] gibi fiziksel ve kimyasal 6zellikleri lgebilen pek
cok sensor uygulamasinda kullanimima olanak saglamistir. Kantilever yiizeyini belirli bir hedef
molekiile segici olarak ylizeysel emici bir malzeme ile kaplayarak bir serit oldukg¢a hassas ve segici bir
kimyasal veya biyokimyasal sensore doniistiiriilebilir. Kantilever hedef madde ile temasa gectiginde

mekanik bir tepki verir: konsol biikiiliir ve rezonans frekansi degisir. Boylelikle rezonans sinyalindeki
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degisim Olcililerek hedef maddenin tanimlanmasina ve kantitatif tespitine olanak tanir [5].

Kantileverlarin ¢aligma prensibi, tespit edilmek istenen maddenin molekiiler kiitle yiizeysel emiciligine
dayanmaktadir. Kiiciik boyutlari, hizli tepki vermeleri, hassasiyetleri, etiket gerektirmemeleri
kantileverlar1 sensor uygulamalarinda cazip hale getirmektedir. Kantilever sensor sistemlerinde analiz
edilecek molekiil kantilever yiizeyindeki reseptorlere baglandiginda sistemin kiitlesinde bir artisa sebep
olmakta sensor de iki tiir degisim olusturmaktadir. Bunlara bagli olarak, kantileverlarin iki calisma modu
vardir: statik ve dinamik mod [22-25]. Statik mod olarak adlandirilan yontemde kantileverin egilme
acist Olglilmekte ve buradan yiizeyde toplanan kiitle miktar1 belirlenmekte veya yiizeye baglanmasi
amaclanan molekiiller, viriisler, bakteriler vs. gibi farkli yapilar algilanmaktadir. Dinamik mod olarak
adlandirilan yontemde ise kiitle degisimine bagl olarak kantileverin rezonans frekansinda olugan
degisim veya kayma Ol¢iilmektedir [22-25]. Genel olarak titresen kantileverin titresim frekansi optik
algilamaya dayanan yontemle verilmektedir. U metotta kantileverin sabitlenmemis ucu, farkli titresim
modlarinda bir titresimei tarafindan uyarilir ve dogal frekanslar1 (1) denklemi ile verilir.
1

fo=2C) (1)

p

Burada E, Young modiilii, t kalinlik, p yogunlugu gostermektedir ve sabitler ¢, degerleri birinci ti¢ mod
icin sirasiyla 0.28, 1.75 ve 4.91 olarak verilmektedir (I verilmemis). Onceki ¢alismamizda [28], FesO4
manyetik nanopargaciklarin algilanmasi i¢cin manyetoelastik sensor kullanilmistir. Bu ¢alismada, IgG

antijeni algilanmasi i¢in kantilever sistemi kullanilmustir.

Deneysel
Olciim Metotlar

Ornegin rezonans frekansi, titresimli kamis ydntemiyle uygulanan alanm bir fonksiyonu olarak
Olciilmiistiir. Sistemdeki titresim frekansi ise optik olarak 6l¢iilmiistiir. Burada amorf ferromanyetik
FeaNizsMo04B1s (Metglas 2826MB) seritler kullanilmis ve seritler 3 ¢cm uzunlugunda ve 2 mm
genisliginde bilgisayar denetimli mikro kesici testere ile kesilmistir. Ornek kalinlig1 yaklasik 25 um’dir.
Kesilen 6rnek bir kiskag icine yerlestirilmis ve bir ugtan 1.5 cm serbest birakilmistir. Kelepge, siniizoidal
cikish degisken frekansli bir sinyal iireteci tarafindan galigtirilan mekanik bir vibratore baglanmistir.
Kelepgenin titresimi 2826MB seritin titresimine neden olur. Bu salimimin genligi, serit titresim
modlarindan birinin rezonans frekansinda g¢alistirildiginda en biiyiik degerine ulagmaktadir. Titresen
serit Ol¢lim sistemi Sekil 1'de gosterilmistir. Serit, lazer kaynag ile fotodiyotlar arasina yerlestirilmistir.
Seklin ekinde gosterildigi gibi iki fotodiyot vardir ve her bir fotodiyotun ¢ikisi, lock-in yiikseltecin iki
girisine baglanmistir ve lock-in yiikseltecin iki girisi arasindaki farklar1 almak i¢in A-B modunda
kullanilmugtir. Serit titresmedigi zaman, lock-in yiikselticinin ¢ikigi sifirdir ¢iinkii her iki fotodiyot da
ayn1 miktarda 151k yogunlugu almaktadir. Ornek titresmeye basladiginda, 6nce fotodiyotlardan birine

(6rnegin diyot a) dogru hareket eder. Bu durumda, fotodiyot b daha fazla miktarda 11k almaktadir,
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dolayisiyla Vb>Va olur. Daha sonra 6rnek fotodiyot b'ye dogru hareket ederek Va>Vb'ye yol agar. Bu

titresim, rezonans frekansinda lock-in yiikselte¢ ¢ikisinda maksimum siniizoidal ¢ikisa neden olur.
Rezonansta titresim genligi ve frekans degeri de manyetik alanin bir fonksiyonu olarak dl¢iilmiistiir.
Ayrica hangi manyetik alanda daha iyi sonug alinabilecegi de incelenmistir. Olgiimlerde dncelikle temel
modun frekansi 6l¢iilmiis, ardindan diger modlarin rezonans frekanslari 6lgiilmiistiir. Birinci mod ¢ok
parazite isarete sahip oldugu i¢in, ikinci rezonans frekans degerinde ol¢limler yapilmistir. IgG antijeni
algilama siirecinde farkli oranlardaki IgG yiizeyi fonksiyonellestirilmis olan kantilever {izerine bir
mikropipet yardimi ile damlatilmis ve rezonans frekansindaki degisim Slciilmiistiir. Ornegin yapisi,

Rigaku Rad B model X-1s1n1 toz difraksiyon difraktometresi ile incelenmistir.

Siddet (k.b.)

T T T T T T T T T T T T
20 30 40 50 60 70 80

26 ()
Sekil 2. Uretilen 2826MB kantilever sensoriin X-iginlart kirinim tayfi

Kullanilan Kimyasallar

Kullanilan kimyasal maddeler Sigma-Aldrich firmasindan ticari olarak satin alinmig ve ileri bir
saflastirma yapilmaksizin kullanilmiglardir. Tiim sulu ¢ozeltiler, Millipore Direct-Q® 3 su aritma

cihaziyla saflastirilan saf su ile hazirlandi.
Sensor Yiizeyinin Degisimi

Kesilen 2826 MB 6rneginin X-1s1m1 kirmim tayfi Sekil 2°de verilmistir. Sekilden de goriildiigii gibi yap1
amorf bir yapiya sahiptir. Daha sonra 2826 MB 6rnegi 6ncelikle 100 nm kalinliginda sensor yiizeyinin
asmma Ozelliklerini iyilestirmek i¢in krom (Cr) ile kaplanmis ve Cr kaplamanin iizerine 100 nm Au
kaplanmigtir. Au kaplama yapmamizin nedeni yiizeye olan tutunmanin artmasini saglamak i¢indir.
Hazirlanan altin yilizeye sahip kantileverlerin yiizeyleri 6 mg/mL olacak sekilde poli etilen glikol 2-

merkapto etil eter asetik asit ile muamele edilmistir. Bu islem 25°C’de 1 gece siireyle
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gerceklestirilmistir. Islemin tamamlanmasmin ardindan kantilever yiizeyler saf su ile yikanarak

baglanmayan gruplar uzaklastirilmistir. Ardindan bu yilizeyler oda kosullarinda 1-etil-3-(3-
dimetilamino-propil) karbodiimid/N-hidroksisiiksinimid (EDC/NHS) ile fonksiyonel hale getirilmistir.
EDC/NHS modifikasyonu i¢in 2.87 mg EDC 3.45 mg NHS ayr1 ayr1 1 ml pH 7.4 fosfat tampon ¢ozeltisi
(50 mM, PBS) igerisinde ¢oziinmiistiir. Sonrasinda kantilever yiizeyine 500 pL. EDC ¢ozeltisi ve 500
uL NHS eklenerek oda kosullarinda 1 saat siireyle karistirllmaya birakilmigtir. Reaksiyon siiresi

tamamlandiktan sonra kantilever yiizeyleri saf su ile bir kez yikanmigtir.
IgG Antikorunun immobilizasyonu

Fonksiyonel hale getirilen kantilever yiizeylerine 12.5 pL IgG antikor ¢6zeltisi eklenmis ve tizeri PBS
(50 mM, pH 7.4) ile 1 mL’ye tamamlanmistir. Bu reaksiyon 40°C’de 1 saat siireyle gerceklestirilmistir.
Islem tamamlandiktan sonra kantilevera eklenen siipernatant protein testleri igin ayristirilmus, kantilever
ise 1 kez saf su ile yikanarak dl¢iim islemleri i¢cin bekletilmistir. Yapilan islemler Sekil 3’de sematize

edilmektedir.

) N 4 Y
e
PGMEA gozeltisi N/l/ Y Y/
OS2 A rd
SO X /
X )
SO /

A
EDC/NHS N 1gG Antikor
e

—_— // \
25°C'de 1 saat \ 40°C'de 1 saat IgG Immobilize yiizey
25°C'de
24 saat Modifiye edilen ylzey

/ .
=Gold ylzeye sahip mikrosensoér v
' //Y

=IgG Antikoru Y/

V=196 Antibody <

Antijen c¢ozeltisinden 1 L
mikrosensor yuzeyine eklenir

Sekil 3. Altin yiizeye sahip mikrosensérlere IgG antikor immobilizasyonunun gerceklestirilmesi

Antijen Cozeltisinin Hazirlanmasi

Olgiim islemlerinin en énemli asamalarindan bir antijen ¢dzeltisinin mikrosensor yiizeyine damlatilmasi
ve segici olarak algilanmasidir. Yaptigimiz ¢alismada ilk olarak antijen ¢ozeltisi 1000 ppm olacak
sekilde stok halinde hazirlanmistir. Karar verilen diger konsantrasyonlar (500, 250, 100, 75, 50, 25 ve
10 ppm) stok ¢ozeltinin seri diliisyonu ile elde edilmistir. Olgiim sirasinda her bir farkl

konsantrasyondaki oOrnekten 1 pL alinarak mikrosensor ylizeyine damlatilmis ve frekanstaki
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degisiklikler not edilmistir. Asagida verilmis olan Tablo 1°de farkli konsantrasyondaki her 6rnekten 1

ul alindiktan sonra mikrosensor yilizeyindeki antikorlarla etkilesen madde miktar1 belirtilmistir.

Tablo 1. Mikrosensér yiizeyine eklenen madde miktarlar:

Konsantrasyon (ppm) Madde miktar1 (ng)
1000 1000

500 500

250 250

100 100

75 75

50 50

25 25

10 10

IgG Antikorunun Algillanmasi

Kantilever sensor yiizeyinde [gG Antijeninin tespiti i¢in kullanilan sensoriin frekans araligi 440 Hz ile

450 Hz olarak belirlenmistir. Ol¢iim sirasinda dncelikli olarak Sekil 4’de goriildiigii gibi hava ortaminda

bos yiizey Olglimii alinmis ve daha sonra kantilever {iizerine sirasiyla farkli konsantrasyonlarda

hazirlanmig antijen ¢ozeltisi her 6l¢ctimde 1 pl olarak eklenmistir.

0.0016 -

0.0012

0.0008 -

Genlik (Volt)

0.0004

0.0000

——0.25 pg IgG Damlatilda

Bos yiizey

Rezonans frekansi

450

460

T

T T T
470 480

Frekans (Hz)

T T T 1
490 500

Sekil 4. Havada serbestce titresen kantilever ve 0.25 ug antijenin kantilever yiizeyine eklendikten
sonraki rezonans egrileri

1. Damlatma 50 ppm (0.05ug antijen) olarak eklenmis ve eklenen karigimin sensor yiizeyinde yayilmasi

ile sensor rezonans frekansi azalmis ve rezonans frekansi ve bu frekans sinyal degeri kaydedilmistir.
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Buradaki rezonans frekans kaymasi Af = 0.5 Hz olarak elde edilmistir. 2. damlatmada 100 ppm (0.10

ug antijen) eklenmis ve buradaki degisim Af = 0.7 Hz olarak elde edilmistir. 3. damlatmada 250 ppm
(0.25 pg antijen) eklenmis ve buradaki degisim Af = 1 Hz olarak elde edilmistir. Burada zamana bagh
olciimde (Sekil 5) ¢ozelti eklendikten sonra frekansta azalma gozlenmis ve daha sonra zamanla kararl

degerine ulagmustir.

Bos
Yilzey :
478 0.5 g IgG
Damlatldi : 0.25 ng IgG L
H = 0.1 ng lgG <

N A L Damlatildi HETEM T 0.050 pg 1gG
E Damlatildi ; Damlatildi
= 476 - | 1 1 : ’.
o
: I
5 r——
- r—'_
¥
=
= 474 -
2]
E
% 72
o 4724
e BN . " Wi |

470 -

I ! | ' I 4 I N 1 ! I 4 |

10 20 30 40 50 60 70
Zaman (dakika)

Sekil 5. Kantilever sensor iizerine sirasiyla eklenen antijenin zamana bagl olarak sensér rezonans
frekansina etkisi. Burada rezonans frekansindaki keskin diisiis sensére damlatma yapildiktan sonra
¢ozeltinin etkisidir

IgG antijen dedektesi i¢in bu asamada yukarida belirttigimiz gibi havada ol¢iimii alinmis olan
kantileverin iizerine farkli konsantrasyonlarda sirasiyla 1 pl antijen ¢ozeltisi eklenmistir (Tablo 1) ve
daha sonra ¢ozelti i¢indeki antijenler antikorlarla kantilever yiizeyinde bag yapmaktadir ve buna bagh
olarak kantilever kiitlesinde artis ve rezonans frekansinda azalma kaydedilmistir, bu azalma grafikte Af
olarak verilmistir. 1 pl (0.05 pg) antijen ¢ozeltisi yaklagik 0.5 Hz’lik bir degisime neden olmustur,
sonuglar Sekil 6 ve 7°de verilmistir. Sensor yiizeyine yine ayni miktarlarda (1 pl) antijen ¢ozeltisi
eklenmistir ve rezonans frekansinda ki degisim Sl¢iilmistir. Goriildigii tizere kantilever yaklasik, 0-
500 ppm, 0-4 ul, 0-0.50 pg araliginda dlgiilen antijen miktarlarina gore yaklasik olarak dogrusal bir

degisim gostermektedir.

140



Inan ve ark. Sinop Uni J Nat Sci 8(2): 134-144 (2023)
ISSN: 2536-4383

448.0 4
447.5 o \
447.0 o ™

446.5 AN

446.0 \

4455 \

445.0 4 ~

Rezonans Frekans ( H2)

4445

000 005 010 015 020 025 030 035 040 045 050 055
Olglime Damlatilan 1gG Antijen Cozeltisi Miktari ( ug)

Sekil 6. Kantileverin rezonans frekansinin eklenen antijenin kiitlesi ile degisimi

448.0

447.5 - \
447.0 4 \

446.5 |
446.0

4455

Rezonans Frekans ( H2)

445.0

4445 |

! T ! L T T ! L T LI ! L T LI ! N
0 50 100 150 200 250 300 350 400 450 500 550

Olciime Damlatilan IgG Antijen Cézeltisi Miktari ( ppm)

Sekil 7. Kantileverin rezonans frekansinin sadece antijen miktari ile degisimi
Sonuglar
Bu ¢alismada, serbest ucu 15 mm olan 2826MB FeoNizsM04B1s amorf ferromanyetik seritler kantilever
olarak kullanilmistir. Yapilan ¢alismalarda ortama IgG antikoru eklendiginde kantilever kiitlesinde artig

ve rezonans frekansinda azalma kaydedilmistir. Bu azalma bize dogrudan IgG algilanmasim

gostermektedir. 1 pl (0.05 pg) antijen ¢ozeltisi rezonans frekansinda yaklasik 0.5 Hz’lik bir degisime
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neden oldugu gozlenmistir. Olgiimler sonucunda ¢ozelti icinde bulunan 50 ng miktarindaki IgG’nin

rahatlikla algilanabilecegi gosterilmistir.

Tesekkiir Bu ¢alismay1 maddi olarak destekleyen inénii Universitesi’ne tesekkiir ederiz.

Fon/Finansman bilgileri Bu calisma Indnii Universitesi tarafindan FDK-2022-2928 proje numarast ile

desteklenmistir.
Etik Kurul Onayt ve Izinler Calisma, etik kurul izni veya herhangi bir 6zel izin gerektirmemektedir.
Cikar ¢catismalary/Catigan citkarlar Yazarlar arasinda herhangi bir ¢ikar ¢atigsmasi yoktur.

Yazarlarin Katkisi- Yazarlar ¢aligmaya esit oranda katki saglamistir. Yazarlar makalenin son halini

okumus ve onaylamistir.
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Abstract

In this essay we describe Js-lifting modules as a singular version of
ss-lifting ones. The focus of this study is to get a more general algebraic
structure than ss-lifting modules. A module W is entitled §,,-lifting if for
each S < W, there occurs a decomposition W = X ¢ Y with X < §
and S NY < Socs(Y), where Socs(Y) = 6(Y) N Soc(Y). We examine
the fundamental properties of this form of modules and also investigate
a structure of a ring whose modules are all d-lifting. Finally, we give
several characterizations for (projective) dss-lifting modules and (amply)
0ss-supplemented modules via ds-perfect rings.
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module, Left d44-perfect ring

Singiilerlik Acisindan ss-Lifting Modiiller

1Sinop University, Department of
Mathematics, 57000, Sinop, Tiirkiye

This work is licensed under a
Creative Commons Attribution 4.0
International License

Oz

Bu makalede ss-yiikseltilebilir modiillerin ~ singiiler  versiyonu
olan dgs-ylikseltilebilir modiilleri tanimlhiyoruz.  Calismanin amaci
0ss-ylikseltilebilir modiillerden daha genel bir cebirsel yap1 elde etmektir.
Bir W modiilii, her S < W alt modiilii i¢in, Socs(Y) = 6(Y) N Soc(Y)
olmak iizere, X < S ve SNY < Socs(Y), kosullarim gercekleyen
W = X @ Y aynsimina sahip ise W’ya dss-yiikseltilebilir modiil
denir. Bu modiillerin temel o6zelliklerini arastiriyor ve iizerindeki her
modiilii ds¢-yiikseltilebilir olan bir halka yapisi artyoruz. Sonunda ise,
dss-milkemmel halkalar aracilig1 ile (projektif) ds-yiikseltilebilir ve (bol)
0ss-tiimlenmis modiillerin bir takim karakterizasyonlarini veriyoruz.

Anahtar Kelimeler: Yar1 basit modill, J§ss-timlenmis modiil,
dss-ylikseltilebilir modiil, Sol §,s-mitkemmel halka

Introduction

Throughout the paper, we presume that I is an associative ring with unit and W is a unitary left

R-module and we use the representations S < W and S <g W which indicate that S is a submodule of

W and S is a direct summand of W, respectively.

By S < W, we point that S is an essential submodule of W, that is, the intersection of .S with whole

submodules of W is nonzero, except for {0}. The socle of a module W is signified by Soc(V) as the
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intersection of whole essential submodules of W equivalently, the sum of whole simple submodules of

W. By the notation S < W, a small submodule S < W is pointed, that is, a proper submodule of W
provided that S + K # W for any proper submodule K of WW. And the sum of whole small submodules
of W is signified by Rad(W). The singular submodule of a module W is signed by Z (W) containing
the elements of W whose annihilators are essential in R and W is called singular if Z(W) = W [1].

In [1], Zhou contributed to literature the term of §-small submodules as a generalized category of small
ones. S < Wis called §-small in W if W = S+ K implies W = K foreach K < W with % is singular
and signed by S <5 W. And the sum of whole small submodules of W is signified by 6(W). As for
0-hollow modules are defined as the modules whose each proper submodule is 6-small [2]. Moreover
in [3], Socs(W) is identified as the intersection of Soc(WW) and §(W'). Hence Socs(W) is the sum of
each d-small simple submodules of .

A supplement submodule K of a submodule S in W is the minimal submodule with respect to W =
S + K which is equivalent to W = §' 4+ K and S N K < K and a supplemented module is defined as
the module whose each submodule has a supplement. Also a submodule S < W has ample supplements
in W if each submodule K < W with W = S 4 K, involves a supplement of S'in W.

In [4], Kosan extended the notion of supplemented modules via singularity. A d-supplemented module
is defined as the module whose each submodule is of a J-supplement. And a module W' is named amply
§-supplemented if, S is of a 6-supplement K in W with K’ < K, where W = S + K forany K < W.
In [5], Oshiro defined extending and lifting modules as a dual form of each other, which are the general
forms of injective modules and projective supplemented modules, respectively. In order to obtain
fundamental knowledge about supplements types one may refer to [6—10]. In summary, a module W is
named lifting if, for each S < W, there occurs a decomposition W = X @ Y such that X < S and
SNY < Y. Motivated by this term, in [4] Kogan also defined J-lifting modules as follows. A module
W is called d-lifting if, for each submodule S < W, there occurs a decomposition W = X @ Y such
that X < Sand SNY <5 Y. A module W is named @-J-supplemented whose submodules are of a
d-supplement in W as a direct summand of W. For more information we refer to readers [1, 11-15].

In [3], the authors studied §s5-supplemented modules as a generalized type of ss-supplemented ones
presented in [16]. A module W is named ¢ ss-supplemented if for each submodule .S < W there occurs
a dgs-supplement submodule K in W, where S 4+ K = W, SN K is semisimple and §-small submodule
of K. Moreover, amply ds5-supplemented modules are introduced. And by this way, the relations are
indicated between these two new algebraic structures. The concept of §ss-perfect rings is contributed
in the literature. The equivalent conditions are determined for a ring R to be dss-perfect via some
R-modules that has a projective dss-cover. In [3] the authors restrict the definition of d-supplemented
modules to d5s-supplemented modules by replacing the condition of being §-small submodule for
d-supplement submodules to the condition of being d-small semisimple. Thus, a new module structure
is constructed between ss-supplemented modules and é-supplemented modules.

Inspired by [3,17], in this paper, we define §ss-lifting modules and by this way a new structure is obtained
among the category of ss-lifting modules and §-lifting modules. Fundamental features are investigated
for these modules. Firstly, we present matching conditions for a module to be J44-/lifting in Lemma
2. An another fact is that the direct summand of a J,,-lifting module saves the feature. d4¢-lifting
modules are clearly dss-supplemented. However, a 0s5-supplemented module W with §(W) < Soc(W)

is Jss-lifting. Suitable conditions are determined for the factor module of a J,-lifting module to be
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0ss-lifting in Proposition 3. Also some results on decompositions of J,,-lifting modules are obtained.

Furthermore, some characterizations are given for projective (amply) d,s-supplemented modules and
0ss-lifting modules via dg¢-perfect rings in Theorem 4 and Theorem 5. As a consequence, a ring R is
dss-perfect if and only if g R is §ss-lifting if and only if rR is (amply) dss-supplemented. A module
W is d4s-lifting if and only if W is amply dss-supplemented and each ds5-supplement S of W is of a
decomposition S = U & V such that U <g W and V is projective semisimple. In Proposition 7, it is
proven that a projective module W is d-lifting if and only if </ — is semisimple and decompositions

Socsg(W)
of #(W) lift to decompositions of .

0ss-Lifting Modules

Definition 1. A module W is named Jg,-lifting if for each S < W, there occurs a decomposition
W=XaoYwithX <Sand SNY < Socs(Y), where Socs(Y) = §(Y) N Soc(Y).

Owing to this concept, a new algebraic structure takes place between ss-lifting modules and J-lifting
modules.

Now the matching provisions for a module W' to be d,-lifting are given.

Lemma 1. The statements given below are equivalent:

1. Foreach S < W, there is a decomposition W = X @Y such that X < Sand SNY < Socs(W).

2. Each S < W has the form S = A @ B with A <g W and B < Socs(W).

Proof. (1) = (2) is evident.
(2) = (1) is similar to that of (3) = (2) of Lemma 3.3 in [1].

Lemma 2.

1. The implications given below are equivalent for a module W:
a. W is d,-lifting.

b. For each S < W, there occurs submodules X, Y < S provided S = X @Y, X <g W and
Y < Socs(W).

c. Foreach S < W, there occurs a submodule X <g W provided X < .S and % < Socg (%)

(2) Every direct summand of a d4¢-lifting module is ds-lifting.

Proof. 1. (la) = (1b) : It is obvious from Lemma 1.

(1) = (1c¢) : Let S < W. By supposition, there occurs a decomposition of S provided S = X @Y
with X <g W and Y < Socs(W). For the natural homomorphism w : W — ¥, we have n(Y) =
% = % < Soq;(%), since Y <5 W since [1, Lemma 1.3] and [15, 20.3].

(1Ic) = (la) : Let S < W. By (1c) there occurs a decomposition of W, such that W = X & Y with
X < Sand £ < Socs (% ). Therefore, we have W = S +Y and S = X & (Y N S). Because %~ =
and % = SNY, then we get SNY < Socs(W). Hence, W is a d44-lifting module.
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2. Let W be dgs-lifting and S <gq W. Thus, there occurs some 7' < W such that W = S @ T For

any X < § < W, since W is §44-lifting, there occurs a decomposition of W suchthat W = Z @ Y
with Z < X and X NY <5 Y. Therefore S = Z & (S NY) is obtained such that SN (X NY) =
XNSNY)=XNnY s SNY,since S <g Wand SNY <g S.

A module W is called strongly d-local if it is -local with a semisimple J-radical [3].
Proposition 1. A strongly §-local module is dss-lifting.

Proof. Let W be a strongly d-local module and S < W.

Case 1 : Let S < §(W). Thus, S is semisimple as a submodule of 6(.5). Therefore, S <5 W by [3,
Lemma 2.2]. Clearly, W has the decomposition W =0@& W and 0 < S, SNW = 5 <5 W.

Case 2 : Let S £ 6(W). Then we have W = S + 6(WW) from the maximality of (V). Because
d(W) <5 W, there occurs a projective semisimple submodule D of 6(W) with W = S & D. Hence W
is §45-lifting.

Proposition 2. A §-lifting module W with §(W') < Soc(W) is d5s-lifting.

Proof. Foreach S < W wehave W = X @Y suchthat X < Sand SNY «sY. Asaresult, SNY
is semisimple since SNY < 6(W) < Soc(W). This verifies that W is ,4-lifting.

Remember that a module W is named distributive if for any submodules X, Y and Z of W, X N (Y +
Z)=(XNY)+ (X NnZ). Ifforeach f € End(W), f(X) < X, we say that X is a fully invariant
submodule of W.

Now, the conditions are investigated to obtain when the factor module of a §4¢-lifting module is dss-lifting.

Proposition 3. Let W be a d¢¢-lifting module. For any X < W the factor module % is d4¢-lifting if one
of the statements given below are satisfied:

1. Forany S <g W, MTX <g %
2. W is a distributive module.

3. f(X) C X for any idempotent f = f? € End(W). Particularly, X is a fully invariant submodule
of W.

Proof. 1. Let % K < W . Since K < W and W is ds-lifting there occurs a direct summand 7" of W with
T < K and % < Soccg(T). Itis clear that 732X <g ¥ and &5 < & < W Since & < Socs(Y),
then TJFLX < Soc(;(TJrLX) by Lemma [1, Lemma 1.3]. Hence < is 638—11ft1ng.

2. This condition is proved by using (1). Let W =Y & Z. We have W = Y}X + Z }X and by the
Y+X N Z+X = Yn2H)+X _ g, Y+X <
= < = <g ¥

assumption . Hence
3. Let W = A @ B. By (1), we will show )t(hat the factor module A+X is a direct summand of % Let
7w : A@® B — A be the projection map with the kernel (1 — w)(W) = B. Then 72 = m € End(W)
and m(W) = A. From assumption 7(X) < X and (1 — 7)(X) < X is obtained. Thus, we have
7(X)=XNAand (1-7)(X)=XNB.Sowehave X = (X))@ (1-m)X =(XNA) @ (XNB).
Then, 44X = AS0B) ypg BEX — BEXNA) yhich implies W = ASX0E) | BE(X0A)
to these, [A®(XNB)|N[B®(XNA)] = {[A®(XNB)INB}&(XNA) = (XNB)®(ANB)®(XNA) =

(XNB)® (X NA) =X, we have 44X <o W Hence, W is d;,-lifting by (1).

and SO X is §45-lifting.

. In addition
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In Lemma 2, we proved that being d,,-lifting is transferred to direct summands. But generally, the

converse is not true. By Theorem 1, we present a way to verify this claim by adding suitable conditions.

But firstly, we give the following useful lemma (see in [15, 41.14]).

Lemma 3. Let W = X & Y. Then the implications given above are equivalent.

1. X is Y-projective.

2. Forevery S < W with W = T + Y, there occurs a submodule 7' < T such that W =T & Y-

Theorem 1. Let W = X @ Y be a module such that X is both self and Y -projective. If X and Y are

0ss-lifting modules, then so is W.

Proof. Let S < W. Thus, for X N (S +Y) < W, as X is d,,-lifting, there occurs direct summands
D,Dof Xsuchthat D < XN(S+Y)and XN (S+Y)ND = (S+Y)ND <5 X. So we
getW =XoY =DoDaY =S+ (Da@Y). Since X is self and Y-projective, it is clear that
X is W-projective. By taking into account the exact sequence D — D @ (D @Y) — D @Y,
it is apparent that D is D @& Y -projective [15, 18.1/18.2]. Therefore by Lemma 3 there occurs some
S < Ssuchthat W = S @ (D @Y). Thus, we can say SN (W + D) = W N (S + D) for each
submodule T < Y. Furthermore, since Y is §-lifting, there exists Y1 <Y N (S + D) = SN (Y + D)
suchthat Y = V] @ Yo and SN (Y2 + D) = Yo N (S + D) <5 Ys for any Y5 < Y. Therefore that
W=SeDaoY)=SoDayiaY:) = (S®Y))® (Y2 @ D) is obtained easily. Because
S<Sand X < SN (D'EB Y) < S, we get SaY; < SandsoW = S + (D’EB Y). In addition,
SNYoeD)=YoN(S®D) < Y2 <Yo®D.

Corollary 1. Let X be a semisimple module and Y be a d4¢-lifting module which is relatively projective
with X, then W = X @ Y is d,-lifting.

Example 1. Let us consider the Z-module W = % &) %. Since the simple Z-module Zs and Z-module
7.4 are strongly local, they are also ss-supplemented and so §,5-supplemented. Thus, W is a §ss-supplemented
module as a finite direct sum of dss-supplemented modules [3, Proposition 4.9]. Otherwise W is a
§ss-lifting module since §(W) < Soc(W) and W is d-lifting [4, Lemma 2.6] although 2% is not

é—projective.
Now we give some results on decomposition of a §,,-lifting module.

Proposition 4. The implications given below hold for a §44-lifting module W.

W . o .
1. W 1S SemISImple.

2. Any S < W with S N Socs(W) = 0 is semisimple.

3. W has a decomposition W = X @ Y such that X is semisimple, Y is d,,-lifting module and
y(Y)<QY.

Proof. 1. 1tis clear from [3, Proposition 4.7].

2. Because S = SESBECZC(%,V;/) < SOC‘;‘?W) is semisimple from (1), then S is semisimple by [18].

3. It is clear from [4] and Lemma 2(2).
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Theorem 2. Let W is a §4s-lifting module. Then W is of a decomposition W = X & Y such that

(X)) =X,6(Y) = Socs(Y) and X, Y are J4-lifting modules.

Proof. As W is ds,-lifting, there occurs a decomposition W = X @ Y for the submodules §(1V') of W
such that 6(W) < X and (W) NY < Socs(Y). Thus, we have 6(W)NY = [0(X) @ (V)| NY =
Y)B[0(X)NY]=0(Y) = Socs(Y). Moreover, X =o0(W)NX =6(X) D (XNoY)) =dX)is
got. Also, X and Y are d,-lifting by Lemma 2(2).

Proposition 5. Let IV be a d,,-lifting module and 6(W) is of an ss-supplement in W. Then W has a
decomposition W = X @& Y such that X, Y are d,5-lifting modules and Socs(Y) = Soc(Y').

Proof. Let W be a ss-supplement of §(1¥) in W. In this case 6(W) + W = W and 6(W)NW <
Socs(W). As W is ds,-lifting, there exists a decomposition W = X @ Y for the submodule W with
X <WandWnY < Socs(Y). ThenW = X @ (WNY'). For any submodule S of X, from assumption
we get a decomposition X = A @ B such that A <g S and SN B <; B by Lemma 1. Hence, we get
S=A@(BNS).Since s(W)NW <« Wand BNS < §(W)N W, itis obtained that SN B < W.
Therefore, B N S is semisimple and small in B by [13]. Thus, X is an ss-lifting module. In addition to
these, W =0(W)4+W =0(X)4+0(Y)+ X+ (Y NW)=0(X)+6Y)+ X =6Y)o X =YX
and so Socs(Y) = Soc(Y)N§(Y) = Soc(Y)NY = Soc(Y) is obtained.

In [3], the authors defined the (projective) §s5-cover of a module as follows.

Definition 2. Let W be a module and P be a (projective) module. P is named a (projective) ds5-cover
of W if there exists an epimorphism from P to W with a semisimple and J-small kernel in P.

Theorem 3. LetW = X 4+ Y. If % is of a projective d55-cover, then Y includes a dss-supplement of X .

Proof. Letm : Y — X%Y = % be the natural homomorphism and let f : P — —X;gy be

a projective dgs-cover. Because of the projectivity P, there occurs a homomorphism g : P — Y
satisfying mg = f, Ker(f) is semisimple and J-small in P. Then, it is clear that W = X + ¢g(P) and
X Ng(P)=g(Ker(f)). As Ker(f) <5 P and Ker(f) is semisimple, then X N g(P) <5 g(P) and
X N g(P) is semisimple by [1, Lemma 1.3] and [18, Corollary 8.1.5].

Proposition 6. A projective module P is d5-supplemented if and only if it is d5-lifting.
Proof. 1Itis clear from [3, Theorem 5.6].

Theorem 4. The implications given below are equivalent for a ring R:

1. Ris a dss-perfect ring.

2. Every R-module is dss-supplemented.

3. Every projective R-module is d5s-supplemented.
4. Every projective R-module is ds¢-lifting.

5. Every finitely generated projective R-module is d,,-lifting.
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6. Every finitely generated projective R-module is d5s-supplemented.
7. Every finitely generated R-module is §45-supplemented.

8. rR is dss-supplemented.

: It is clear from Proposition 6.

: It is clear.

generated free R-module, that is, W = f(R"™) where f : R — W is epic for some n > 0. Hence, W
is dss-supplemented from [3, Proposition 4.9, Proposition 4.14].

(7) = (8) : It is apparent from implications.

(8) = (1) : If gR is dss-supplemented, then R is a d5s-perfect ring by [3, Theorem 5.3].

Example 2. Let ) = II?°,Z5 and R be the subring of ) generated by ¢5°,Z; and 1. Since Soc(R) =
d(R) is semisimple and §-small in W [1, Example 4.1], then g R is strongly d-local and d,-supplemented
from [3, Lemma 4.1]. Hence, r R is a §55-lifting module by from Theorem 4 as r R is projective. Also it
is not ss-lifting by [17, Theorem 5], as R is not semiperfect by [1, Example 4.1]

Example 3. Let R be aring of polynomials over a field F' in countably many commuting indeterminates

1, T2, ... modulo the ideal generated by {2}, 73 — z1, 23 — 2, ...} with Rad(R) = w2 x;f;’”’;f )
1,3 —T1,T3 332:--~>

Since R is local and R has no minimal ideal we have Rad(R) = §(R) # Soc(R) = 0. Nevertheless, R
is a d-semiperfect ring [1] which is not d,,-perfect [3]. Finally, the R-module R is d-lifting [4, Theorem

3.3] but not d4s-lifting.

In [13, Theorem 4.44], it was shown that a projective module P such that #@ is semisimple and
Rad(P) < P is semiperfect if and only if decompositions of RadLip) lift to decompositions of P.

Motivated by this reality, we give the following useful proposition.

Proposition 7. The statements given below are equivalent for a projective module W'.

1. W is §4,-lifting.

w . .. ~ _ A+Socs(W) w . :
2. Socs (W) 18 semisimple and for any X = Socs (W) <& Socs (W) there exists a direct summand

A of W such that X = A.

Proof. (1 = 2) : Let W be a J4-lifting module. Since W is also dss-supplemented, then from
Proposition 4 #(W) is semisimple. From assumption, there exists direct summands A, B of X with

X = A® B, with A <g W and B < Socs(W). Hence X+Socs (W) _ A+Socs(W) 4o (htained, ie.,

- - Socg(W) Socsg(W)

X =A

(2=1):LetS <W. As %(W) is semisimple, we have Sgi‘;c(ﬁ/g,v)v) <g SOC‘;‘?W) and there occurs a
submodule X <g W from assumption satisfying ngcic(“é/v;/) =X ;iiiwg/) . Inthis case W = X &Y for
some Y < (W) and so g Wy = (EAS ) — SEASEW) Since Socs (W) <5 W from [3,
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Proposition 3.1(2)], then there exists a projective semisimple submodule of P of Socs(WW') such that

W = (S+Y)®P. Then, S+Y is projective as a direct summand of . From Lemma 3, S+Y = S'®Y
. . S+Soc, Soc

with S < S'is got. Thus, W = 5" ¢ (Y & P) and even as SOC‘;‘ZW) = gocé(ﬁ%/)) <) (Y;roca((;‘(/v)V))’ we

have SN (Y @ Socs(W)) < Socs(W). Hence, we get SN(Y @ P) =SNY < SN(Y @ Socs(W)) <

Socs(W) <5 W.

Definition 3 (see from [3]). A module W is called amply dss-supplemented if T includes a §5-supplement
of S'in W whenever W = S + T forany T' < .

In [3, Proposition 4.2], it is given that a projective strongly d-local module is amply Jss-supplemented.
In that manner, it is possible to get a relation between amply J,,-supplemented modules and d4¢-lifting

modules.
Lemma 4. Let W be a d5-lifting module. Then, W is amply d5s-supplemented.

Proof. Let X, Y < W be submodules of W with W = X 4+ Y By Lemma 2, it is obtained that
Y=Y aY"Y <g WandY"” < Socsg(W). Sowe get W = X + Y’ +Y"”. Then, there occurs
a projective semisimple submodule Y of Y with, W = (X +Y’) & Y" as Y < Socs(W). Take
W=X+T,whereT =Y @Y"”. Then, W =Y ®dY*and X NT =T, & S where T} <g W and
S < Socs(W). Letn’ : W — Y the projection map. Then, /(S) < Socs(Y')and S < T =Y'@Y"".
Thus, we have S < 7'(S) @ Y"” <5 Y/ @Y"” = T. Let assume T = Ty & T» with the projection
mapmw: T — Th. Soweget X NT =T & (T, N X) by modular law, as T} < T} & S < X.
Hence, X NTo = X NTNT <7(XNT)=n(Th & S) =n(S) < Socs(Tz) as S < Socs(W) and
so X NTy < (X NT) = x(S) is semisimple and d-small in T5. It follows that W = X + T3 and
X NTy < Socs(Ts) where To < T < Y. This means Y contains a dss-supplement 75 of X in 7', that is,
W is an amply d5s-supplemented module.

Remark 1. As a result of above lemma, we get the following relation for a module W.
W is §ss-lifting = W is amply ds5-supplemented = W is ds5-supplemented
Theorem 5. The statements given above are equivalent for a projective R-module W.
1. W is d,,-lifting.
2. W is amply ds5-supplemented.

3. W is §ss-supplemented.

Proof. (1) = (2) and (2) = (3) are clear by Remark 1.
(3) = (1) is clear by [3, Theorem 5.6], Proposition 6 and Lemma 4.

Corollary 2. The following implications are equivalent for a ring R.
1. pRis d4s-lifting.
2. gpRis amply d4s-supplemented.

3. gRis dss-supplemented.
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In [19], a submodule K of S < W is named d-cosmall submodule of S in W if % <5 % And S is

called d-coclosed if S does not include a proper §-cosmall submodule in W, that is, if there occurs a
submodule K < S with % <5 %, this implies S = K.

Proposition 8. Any singular §-coclosed submodule of a d-lifting module is a direct summand.

Proof. Suppose S be any singular §-coclosed submodule of W. As W is d4s-lifting, S includes a direct
summand K of W with % < Soca(%). Therefore, we have % <5 % and so S = K is obtained as .S
is d-coclosed.

Proposition 9. Let W be an amply d,,-supplemented module whose Jss-supplement submodules are

direct summands, then W is a d,-lifting module.

Proof. Note that W is dss-supplemented as it is amply dss-supplemented. Thus, for any S < W, there
occurs a dgs-supplement K in W satisfying S + K = W and S N K < Socs(K). Then, K is of
a dss-supplement contained in S with K + L = W and K N L < Socs(L). From assumption, L
is also a direct summand of W for some D < W, thatis, W = L & D. Following, we have S =
Le& (SNnD) =L+ (SNK). Let us assume the projection map 7 : W — % Then we have
m(SNK) = B (LHONS 8 o~ g p = 7(S). Therefore, 7(S N K) = SN D < Socs(D)
is got by [1, Lemma 1.3(2)] and [18, Corollary 8.1.5].

Proposition 10. Let W be an amply d,5-supplemented module whose §55-supplement submodules are
d-coclosed. In that case, W is a d4¢-lifting module if and only if each d5-supplement submodule of W

is a direct summand.

Proof. 1t is clear by Proposition 8 and Proposition 9.

Proposition 11. A module W is §,,-lifting iff W is amply d4¢-supplemented and each Jss-supplement
S of W is of a decomposition S = U @ V satisfying U <g W and V is projective semisimple.

Proof. (=) : Itis clear from the necessity part of Proposition 3.1 given in [20].

(<) : As W is amply 0s,-supplemented, each .S of W is of a §s-supplement K such that S + K = W
and S N K < Socs(K). Therefore, there occurs a §,-supplement K of K included in S. In this case
K+ K =Wand KNK' < Socs(K'). From assumption, K is of a decomposition K' = U @& V
where U <g W and V is projective semisimple. Thus, there occurs some U < (W)withW =UaU "
By modular law, as K’ < Sand U < K’ < S,wehave S =SNW =SN(K+K') =K'+ (SNK)
and S = SNW =SN(UaU') =Ua® (U NS). Therefore, for the projection map 7 : U U — U,
UnS=n(S)=nK)+n(SNK)=n(V)+n(SNK)and 7(K")+7(SNK) < Socs(U’) since V
is projective semisimple and S N K < Socs(K) by [ [1, Lemma 2.2]; [18, Cor. 8.1.5] and [19, Lemma
1.2]]. Hence, W is d¢-lifting.
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Abstract
In this study, the compound 2-(butylthio)-3-chloronaphthalene-1,4-dione
(3) was synthesized from the reaction of the compound 2,3-dichloro-1,4-
Research Article naphthoquinone (1) with 1-butanethiol in alkaline medium. The
synthesized compound 2-(butylthio)-3-chloronaphthalene-1,4-dione (3)
was used as the starting compound. As a result of the nucleophilic
substitution of 2-(butylthio)-3-chloronaphthalene-1,4-dione (3) with
heterocyclic compounds containing nitrogen, sulfur, and oxygen atoms, a
series of 10, 11, 12, 13, 14, 15, naphthoquinone derivative compounds

Corresponding Author were synthesized. The structures of the synthesized compounds were
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were examined by performing antimicrobial studies with Gram-positive

and Gram-negative bacteria. The compound 2-(butylthio)-3-

chloronaphthalene-1,4-dione (3) shows the highest antimicrobial activity,
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2-(Butiltiyo)-3-Kloronaftalen-1,4-Dion Bilesiginden Yeni Naftakinon Bilesiklerin
Sentezi, Karakterizasyonu ve Antimikrobiyal Aktivitelerinin Incelenmesi

Hitit University, Osmancik Omer Oz

Derindere Vocational School,  Bu ¢aligmada, 2,3-dikloro-1,4-naftakinon (1) bilesiginin alkali ortamda 1-
Department of Property butantiyol ile reaksiyoundan 2-(butiltiyo)-3-kloronaftalen-1,4-dion (3)
Protection and Security, Corum,  bilesigi sentezlendi. Sentezlenen 2-(butiltiyo)-3-kloronaftalen-1,4-dion
Tiirkiye (3) bilesigi baslangig bilesigi olarak kullanildi. 2-(butiltiyo)-3-

kloronaftalen-1,4-dion (3) bilesigin azot, kiikiirt ve oksijen atomu igeren
heterosiklik bilesikler ile niikleofilik siibstitiisyonu sonucu bir seri 10, 11,
12, 13, 14, 15, naftakinon tirevi bilesikler sentezlendi. Sentezlenen
bilesiklerin yapilar1 FTIR, *3C NMR, *H NMR ve Mass Spektroskopisi ile
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karakterize edildi. Sentezlenen bilesiklerin Gram pozitif ve Gram negative
bakteriler ile antimikrobiyal ¢alismasi yapilarak antimikrobiyal 6zellikleri
incelendi.  2-(butiltiyo)-3-kloronaftalen-1,4-dion ~ (3)  bilesiginin
antimikrobiyal aktivitesi en yiiksek, 2-(butylthio)-3-((2,5-dihydrothiazol-
5-yl) thio) naphthalene-1,4-dione (10) bilesiginin antimikrobiyal aktivitesi
en diislik olarak gozlenmistir. 3, 11, 12, 13, 14 ve 15 bilesikleri, Gram-
pozitif B. subtilis ve S. aureus ile Gram-negatif E. coli, K. pneumoniae 'ye
kars1 daha iyi aktivite gostermistir. Ayrica, 11, 12 ve 14 bilesikleri Gram-
pozitif B. subtilis ve S. aureus ile Gram-negatif E. coli, K. pneumoniae ve
P. aeruginosa'ya karsi aktivite gosterdi. Bu calisma ile literatiirde olan
calismalarin gelistirilmesi ve bilinmeyen yeni bilesiklerin sentezlenmesi

This work is licensed under a amaglanmustir.

Creative Com”_“O“Si Attribution  Apahtar Kelimeler: Siibstitiie kinonlar, niikleofilik siibstitisyon,
4.0 International License antimikrobiyal aktivite

Introduction

Quinones are compounds with a cyclohexadiene dione structure. They are o, B-unsaturated ketones
derived from the aromatic compounds dioxo derivatives. The first quinone compound was produced in
1838 by oxidizing Quinic acid. As a result, these compounds were named quinol [1, 2]. Compared to
aromatics, quinones have two conjugated double bonds. They are electrophilic acceptors that are
stabilized by conjugation. The reduction product of quinone can either aromatize or disrupt conjugation,
depending on the structure of quinone and the position of the reduction [3]. It is better a series of
oxidation and addition reactions form quinones. They can be synthesized through the oxidation of o-
dihydroxy benzene to o-quinones in ether [2, 4], as well as through the oxidation of anilines and arenes
[5]. Additionally, they can be produced through the Diels-Alder reaction of dienophiles and 1,3-dienes.
Quinone compounds with four pi electrons in the ring exhibit similar properties to alpha and beta-
unsaturated quinones [1, 6]. For several years, researchers have been studying compounds called 2-
aryl(alkyl) amino-1,4-naphthoquinones. These compounds are formed when aryl amine and its
derivatives react with 1,4-naphthoquinones [7]. 1,4-naphthoquinones can have a nitrogen atom [7, 8],
sulfur [9], or an oxygen atom [10] at the 2-position or 2,3-position. The biological activity of these
compounds has been analyzed by researchers. Antiproliferative activities of 2-chloro-3-arylsulfanyl-
1,4-naphthoquinone, 2,3-bis-arylsulfanyl-1,4-naphthoquinone, and 12H-benzo[b] phenothiazine-6,11-
diones and their analogs against cervical cancer cells were studied [9]. Reactions of 2,3-dichloro-1,4-
naphthoquinone with heterocyclic compounds that contain nitrogen, sulfur, or oxygen are documented
in literature. The number of studies on naphthoquinone-derived compounds has increased due to their
biological activity. Novel compounds were synthesized using various methods to evaluate biological
activity [11, 12]. Naphthoquinones are prevalent in the structure of vitamins, influencing their activities.
Vitamin K1, which contains the 2-methyl-1,4-naphthoquinone structure and is found in plants, plays a
vital role in maintaining the clotting properties of blood in humans. Vitamin K1 has various forms, such
as K2 and K3, and the structure of these vitamins also contains quinones. The most well-known
naphthoquinone is menadione. (also known as vitamin K3 or 2-methyl-1,4-naphthoquinone). It is a redox

cycler and acts as a "destructive substrate” for numerous flavoproteins [13, 14]. These compounds are
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known to exhibit antiviral, antifungal, antibacterial, antiproliferative, and antitumor properties. It is

known that many drugs have a 1,4-naphthoquinone ring structure [15-20]. There are pigments such as
Thelephoric acid (permanganate color) and xylene in some phenanthrenequinones found in nature as
animal and vegetable. Telephoric acid is found in fungi and lichens, and xylene is found as a green
coating on overhanging branches of oaks and other hardwoods [16]. Quinones are essential compounds
that occur naturally in plant and animal structures. Some of the quinones are used as bacteriostatic
(phytocol), some against malaria (hydrolapacol), and some as stimulants (plumbagin). Structural

formulas of quinone compounds are available in Figure 1.

OH
’
AN N /“‘\\\:;;/ .

98
AN NS

|
OH O 0 OH

"OH

Plumbagin Phytocol Hydrolapacol

Figure 1. Naturally occurring quinones

Plastoquinone and ubiquinone are examples of biologically active quinones. Quinones catalyze
biological reactions in some animals, plants, and microorganisms [21, 22]. In addition, the biological
activities of certain quinones, such as fungicide, herbicide, nematocide, and insecticide properties, have
been reported previously [16, 22, 23]. Daunomycin is an antibiotic that inhibits the development of
various tumors. It is used to treat various tumors in animals. Streptonigrin is a compound known for its
anticancer properties, while Mitosine is an antitumor antibiotic. Streptonigrin and Mitosine contain a
benzoquinone ring, Plastoquinone and Ubiquinone are compounds with a hydroquinone structure, and
Daunomycin contains an anthraquinone ring. Structural formulas are depicted in Figure 2. The bioactive
properties of new naphthoquinone derivatives formed by naphthoguinones with groups containing
nitrogen, sulphur, and oxygen atoms have increased the interest of organic chemists in naphthoquinones.
Previous studies have shown that compounds derived from 1,4-naphthoquinone have cytotoxic,
molluscicidal, antiallergic, antiproliferative, antileishmanial and antimalarial activities [24-27]. The
compound 2-(butylthio)-3-chloronaphthalene-1,4-dione (2), a well-known substance based on existing
studies, served as the starting material. New heterocyclic 1,4-naphthogquinone compounds were
synthesized by nucleophilic substitution reaction of the starting material with heterocyclic compounds
[15, 28], The structures of the new naphthoquinone compounds obtained were purified by column
chromatography. The synthesized compounds were characterized by FT-IR, *H NMR, *C NMR, and
mass spectroscopy. Finally, the antimicrobial activities of the synthesised compounds against gram-

positive and gram-negative bacteria were investigated.

158



Yavuz Sinop Uni J Nat Sci 8(2): 156-168 (2023)
ISSN: 2536-4383

CH,OCONH,
|
I OCHj
o I
[ H
HoN
NH
HiC
H
OCH; o
Streptonigrin Mitosine

O OH o
CH;
OH
o o o
o

OH CHs OH CHs,
HsC _A_|H HscOo AH OH © CHs
9
H3C OH H3zCO OH OH
OH OH NH;
Plastoquinone Ubiquinone Daunomycin

Figure 2. Quinone structures with biological activity
Experimental Section
Materials and Methods

The compounds used in the reactions are from Sigma Aldrich, with solvents purified by technical solvent
and distillation, and using Na,COs and Acetonitrile from Merck. The progress of the reactions was
monitored using thin-layer chromatography paper (TLC) purchased from Merck. Silica Gel 60 (Merck)
was used for purification by column chromatography. Thin-layer chromatography paper was checked
under ultraviolet light (254nm). There are various methods in the literature for the synthesis of new aryl
group compounds from the compound 2,3-dichloro-1,4-naphthoquinone (1) [29]. *H NMR (400 MHz)
and *C NMR (125 MHz) spectra were recorded in CDCls on a Bruker BIOSPIN AVANCE Il
spectrometer. Mass spectra were obtained on a Thermo Scientific/TSQ Quantum Access Max
LC/MS/MS spectrometer using the ESI technique. The IR studies were carried on a Thermo Scientific
Nicolet 6700 FTIR spectrometer in the range of 400 to 4000 cm™. In this experiment, 2,3-dichloro-1,4-
naphthoquinone (1) was dissolved in 50 mL of chloroform in a 100 mL reaction flask. Na,COs and 1-
butanethiol were then added to the flask, and the mixture was stirred for 6 hours at room temperature.
After completion of the reaction, 2-(butylthio)-3-chloronaphthalene-1,4-dione (2) was obtained [15, 28].
The resulting 2-(butylthio)-3-chloronaphthalene-1,4-dione (2) was the starting compound. Reactions of
2-(butylthio)-3-chloronaphthalene-1,4-dione (2) in chloroform/acetonitrile solvent with nucleophilic
compounds containing (O-, N-, S-) at different molar ratios have been studied. After adding Na.COs to
the reaction mixture at room temperature, they were stirred with a magnetic stirrer for 5-6 hours. The
progress of the reactions was monitored by thin layer chromatography. After, they were extracted using

chloroform and 200 mL of water (50 mL x 4). After treating the organic phase with sodium sulfate, it
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was filtered to remove any remaining impurities. The crude products were purified using column

chromatography after solvent recovery in the rotavapor. The obtained products were dried and made
ready for the necessary analysis for characterization. [30, 31]. The Figure 3 shows the availability of
naphthoquinone compounds (10-15) containing (O-, N-, S-) groups.

Microbial strains and in vitro antimicrobial activity studies

In the study of antimicrobial activity, various types of bacteria and fungi were used, including Gram-
positive bacteria Bacillus subtilis ATCC 6623, Staphylococcus aureus ATCC 25923, Gram-negative
bacteria Escherichia coli ATCC 25922, Klebsiella pneumoniae ATCC 70060, Pseudomonas aeruginosa
ATCC 27853, as well as fungus Candida albicans ATCC 10231 and Aspergillus niger ATCC 16404.
The broth microdilution method in 96 multi-well microtiter plates was utilized to determine the minimal
inhibitory concentrations (MICs) of the tested compounds against the strains [32]. To assess the
compound's antimicrobial activity, it was dissolved in DMSO to a concentration of 8192 pg/mL. The
bacterial strains were incubated at 37°C in nutrient broth for 24 hours before obtaining the cultures.
After being incubated for 24 hours at 28°C, the fungi were kept in nutrient broth. Suspensions of bacteria
and fungi with a turbidity of approximately 1076 cells/mL were prepared. Control wells were also set
up with pure microorganisms, pure media, and DMSO. In each well, 100 mL of the microorganism
suspension and 100 mL of the compound being tested were added. Table 1. shows the minimum
inhibitory concentration (MIC) in pg/mL, which was determined by observing the microplate with no
microbial growth. Amoxicillin and Tetracycline served as a reference standards for antibacterial and

Ketoconazole for antifungal activity.

Synthesis and Analysis
2-(butylthio)-3-chloronaphthalene-1,4-dione (3) [28]

2-(butylthio)-3-chloronaphthalene-1,4-dione  (3) was synthesized from  2,3-dichloro-1,4-
naphthoquinone (1) (1g, 4.4mmol) and 1-butanethiol (2) (0,39 g, 4.3 mmol) using a literature method.
Red viscous oil. Yield: 0.88 g (% 71). Rt 0.59 [(1:1) Petroleum Ether-CH,Cl]; IR (ATR): v = 3006 (C-
Harom), v = 2977, 2959, 2923 (C-H), 1672, 1662 (C=0), 1589, 1520 (C=C); 813 (C-Cl).

2-(butylthio)-3-((4,5-dihydrothiazol-2-yl) thio) naphthalene-1,4-dione (10)

2-(butylthio)-3-((4,5-dihydrothiazol-2-yl) thio) naphthalene-1,4-dione (10) was synthesized from the
reaction of 2-(butylthio)-3-chloronaphthalene-1,4-dione (3) (0.25g, 0.89 mmol) with 2-thiazoline-2-
thiole (4) (0.11g, 0.92mmol) using a literature method. Red viscous oil. Yield: 0.09 g (%28). Rt =0.43
[2:1) CHCIs-Hexane]; IR (ATR): v = 3072 (C-Harom), v = 2957, 2926 (C-H), 1652 (C=0), 1590, 1539
(C=C), 1271 (C-N); 'H-NMR (499.74 MHz, CDClz): § = 8.15, 7.81 (m, 4H, CHarom), 4.55 (M, 2H, -
NCH), 3.28, 3.25, 2.98 (m, 4H, SCH,-), 1.47(s, 2H, -CH-), 1.00 (m, 2H, -CH,-CHjs), 0.94 (m, 3H,
CHj3); *C-NMR (125.66 MHz, CDCI3): § = 174.52, 169.65 (C=0), 148.34 (Cquinone-S-), 138.89, 134.30,
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129.38, 126.56, 116.66 (Crapnt), 64.29 (NC), 45.82, 39.76 (SC), 33.88, 30.04, 21.74, 14.54 (SC-C-),

(CH3-C), 13.95 (CHs-); MS (+ESI): m/z 362.62 [M]*. C17H17NO2Ss (M. 363.5 g/mol).

4-((3-(butylthio)-1,4-dioxo-1,4-dihydronaphthalen-2-yl) oxy) benzaldehyde (11)

4-((3-(butylthio)-1,4-dioxo-1,4-dihydronaphthalen-2-yl) oxy) benzaldehyde (11) was synthesized from
the reaction of 2-(butylthio)-3-chloronaphthalene-1,4-dione (3) (0.3g, 1.1 mmol) with 4-
hydroxybenzaldehyde (5) (0.13g, 1.1 mmol) using a literature method. Dark red viscous oil. Yield: 0.08
g (%20). Rs =0.57 [CHCIs]; IR (ATR): v = 3065, 3015 (C-Harom), v = 2958, 2927 (C-H), 1764, 1633
(C=0), 1590, 1538 (C=C); *H-NMR (499.74 MHz, CDCls): & = 8.11, 7.75 (m, 8H, CHarom), 9.78 (s,
1H,CHaidenia), 3.21 (m, 2H, SCH,-), 1.62 (m, 2H, -CH-), 1.44 (m, 2H, -CH-CHj3), 0.96 (m, 3H, CHs);
BC-NMR (125.66 MHz, CDCI3): & = 178.62, 170.70 (C=0), 182.11 (C=Oaidehyd), 154.62 (Cnapnt-O),
134.79, 133.34, 127.20, 126.53, 122.34 (Chenzen, Crepnt), 32.36, 29.70, 21.79 (CH.), 13.64 (CHs); MS
(+ESI): m/z 277,2 [M-C4HoS]*. C21H1804S (M, 366.4 g/mol).

2-(butylthio)-3-(naphthalen-1-ylamino) naphthalene-1,4-dione (12)

2-(butylthio)-3-(naphthalen-1-ylamino) naphthalene-1,4-dione (12) was synthesized from the reaction
of 2-(butylthio)-3-chloronaphthalene-1,4-dione (3) (0.32g, 1.1 mmol) with 1-naphthylamine (6) (0.16g,
1.1 mmol) using a literature method. Dark red viscous oil. Yield: 0.12 g (%28). Rs =0.39 [(1:1)
Petroleum Ether -CH.Cl.]; IR (ATR): v = 3074, 3009 (C-Harom), v = 2958, 2926, 2885, 2856 (C-H),
1737, 1667 (C=0), 1592 (C=C), 1174 (C-N); *H-NMR (499.74 MHz, CDCls): 5= 8.14, 8.10, 8.05, 7.78,
7.68, 7.55 (m, 11H, CHarom), 4.03 (s, 1H, NH), 2.40 (m, 2H, SCH,-), 1.71 (m, 2H, -CHy-), 1.26 (m, 2H,
-CH2-CHzs), 0.91 (m, 3H, CHa); *C-NMR (125.66 MHz, CDCI3): § = 173.56 (C=0), 151.56 (Crapn-N),
139.24,128.41, 126.82, 124.46, 117.02, 114.07 (Chenzen, Crapht), 66.79 (S-C), 38.72, 33.99, 28.91 (CHy),
14.04 (CHs); MS (+ESI): m/z 387,87 [M]*. C2sH21:NO,S (M, 387.5 g/mol).

6-(butylthio)-10-methyl-5H-benzo[a]phenoxazin-5-one (13)

6-(butylthio)-10-methyl-5H-benzo[a]phenoxazin-5-one (13) was synthesized from the reaction of 2-
(butylthio)-3-chloronaphthalene-1,4-dione (3) (0.33g, 1.1 mmol) with 2-amino-4-methyl phenol (7)
(0.15g, 1.2 mmol) using a literature method. Red viscous oil. Yield: 0.17 g (%42.5). R =0.43 [CHClIs];
IR (ATR): v=3070, 3033 (C-Harom), v=2958, 2929, 2875(C-H), 1736 (C=0), 1636 (C=C), 1594 (C=N),
1280 (C-0), 1221 (C-N); *H-NMR (499.74 MHz, CDCls): & = 8.63, 8.29, 8.25, 7.73, 7.55, 7.23 (m, 7H,
CHoarom), 3.97 (t, 2H, SCH>-), 3.10, 2.33 (m, 4H, -CH>-), 1.28, 0.86 (m, 6H, CHs); *C-NMR (125.66
MHz, CDCI3): & = 173.47 (C=0), 150.28 (Capnt=N), 145.87 (Chapht-S), 142.21 (Cpapnt-O), 135.34,
131.51, 129.47, 124.55, 115.41 (Chenzen, Craptt), 66.74 (S-C), 38.70, 33.95 (CHy), 22.94 (Cyphenyi-CHs),
14.01 (CHs); MS (+ESI): m/z 349,57 [M]*, 371,80 [M+Na]*. C2:H1sNOS (M, 349.4 g/mol).
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6-(butylthio)-10-chloro-5H-benzo[a]phenoxazin-5-one (14)

6-(butylthio)-10-chloro-5H-benzo[a]phenoxazin-5-one (14) was synthesized from the reaction of 2-
(butylthio)-3-chloronaphthalene-1,4-dione (3) (0.33g, 1.2 mmol) with 2-amino-chlorophenol (8) (0.17g,
1.2 mmol) using a literature method. Red solid: 0.19 g (% 30). R+ =0.58 [CH.Cl.]; Melting point. 146-
148°C; IR (ATR): v = 3078, 3054, 3007 (C-Harom), v = 2959, 2929, 2871, 2859(C-H), 1736 (C=0),
1640 (C=C), 1596 (C=N), 1260 (C-O), 1173 (C-N), 782 (C-Cl); 'H-NMR (499.74 MHz, CDCls): § =
8.57, 8.25, 7.70, 7.40, 7.28 (m, 7H, CHawom), 3.14 (t, 2H, SCH>-), 1.62, 1.47 (m, 4H, -CH>-), 0.92 (m,
3H, CHs); C-NMR (125.66 MHz, CDCI3): & = 180.74 (C=0), 149.24 (Cnapn=N), 147.00 (Cnapnt-S),
142.78 (Chapnt-O), 133.16, 132.12, 130.93, 126.38, 124.70, 116.67 (Coenzen, Crepnt), 32.94 (S-C), 32.24,
21.90 (CHy), 13.71 (CHs); MS (+ESI): m/z 369,52 [M]*. C2H16CINO,S (M, 369.9 g/mol).

2-((4-aminophenyl) amino)-3-(butylthio) naphthalene-1,4-dione (15)

2-((4-aminophenyl) amino)-3-(butylthio) naphthalene-1,4-dione (15) was synthesized from the reaction
of 2-(butylthio)-3-chloronaphthalene-1,4-dione (3) (0.25g, 0.9 mmol) with phenylenediamine (6) (0.1g,
0.9 mmol) using a literature method. Purple viscous oil: 0.11 g (%39). R =0.53 [(1:1)EtAc- Petroleum
Ether]; IR (ATR): v = 3086, 3035(C-Harom), v = 3453, 3318 (N-H, NHy), v =2957, 2925, 2854 (C-H),
1664, 1628 (C=0), 1591, 1546 (C=C), 1284, 1268 (C-0), 1015 (C-N), 826 (N-H)); *H-NMR (499.74
MHz, CDCls): 6 = 8.16, 7.73, 6.91, 6.89, 6.68 (m, 8H, CHarom), 7.28 (S, 2H, Cphenyi-NH), 4.29 (s, 2H,
NH.), 2.61 (t, 2H, SCH>-), 1.35, 1.26, (m, 4H, -CH,), 0.83 (t, 3H, CH3); C-NMR (125.66 MHz,
CDCI3): 6=180.80, 180.73 (C=0), 146.14 (Crapnt-N), 143.95 (Crapnt-S), 134.52, 132.44, 130.65, 129.83,
126.55, 114.91 (Cpnen, Chapht), 33.82 (S-C), 31.55, 21.87 (CHy), 13.65 (CHs); MS (+ESI): m/z 352,65
[M]*. C20H20N202S (M, 352.5 g/mol).

Antimicrobial activities

The MIC values of the tested compounds against two Gram-positive and three Gram-negative bacterial

strains, as well as two fungal strains, were determined and are provided in Table 1.

Table 1. The minimum inhibition concentrations (MIC'’s) of the synthesized compound

Minimum inhibition concentration (ug/mL)

Gram-staining-positive Gram-staining-negative Fungi
Sample B. subtilis S. aureus E. coli K. pneumoniae  P. aeruginosa  A. niger C.albicans

3 4 32 8 64 8 2 4
10 64 256 256 1024 1024 512 1024
11 128 256 512 512 512 256 128
12 256 128 256 256 512 256 128
13 64 128 256 256 64 128 256
14 128 256 512 512 256 256 512
15 64 128 64 512 256 512 512

Amoxicillin >1024 >1024 >1024 >1024 >1024

Tetracycline 4 64 64 64 64

Ketoconazole - - - - - 1 2
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Compound 3 displayed superior antimicrobial activity against all tested strains, while compound 10

exhibited the lowest activity. Table 1 shows that compounds 3, 11, 12, 13, 14, and 15 were more
effective against B. subtilis, S. aureus, E. coli, K. pneumoniae, and P. aeruginosa than Amoxicillin. The
11, 12 and 14 compounds showed activity against the Gram-positive B. subtilis and S. aureus, and the
Gram-negative E. coli, K. pneumoniae and P. aeruginosa, but at levels lower than the Tetracycline
reference used. The synthesized compounds showed activity against fungi, but lower than the

ketoconazole reference used.
Results and Discussion

Compounds 3, 10, 11, 12, 13, 14, and 15 were obtained via nucleophilic substitution of 2,3-dichloro-
1,4-naphthoquinone (1) with heterocyclic compounds containing nitrogen, sulphur, and oxygen atoms
in an appropriate environment (Figure 3). Compounds 10, 11, 12, and 13 were prepared by reacting
compound 3 with compounds 4, 5, 6, and 7 in chloroform solvent using Na,COs as a catalyst. On the
other hand, compounds 14 and 15 were synthesized by reacting compound 8 with compounds 8 and 9
in the presence of acetonitrile solvent and Na2COs as a catalyst. Based on the analysis, it was concluded
that compounds 3, 10, 13, and 14 have a red, viscous, oily physical property. On the other hand,
compounds 11 and 12 have a dark red, viscous, oily physical property, while compound 15 has a purple-
colored viscous, oily physical property. The synthesized compounds' structure was confirmed by taking
its mass spectrum. Further, °C NMR, *H NMR, and FTIR spectroscopy were employed to determine
the positions of the substituent groups in the structure and the atoms to which they were connected. The
chemical shift of the NCH> proton in the thiazole ring of compound 10, formed by the reaction of 2-
(butylthio)-3-chloronaphthalene-1,4-dione (3) with 2-thiazoline-2-thiol, was around 4.55 ppm and the
molecular ion mass was found to be 362.62 [M]* confirms. The ion peaks of molecules 11, 12, 13, 14,
and 15 are observed at 277.2 [M-C4H,S]*, 387.87 [M]*, 349.57 [M]*, 369.52 [M]* and 352.65 [M]*
respectively. The structure is confirmed by the chemical shift of two carbonyl groups belonging to the
naphthoquinone compound at 178.62 and 170.70 ppm in *C NMR, and a carbonyl group belonging to
one aldehyde group at 182.11 ppm in the molecule formed by the binding of the aldehyde compound in
compound 11 to naphthoquinone. The absorption stretch band in the (C-N) group formed by the binding
of the amine group in compound 12 to naphthoquinone shows a chemical shift of 1174 cm™ in FTIR
and 4.03 ppm singlet in the NH proton *H NMR. The NH stretching band of compound 12 could not be
detected in FTIR spectroscopy. The NH stretching band of secondary amines is weak and may overlap
with aromatic bands. The FTIR absorption band of compound 13 shows the presence of C-N and C=N
groups at 1221 and 1594 cmt, respectively. In addition, a shift of one carbonyl group at 173.47 ppm in
3C NMR confirms the structure. Similarly, the presence of C-N and C=N groups in compound 14 at
1173 and 1596 cm™ absorption bands in FTIR and a shift of one carbonyl group at 180.74 ppm in 3C-

NMR confirms the structure. Compounds 14 and 15 were found to undergo cyclization. The NH: group
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absorption band formed by the bonding of the amine group in compound 15 to naphthoquinone is 3413

cm, and the absorption stretch band in the (C-N) group is around 1015 cm™ in FTIR, and the shift of
two carbonyl groups at 180.80 and 180.73 ppm in **C NMR confirms the structure. The biological
activity of the synthesized compounds was studied, and it was found that three compounds (3,13,15)
had the highest antimicrobial activity, while 10 compounds had the lowest antimicrobial activity.
Although compound 2-(butylthio)-3-chloronaphthalene-1,4-dione (3) had high antimicrobial activity,
the attachment of the 2-thiazoline-2-thiol group significantly decreased its activity. Other aromatic
compounds that bind to 2-(butylthio)-3-chloronaphthalene-1,4-dione (3) did not significantly reduce its
antimicrobial activity. Compounds 3, 11, 12, 13, 14, and 15 exhibited superior activity against Gram-
positive bacteria B. subtilis and S. aureus, as well as Gram-negative E. coli and K. pneumoniae.
Compounds 11, 12, and 14 also showed activity against Gram-staining-positive B. subtilis and S. aureus
and Gram-staining-negative E. coli, K. pneumoniae, and P. aeruginosa. Studies have also shown that
the compounds formed due to vinylic substitution reactions have dyestuff properties, which can be

utilized for fabric dyeing [33, 34]. The synthesis process and resulting chemical compounds are depicted

in Figure 3.
S/\/\
6)
S/\/\
HN
i )
6
() s Q)
Wi
Q\Q\ﬁ
NH, o
O 2 O S/\/\
O ‘ L ~Cgy H,C OH O‘
Ccl  CHCI,, Na,CO, CHCl3 , Na,CO;, N| o
o) o .
1 Cl NH
3 o * b
NH, |S ecy oH :
oy A
Z 2Co O
9 - < S/\/\
§ 9
: (]
NH, | <
e
N
0 S/\/\
14
e
O H
15

Figure 3. Compounds synthesized from 2-(butylthio)-3-chloronaphthalene-1,4-dione (3) [28]

Conclusion
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The compound 2-(butylthio)-3-chloronaphthalene-1,4-dione (3) was synthesized from the reaction of

the compound 2,3-dichloro-1,4-naphthoquinone (1) with 1-butanethiol in alkaline medium, resulting in
the displacement of chloro atom number 1 in its structure by a nucleophilic substitution reaction. The
synthesized compound was used as a starting material in subsequent reactions. Compounds 10-15 were
obtained by reaction of 2-(butylthio)-3-chloronaphthalene-1,4-dione (3) with heterocyclic compounds
containing nitrogen, sulphur, and oxygen. The resulting compounds were subjected to four different
characterisation methods, including FTIR, *H-NMR, *C-NMR, and mass spectroscopy. Antimicrobial
activity was evaluated for all compounds against Bacillus subtilis, Staphylococcus aureus, Escherichia
coli, Klebsiella pneumoniae, and Pseudomonas aeruginosa. The study revealed that three compounds
were found to have the highest antimicrobial activity, while ten compounds had the lowest. Replacing
the chlorine atom in the naphthoquinone molecule with aromatic and heteroatoms changes its
antimicrobial activity. While the binding of naphthoquinone to thiazoline decreased its activity, the
binding of aromatic compounds increased the activity. Although the newly synthesized naphthoquinone
compounds are soluble in organic solvents such as chloroform and dichloromethane, their solubility in
water is low due to their dense and oily nature. The scientists aimed to improve the existing knowledge

on the production of naphthoquinone, a compound with significant applications in various fields.
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Abstract

Graphene, renowned for its honeycomb lattice structure formed by
densely packed sp? hybridized carbon atoms, possesses exceptional
electronic, thermal, chemical, and mechanical properties. The van der
Waals-coupled graphene layers give rise to the well-known AB stacking,
forming graphite. Despite the existence of several methods for graphite
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Melaminin Yerinde Polimerizasyonu ile Grafit Katmanlarinin Genisletilmesi Uzerine
Bir Calisma
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Oz

Yogun bir sekilde paketlenmis olup sp? hibritlenmis karbon atomlarindan
olusan bal petegi kafes yapisiyla bilinen grafen, olaganiistii elektronik,
termal, kimyasal ve mekanik o6zelliklere sahiptir. Van der Waals ile
birlestirilmis grafen katmanlari, iyi bilinen AB istiflenmesine yol agarak
grafit olusturur. Grafit tiretimi i¢in cesitli yontemlerin varligina ragmen,
biiylik 6lcekte grafen iiretimi, etkili tekniklerin bulunmamasi ve tiretim
siireci sirasinda yapisal kusurlarin ortaya ¢ikmasi nedeniyle zorlu olmaya
devam ediyor. Potansiyel bir ¢6ziim olan pul pul dokiilmiis grafit (EG),
tipik olarak grafit interkalasyon bilesiklerinin (GIC'ler) 1s1l isleminden
iiretilmektedir. Ozellikle diisiik sicakliklarda 6nemli genlesme dzellikleri
sergileyen melamin, smurlt c¢aligmalarda bir ara bilesik olarak
kullanilmistir. Bu ¢aligmada melaminin grafit igerisine dahil edildip 1sil
isleme tabi tutuldugunda grafen katmanlarinin genislemesini tetikleme
This work is licensed under a potansiyeline odaklanilmistir. Yapisal degisiklikleri degerlendirmek icin
Creative Commons Attribution Raman ve X-1s1n1 kirinim analizleri kullanilmastir.
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Introduction

The honeycomb lattice structure formed by tightly packing sp? hybridized carbon atoms makes graphene
an incredibly attractive material, with extraordinary electronic, thermal, chemical, and mechanical
properties [1]. Van der Waals-coupled graphene layers shift in the horizontal plane, leading to the well-
known AB stacking, which forms graphite [2]. Graphite can be produced through various methods,
including micro-mechanical exfoliation of highly ordered pyrolytic graphite, epitaxial growth, chemical
vapor deposition, and reduction of graphene oxide (GO). [3-5]. Graphene and its derivatives are
promising candidates as components for applications in the field of energy storage and energy
conversion materials, thermally and electrically conductive reinforced nanocomposites, nanoelectronics,
and sensors, among many others [6]. Despite its outstanding physical properties, graphene's large-scale
production is hindered by a lack of effective methods. Additionally, the production methods often
introduce structural defects that significantly weaken its mechanical properties and other physical
characteristics [7, 8]. Significantly larger amounts of graphene can be produced by physical and
chemical exfoliation of bulk graphite [9-11], which has been extensively studied in the past, is cheap
and scalable [12]. Exfoliated graphite (EG) is usually produced through the thermal treatment of graphite
intercalation compounds (GICs) [13, 14]. Many approaches have been developed for the mass
production of GICs, as well as the exfoliation of high-quality graphene using GICs [15]. Despite being
a promising intercalation compound with its high expansion property, melamine has only been used in
two studies. Reinheimer et al. patented the use of thermally expandable graphite intercalation
compounds for producing fire-protection seals and their production method [16]. Duan et al., [17]
discussed the synthesis of core-shell expandable graphite/melamine-formaldehyde particles and their
flame-retardant applications. The transformation mechanism and the expansion of melamine to
graphitic-CsN, with the increasing temperature can be seen in somewhere else [18]. Since the thermal
expansion of melamine occurs at relatively lower temperatures than graphite, it is thought that the
penetrated melamine molecules in the graphite layers may force the expansion of graphene layers with
the formation of the g-CsN4 structure by thermal treatment. To test the hypothesis, we exposed both
pristine graphite and a melamine-graphite admixture to thermal treatment. The expansion of graphite

layers was investigated by using X-ray diffraction and Raman techniques.
Experimental

The graphite-melamine mixtures were prepared by a simple mixing in solution technique. Graphite
powder (Supelco) and melamine (Merck) were mixed in 50 mL water for 6 hours at room temperature.
The solution was filtered under vacuum and dried at 105°C for 18h. The collected powders were placed
in an alumina boat. The sample-loaded boat put in a stainless-steel reactor and exposed to thermal
treatment. The sample definitions and experimental conditions are given in Table 1. Raman spectra were

measured on a WITech alpha 300R with 532 nm DPSS laser excitation. A PANalytical Empyrean X-
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ray diffractometer with CuKa radiation source was used to determine crystallographic structure of the

samples.
Table 1. Sample definitions and experimental conditions
Sample Material Experimental Conditions
TTG Pristine Graphite 650°C - 2h - 5°C/min
TTG2M1 Graphite + Melamine (2:1 w/w) 650°C - 2h - 5°C/min

Results and Discussion
Raman Analysis

Figure 1 shows the Raman spectra of all samples. All Raman spectra were analyzed to determine the
peak positions, peak widths, and peak areas, using Lorentzian-peak-fit profiles. Table 2 represents the
Raman features of pristine graphite and synthesized samples. As seen in the Figure 1 and Table 2, the
typical peaks of the graphite lattice, G band at 1575 cm™ which arises from the in-plane C-C bond
stretching in sp? hybridized carbon systems in the first order region, and 2D band at 2680 cm™* in the
second order region were detected. In addition, a weak disorder band caused by the graphite edges (D
band) at approximately 1355 cm™was observed for pristine graphite. Compared to pristine graphite the
thermal treatment led to a decrease in the peak intensity, and redshift in the peak positions of D, G, and
2D bands for the sample TTG. For the melamine-added sample (TTG2M1), an increase in the peak
intensity for the D band, and an decrease in the peak intensity for the G and S1 bands were observed. In
addition, redshift in the peak positions to the higher wavenumber can be clearly seen for all bands from
Figure 1. D band was strongly influenced by melamine adding; a well-defined symmetric D peak in
graphite became broader and asymmetric for the sample TTG2M1. A new relatively strong band at
~1620 cm™ appeared by the development of the D band. The intensity increase in both bands suggests
that the melamine addition introduces a significant number of structural defects into the graphite lattice.
Since the shift in the peak positions in Raman spectroscopy related to the length of chemical bonds and
symmetry of molecules [19], it is obvious that the possible polymerization of melamine into g-C3sNa
caused a significant change in the molecular chemistry of graphite layers. The observed redshift in the
G and S1 bands with both the thermal treatment and melamine addition can be explained by the
expansion of resulting material or improved crystallinity. Due to the hypothesis of this work, the d-

spacing of graphite and composite materials was calculated by the XRD analysis.
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Figure 1. Raman spectra (1000-3000 cm™) of the synthesized materials and pristine graphite

As seen in Table 2, clear redshift in the D, G, and 2G bands was calculated for all samples. The FWHM
of the G band was calculated as 18.04 to 20.64 and 23.03 for pristine graphite, TTG, and TTG2M1,
respectively.

Table 2. Raman features of pristine graphite and synthesized powders
D Band G Band S1 Band
Sample  Position FWHM Area Position FWHM Area Position FWHM Area
Graphite  1340.06  40.93 4665 1563.93 18.04 51770 2680.65 64.25 62658
TTG 1339.37 35,55 2297 1567.72 20.64 17206 2683.91 69.58 27690
TTG2M1 1347.92 4415 7770 1578.89 23.03 29859 2698.95 65.31 55385

Compared to pristine graphite, only thermal treatment resulted in a 3.79 cm redshift, while the addition
of melamine and thermal treatment resulted in a 14.96 cm™ redshift in the G band. Similarly, the
expanding of the resulting material or improved crystallinity may be responsible for the redshift.
Moreover, the melamine loading led to a broadening in the G band (increase in the FWHM)., is evidence
for the weakened of van der Walls forces between graphite layers [20]. The increasing degree of
amorphization with melamine loading and thermal treatment is responsible of the broadening and
redshift in G band [21]. As a result, it can be said that the redshift in the graphite peak (G band) and

defect peak (D band) usually refers to p-type doping, expanding, and the compressed lattice of material.
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The shift in the peak positions is evidence of the change of the chemical bond length of molecules by

the thermal treatment and further melamine adding.
XRD Analysis

The pristine, thermally treated pristine, and melamine-loaded graphite samples were analyzed by XRD
in the 20°-35° region with a slow scan rate. As shown in Figure 2 and Table 3 below, the sample TTG
had a broader peak at 20 of 26.33°, in comparison to that of pristine graphite (26.37°) which
corresponded to a d-spacing of 3.385 A (TTG) and 3.380 A (Pristine Graphite). Due to the increasing
d-space, it can be said that the spacing between the graphene layers was increased with the thermal
treatment. In the case of melamine addition (TTG2M1), the peak positions shifted to higher 26 degrees
due to the decreasing d-spacing. This may be related to the formation of C3N4 between the graphene
layers. In addition, an increase in the full width of half maximum (FWHM) values which is directly

proportional to the crystal size according to Scherrer's formula was observed for the TTW sample.
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Figure 2. XRD patterns of pristine and modified graphite samples

Figure 3 shows the illustrated possible molecular structure of g-CsNa4/Graphite. Since the pristine
graphite and C3N4 have the major peak at same 20 degrees (=26), and low crystallinity, it is very hard
to prove the formation of the C3N4 structure by XRD. However, the TTG2M1 samples had some
different peaks, which are pointed as C3N4 by the library search&match, esp. the peak around 27.1°.
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Table 3. Main peak properties of pristine and modified graphite samples

Sample Pos. [°20] FWHM Left [°20] d-spacing [A]
Graphite 26.3701 0.3572 3.37987
TTG 26.3276 0.3897 3.38523
TTG2M1 26.5047 0.1948 3.36300

Graphite

Figure 3. lllustration of the possible molecular structure of g-C3sN4/Graphite composite

Because of its extensive range of applications, including composites and coatings, electronics, energy,
membranes, sensors, and more, significant efforts are underway to acquire graphene with specific
desired properties. Furthermore, an economically feasible, and scalable amount of graphene can be
produced from exfoliated graphite (EG) which is usually produced by the thermal treatment of graphite
intercalation compounds (GICs). Skowronski and Krawczyk focused on the electrochemical activity
towards hydrogen sorption/desorption capacity of EG synthesized by using NiCl; as the intercalation
compound [22]. It is reported that the sample exfoliated with NiCl,, and heat treated at 800°C in air for
25 min showed the highest hydrogen storage capacity [22]. They concluded that this is resulted from the
process of secondary exfoliation leading to the formation of porous graphite and simultaneous eruption
of the NiCl; intercalate the transformation into nickel oxide [22]. Ka and Oh reported the synthesis of
expanded graphite with a d-spacing of 0.404 nm from meso carbon micro beads (MCMB) via heat
treatment of an oxidized form of MCMB [23]. As reported in this study, the BET surface area of the
expanded graphite (21.8 m?/g) is about 10-fold larger than the pristine material, however, it is quite
small for an electrode material in capacitor applications [23]. Despite the small surface area, the
expanded graphite electrode material has shown a promising capacitor behavior with a charge—discharge
coulombic efficiency of >99% up to a working voltage of 3.7 V [23]. Morales et al. [24] reported the
synthesis of few-layer graphene by an electrochemical treatment followed by microwave-assisted

thermal expansion. Due to the Raman spectra presented in this work, it is reported that the sp? carbon
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structure did not change with the selection of the appropriate conditions [24]. An et al. [25] reported the

synthesis of spheroidized graphite-derived multi-layered graphene from a battery-grade spheroidized
natural graphite powder by using sulfuric acid and hydrogen peroxide as the intercalant and oxidant
under microwave irradiation at 800W. It is found that the degree of graphitization calculated from the
XRD results is 100% for the spheroidized natural graphite while it is 98.8% and 87.2%-95.3 for flake
natural graphite and meso carbon microbead (MCMB), respectively [25]. It is concluded that the
selected microwave conditions are inefficient and the selected GIC agents are not effective for the
MCMB as a starting material [25]. The importance of the starting material, temperature, and the
selection of intercalation species is also reported by Murugan et al. [26]. According to the results given
in the brief literature summary presented above, it can be said that the selected experimental parameters

in this work are appropriate for the synthesis for the expansion of graphite.
Conclusion

This study reveals the potential of melamine-induced expansion and structural modification in graphite
layers, driven by thermal treatment. The observed changes in Raman and XRD analyses underscore the
significant impact of melamine on the chemistry and structure of graphene, opening new avenues for
advanced material development and applications. Moreover, an expanded form of graphite can be used
for hydrogen storage, thermal energy storage, fuel cells, batteries, supercapacitors, sensors, etc.
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An investigation into the heat transfer performance and flow
Research Article characteristics of circular twin jets was conducted using both numerical

and experimental methods. The jets emanated from the lower surface and
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Siirlandirilmis Carpan ikiz Jetlerin Akis Yapisi ve Is1 Transferi Karakteristikleri
Uzerine Bir inceleme

IKaradeniz Technical University, Oz
Department of Mechanical Sayisal ve deneysel yontemler kullanilarak dairesel ikiz jetlerin 1st
Engineering, Trabzon, Tiirkiye transferi performanst ve akis karakteristikleri iizerine bir arastirma
gerceklestirildi. Jetler alt yiizeyden yayilmis ve iist yiizeye dik olarak
carpmak iizere sinirlandirilmistir. Iki boyutlu carpan ikiz jet akis

2Artvin Coruh University, alanindaki giiclii tiirbiilans yapilarimi ve 1s1 transferini simiile etmek i¢in
Department of Electrical and Realizable k-¢ ve Standard k- tiirbtilans modelleri kullanilmistir. Hem
Electronics Engineering, Artvin,  simiilasyonlarda hem de deneylerde 30000 ila 50000 arasinda degisen
Tiirkiye Reynolds sayilari kullanilmis, jetler arasi mesafe 0.5 ila 2 arasinda

degismis ve liileler ile hedef carpma levhasi aras1 mesafe de ayni aralikta
olmugtur. Deneysel dl¢iimlerde agikligin 1'e kadar oldugu durumlar igin
hedef ¢arpma ylizeyinde atmosfer alt1 basing bolgeleri tespit edilirken,
sayisal sonuglar bunlarin incelenen tiim liille hedef levha araliklarinda
bulunabilecegini  gostermistir. Hedef yiizeydeki 1s1  transferi
katsayilarindaki tepe noktalar1 ile basing dagilimlarindaki atmosfer alti
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Introduction

The highly attractive rate of local heat and mass transfer performance of single or multi-array impinging
jets have made them a popular choice for a wide array of industrial applications. Jet impingement finds
applications in a variety of industries, such as glass shaping and tempering, fabric and cardboard drying,
airfoil deicing, turbine blade and computer electronics cooling. In the last three decades, the
investigation of flow fields and structures as well as heat transfer performance via single or multiple jets
impingement has remained an energetic area of research, with both numerical and experimental studies
being conducted. While high heat transfer coefficients are offered by impinging single jets in the
stagnation zone, the performance of cooling decreases dramatically beyond the impinging zone. In the
cooling process carried out with multiple jets, a single jet can be used or multiple jets can be used
simultaneously. While the use of a single jet increases the heat transfer in a certain region, the use of
multiple jets makes the distribution of heat transfer more homogenous on the surface to be cooled. In
consequence, impinging jets are often favoured in arrays in a variety of applications. In such cases,
effective temperature reduction heavily relies on the interplay among the jets within the array. There are
many studies and applications in the literature that pay attention to the characteristics of flow structure
and performance of heat and mass transfer in jet impingement of twin patterns. In most of these studies,
the flow is laminar character. Studies on turbulent impinging multi-jets are very few. The studies on this
subject are mostly in the form of numerical analyses. In a study they conducted, Barata et al. [1]
investigated the turbulent jets impingement of single and twin types with confining plates through a
cross flow and observed that both configurations had a similar pattern with significant jet penetration.
Chuang et al. [2] utilized a bidimensional (2D) mathematical model to examine compressible and
unsteady flow properties of twin-slot jet impingement amid two plates. In their research, Chuang and
Nieh [3] utilized the PHOENICS code to explore impinging square twin jets flow’s three-dimensional
(3D) turbulent structure without cross flow. In their comprehensive literature review, Polat et al. [4]
noted that the Standard k-¢ model with miscellanecous wall functions is inadequate for accurately
predicting stagnation heat transfer and suggested that k- models with low Reynolds number and strong
streamline curvature pose a challenge for testing advanced turbulent models in jet impingement flows,
pressure gradient, and recirculating zones. In their study, Shi et al. [5] examined the influence of
turbulence models, turbulence intensity, Reynolds number (Re), close wall applications, and boundary
conditions in a slot jet for heat transfer. The study utilized both the Standard k-¢ and Reynolds Stress
(RSM) models. To simulate turbulent flow and analyze heat transfer performance from confined multi-
array slot jets impingement in a 2D environment, Seyedein et al. [6] utilized a mathematical technique.
Dianat et al. [7] utilized the Standard k-¢ turbulence model to foresee the behavior of nonsymmetric and
bidimensional impinging turbulent jets. Numerical analysis was carried out by Fernandez et al. [8] to
study the turbulence flow behavior of an impinging twin-plane jet perpendicularly on a flat surface. The

study employed both Realizable and Standard k-e and Standard k- turbulence models. According to
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the researchers' conclusion, these models failed to provide an accurate prediction of the flow in the zone

of the impact. Miao et al. [9] examined the structure and characteristics of the fluid flow and heat transfer
performance of a confined circular jet array orthogonal to a flat plate, at various cross-flow orientations.
Distributions of Nusselt number figured out by them overall on the flat plate. In their study, Qui et al.
[10] developed a numerical model for a 2D configuration an opposed jet to investigate the flow
characteristics and blending performance of opposed laminar jet flows. Attalla and Specht [11]
conducted an experimental study on convectional heat transfer performance on a flat plate using a multi-
jet system. The study concluded that, they observed that the use of a multi-array jet system leads to an
increase in both local and mean heat transfer rates compared to a single nozzle. Aldabbagh and
Mohamad [12] numerically analyzed the effects of jet to target impingement plate spacing in an
impinging laminar square jet array confined with a plate. A numerical study was conducted by Dagtekin
and Oztop [13] to investigate the impact of distance from floor to wall, Reynolds number and distance
of jet-to-jet for two jets on fluid flow structure, characteristics and heat transfer performance. In the
impingement of twin square laminar jets, the performance of heat transfer and also structure of fluid
flow were investigated numerically by Aldabbagh and Sezai [14]. According to the obtained outcomes,
the flow pattern of impinging twin square jets on a preheated target surface was significantly influenced
by the distance between the jets and the target impingement plate, as reported by the study conducted
by them. The interplay between the boundary layer of the wall jet and the free shear layer was studied
experimentally by Ho and Hsiao [15] using a specific technigue. By utilizing an experimental approach,
Siclari et al. [16] studied the formation of upwash and stagnation lines in two impinging jets. Tanaka
[17] observed a unique characteristic in the twin jet’s 2D parallel flow, which was the formation of a
region of sub-atmospheric pressure amid the jets due to the turbulent fluid flow entrainment. Abdel-
Fattah [18] reported that a region of sub-atmospheric pressure appeared on the impingement surface in
the impinging twin round jet flow, and this effect decreased as the nozzle to target impingement plate
spacing increased. Mikhail et al. [19] explained that as the jet-to-jet spacing decreases, the average
Nusselt number of a twin jet system increases. Barata [20] conducted laser doppler measurements to
investigate structures, fields and characteristics of the flow generated by impinging twin jets on a ground
plane. The results of the study revealed the presence of a complicated 3D scarf vortex that forms round
about the impinging jets. An experimental investigation conducted by Dong et al. [21] on the heat
transfer performance and wall pressure features of a vertical laminar twin air jet impinging on a
horizontal flat plate. Their study aimed to interpret the impact of the twin jets on heat transfer and
pressure distribution by examining their interactions with the plate's surface. An experimental
investigation was carried out by Saad et al. [22] on the flow structure and heat transfer performance of
impinging confined single and multi-slot jet flows. They stated that multiple jets exhibit single jet
characteristics at values of 1.5 and higher than the nozzle spacing ratio. Ozmen [23] experimentally

investigated the flow fields and structures for a confined twin air jet impinging on a flat surface. He
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determined that sub-ambient pressure regions are formed on both the impingement and confining surface

and that the pressure distributions on the surfaces are influenced by the nozzle to target impingement
plate spacing and the distance of nozzle to nozzle. Buchlin [24], in his study of impinging array jet flow,
stated that nozzle to target impingement plate and nozzle to nozzle distances have a direct effect on jet
characteristics. Polat et al. [25] carried out a comprehensive literature survey on heat transfer in
impinging jet flows, including both experimental and numerical studies. They pointed out that low
Reynolds number k-¢ turbulence models, which are among the turbulence models used in numerical
studies, predict the heat transfer at the stagnation point more accurately than the Standard k-¢ turbulence
model. Ozmen and Ipek [26] experimentally and numerically investigated the flow fields and structures
furthermore heat transfer performance of jet flow generated by multiple slot jets impinging on a target
flat surface. They highlighted that there is a significant correlation between the sub-ambient pressure
regions formed on the impingement surface and the secondary peaks in the Nusselt distributions. Ozmen
and Baydar [27] numerically investigated the flow fields and structure furthermore heat transfer
performance of confined jet array flow impinging on a surface. They stated that both pressure
distributions and Nusselt distributions throughout the target impingement surface are significantly
influenced by the nozzle to target impingement plate spacing. Afroz and Sharif [28] numerically
analyzed the cooling of a constant temperature surface by an inclined impinging twin slot jet using
different jet-target impingement plate distances, Reynolds numbers and turbulence models. Yousefi-
Lafouraki et al. [29] numerically modelled and investigated effects of the flow and heat transfer in their
study where both the impingement plate and the confining plate are inclined. The study carried out at
low inclination angles showed that the mean Nusselt number increases with increasing inclination angle.
Al-Rmah and Mohamad [30] with six-in-line jet outlets different channel heights and nozzles in a
double-pass channel effects of widths on heat transfer and flow structure Reynolds number numerically
in the range of 100 to 400 analyzed. Guongeng et al. [31] experimentally observed the effects of different
values of jet-cross-flow velocity ratios and different channel heights on the local and mean. Nusselt
numbers for a flow region subjected to cross-flow with a series of sequential jets. Lam and Prakash [32]
investigated two-dimensional and numerical refrigeration of split heat sources by a pair of air jets for
duct heights and velocity ratios of the jets; they analyzed in detail the effects of the relevant parameters
on the local and mean Nusselt number variation and entropy production and determined the optimum
velocity ratios. Paulraj et al. [33] numerically investigated the effects of duct height and distance
between blocks on convection heat transfer in cooling of discrete blocks with constant surface
temperature by slot jets in the range of Reynolds number between 30 and 300, focusing on the velocity
profiles around the blocks and the variation of local and mean Nusselt numbers on the surfaces of the
blocks. Kaya [34] numerically investigated the effect of surface shape (flat, zigzag, rectangular,
trapezoidal) on convection heat transfer from a heated target impingement plate cooled by a pair of

circular jets and determined that convection heat transfer characteristics are significantly influenced by
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surface shape. Martinez-Filgueira et al. [35] investigated the effects of the fluid exiting from different

nozzles on the wall shear stress and heat transfer in the cooling process performed with multiple
impinging jets; they compared the effects of different turbulence models on the results. Demircan and
Tiirkoglu [36], numerically investigated the effects of oscillation characteristics on the flow structure
and heat transfer performance in an impinging slot jet and stated that jet oscillation has no influence on
the stagnation Nusselt number for H/W<1.5. Bolek and Bayraktar [37] numerically carried out on the
flow structure and heat transfer performance of a jet impinging on different types of impact surfaces.
Calisir et al. [38] numerically examined the flow structures of a series of circular impinging air jets on
triangular and square ribbed surfaces. Several investigations [2, 39-44] on impinging single and twin jet
flows have reported satisfactory consistency between numerical predictions and experimental results.
The flow field resulting from jet impingement on a target impingement plate surface, as well as the wall
jet flow developed downstream between twin jets, are highly complex phenomena. This study aims to
to investigate the flow fields of confined impinging twin jets employing both experimental and
numerical techniques. In this current study, the influence of multifarious jet flow specifications, such as
spacings of jet-to-jet and nozzle to target impingement plate, on the flow features of impinging twin jets
confined with plate were experimentally and numerically examined. The examined flow parameters
included pressure distribution of surface, Nusselt distribution, turbulence intensity and axial mean
velocity. The experiments were conducted at Reynolds numbers of 30000, 40000, and 50000, while the
spacings of nozzle to target impingement plate were set to 0.5, 1, and 2, and the distance between jets
were set t0 0.5, 1, and 2 as well. The major objective of this investigation is to evaluate the effectiveness
of assorted turbulence models in forecasting the heat transfer performance and flow features of confined
impinging twin-jets configurations by contrasting them with the experimental results obtained in the
present study. The second goal of the study is to establish a connection between the flow characteristics
of the confined impinging twin jets and the corresponding heat transfer distributions. It is anticipated
that the results and outcomes of this study will provide valuable data for further investigations in this
field.

Materials and Methods
Numerical Study

Mathematical Model

In this study, a steady state, turbulent and Newtonian air flow with bank on temperature fluid features
was assumed. To obtain a mathematical solution for the mean flow and thermal fields, it is required to
solve the Reynolds Average Navier-Stokes (RANS) equations and the time-averaged energy equations.
Below is the form of these equations, written for 2D incompressible flow in cylindrical coordinates with

the continuity equation included, mass continuity:
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The origin terms (S* and SV) and the viscous loss function (¢) in the equations can be expressed by the

following formulas.
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Mathematical solutions were performed using both the Realizable k-g¢ and Standard k-o turbulence
models. Two equation turbulence models utilize the Boussinesq close resemblance to establish a
relationship between the stresses of Reynolds and the average velocity gradients. The Realizable k-¢
model attempts to address some of the limitations of traditional k-¢ models by incorporating the physical
nature of turbulent flows into the calculation of normal stress, thereby reducing some of the
mathematical constraints. The Realizable k-& model calculates the turbulent kinetic energy [k (m?%/s?)]

and rate of dissipation [(g) (m?/s®)] using the following equations:

turbulence kinetic energy (k):
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turbulence dissipation rate (g):

6( )+1E)( )_(3<F65)_|_1(')(Fc'))_l_s£ )
9z PUE T TP = 5, e a2) Trar\ e

183



Ozmen and Keles Sinop Uni J Nat Sci 8(2): 178-201 (2023)
ISSN: 2536-4383
In the foregoing equations, the radial (r) and axial (z) velocity vector elements are represented as u and

v, fluid density symbolize with p, and the effective viscosity is u. ¢ for momentum transport given as

below
Mepr = 1+ 1y (10)

The molecular viscosity, u , and the "turbulent™ viscosity, u;, are related through the following

expression:
pe = Cypk?/e (11)

The exchange coefficients that account for the effects of turbulence on the transport of turbulent Kinetic

energy [(k) (m?/s?)] and rate of dissipation (&) are expressed by the following equations

rk:ll‘i'% (12)

k

Lo=p+ o (13)
O¢

Where g, and o, are the turbulent Prandtl/Schmidt numbers. S¥and S€ perform source terms for k and
€. The following expressions provide them

sronlo{(G) ¢ G) -} (o5 ] a
se=apufel(G) G + OV} o5 ] o =

Constant are employed with standard values: C1=1.44, C>=1.9, C,, = 0.09, g, = 1.0, o, = 1.2. The
Standard k- model is a turbulence model that utilizes transport equations for turbulent kinetic energy
(k) and rate of specific dissipation [(w=¢/k) (1/s)]. The transport equations for k and ® are given as
follows:

9] 10 0 oky 10 ok

E(puk)+;a(rpvk) =£(Fk£)+;a(r1“ka)+5k (16)

specific dissipation rate:

d 10 0 (F 6w> 10 ( r 6w) g0 (17)
g(pua))+;§(rpvw)—£ wg +;E Tma—r +
The turbulent viscosity for this model is defined by
k
== (18)

(4]

The exchange coefficients that affect the equations for k and ® in this model can be expressed as follows;
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U

r,=u+tt (20)
w

For this situation, the turbulent Prandtl/Schmidt numbers are o}, = 0,=2.0. S and S act as source

terms for k and . Following expressions are providing them
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Constant are employed with standard values: B"=0.09 and =0.072.

Flow Structure and Boundary Conditions

Figure 1 illustrates a delineative view of the computational domain and twin jets configuration,
providing details on the major dimensions, prescribed boundary conditions and the flow field. Two
dominant main jet flows are expelled upward from nozzles with a diameter of D=25 mm and a velocity
of U,, which in turn entrain the surrounding flow into the computational domain. At a distance of H
from the nozzles, the twin jets will collide perpendicularly with a plate, causing the fluid flow direction
to expand into the surrounding area. The distance between the two jet nozzles is represented by L.
Impingement twin jet flows may be separated into five different flow regions: (1) the free jet, (2)
combined wall jet, (3) jet impingement, (4) lower wall jet and (5) downwash fountain regions. At a
distance far from the target impingement plate, referred to as the free jet region, the flow is primarily
affected by axial velocity and relatively unaffected by impingement. In the unified wall jet zone, the
ascendant velocity component exhibits a radial pattern, causing the boundary layer to thicken as it
extends outward. Notably, the impingement zone of the twin jets, situated between free and wall jet
zones, experiences significant alterations in the flow direction. The target impingement plate has two
distinct stagnation points, both of which are located along the axis of the nozzles. At the midpoint
between the twin jets, the secondary stagnation point coincides with the primary stagnation points along
the direction of the nozzle axes. This center point location is where the flow is relatively stagnant, and
the primary stagnation points align with the nozzle axes. Near the midpoint of the two jets, there exists
a region known as the lower wall jet region. The region of downwash fountain is formed due to the

encounter of the two individual jets as they impinge on the target surface.
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Figure 1. An illustration depicting the computational domain and twin jet configuration

The x-directional computational domain is approximately 16 times the nozzle diameter (16D) in length.
To preserve both geometric and physical symmetry, numerical solution was performed only for the flow
structure and field within the half domain. The computational domain was bounded by several specified
boundary conditions. The target impingement plate was considered to have a constant temperature of
Tw = 323 K and an isothermal wall condition was applied. Assuming that the confinement plate
temperature was equal to the jet exit temperature, T; was kept constant at 300 K. No-slip conditions were
enforced on all walls, while the average velocity and turbulence profiles recorded at the outlet of the
nozzles were employed as the velocity input parameters of the calculation domain. At the outlet planes,

pressure outlet boundary conditions were deemed.
Numerical Solution Process

An implicit formulation with a segregated solver was used for solving the governing equations,
employing a finite volume discretization method through the FLUENT 6.3.26 software. Central
difference scheme used for approximating diffusion terms in the equations for the 2D simulations while
second-order upwinding was employed for the convective terms. To establish a connection between the
pressure and velocity fields, the SIMPLEC string was employed, which includes a face flux correction
using modified equations. By utilizing a modified correction equation, the convergence rate is increased
during the SIMPLEC procedure. To solve the pressure field, a conventional discretization method was
employed. Other variables such as turbulent kinetic energy, momentum, rate of dissipation in turbulence
and energy equation were solved using a second order discretization technique. High degree of accuracy
particularly for complex flows involving separation is presenting by second order discretization scheme.
One of the wall functions is enhancement wall treatment was employed to ensure reasonably accurate

predictions. To ensure convergence, a residuals convergence criterion of 1x10° was applied to all
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dependent variables and the sensitivity of grid distributions and numbers were tested for each case to

procure the attainment of results independency from grid structure. Figure 2 displays the influence of
the mesh density. The mesh was fine-tuned for every L/D and H/D value until negligible differences
were observed and a finer computational grid with about 6000 cells in the whole computational domain
was considered adequate. The estimation for the total discretization uncertainty was below 5%.
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Figure 2. Influence of the mesh density
Experimental Study

The experimental apparatus schematized in Figure 3 and used for flow visualization and measurements
consisted of a TE.88/3961 serial number system from Plint and Partners Ltd. The system was equipped
with sensors to measure axial mean velocity, surface pressure and turbulence. Twin nozzles mounted
vertically to a target impingement plate and a visualization system was employed to represent the flow
of air exiting. The air was then directed to impinge on a flat plate mounted vertically to the jet axes in
several distances from the confinement plate. The regulated supply air via a valve and was provided by
a radial blower located under the main plate. To achieve a consistent flow towards the nozzles, a gauze
screen was installed in the plenum chamber where the fan was connected. The nozzles had a diameter
of 25 mm and a length of 50 mm, with slightly rounded inlets. Constructed from plexiglass, the

impingement and confinement plates had a thickness of 5 mm and a diameter of 400 mm.
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Figure 3. Schematic of the experimental apparatus

The smoke-wire technique [45, 46] was utilized to help visualize the flow structure and field. A stainless-
steel wire with a diameter of 0.2 mm is placed opposite the nozzle outlet. Paraffin oil was used to coating
the smoke wire and then DC current was applied to heat it by the Joule effect. The visualized flow
pattern was successively photographed with a camcorder. Since this technique is also limited to low
Reynolds numbers, flow visualization was executed at Re=4800. Visualization of flow behavior is very
difficult at high Reynolds numbers. The hot wire anemometer TSI IFA-100 was used for one
dimensional measurement of average velocity and turbulence in combination with a TSI 1220-20 hot
film single probe. The data acquisition system interfaced with the hot-wire anemometer was used to
collect 4096 samples at a rate of 1024 samples per second. A computer was used for data analysis.
During the acquisition process, a filter with a cutoff frequency of 300 Hz was utilized to apply a low-
pass effect on the data. At a Reynolds number of 30000 and L/D=1 and H/D=1, measurements of average
velocity and turbulence were conducted. The tests were carried out at jet outlet velocities of up to 30
m/s, which ensured that compressibility effects remained neglect able. The Reynolds number was
dependent on the diameter (D) of nozzle and the measured outlet velocity (Uo) of nozzle, which was
determined using hot-wire anemometry. Turbulence intensity was kept below 1.5% even when testing
jet velocities of 18, 24, and 30 m/s. A traversing unit, which had an accuracy of 0.1 mm, was employed
to move the target impingement plate with respect to the jets in order to acquire pressure distributions
on the jet impingement side of target surface. To measure surface pressure, a Setra-239 pressure
transducer was utilized. Pressure sensors were installed on both the impinging and confining surfaces.

The taps were then connected to a scanivalve through PVC tubing with an inner diameter of 1.6 mm and
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a length of 600 mm. Sampling at each point was performed for 16 seconds. The signals captured by the

transducer were digitally sampled at a rate of 1000 Hz, while being low pass filtered at 300 Hz. Estimates
of measurement uncertainty indicated that axial velocity measurements were less than 3% uncertain,
while turbulence velocity measurements in the vertical direction were uncertain by +4%. The
experimental outcomes were repeatable within the estimated uncertainty range of £2% for the pressure

measurements conducted on the target impingement plate and confinement surfaces.
Results and Discussions

In order to examine the confined impinging twin jets, numerical and experimental investigations were
conducted at Reynolds numbers between 30000-50000, spacings of jet-to-jet (L/D) ranging from 0.5-2,
and spacings of nozzle to target impingement plate (H/D) ranging from 0.5-2. Two turbulence models

were utilized in the simulations, Standard k-o and Realizable k-¢, respectively.
Flow Structure

Figure 4 displays flow field images obtained using two turbulence models, while Figure 5 shows flow
visualization photographs for H/D values of 1 and 2 at L/D=1. Numerical streamline images are obtained
at Re=30000. Figure 4a shows the streamlines of the calculated velocity fields at H/D=1 and L/D=1 with
Realizable k-¢ turbulence model. The impinging jets result in the formation of two wall jets that spread
radially at the impingement surface. As a result of the collision between the two jets, a downwash
fountain flow is formed between them. Upon exiting the nozzle, each jet creates a negative pressure,
which draws fluid from the surroundings and generates a vortex at the periphery of the jet. The peripheral
vortices are then compressed between the jets and the downwash fountain flow. Streamlines calculated
with Standard k-o turbulence model exhibit an alike character with the Realizable k-¢ model (Figure
4b). The photograph obtained from flow visualization study performed at Re=4800, H/D=1 and L/D=1

is shown in Figure 4c.

Figure 4. Visuals of the H/D=1 and L/D=1 confined impinging twin jet configuration. a) Streamline
pattern derived using the Realizable k-¢ turbulence model for Re=30000, b) Streamline pattern
derived using the Standard k-w turbulence model for Re=30000, c) Flow visualization image obtained
with smoke-wire technique at Re=4800
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Despite the difficulty in visualizing flow behavior at high Reynolds numbers, the presence of two

counter rotating vortices between the nozzles is clearly evident. The downwash fountain flow interacts

with the nozzle mainstream to produce low-pressure recirculation zones.

Figure 5. Visuals of the H/D=2 and L/D=1 confined impinging twin jet configuration. a). Streamline
pattern derived using the Realizable k-¢ turbulence model for Re=30000, b). Streamline pattern
derived using the Standard k-w turbulence model for Re=30000, c). Flow visualization image
obtained with smoke-wire technique at Re=4800

Streamline plots are given at H/D=2 and L/D=1 for Realizable k-¢ and Standard k-o turbulence models
in Figures 5a and 5b respectively. The size of the vortices is affected by the H/D ratio. The effect of the
confinement plate on the counter rotating vortices close the target impingement plate is less pronounced,
as shown in Figure 5c. For lowly spacings of nozzle to target impingement plate, the thickening wall jet
pushes the peripheral vortex around each jet towards the confinement plate. The streamlines exhibit a
toroidal recirculation zone, which increases in size and distance from the jet axis as H/D increases. The
flow images obtained through numerical solutions match well with the flow visualizations captured in
photographs. Calculation and measurement of axial velocity profiles and turbulence intensity behavior
were conducted throughout the center lines of both jets. The distributions obtained for various nozzle-
target impingement plate spacings at Reynolds number of 30000 and L/D ratio of 1 are displayed in
Figures 6a and 6b. The turbulence intensity and axial velocity profiles have been normalized with nozzle
exit velocity, U, and distancing of nozzle to target impingement plate, H, respectively. The results
presented are for a single jet as the turbulence intensity and axial velocity profiles for both jets are
similar. Figure 6a displays the measured and calculated axial velocity profiles throughout the center line
of jet for Re = 30000 and L/D=1. The flow is decelerated and deflected due to the target impingement
plate. The mean velocity in the axial direction decreases quickly after leaving the nozzle. As the distance

between nozzle and target impingement plate increases, the effect of the impingement surface on the jet
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decreases. The numerical results match the experimental data. The turbulence intensity changes

throughout the jet centerline for the same conditions are demonstrated in Figure 6b. As the jet
approaches the impingement surface, turbulence levels increase along the centerline. After the flow
becomes fully developed, the turbulence intensity close the plate drops rapidly. Experimental data for
H/D=1 shows higher turbulence intensity than the computed results for the same spacing. The
observations made in Figures 4 and 5 are in agreement with these findings.
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Figure 6. Axial velocity behavior on the jet midline at Re=30000 with L/D=1. a) average velocity, b)
turbulence intensity
Figure 7a and 7b show the impact of nozzle to target impingement plate spacing (H/D) on local pressure
distributions at L/D=1 and Re=30000, as calculated by the Realizable k-¢ and Standard k- turbulence
models respectively. The pressure distribution along the section between the center point of the jets and
one edge of the plates is depicted in the plots. The plots reveal that region of sub-atmospheric pressure
exist on the target impingement plate for all spacings of nozzle to target impingement plate examined.
The secondary stagnation points, which indicate the midpoint between two jets, occur at r/D=0. Local
pressure starts to slightly decrease from the secondary stagnation point for H/D=0.5 as the radial distance
(r/D) increases, reaching a minimum value at r/D~0.7, beyond which it starts to decrease again until it
reaches the region of sub-atmospheric pressure where it hits a negative minimum value, and then
increases towards the atmospheric value. As the distance between the nozzle and target impingement
plate increases, the velocity of the fluid decreases as a result of the jet spreading out. Consequently, the
point at which the pressure becomes sub-ambient shifts towards a bigger radial distance. As the ratio of
H/D increases, the intensity of the sub-ambient region weakens. Additionally, the pressure gradient
within this area alternates between negative and positive values (Figure 7a). As was discovered in Obot
and Trabold's [47] study of impinging air jets, the flow separates from the surface due to the positive
pressure gradient. As the H/D ratio increases, the maximum values at the primary stagnation points shift
towards larger radial distances and decrease in magnitude. For instance, for H/D=1, the maximum occurs
at r/D~0.9, while for H/D=2, it occurs at r/D~1.45. Jet spreading, which results in a decrease in kinetic
energy at the jet center, is the cause of this effect as reported by Abdel-Fattah [18]. At H/D=2, the
minimum values close the secondary stagnation point are no longer present. Figure 7b depicts that the

local pressure distributions obtained with the Realizable k-¢ model exhibit similar behavior to those
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acquired with the Standard k- model for the similar parameters. However, the pressure coefficient

values obtained with the Standard k- model are higher.
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Figure 7. The relationship between nozzle to target impingement plate spacing and pressure
distributions for Re=30000 at L/D=1. a) Realizable k- turbulence model b) Standard k-w turbulence
model

The Realizable k-¢ turbulence model was utilized to investigate the effect of distance between two jets
(L/D) on the local pressure distributions on the target impingement surface at Re=30000 and H/D=1, as
shown in Figure 8. The figure illustrates that as increases on the spacing of jets, shifting the primary
stagnation point to a larger radial distance. This is because the combination of the flow from the two jets

occurs later with increasing L/D, resulting in a decrease in flow intensity [18].
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Figure 8. The relationship between jet-to-jet spacing and pressure distributions computed with the
Realizable k-¢ turbulence model for Re=30000 at H/D=1

On the target impingement plate, the surface pressure distributions are significantly impressed by the

interplay of the two air jets. In other words, the figures show that the pressure coefficients on the
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impingement surface are not affected by the Reynolds number, but are mightily dependent on the nozzle

to target impingement plate spacings. The impingement surface exhibits a decrease in pressure as the
flow accelerates, while the points of maximum pressure align with the stagnation points where the
velocity is zero. This behavior is in line with the principles of global continuity. The experimental
measurements indicate the existence of a region of sub-atmospheric pressure on the target impingement
plate surface for nozzle to target impingement plate spacing up to 1, whereas numerical results reveal
its presence for all nozzle to target impingement plate spacings studied. The deductive power of the sub-
ambient zones increases as the nozzle to target impingement plate spacing decreases, resulting in a more
pronounced effect. The numerically obtained pressure coefficients at the stagnating points are bigger
than the experimental results measured at the same points for H/D=0.5 and 1 (Figures 9a and b). But for
H/D=2, experimentally gathered pressure coefficients at the stagnation points are higher than the
numerical results (Figure 9¢). Compared to the experimentally obtained sub-atmospheric regions,
greater sub-atmospheric regions are observed for both turbulence models. The evaluation of
performance for both turbulence models indicates that the Realizable k-& model displays preferable
harmony with experimental results for H/D ratios of 0.5 and 1, while the Standard k- model is more

successful at H/D ratio of 2.
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Figure 9. The influence of Reynolds number on the pressure distributions at L/D=1. a) H/D=0.5, b)
H/D=1, c) H/D=2
It can be figured out from Figures 9a-c that as H/D increases, the closeness between the experimental
and numerical outcomes increases as the simulation advances. The statement suggests that there are
discrepancies between the computed and measured results, which are caused by the limitations of the
turbulence models employed in the study. The models used may not be able to accurately capture the
behavior of strongly curved flows. Additionally, the study is limited to 2D calculations, which may not
fully reflect the 3D nature of the flow. The possibility of disparities arising between the computed and

observed results cannot be ruled out.

193



Ozmen and Keles Sinop Uni J Nat Sci 8(2): 178-201 (2023)
ISSN: 2536-4383

Heat Transfer

In order to compare the impact of nozzle to target impingement plate spacing (H/D) on the target
impingement plate's Nusselt number distributions at Re=30000 and L/D=1, we observe Figure 10a and
Figure 10D, respectively, for Realizable k-¢ and Standard k-« turbulence models. The computation of
the local Nusselt number involved the application of the formula Nu = h-D/ka, where h=q/ (Tw — Tj)
stands for the coefficient of convectional heat transfer, and T; and T, refer to the jet exit and
impingement wall temperatures, respectively. The figures demonstrate that the Nusselt number
distributions are extremely impressed by the distance between nozzle and target impingement plate. A
decrease in the nozzle to target impingement plate distance causes a rise in both the primary stagnation
Nusselt numbers and heat transfer ratios. For nozzle to target impingement plate spacings that are closer,
the primary stagnation Nusselt number exhibits a higher rate of change. Aldabbagh and Sezai [14] have
also reported similar findings. When the distance between nozzle and target impingement plate is
reduced, the interaction zone between the two jets experiences a stronger interference. Nusselt numbers
at the midpoint between the two jets exhibit very low values for all studied H/D spacings. Dong et al.
[21] attribute this to the fact that the high-temperature reaction zone becomes detached from the target
impingement plate. Figure 10a shows that the computed Nusselt profiles using the Realizable k-¢
turbulence model exhibit three peaks. When H/D is equal to 0.5, the first peak appears at /D = 0.6,
followed by the second peak at /D = 1.2 and the third peak at r/D =~ 2.3. The observed peaks in the
Nusselt number data are associated with the transition of the flow from a laminar to a turbulent state in
the wall jet region. This transition leads to an increase in turbulence levels near the wall, which explains
the rise in the Nusselt number. Second peak takes higher values than the two other peaks. With an
increase in H/D spacings, the figured out Nusselt number peaks on the impingement surface decrease
and shift to larger radial distances, occurring every three peaks. The increase in primary vortex size with
an increase in H/D, as shown in Figure 5, is the reason behind this phenomenon. The positions of
minimum values of Nu move toward the center of target impingement plate as H/D decreases. As the
H/D ratio decreases, the primary vortex size also decreases, resulting in steeper slopes of the Nu curves.
This is due to the reduction in the size of regions with adverse pressure gradients as H/D decreases. The
radial locations of the minimum Nu values between the first and second peaks are similar to the radial
locations of the primary stagnation points of the pressure coefficients shown in Figure 7a. Moreover,
the regions where the second peaks in Nusselt distributions occur correspond to sub-atmospheric local

pressures on the target impingement plate.
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Figure 10. The relationship between nozzle to target impingement plate spacing and local Nusselt
number distributions for Re=30000 at L/D=1. a) Realizable k-¢ turbulence model, b) Standard k-w
turbulence model

For every studied H/D spacing, only one peak in the Nusselt number distribution on the impingement
surface is computed by the Standard k-o turbulence model (Figure 10b). Dong et al. [21] observed that
the heat transfer distributions of twin jets obtained from the Realizable k-¢ model are more consistent
with experimental data than those obtained from another turbulence model. Figure 11 demonstrates the
impact of the distance between twin jets (L/D) on the radial distribution of the local Nusselt number on

the target impingement plate at Re=30000 and H/D=1.
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Figure 11. The relationship between jet-to-jet spacing and local Nusselt number distributions for
Re=30000 at H/D=1 using the Realizable k-¢ turbulence model.

These results are predicted using the Realizable k-¢ turbulence model. Observations show that the
magnitude of the Nusselt number is unaffected by the distance between twin jets, but the Nusselt number

peaks shift towards the radial direction. Regardless of the L/D value, a region with lower heat transfer
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rate occurs at the midpoint between the double jets. This suggests that the heat transfer to the plate is

hindered due to the interference between the double jets. Figure 12 illustrates the influence of Reynolds
number on the heat transfer distributions at H/D=1 and L/D=1, as calculated using the Realizable k-¢
and Standard k-o turbulence models. The figure presents a comparison of the two turbulence models
results under different Reynolds number conditions. The observed increase in local Nusselt numbers
with a rise in Reynolds number results in improved convective heat transfer. The effect is attributed to
the formation of the downwash fountain, which occurs as a result of the colliding wall jets after
impingement. The downwash fountain's presence contributes significantly to the observed phenomenon.
The Nusselt profiles exhibit a similar trend for different Reynolds numbers of 30000, 40000, and 50000.
Three peaks are evident in the Realizable k-¢ model, with the second peak being the largest of the three.
Cooper et al [48] stated that the secondary peak in the Nusselt number is due to an increase in the level
of turbulence near the wall. The location of the peak predicted by the Standard k-o model differs from
the multiple peaks predicted by the Realizable k-¢ model. Radial locations of Nusselt peaks are
independent of the Reynolds number. The Realizable k-¢ model predicts local Nusselt number
magnitudes that are lower than those predicted by the Standard k-o model. The suitability of the
Realizable k-& model for modeling the flow field with a strong adverse pressure gradient, in contrast to
the Standard k-o model, is the reason for the observed discrepancy in the predicted Nusselt number

peaks.
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Figure 12. The relationship between Reynolds number and local Nusselt number distributions using
Realizable k-& and Standard k- turbulence models for H/D=1 at L/D=1

Conclusion
Experiments and numerical simulations were carried out in present study to investigate the flow
structures and fields of the confined twin impinging jet, as well as to determine its heat transfer

performance and properties, encompassing Reynolds numbers up to 50000 and different spacings of
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nozzle to target impingement plate and jet-to-jet. The collision of the jets close the impingement plate

leads to the formation of two counter rotating circular vortices and a downwash fountain flow between
the jets. The interplay between the primary jet and the downwash flow creates low-pressure regions,
leading to the formation of recirculation zones. These zones are a consequence of the interplay between
the two flow components. The flow is decelerated and deflected by the impinging plate. Both numerical
and experimental pressure distributions on the impingement surface show a dependence on the distance
between nozzle to target impingement plate and twin jets, while being independent of Reynolds number.
Additionally, the Standard k-o turbulence model exhibits higher pressure coefficients in comparison to
the Realizable k-¢ turbulence model. These findings highlight the disparities between the two turbulence
models' predictions in terms of pressure coefficients. Regions of sub-atmospheric pressure on the
impingement surface for spacing up to 1 are observed at the experimental measurements, while they
exist at all studied nozzle to target impingement plate spacings for numerical results. The numerically
predicted pressure coefficients are greater than the experimentally obtained pressure coefficients.
Nusselt number distributions predicted with two turbulence models depend on Reynolds numbers,
distances between twin jets and nozzle to target impingement plate. Nusselt number distributions
obtained Realizable k- model have different form from Standard k- model results. While Standard k-
o model exhibits only one peak, Realizable k-& model shows three peaks in the Nusselt profiles. Based
on the Realizable k-¢ model, the pressure coefficients on the impingement plate are sub-atmospheric at
the radial distances where the second peaks in Nusselt numbers are observed. This relation demonstrates
the correlation between sub-atmospheric regions in pressure distribution and heat transfer coefficient
peaks on the impingement surfaces. The study's results indicate that the Realizable k-¢ turbulence model
is superior to the Standard k- turbulence model in terms of predicting flow fields and structures as well
as heat transfer distributions. The inconsistencies in the experimental and numerical findings may stem
from the narrow coverage of the turbulence models utilized, in conjunction with a 2D computational

domain.
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Abstract
i In this study, pull-out tests of blind rivet nuts (BRNs) mounted on cold-
Research Article formed square hollow section (SHS) webs with 100x100 mm nominal
cross-section dimensions and different wall thicknesses (2.0 to 5.0 mm)
were performed, and the effect of different wall thicknesses and BRN
Corresponding Author thread si_zes on the test results was experimentally in_vestigated. M10 and
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Farkh Et Kalinhklarina Sahip Soguk Sekillendirilmis Kare ici Bos Kesitli Elemanlara
Monte Edilen Kor Percin Somunlarinin (BRN'ler) Cekme Kapasitesi Uzerine
Deneysel Calisma

Oz

Bu calismada, 100x100 mm nominal kesit boyutlarina sahip farkli et
kalinliklarindaki (2.0 ile 5.0 mm) soguk sekillendirilmis kare i¢i bos profil
(SHS) govdelerine monte edilen kor per¢in somunlariin (BRN'ler) gekme
testleri gerceklestirilmis olup farkli duvar kalinliklarinin ve BRN dis
boyutunun test sonuglarina etkisi deneysel olarak aragtirtlmistir. M10 ve
M12 paslanmaz celik BRN'ler standart percinleme aleti kullanilarak
SHS'lere monte edilmis ve deney i¢in test elemanlar1 hazirlanmigtir. Her
test numunesi i¢in yiik-yer degistirme egrileri ve nihai hasar modlar1 elde
edilmistir. Sonuglar, cekme kapasitesinin hem SHS duvar kalinligina hem
de per¢in somunu dis boyutuna baglh oldugunu gostermektedir. Her iki dis
boyutunda da et kalinlig1 parametrelerinin artmasiyla ¢ekme kapasitesi
artmasina ragmen, 2.5, 3.0 ve 4.0 et kalinlig1 durumunda dis boyutunun
etkisi ihmal edilebilir diizeydedir. Ayrica, BRN kullanilarak bir baglanti
olusturuldugunda, tasarimda ¢ekme kapasitesinin yani sira BRN'lerin
dislerinin siyrilma mukavemeti de dikkate alinmalidir.
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Introduction

Rivet nuts, also known as blind rivet nuts (BRNs), are versatile and easy-to-use connection members
used for various materials such as metals, plastics, and composite surfaces. These designs are
particularly suitable for applications where access to the rear and inner sides is restricted or impossible
because they make it convenient to create threaded holes from only one side of the workpiece. In recent
years, the number of studies on BRNSs has increased, some of which are described as follows. Heiler [1]
explored the benefits and processes of flow drilling technology and thread forming as efficient and
secure methods for connecting thin-walled components and hollow sections. This technology, which
involves the use of a fast-rotating carbide taper mandrel to create a bush in the material, was presented
as an alternative to traditional joining methods such as welding or rivet nuts. The article also detailed
the process of flow drilling and its various applications, emphasizing its efficiency and reliability
compared with conventional fasteners. The study highlighted the axial forces involved in flow drilling,
tool design, and thread formation in sheet metal bushes. The author concluded by asserting that flow
drilling technology is an economical alternative for producing sheet metal pull-throughs and subsequent
thread formation, particularly for thin-walled components and hollow profiles. Hassanifard et al. [2]
investigated the fatigue life of clamped rivet-nut joints under cyclic loading. They used a finite element
analysis to account for the residual stress and assessed the local stresses on the joint. The results were
then used to predict the fatigue life using damage models. The study also explored the stress distribution
in the rivet-nut joints and the influence of the smashing size on the fatigue life of the joints. They further
investigated the strain-controlled fatigue behaviors of different materials and numerically predicted the
torque-to-turn value of a BRN. The study provides valuable insights into the fatigue behavior of clamped
rivet-nut joints and the importance of considering both normal and shear stress components in fatigue
life prediction models. Borowiecki et al. [3] conducted numerical and experimental investigations on
bolted connections with BRNs. They discussed the classification of screw connections and the
associated validation process. They also examined the effect of the strength of the connected elements
on the strength of the connection. The study revealed that the strength of the connection is significantly
lower than the values declared by a manufacturer of BRNs. Van de Velde et al. (2019) [4] conducted a
numerical prediction of the torque-to-turn value of a blind rivet nut using finite element simulations.
The study aimed to improve the design of blind rivet nuts by understanding their setting process. This
strategy was successfully applied to two blind rivet nuts and the results were validated through
experiments. Finite element models were developed to simulate the formation process of the blind rivet
nuts. They observed that the strain-hardening behavior of BRNS significantly affected the accuracy of

the simulation. A finite element model updating (FEMU) technique was used to optimize the strain-
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hardening behavior and torque-to-turn values in the rivet joints. This study also investigated the use of

finite element analysis to support the design of BRNs. They observed that the setting process could be
accurately simulated, enabling the determination of the optimal setting force, hole clearance, and
deformation chamber length. The study concluded that the proposed modeling strategy can predict the
forming process and the associated torque-to-turn value; however, the accuracy of the model could be
improved. Studzinski [5] investigated the application of analytical models to understand the elastic
behavior of axially loaded blind rivets in sandwich beams. The models under consideration included the
Winkler, Filonenko—Borodich, and Pasternak models. The models were validated using laboratory pull-
out tests. They observed that the ultimate capacity of the rivets ranged from 240 to 300 N. While all
models accurately depicted the elastic range of the mechanical response, they tended to overestimate the
displacement of the face slightly. The study suggested that future research could benefit from a 2D
model to better understand the mechanical response of a blind rivet pull-out from a sandwich panel
facing. Van de Velde et al. (2022) [6] studied the impact of installing a BRN in a CFRP on the integrity
of the plate material. The study used scanning electron microscopy (SEM) to visualize the damage
induced by setting a BRN with two different setting forces. The study observed that the quasi-static
strength was hardly influenced after installing the BRN when loading the laminate in the “0° orientation”
(transverse fibers are dominant). The researchers hypothesized that the through-thickness stress reduces
the severity of the local stress state, thus reducing local damage risks and counteracting the possible
detrimental effects of damage. However, when loading the laminate in the “90° orientation”
(longitudinal fibers are dominant), the quasi-static test indicated that the strength was reduced after
installing the BRN. The researchers assumed that the damage to the outer layers, where the fibers were
oriented in the loading direction, was responsible for the observed strength reduction. The main
objective of a study by VVan de Velde et al. (2023) [7] was to investigate the influence of the setting force
on the static strength of BRNs embedded in carbon fiber-reinforced plastic (CFRP). The study also
investigated the behavior of BRNs in CFRP laminates and the effect of the setting force on the stress
state within the laminate and the strength of the joint. The findings of the study revealed that the setting
force significantly influences the stress state within the laminate, thereby enhancing its static mechanical
strength. The size of the BRN and the setting force are crucial factors affecting the strength of the joint.
The study also observed that if no visible damage is observed in the load-carrying layers, the installation
of the BRN tends to improve the static performance of the joint. However, if visible damage is induced
during the BRN installation, the static strength of the joint is reduced. The push-through resistance is
minimally affected by the setting force of the BRN. The study provided valuable insights into the effects
of BRN installation on CFRP composites and underscored the importance of optimizing the setting force
to improve performance. Kim et al. [8] investigated the impact of the clamping angle on the fastening
force in BRN fastening. M6 BRNs were used in the tests. They found that as the clamping angle

increases, the fastening force decreases, suggesting a clamping angle of less than 3° is optimal. The
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study concluded by emphasizing the need for further research on BRN geometry optimization and the

development of jigs for manual fastening. Gu et al. [9] conducted a study on the design optimization of
M8 BRN using finite element analysis. The research primarily focused on the impact of the shaft shape
of the BRN on the fastening process. The study concluded that shaft thickness and height are the most
significant design variables, influencing the gap and load on the plate. The coefficient of friction was
found to have a minimal effect on the maximum effective stress and the average plate load. The main
objective of this study was to conduct preliminary experimental studies to determine the behavior and
pull-out capacity of BRN under load and to investigate the effect of different wall thicknesses of square
hollow sections (SHSs) on the behavior and capacity when BRN is used in lightweight and particularly
hollow steel structures. Additionally, the effect of BRN sizes (M10 and M12) on pull-out capacity was

investigated.
Experimental Study

Tensile Tests
Tensile tests were performed according to ASTM A370-14 [10] to determine the material properties of
cold-formed SHSs with five different wall thicknesses considered within the scope of the study. The

results are summarized in Table 1.

ummary of the tensile test results

Testing
 ——_
Nominal Measured Nlastlc o Nominal Nominal
Width omina thickness modulus yield tensile
Sample thickness

(mm) (mm) (mm) (GPa) strength strength

(MPa) (MPa)
SHS 20.00 195 280 378
100x100x5.00 20.01 5.00 4.95 200 280 365
’ 20.02 196 283 375
SHS 19.99 186 352 412
100x100x4.00 19.98 4.00 3.85 189 350 407
) 20.00 193 348 410
P P
100x100x3.00 13.98 ] 296 181
SHS 14.00 196 308 397
100x100x2.50 13.98 2.50 2.35 - 308 384
’ 13.99 199 310 398
SHs Bo7 200 195 I B a6
100x100x2.00 13.98 ] 136 461
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Properties of the Test Specimens

Each SHS test specimen was 200 mm in length, and 13 mm and 16 mm holes were drilled in its middle,

as specified in the manufacturer's assembly instructions, and mounted. The

applied as that of the standard riveter tool, regardless of the thickness of the

BRNs are listed in Table 2.

ISSN: 2536-4383

same settling force was
mounted SHS in all test
elements. A schematic of the blind-rivet nut installation is shown in Figure 1. The dimensions of the

Figure 1. Schematic of the installation stages of a BRN [11]

Table 2. Measured dimensions of the BRNs

e § Grip range

Thread Size D, mm L, mm B, mm S, mm e, mm
M10 12.90 12.90 17 1.70 1.00-5.00
Mi2 15.90 25.00 22 1.90 1.00-6.00

206




Cosgun Sinop Uni J Nat Sci 8(2): 202-215 (2023)
ISSN: 2536-4383

Loading Scheme and Measuring Instruments

The specimens were tested using a test setup with two 50-kN hydraulic jacks for monotonic pull loading.
Before the loading process was initiated, a test specimen was positioned at the center of the loading
setup to ensure concentric axial pulling loading, and the possible rotation of the loading plate was
controlled with a digital angle meter placed on the loading plate during the experiment. A consistent
loading protocol was applied to all the specimens. The loading continued monotonically until the rivet
nut was removed from the mounted SHS. Although the loading rate could not be applied as standard in
all experiments, it could be applied approximately between 0.6 and 1.00 mm/sec. A linear variable
differential transformer (LVDT) was used to measure the displacement in the loading direction from the
loading plate. Data were acquired using a Testbox 1001 data acquisition system (Ankara, Tiirkiye). A

photograph of the test setup is shown in Figure 2.

¢ 1,=2.50 mm
BRN-M10

Digital angle
meter

Loading plate Interconnect apparatus

(It was. only used in tests
Load cell of BRN-M10)
Hydraulic jack
——3 : 1
Square F—=0
hollow ——
section F—— E — M12 thread hole
T — :
Reaction slab e |
k
—] g
E — M10 thread hole
3

Figure 2. Test setup with instrumentation
Results and Discussions

This study investigated the behavior and ultimate pull-out capacities of single M10 and M12 stainless-
steel BRNs mounted on the walls of ten 200 mm-long SHSs with different wall thicknesses under
monotonic tensile loading. The summary of the test results and load—displacement curves are presented
in Figure 3 and Table 3, respectively. When the initial stiffness was evaluated, the differences in the
initial stiffness plots obtained when M10 and M12-sized BRNs mounted on SHSs with different wall

thicknesses were tested were negligible (Table 3).
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Table 3. Summary of the test results

Nominal .. Rivet nut .
Pull-out Initial hole Global section
. SHS wall Used . . . .
Specimen ID thickness BRN capacity, stiffness, diameter deformation,
’ kN KN/mm after test, mm
mm
mm
S1 2.00 11.37 1.10 16.50 107.30
S2 2.50 14.10 1.25 15.90 101.80
S3 3.00 M10 17.42 1.76 15.80 100.80
S4 4.00 25.40 5.55 13.40 100.00
S5 5.00 30.00 8.38 13.20 100.00
S6 2.00 13.75 1.11 20.30 119.00
S7 2.50 14.15 1.26 19.70 104.50
S8 3.00 M12 17.70 1.80 18.80 101.20
S9 4.00 26.50 5.60 16.80 100.00
S10 5.00 35.84 8.40 16.70 100.00

This is because the behavior of the initial stiffness in the first phase depends on the geometry (wall
thickness) and material properties of the SHS wall mounted on it rather than the BRN sizes. Thus, in the
experiments in which both BRNs were used, the initial stiffness increased with an increase in the SHS

wall thickness.

This is because the behavior of the initial stiffness in the first phase depends on the geometry (wall
thickness) and material properties of the SHS wall mounted on it rather than the BRN sizes. Thus, in the
experiments in which both BRNs were used, the initial stiffness increased with an increase in the SHS
wall thickness. Additionally, as shown in Figure 4, an approximately linear relationship was observed

between SHS wall thickness and BRN pull-out capacity for both BRN sizes.

In other words, the grip strength of M12 BRN was approximately 21% more than M10 at a wall thickness
of 2.0 mm. The reason for the difference in the pull-out capacities obtained from M10 and M12 BRNs
for 5 mm wall thickness was that when M10 was used, capacity loss occurred owing to stripped thread
damage of BRN (Figure 7). When M12 was used, the damage was a combination of rupturing of the
BRN neck and removal of the BRN from the SHS wall (Figure 8). Before the stripped thread damage to
the BRN occurred, the loss of capacity was due to SHS wall deformation. This was because the stripped
thread strength was approximately 20% higher in the M12 threads than in the M10 BRN (see [12, 13]).

Therefore, when M12 was used, the increase in capacity compared with M10 was approximately 20%.
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Figure 4. Relationship between wall thicknesses and pull-out capacity

When pull-out capacities were evaluated, in cases in which both M10 and M12 rivet nuts were used, the
capacity increased with the increase in the SHS wall thickness, as in the initial stiffness. Additionally,
the findings showed that the effect of BRN size was negligible when the wall thickness was 2.50, 3.00,
and 4.00 mm (Figure 5).

Pull-out capacity. kN

2.00 11-3? 20.93‘:’/0

2.50 14.10 0.35"’/::

3.00 T17.42» 161%

4.00 26.50 | 433%

25 40 »
- 19.47%

Nominal wall thickness (t,), mm

0 10 20 30 40
EMI12-BRN =MI10-BRN

Figure 5. Comparison of pull-out capacities

However, for wall thicknesses of 2.00 and 5.00 mm, the increases in pull-out capacity were 21% and
19.5%, respectively. Unlike at other thicknesses, the effect of the BRN size was more pronounced at
these values. The effect of M10 and M12 on the load—displacement relationship was negligible up to a
displacement of approximately 18 mm at a wall thickness of 2 mm. However, after this displacement
value, when the M12 BRN was used, the final capacity increased as the load was transferred to the SHS
wall through the rivet nut. This caused the global deformation in the measured SHS to be greater when
the M12 BRN was used than when the M10 SHS was used (Figure 6).
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Figure 7. Ultimate damae modes of S5 (t,=5.00 mm and BRN-M10)

Figure 8. Failure mode in the BRN of S10 (t,4=5.00 mm and BRN-M12)
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Photographs of the damage modes obtained as a result of all tests are presented in Figure 9. When the

damage modes were evaluated, as the SHS wall thickness increased at both BRN thread sizes, the
damage to the SHS wall transitioned from global sectional and local conical deformation to only local

conical damage and excessive BRN damages (Figure 9, Figure 10).

Figure 9. Photographs of final damage modes of all experimental elements
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- N
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Figure 10. Conical deformation modes of the SHS wall

Conclusions

In this study, pull-out tests of M10 and M12 stainless steel BRNs mounted on cold-formed square hollow
section (SHS) bodies with 100x100 mm nominal cross-section dimensions and different wall
thicknesses (2.0 to 5.0 mm) were performed, and the effect of different wall thicknesses and BRN thread
sizes on the test results was experimentally investigated. The results of the study are summarized as
follows:
e Theinitial stiffness depends largely on the SHS wall properties than on BRN size (M10 or M12).
o Pull-out capacity increases with thicker SHS walls regardless of BRN size.
e BRN size has a minimal impact on pull-out capacity for 2.50, 3.00-, and 4.00-mm walls. For
2.00- and 5.00-mm walls, M12 BRNs offer significantly higher pull-out capacity (21% and
19.5% more) than M10 BRNS.
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e The effect of BRN size on the load—displacement relationship is negligible up to an 18-mm

displacement for 2.00 mm walls. Beyond 18 mm, M12 BRNs provide approximately 21%
higher grip strength than M10 BRNs for 2.00 mm walls.
e The difference in the pull-out capacities for 5-mm walls is due to M10 BRNs undergoing
stripped thread damage, whereas M12 BRNSs undergo neck rupture and BRN removal.
e M12 BRNs have approximately 20% higher stripped thread strength than M10 BRNSs, resulting
in increased pull-out capacity.
¢ When the damage modes were assessed, the damage to the SHS wall changed from global
sectional and local conical deformation to only local conical damage and excessive BRN
damage as the SHS wall thickness increased at both BRN thread sizes.
This study was conducted considering the limited number of test specimens and the BRN thread sizes.
It should be particularly noted that these results are not generalizable, and the investigation scope should

be expanded by increasing the number of test specimens to have a deeper insight into the subject.
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Oz

Bu ¢aligmanin amac, yiiksek mukavemet, korozyon, asinma ve yorulma
ozelliklerini bir araya getiren C95300 ve C95200 alagimlarinin mikroyap1
ve mekanik Ozelliklerini incelemektir. Aliminyum (Al) bronzlarinin
element miktarlar1 hesaplanip hazirlandiktan sonra, indiiksiyon firminda
eritilmiglerdir. Al bronz standartlarina goére hazirlanan alagimlar
1150°C'de bir siire bekletildikten sonra 250°C'ye 1sitilmis kalic bir kaliba
dokiilmiistiir. Uretilen Al bronz kiilgelerden numuneler alimmstir. Optik
mikroskop ve SEM (Scanning Electron Microscope) goriintiileme, EDX
(Energy Dispersion X-Ray Spectrometer), sertlik, cekme ve darbe testleri
de gerceklestirilmistir. Incelemeler sonucunda, C95300 alasimlarinda
ikincil faz olusumu gozlenmis, sertlik ve ¢ekme mukavemeti artmustir.
Centik darbe testi sonucunda C95300 alagimi, C95200 alagimina kiyasla
hem darbe enerjisi hem de tokluk i¢in daha diisiik degerlere sahiptir.
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Abstract

The aim of this study is to investigate the microstructure and mechanical
properties of C95300 and C95200 alloys, which combine high strength,
corrosion, wear and fatigue properties. After calculating and preparing the
elemental amounts of the aluminium (Al) bronzes, they were melted in an
induction furnace. The alloys, prepared to Al bronze standards, were held
at 1150°C for some time and then cast in a permanent mould heated to
250°C. Samples were taken from the Al bronze ingots produced. Optical
microscope and SEM (Scanning Electron Microscope) imaging, EDX
(Energy Dispersion X-Ray Spectrometer), hardness, tensile and impact
tests were also carried out. As a result of the investigations, secondary
phase formation was observed in the C95300 alloys, increasing hardness
and tensile strength. As a result of the notch impact test, the C95300 alloy
has lower values for both impact energy and toughness compared to the
95200 alloy.
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Giris

Bakirin aliiminyum ile yaptig1 alasimlarina (Al) bronzlar ad1 verilir. Yiiksek korozyon direncine sahip
dokiim Al-bronzlart mukavemet gerektiren kimya sektdriinde, denizcilik ekipmanlarinda, pompalarda,
valflerde, vinglerde, dislilerin gévde ve parcalarinda, yataklarda, gemi pervanelerinde, vida disi ve
somun gibi bazi bilesenlerin iretiminde, yaygin olarak kullanilmaktadir [1-3]. Al-bronzlari,
alliminyuma ek olarak ¢esitli miktarlarda demir, manganez, nikel ve silisyum (silikon) iceren bakir bazli
alasimlardir. Sanayide genellikle en ¢ok %12 sinirina kadar aliiminyum igeren Al-bronzlar1 kullanim
alan1 bulmaktadir. Al-bronzlar igerdikleri ek elementlere gore farkli 6zellikler gosterirler. Kalay
bronzlar1 nispeten daha fazla mukavemete ve siineklige sahipken, manganez bronzlar1 basinca karst iyi
direng gosterir ve milkemmel mekanik 6zelliklere sahiptir. Kimyasal olarak bilesimdeki element
oranlarinda baz1 degisiklikler yapilarak mekanik ozelliklerde olumlu yonde iyilestirmeler
gerceklestirilebilir. Al-bronzlarimin giivenilirligi, kimyasal bilesimin ve iiretim yonteminin kontrolii ile
saglanabilir [4]. Literatiire gore Al-bronzlar1 %8-14 arasinda Al ve yaklasik %2-4 Mn, Ni ve Fe
icermektedir. Ayrica bu alagimlar dokiim kalibinda biiyiik yolluk sistemlerine ihtiya¢ duyduklarindan
dokiim islemleri gok kolay yapilamadigi bildirilmistir. Al-bronzlarin kimyasal bilesimlerine bagl olarak
mekanik 6zelliklerinin 1s1l islemlerle dnemli dlgiide iyilestirilebildigi belirtilmistir. Ornegin 1s1l isleme
tabi tutuldugunda ¢ekme dayanimi degeri 700 MPa'nin iizerine c¢iktigi rapor edilmistir. Ote yandan
yaklasik %8-9.5 oraninda Al i¢eren Al-bronzlarda diger elementlerin degeri %2'den az oldugunda 1s1l
islemlerden makul bir sonu¢ almak miimkiin degildir. %9.5-11 Al igeren bronzlar 1s1l islemlere tabi
tutulabilir ve gerekirse Fe, Ni ve Mg de ilave edilebilecegi bildirilmistir. Literatiirde iki farkli kalipta
iiretilen aliiminyum bronzlarinin katilasma yapisinin, ¢dzelti isleminin, temperleme 1s1l isleminin ve
kalip cesitlerinin mikroyapiya etkileri incelenmistir. Sonuglar, 1s1l iglemlerin numunelerin mekanik
ozellikleri, mikro yapilar1 ve faz doniisiim sicakliklari {izerinde bazi ilging etkilere sahip oldugunu
gostermistir. Hem basingli dokiime hem de 1s1l islemlere bagli olarak o+B1 ve a+p1' faz doniistimlerinin
olustugu, buna karsilik kum dokiim 6rneginde a+p1 fazinin olustugu goriilmiistiir [3]. %8'den fazla
alliminyum igeren ticari alasimlar, neredeyse her zaman kasitli olarak demir ilavelerine sahiptir. Al
bronzlarinda Fe mekanik 6zellikleri tizerinde tane inceltici etki gosterir [5]. Literatiirde, Cu—14Al-X
alasimi (X eser elementlerdir) ¢6ziiniirliik sinirinin tizerinde eser elementler ve aliiminyum eklenerek
cekme kaliplar1 i¢in yeni bir aliiminyum kompleks bronz alagimi olarak gelistirilmistir. Sertlik, ¢cekme
dayanimi ve darbe toklugu gibi mekanik ozellikler deneysel olarak degerlendirilmistir. Deneysel
sonuclar, gelistirilen alasimin halihazirda kullanilan Al-bronzlara kiyasla daha yiiksek ¢ekme
mukavemeti ve sertligine, daha diisiik siirtiinme katsayisina ve asmmma oranina sahip oldugunu
gostermistir, bu nedenle ¢ekme kaliplarinda yaygin olarak kullamilan geleneksel demir bazli
malzemelerin yerini almasi1 beklenmektedir. Cu—14Al-X alagimmin miikemmel siirtiinme 6nleme
ozelligi ve yiiksek tasima kapasitesine sahip oldugu rapor edilmistir [6]. Yapilan bir ¢alismada, DIN EN

17 665 tarafindan tanimlanan bir bilesime sahip aliiminyum bronzundan mikro dékiim yontemiyle elde
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edilen kii¢iik parcalarin mikro yapisi ve mekanik 6zellikleri {izerindeki dokiim parametrelerinin etkisi

incelenmigtir. Farkli numuneler, kalip sicakligi 1000°C'den 700°C'ye diistiriildigiinde mikro-gekme test
numunelerinin akma geriliminin ve nihai ¢ekme mukavemetinin mikroyapimin incelmesi ile arttig
bildirilmistir [7]. Literatiirde B-doniisiimlii Cu—Al-X (X = Fe, Ni, Mn, Be, Co, Si ve Sn) alagim tiirleri
icin mikroyapi, soguma-doniisiim (CT) diyagramlar1 ve mekanik 6zelliklere karsilik gelen diyagramlar
incelenen c¢alismada, su verilmis ve temperlenmis Cu-Al-Fe-Ni alagimlarinin dékme halde, hem su
verme (900°C) hem de menevis (600°C) islemleri yoluyla akma dayaniminin 6nemli 6l¢iide arttigi rapor
edilmigtir [8]. Yapilan literatiir arasgtirmalari sonucunda C95200, C95300 Al bronzlar ile ilgili
caligmalarin az oldugu gorilmiistiir. Bu ¢alismada C95200 ve C95300 Al bronzlarinin mikroyap1
Ozelliklerinin incelenmesi, sertlik, ¢ekme, gentik darbe testleri ile mekanik 6zelliklerinin arastirilmasi

ve bilimsel agidan sonuclarin belirlenerek yorumlanmasi, hedeflenmistir.
Deneylerde Kullanilan Materyaller ve Metotlar

Alagimlarin iretim agamasinda i¢ kismina grafit pota konulmus indiiksiyon ocagi kullanildi. Ocagin ve
potanin icindeki sicaklik kontrollii termokupl vasitasiyla takip edildi. Saf bakir elementi grafit pota
icerisine yiiklendi ve sicaklik 1155°C civarina kadar ¢ikartildi. Ardindan talas halde demir ilavesi yapildi
ve karistirma isleminden sonra sicaklik tekrar 1150°C civarina yiikseltildi, son olarak aliiminyum ilavesi
yapilarak karigtirma islemi gergeklestirildi ve sicaklik 1200°C civarina gikartilip elde edilen 6n alasim
lengo i¢ine dokiildii. Elde edilen 6n alagim uniform bir mikroyapi elde edilebilmesi i¢in tekrar grafitten
yapilmis pota icerisinde ocaga yiiklendi ve 1140°C’ye yakin sicakliga kadar ergitilip, karigtirildi. Sivi
metal ile atmosferin temas etmesini dnlemek i¢in floriir ve kloriir igeren flaks kullanildi. Hazir hale

getirilen alasim 250°C’ye 1sitilan kokil kalibin igine dokiilerek C95200 ve C95300 Al bronzlari tiretildi.
Alasimlarin Kompozisyonu

Bu calismada dokiim yontemiyle elde edilen alagimlarin kompozisyonunun belirlenmesi XRF testi
kullanilarak belirlenmistir. Uygunlugu (ASTM B148-78a) ASTM standartlar1 ile kontrol edilmistir [2,
4,9, 10].

Mikroyapi Inceleme Metodu

Alagimlarin mikroyapilarinin incelenmesi i¢in elde edilen Al bronzlarindan hazirlanan numuneler 400,
800, 1200, 2000 mesh zimpara ile zimparalandi sonrasinda distile su ile temizlendi ve 1 um aliimina
kullanilarak parlatildi, sonra tekrar distile su, ardindan alkol ile temizlendi ve sa¢ kurutma makinesi ile
kurutuldu. Ardindan nital soliisyonu (%3 nitrik asit, %97 etil alkol) ile daglandi ve tekrar distile su,
ardindan alkol ile yikand1 ve kurutma iglemine tabi tutuldu. Mikroyap1 goriintiisii alma islemleri, Nikon
optik mikroskop (OM) ile yapildi. Carl Zeiss Ultra Plus Gemini, tarayici elektron mikroskobu ile (SEM)

gorlintiisti alma iglemleri yapildi [2].
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Sertlik Test Metodu

Deneydeki sertlik dlglimleri Bulut sertlik test cihazi kullanilarak Brinell sertlik 6lgme metoduna gore
Olciilmiistiir. Alasimlarin sertlik testleri i¢in numuneler hazirlanmis ve numuneler 2.5 mm c¢apinda bilye
ile 10 s sitiresince 187.5 kg yiik uygulanarak 5 farkli noktadan 6l¢iilmiis ve bu rakamlarim ortalamasi

alinarak ortalama sertlik degerleri elde edilmistir [2].
Cekme Testi Metodu

Alasimlar itina ile tornalanmis ve ¢ekme test numuneleri ASTM E8 M-04’te belirtilen standartlara gore
hazirlanmistir. Cekme test numuneleri Karabiik Universitesi Teknoloji Fakiiltesi laboratuvarmdaki
SHIMADZU ¢ekme testi cihazi ile 0.5 (mm/dk) ¢ekme hiz1 ile gerceklestirilmistir. Her alasim icin 3
adet cekme testi numunesi test edilmis ve elde edilen degerlerin ortalamalar1 alinarak sonuca ulasilmistir
[2]. Cekme testinde kullanilan numune tipinin gorintiisii Sekil 1.’de gosterilmektedir. Sekil 1. ve Sekil

2.’de gosterilen kat1 modeller Sinop Universitesi laboratuvarlarinda bulunan lisansh ¢izim programinda

Sekil 1. Cekme testi numunelerinin katt modeli (a) On goriiniis (b) Yan goriiniis

¢izilmigtir.

Darbe ¢entik testi metodu

Alasimlarin her birinden 3 adet Charpy ¢entik darbe test numunesinin hazirlanmasi igin, dokiim parcalar
freze tezgahinda TS 269’a uygun 6lgiilerde islenmistir [9]. Hazirlanan numunelerin tipini gostermek

amactyla hazirlanmis hali Sekil 2.’de verilmistir.

I

Sekil 2. Centik darbe (Charpy) testi numunelerinin kati modeli (a) On goriiniis (b) Yan
goriintis

Deneysel Sonuglar ve Tartisma

Alasimlarin Kompozisyon Testi Sonucu

Uretilen alasimlarin kompozisyonunun (ASTM B148-78a) ASTM standartlar1 ¢ergevesinde belirlenen

araliga uygun oldugu tespit edilmistir. Alasimlarda bulunan kompozisyon Tablo 1.’de gdsterilmektedir.
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Tablo 1. Alasimlarin kompozisyonu [10]

Alasim % Al % Fe % Sn % Ni % Si % Pb % Zn % Cu
C95200 8.678 2.510 0.043 0.006 0.062 0.016 0.116 Kalan
C95300 10.105  0.983 0.038 0.003 0.073 0.018 0.115 Kalan

Mikroyapi Testi Sonucu

Dokiim sonrast hazirlanan Al bronz numunelerinden alinan optik mikroskop mikroyapi goriintiileri Sekil
3. (a) ve (b)’de gosterilmektedir. C95200 alasimi Fe bakimindan, C95300 alagimi Al bakimindan daha
zengindir. Al miktarinin artmasiyla yapida ¢ift fazli yapi artar ve alasimin yogunlugu diiser. Al bronz
mikroyapis igerisinde birtakim fazlar bulunmaktadir. Bu fazlar a, B ve y olarak siralanabilir. Bu fazlarin

bulundugu bolgeler Sekil 3. (b)’de gosterilmektedir.

C95200 50pm C95300

Sekil 3. (a) C95200 ve (b) C95300 Al bronzlarimin mikroyapt goriintiileri

Sekil 4. (a)’da C95200 alasimi oda sicakliginda a fazi halindedir. Sekil 4. (b)’de C95300 alagiminda o
ve tane sinirlarinda ikincil faz f olarak bildirilmistir. Aliminyum bronz perlit olarak anilan  faz1 (o +
v?) literatiirde agiklanmustir. Perlitik yapilar geliklerdeki gibi lamellidir. Oda sicakligi kosullarinda 3
yapisina sahip Ve ¢ift fazlidir [2, 10, 11, 12]. Bir diger ¢alismada bulunan mikroyapida goriilen, yiiksek
sertlige ve diisiik stineklige sahip olan baskin bir ' matrisinde a ¢okeltilerinin seyrek dagiliminin varlig
bildirilmistir [13].

C95200 C95300

Sekil 4. (a) C95200 ve (b) C95300 Al bronzlarimin SEM goriintiileri

220



Metin ve ark. Sinop Uni J Nat Sci 8(2): 216-228 (2023)
ISSN: 2536-4383

Sertlik Testi Sonucu

C95200 ve C95300 Al bronzlari {izerinden alinan sertlik sonuglarinin ortalamalart Sekil 5.’te verilmistir.
C95300 alagiminin sertligi C95200 alagimina gore (%18.72) daha yiiksek olarak bulunmustur. C95300
alasimnin sertliginin mikroyapida bulunan ve bakir-aliiminyum denge diyagraminda var olan y? faz1
olusmasi sonrasi daha fazla artig gosterdigi goriilmektedir. Mikroyap1 igerindeki B faz1 o fazindan daha

serttir ve matrisin siinekligine ve korozyon direncine katki sunmaktadir [2, 14].
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Sekil 5. C95200 ve C95300 Al bronzlarinin sertlik sonuglart
Cekme Testi Sonucu

Literatiirde geleneksel olarak kullanilan yapisal alagimlara gore aliiminyum bronzunun daha iyi mekanik
ozelliklere ve mikro yapiya sahip alagimlar olarak iiretilebildigi rapor edilmistir. Ozenle segilmis (%11)
Al igerikli ¢ift fazli aliminyum bronzun lretiminde kum dokiimiin, diigiik maliyet, kullanim kolayligi
ve esnek avantajlari nedeniyle etkili bulundugu belirtilmistir. (%11) Al igeren ¢ift fazli aliiminyum
bronzu lizerinde yapilan ¢aligmada, soguk deformasyon sonrasi uygulanan 1sil islemlerle mekanik
ozelliklerin optimum noktalara geldigi bildirilmistir [13]. Bakir aliiminyum alagimina silikon ilavesi ile
olusan ikincil faz pargaciklarinin ¢gekme ile akma mukavemetini ve sertligi arttirdigr belirtilmistir [15].
Bu ¢alismada Sekil 6. incelendiginde C95300 alasiminda olusan ikincil faz, mukavemet degerlerini
arttrmigtir. Boylece ¢ekme gerilmesi (%21.99), akma gerilmesi (%14.03), % uzama degerleri

(%184.62) oraninda C95200 alasimina gore daha yiiksek bulunmustur.
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Sekil 6. C95200 ve C95300 Al bronzlarinin ¢ekme testi sonuglart

Sekil 7.’de C95200 ve C95300 Al bronzlarmin g¢ekme testi sonrast kirik yiizey gorintiileri
goriilmektedir. Sekil 7. (a) ve (b) alagimlarinin SEM goriintiilerini, Sekil 7. (¢) ve (d) alasimlarin makro
SEM goériintiilerini gostermektedir. Al bronzlarindaki mekanik ozellikler ilave edilen elementlerin
miktar1 ile degisiklik gosterir. En onemli element aliiminyum olarak goze carpmaktadir. C95300
alagiminda Al miktarinin artmasiyla olusan B fazi ile ¢ift fazli bir mikroyap1 meydana gelmistir. Boylece
C95300 alagimi daha sert ve daha diisiik yogunluga sahip olmustur. C95200 alagiminda yaklasik (%2.5)
demir, (%8.7) Al igerirken, C95300 alasim yaklasik (%1) demir, (%10) Al i¢ermektedir [2, 10, 13]
Sekil 7. (a) ve (b)’deki ¢ekme sonrasi olusan kirik yiizey goriintiileri incelendiginde olusan B fazindan

dolay1 C95300 alasiminin daha sik yiizey kopuslar1 yasadig1 goriilmektedir.
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Sekil 8.’de C95200 ve C95300 Al bronzlarimin ¢ekme testi sonrasi kirik yiizey EDX analiz sonuglart

goriilmektedir. Literatiirdeki bir caligmada kalict kalip igine dokiim yapilan aliiminyum bronzu

incelenmistir. Mikroyapida demir ile aliiminyum igeren intermetalik bilesikler (AlisFes, FesAl ve

AlsFe;) tespit edilmistir. Bunun yaninda kiiresel bigimde demir pargaciklarin bulundugu ve bu

parcaciklarin aliminyum ile reaksiyona girmedigi rapor edilmistir [16].

Spektrum | Al Fe Cu Sn

1 10.91 0.09 10.00 | 88.65 0.34
2 8.77 0.00 | 2.61 87.18 1.44
3 6.41 0.40 10.00 | 93.06 0.13
4 9.35 0.28 1.14 | 89.05 0.18
5 9.79 0.03 |0.14 ] 90.04 0.00
6 9.19 0.31 10.00 ] 90.50 0.00

Spektrum__| Al Fe Cu Sn

1 597 1.33 | 24.77 | 68.08 0.06
2 12.15 10.00 | 0.00 | 87.85 0.00
3 8.35 0.07 10.19 ]91.24 0.15
4 4.78 0.00 | 13.35 | 81.87 0.00
5 4.50 0.00 | 19.21 | 75.89 0.41

Sekil 8. C95200 ve C95300 Al bronzlarimin ¢ekme testi sonrasi kirik yiizey EDX analizi sonuglart
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Centik Darbe Testi Sonucu

Sekil 9.’da Al bronzlarinin g¢entik darbe testi test sonuglart verilmistir. Centik darbe testinde darbe
enerjisi joule (j) olarak, tokluk ise (kj/m?) olarak gosterilmistir. C95300 alagiminin darbe direnci C95200
alagimina gore daha diistiktiir. Bu durum C95300’iin C95200’e gore (%18.72) daha sert olmasi ile
aciklanabilir. Literatiirde cift fazli CuAlgFes Al bronzlarinin deniz suyu dahil sulu ortamlarda iyi bir
mukavemete, yiiksek yorulma direncine, aginma, siirtlinme ve korozyon direncine sahip oldugu
belirtilmektedir. Bu 6zelliklere sahip CuAlsFes Al bronzlar1 agresif ortamlarda artan darbeler, degisen
yiikler altinda calisan kaymali yatak burclarinin yapiminda kullanilir. Al bronzlarindan iiretilmis makina
bilesenlerinin asinma direnci biiyiik Ol¢iide yiizey biitiinliigiine baghidir. Belirlenmesi 6nemli bir

mithendislik gérevi olan ¢entik darbe konusunda bu alasim 6zelinde az sayida ¢alisma yapilmigtir [17].
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Sekil 9. C95200 ve C95300 Al bronzlarinin ¢entik darbe testi sonuglari

Sekil 10.’da C95200 ve C95300 Al bronzlariin ¢entik darbe testinde kirik yiizeyin SEM goriintiileri
goriilmektedir. Sekil 10 (a) ve (b)’de Al bronzlarimin 500 X biiyiitiilmiis goriintiisii, Sekil 10 (¢) ve (d)’de

Al bronzlarinin makro goriintiileri sergilenmistir.
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Sekil 10. C95200 ve C95300 Al bronzlarimin ¢entik darbe testi sonrasi SEM goriintiileri

Literatiirde CuAlgFes bronzunun yiizey biitiinliigii agisindan kayma ve asinmaya karsi gosterdigi
direncin, ylizey katmaninda bulunan iki 6zellik grubuna bagli oldugu belirtilmistir. Bu 6zelliklerin
geometrik olarak yilizey dokusu ve fiziksel-mekanik olarak mikro sertlik ve mikroyapi oldugu rapor
edilmistir [18]. Sekil 11.’de C95200 ve C95300 Al bronzlarinin gentik darbe testinde kirik yiizeyin EDX
analiz sonuclar1 goriilmektedir. Malzeme yiizeyinde ¢entik darbe deneyi sonrasinda gamze benzeri irili
ufakli c¢ukurlar olugmustur. C95200 Alasiminin yiizeyinde olusan g¢ukurlar daha kiiciik oldugu
goriilmektedir. Yiizeyde olusan ¢ukurlar Al miktart daha yiiksek olan ¢ift fazli C95300 alagiminda daha
biiyiik olgekte olusmustur. Dokme nikel-aliiminyum-bronz (NAB) UNS C95800 bronzu iizerinde
yapilan incelemelerde standart Charpy numunesinde 27 Joule ile kirilmanin gerceklestigi rapor
edilmistir. SEM goriintiilerinde bu gevrek kirilma sonucunda farkli boyutlarda ¢ukurlarin olustugu
gdzlemlenmistir. Daha biiylik cukurlarin MnS kalintilarinda ¢ekirdeklendigi yani biiyiik ¢ukurlarin cogu
manganez siilfiir (MnS) olarak tanimlanan metalik olmayan kalintilar i¢inde ¢ekirdeklenmistir. Cok
kii¢lik mikro ¢ukur grubunun ise malzemenin kirilganlhigryla iliskilendirilebilecegi bulunmustur. Ayrica
malzeme, zararli ' fazim1 ortadan kaldirmak i¢in 1s1l isleme tabi tutulmustur. Ayrica hacimsel faz
yiizdelerini hesapladiklarinda (%7.4) FesAl fazinin varligini rapor etmislerdir [18]. Bu ¢alismada alasim

kompozisyonunda Mn bulunmamaktadir fakat gukurlarin benzer sekilde meydana geldigi goriilmiistiir.
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Tavares ve ark. [19]’daki caligmalarinda benzer sekilde makroskopik kirilgan gériiniime ragmen, gekme

numunesinin kirilmasinin, taramali elektron mikroskobu (SEM) incelemelerinde mikro ¢ukurlar ile

karakterize edildigini bildirmiglerdir.

Spektrum | Al Si Fe Cu Sn Spektrum | Al Si Fe Cu Sn

1 6.82 0.00 [ 0.00 |93.02 0.16 1 6.89 028 [0.66 [92.17 0.00
2 7.02 0.00 1.08 [ 91.90 0.00 2 6.99 0.00 |8.16 [ 84.66 0.20
3 29.82 10.21 | 9.13 | 45.06 5.77 3 6.82 0.08 [5.53 87.57 0.00
4 6.51 1.60 | 43.83 | 47.82 0.23 4 6.63 026 |2.13 |90.35 0.63
5 3.25 0.00 [ 23.71 [ 71.51 1.53 5 6.52 0.00 12.33 | 81.14 0.00
6 9.32 0.00 1.18 89.42 0.08 6 6.51 0.00 [7.53 85.96 0.00

7 9.53 0.09 |6.80 |83.26 0.32

Sekil 11. C95200 ve C95300 Al bronzlarimin ¢entik darbe testi sonuglari
Sonuglar

Bu ¢alismada C95200 ve C95300 Al bronzlarinin dokiim islemi sonrasinda alinan numunelerden elde
edilen optik mikroskop, SEM ve EDX goriintiileri, mekanik o6zelliklerini belirlemede yardimci
olabilecek sertlik, cekme, ¢entik darbe testleri kapsamli bir sekilde incelenmistir. Bu testlerin sonuglari

asagida degerlendirilmistir.

Tane boyutu Fe % miktar1 daha yiiksek olan C95200°de, C95300 alasimina gore daha kiiciiktiir. Fe
miktar1 daha az fakat alliminyum miktar1 daha fazla olan C95300 alagiminda tane siirlarinda ikincil faz
(B) miktar1 artmistir. Ayrica tane boyutu daha kaba hale gelmistir. Sertlik sonuglar1 incelendiginde
C95300 alagiminin sertlik degeri ¢ift fazli yapidan dolayr C95200 alasiminin sertligine gore (%18.72)
daha fazla olarak belirlenmistir. Cekme testi sonuglarinda ikincil fazin etkisi ile C95300 alagiminin
C95200 alasimmna gore ¢ekme gerilmesinde (%21.99), akma gerilmesinde (%14.03), % uzama
degerlerinde (%184.62) yiikseklik gozlemlenmistir. Cekme sonrast kirik yiizey SEM goriintiileri
incelendiginde C95300 alasiminin daha sik yiizeye sahip oldugu ve bolgesel gamzeli ¢ukurlardan
olustugu gozlemlenmistir. Centik darbe testi sonuglart incelendiginde, C95200 alasiminin C95300
alagimindan darbe enerjisi bakimindan (%383.46), tokluk acisindan (%381.87) daha yiiksek degere
sahip oldugu bulunmustur. C95300 alasiminin darbe direnci C95200°e gore daha azdir. C95200
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alagimina gore C95300 alasimda Al miktarnin arttigi, Fe miktarinin azaldigi, ikincil fazdan dolay:

sertliginin arttig1 ve yogunlugunun diistiigii belirlenmistir.

Tesekkiir Bu ¢alisma Proje No: KBUBAP-21-YL-083 numarali proje ile Karabiik Universitesi BAP
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Acisal Momentum Merdiven Islemcileri ile Gaunt Katsayilarinin Cebirsel Co6ziimii

Sinop University, Faculty of -
Education, Department of Science Oz
Education, Sinop, Tiirkiye Bu calismada, atomik ve molekiiler yapilarin kuantum mekaniksel
hesaplamalarinda siklikla karsilasilan Gaunt katsayilari cebirsel olarak
tiiretilmistir. Ik olarak, ii¢ kiiresel harmonigin carpiminin kati ac1
tizerinden integraline esit olan Gaunt katsayisi, agisal momentum
merdiven islemcileri cinsinden yazilir. Daha sonra, yiikseltme veya
alcaltma islemcileri kiiresel harmoniklere uygulanir ve elde edilen
integralleri ¢6zmek i¢in kiiresel harmoniklerin tekrarlama ve diklik
bagntilar1 kullanilir. Sonug olarak, Gaunt katsayilar1 igin cebirsel ifadeler,
This work is licensed under a kuantum sayilar1 cinsinden elde edilir.

Creative Commons Attribution

) . Anahtar Kelimeler: Gaunt katsayilari, merdiven islemcileri, kiiresel
4.0 International License

harmonikler

Introduction

In quantum mechanics, two formulations are used: matrix mechanics and wave mechanics. In matrix
mechanics, developed by Heisenberg in 1925, dynamical quantities such as position, energy,
momentum, and angular momentum are expressed in terms of matrices defined using algebraic

equations and commutation relations. Well-known applications of matrix mechanics in quantum
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mechanics include the harmonic oscillator and angular momentum [1, 2]. Wave mechanics, which

describes the dynamics of microscopic systems using the Schrodinger wave equation, was developed by
Schrodinger in 1926. This method requires solving the Schrodinger wave equation, formulated as a
second-order linear differential equation. For different potentials, power series, boundary conditions,
and separation of variables methods are used for the analytical solution of the Schrodinger equation.
Still, it cannot be solved exactly except for some simple systems, such as the hydrogen atom and the
harmonic oscillator, and approximate methods are employed. The algebraic method, which depends on
raising and lowering operators, is very useful for systems with a finite-dimensional matrix, such as
angular momentum. This is because while the orbital angular momentum quantum number [ has a certain
value, the magnetic quantum number m takes a value of 21+ 1, and the angular momentum is
represented by 21+ 1 dimensional matrices. In the case of a spherically symmetric potential, the
Hamiltonian operator exhibits commutation with both the squared angular momentum operator and its
z-component. As a consequence of this commutative behavior, these operators share identical
eigenfunctions. These eigenfunctions are precisely the spherical harmonics derived as solutions to the
angular part of the Laplace equation in spherical coordinates. The angular momentum operator algebra
is one of the most commonly used methods for deriving spherical harmonics. In this method, raising and
lowering operators of angular momentum, also known as ladder operators, are applied to a state of
spherical harmonics to obtain spherical harmonics corresponding to different states. Many textbooks
and articles in the literature use this method [3-7]. In atomic and molecular systems, particles have spin
angular and orbital angular momentum. While the orbital and spin angular momentums are not
conserved separately, the total angular momentum equal to their vector sum is conserved. In this case,
the linear combination coefficients connecting the reducible and irreducible representations are called
Clebsch-Gordan coefficients. According to this, Clebsch-Gordan coefficients are the most general
coefficients related to angular momentum. Other coefficients related to angular momentum, such as
Gaunt, Wigner 3j, and 6j, are written in terms of Clebsch-Gordan coefficients. Clebsch-Gordan
coefficients can be calculated by different methods, either analytically or using recurrence relations [8-
19]. Based on the variational principle, the Hartree Fock Roothaan (HFR) method is a widely used
approximate technique for calculating atoms or molecules' physical and chemical properties in multi-
electron systems. When employing this method to determine any physical property, we encounter Gaunt
coefficients, which represent the integral of the product of three spherical harmonics over solid angles
[20]. Due to the vast number of Gaunt coefficients that need to be computed (often in the hundreds of
thousands), it is crucial to calculate these coefficients accurately and efficiently. In the literature, Gaunt
coefficients are usually expressed as the product of two Clebsch-Gordan coefficients or 3j symbols.
Calculations for Gaunt coefficients are performed using the explicit expressions of these coefficients in
terms of different functions or recurrence relations [16, 21-25]. Other approaches used in calculating

Gaunt coefficients can be found in Refs. [26-30]. First, this paper introduces the angular momentum
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ladder operators in the spherical coordinates and recurrence relations of spherical harmonics. Then,

using these operators, the Gaunt coefficients, defined by integrating the tri-product of spherical
harmonics, are calculated algebraically. Gaunt coefficients are given as master formulae based only on

guantum numbers.
Angular Momentum Ladder Operators in the Spherical Coordinates

Since angular momentum has rotational symmetry, it is convenient to express the angular momentum
operator L, which is defined by its three components Ly, L, and L, in terms of spherical coordinates.

In this case, the components of the angular momentum operator are expressed as [8-10].

L,=ih (sin(;b% + cotOcos¢ %) 1)
L,=in (—cosqb ;—9 + cotfsing %) (2
> . 0

LZ = _lhﬁ (3)

Using these equations, the operator L?, which consists of the sum of the squares of its components, is

obtained as follows.

B = =[5 55 (sin0 35) + 55 g @

Since the differential form of angular momentum operators depends only on the 6 and ¢ angles, their
eigenfunctions are the spherical harmonics ¥;™ (6, ¢). Accordingly, well-known eigenvalue equations

of L? and L, operators are given below.
[2Y™(6,¢) = L(L+1) R?Y™(6,¢)
L,Y"(6,¢) =mhY™(6,¢) (5)

When performing analytical operations on angular momentum, it is necessary to solve the differential

equation of the associated Legendre functions P;™(cos®) given below.

d . dP[™(cos8) m2 _
sinf do ( 0 =8 ) + {l(l +1) - _}sz(COSQ) =0 (6)

sin26
For algebraic operations involving angular momentum, ladder operators need to be used. The angular

momentum ladder operators, L, and L_, are introduced as follows.

~

Ly =1L,+il, = theti® [% + icotf %] @)

Here L, and L_ are called raising (or creation) and lowering (or annihilation) operator, respectively.

The following equation gives the action of angular momentum ladder operators on spherical harmonics:

L.Y™(6, ) = Al + 1) — m(m + D]Y2¥™1(0, ¢) (8)
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According to this equation, while the angular momentum quantum number [ remains unchanged, the

magnetic quantum number m increases or decreases by one.
Recurrence Relations for Spherical Harmonics

In quantum mechanics, the spherical harmonics, ¥, (8, ¢), that constitute the angular part of the wave
function are also eigenfunctions of the orbital angular momentum operators 2, L, and L. ¥;"(6, ¢) is

defined as below for non-negative values of m magnetic quantum number [31].

Ym(o,¢) = (—1)m 21+1 (I-m)!

4t (I+m)!

P™(cos@) et™¢ 9)
Where P/"(cos0) is represented as the associated Legendre polynomial. Also, for negative values of m
we have
Y6, ) = (D)™™ (6, ¢) (10)
Spherical harmonics are orthogonal functions and orthogonality relation is given by

2 * .
Jooo Jomo Vi (6,0 Y, (6, $)sing d6 d = 6,1,6m,m, (11)

Using the recurrence relations of the associated Legendre polynomials, recurrence relations can be
written for spherical harmonics. Some of these relations, which are very useful in solving integrals

consisting of the product of trigonometric functions and spherical harmonics, are given below [11, 31].

-m+DU+m+1) (I-m)(+m)
QL+ 121 +3) V1(6,9) + \](Zl —-1D(2l+1)

cost Y;"(6,$) = J e, (12)

e®sind Y (0, ¢) =

_J(l+m+1)(l+m+2) m+1(0’¢)+\/(l—m—1)(l—m) Yo, 4) (13)

(2l +1)(21 + 3) Yot 2l-1)2l1+1)

e~ ®Psind Y/(0, ¢) =

(-m+DU-m+2) +m-DU+m)
J @+ D@EI+3) Yl“l(a"”)_j ai-na+n 9

(2l -1 (2L+3)cos? 0 Y™(6,¢) =

YlTZ (0' ¢)

((L+ 12 —m?)(( + 2)% —m?)
@h= DJ 2L+ 1)(2L + 5)
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+QII+ 1) - 2m? — 1) Y(6, ¢)

@-m?)(-1D*-m?)
+(21+3)\/ AT DD Y™, (6, ) (15)

(21 — 1)(21 + 3)sinf cos 6 e PY™ (0, ) =

Y156, ¢)

((+1)2-m)(I+m+2)(+m+3)
—(2l- DJ 21+ 1)(2L +5)

—@2m+ 1)/ -m)A+m+ 1) Y6, ¢)

(16)

Y2510, ¢)

Z-m>)l-m-1DA-m-2)
G 3)J 2+ D@2l —3)

(21 — 1)(2L + 3)sinf cos 6 e Y™ (8, p) =

Y6, ¢)

((+1D2-m2)(l-m+2)(I—-m+3)
(2l - UJ Q2L+ 1D(L+5)

—2m-1DJI+m)(A-m+1) Y16, ¢)

rrte.¢) (A0

Z-m>)A+m-1D)(U+m-2)
_(2““3)\/ QI+ 12l =3)

_ b m 21-1) ,(l+m+4)! -
@L=D@L+3) sin?0 X2 170, 9) =\/(21+1)(21+5) (I +m)! Vi ©.0)

(+m+2)1-m)! .
_Zj(l—m—Z)!(l+m)!Yl “©6,9)
(2L +3) 1 -m)!

Yr32e,¢) (18

+J(21+1)(2l—3) (I-m—4)!
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2l-1) (I —m+4)!
J@I+1D)l+5), —m)!

(2l = D(2L+3) sin?§ e3¢ V(9 ¢) = Y526, )

Y20, )

) (U-m+2){+m)
Clt+Em =21 =m)!

(2L +3) t+my
+J(21 +1)(2l - 3)@ 2.9 (19

Algebraic Derivation of Gaunt Coefficients

The Gaunt coefficients are defined by the integral of the product of three spherical harmonics, Y, (6, ¢),

or associated Legendre functions over solid angles by Gaunt [20].

2 * .
Vi m, = Jo Iy Y (6, ¢) Y 2(6,$) Y™ (0, )sinfdOdp (20)
Where selectionrulesarem =m; —myand [[; — L, <1< 1 + 1,

The Gaunt coefficients can be expressed using the lowering and raising operators given in Eq. (8).

1
(G + 1) — my(my — 1)

Ilm
11m1,12m2

21 T
f f v ©0,0) (L7716, ¢)) V™6, d)sinfdodg @1
0 0

1
L + 1) — my(my + 1)

f " f 0,0 (111 0,.0) W0, p)sinddodg (22
0 0

In Eq. (20), if we use ¥,'2(6,¢) = Y7 (6, ¢) = 1/v/4 and the orthogonality relation of spherical
harmonics for [, = 0 and m, = 0 the Gaunt coefficient is obtained easily as:

1
Yzﬁ%,oo = \/T—nsll,lsml,m (23)

For I, = 1, m, takes the values —1,0and 1. To find the algebraic expressions of nﬁm1,1m2 Gaunt

coefficients we start m, = 0 value. For these values inserting YZ’Z”2 6,¢) =Y2(6,¢) = /3/4mcosh

relation into Eq. (20) the Gaunt coefficient can be written as below
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3 2 * .
rim o= = s T f(f yl’lnl (6, ¢) (cos8 Y™(6, $))sin0dod¢p (24)

For the product of trigonometric function and spherical harmonic, we insert the recurrence relation of
spherical harmonics given by Eq. (12) into Eq. (24). Then, using the orthogonality relation of spherical

harmonics, for the values of [, = 1 and m, = 0 we obtain the Gaunt coefficient algebraically.

im _ [ 3 {{a-m+D)+m+1))1/2 (1-m)(1+m) ) 1/2
Vim0 = \,411 {{ (1+1)(21+3) } O1,,1410mym + {(21—1)(21+1)} 01,,1-10mym (25)
To obtain the expression of ¥} ., Gaunt coefficient from the Y™ ., we use the definition of Gaunt
171 1771,

coefficients given by the Eq. (21). Therefore, we apply the raising operator of angular momentum L. to
Y2 (8, ¢) substituted in Eq. (21).

Vma =3 b Jo Yo 6,9) (L (y3/4mcost)) Y™ (8, )sinddode (29)

Using the differential form of L, operator given by Eq. (7) we have

Yll

1

3 2 * i . .
M === Jo Sy Y6, ¢) (e'sind Y™ (6, §))sin0dOd¢p (27)

Finally, when the recurrence relation given by Eq. (13) and orthogonality relation of spherical harmonics
are used respectively in Eq. (27), for [, = 1 and m, = 1, the Gaunt coefficient Yllllel is algebraically

obtained as follows.

3 {{(l+m+1)(l+m+2)
T

1/2
LM —
Yllml,ll - 8_ (Zl + 1)(21 + 3) } 611,l+1 6m1,m+1

(I-m)(l—m—1)"?
_{ I-12l+1) } Oui-1 6m1,m+1} (28)

Since atomic units are used in these calculations, the Planck’s constant # is taken as 1.
For the values [, = 1 and m, = —1, when obtaining the expression of Y}l m,1—1 Gaunt coefficient from
Yzlﬁl,m, we use the definition of Gaunt coefficients given by the Eq. (22). To do this, we must apply
the lowering operator of angular momentum L_ to Y°(6, ¢) substituted in Eq. (22)

1 2 * =~ .
Vi == 2T [T (6, ) (Z-(y/3/4mcos6)) Y™ (6, ¢)sinododep (29)

and then we use the differential form of L_ operator given by Eq. (7) in Eq. (29):

Yll

1

M= [T T 0, 9) (e sindY™ (0, ¢))sinddodg (30)
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Substitution of Eq. (14) into Eg. (30) and using orthogonality relation of spherical harmonics gives the

algebraical expression of Gaunt coefficient for [, = 1 and m, = —1 as follows.

. 3{{(l—m+1)(l—m+2)
l =

1/2
m 1-1 = 81,141 Om,m-1
1M1, 8w L+ 121+ 3) v v

(+m)(l+m—1))"?
_{ 2I-DEL+1) } O1y,1-1 5m1,m—1} (31)

In order to get algebraically the Gaunt coefficients with the value [, = 2 we start the value of m, = 0.
To do this, YITZ 6,¢) =Y2(0,¢) =/(5/16m)(3cos?8 — 1) is written in definition of the Gaunt

coefficient Y%} 5, in Eq. (20).

5 2 * .
vim a0 = J== I3 Iy Y (6, 6)((Beos?0 — 1) Y™(6,¢))sinfdOdgp (32)

If we use Eq. (15) and the orthogonality relation of spherical harmonics, the algebraical expression of

the Yz%l,zo Gaunt coefficients is obtained easily in terms of Kronecker delta functions as follows.

s _ |5 (3 (@D -mh(+2?—mn
bmu20 ™ 1167 (21 + 3) L+ 1DQL+5) bol+2%my,m

QU+ 1) —6m?) |
@l-1)(21+3) wiomm

3 (12 _ mZ)((l _ 1)2 _ mz) 1/2
* 2l - 1){ 2L+ 1)(2l-13) } 61,,1-20m,m (33)

According to the Eq. (21), if the raising operator of angular momentum L. is applied one time on

Y/ 20, We obtain YT ) if it is applied two times we obtain Y7, .

s 3|51 (@D -mHUtmtDAtmeNT
hmu21 ™ g Jém | (21 + 3) 21+ 1)(21 +5) fotrzTmamel

@m+ DYE-—m)U+m+1) o
l-1)2l1+3) 13,10my,m+1

236



Akdemir Sinop Uni J Nat Sci 8(2): 229-244 (2023)
ISSN: 2536-4383

1 PP-m>(-m-1)(U-m-2)
_(21—1){ (2l+ 1) (21 -3)

yim _3 5{ 1 (l+m+4)!8 s
b2z T g J6m |21+ 3) @I+ D2l +5) (+m) wirzimm
N 1 (I —m)! 5 5
21— D)Y@+ D (2l = 3) | [ —m— 4y im27mamsz

2 \](l+m+2)!(l—m)!6 5 } -

1/2
} 6[1,1—26m1,m+1} (34)

T @I-DEI+3) JT—m =D+ m)l 1 omam2

Similarly, to calculate Ylll’,”nl,z_1 we must apply one time the lowering operator of angular momentum

T Im
L_on Y;'m, 20-

pm _3[5( 1 ((@+1)?-m)A-m+2)(=m+3) 1/25 s
hma2=1 79 J6m | (21 + 3) (2l+ 1)(2L + 5) fubr2Tmym=1

@m-DJl+m)(A-m+ 1)6 5
- Q-1 +3) t3.18mym-1

1 {(lz—mz)(l+m—1)(l+m—2)

1/2
S @l-1) QI+1DEL-3) } Szl,z-szl,m_l} (36)

If we apply two time the lowering operator of angular momentum L_ on nll’,’;ll,zo, we find that

yim 3 5{ 1 (l—m+4)!5 5
hm2=2 T4 J6m (21 + 3)J @1+ D(2l +5) (—m) “wirEimme

n 1 Grmt oo
@2l - 1)@+ D2l = 3) | +m— 4 i2imm=2

2 \/(l—m+2)!(l+m)!6 } -

T DE+3) [T m— DI —my wtOmm-
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Results

Spherical harmonics are orthogonal functions that depend on polar () and azimuth (¢) angles. Using
ladder operators when numerically calculating the Gaunt coefficients obtained from the integral of the
product of three spherical harmonics as given Eq. (20), since the integral over azimuth angles have the

following value.
fOZHei(_ml+m2+m)¢d¢ = 27T5_m1+m2+m,0 >

According to this result, the selection rule based on magnetic quantum numbers must satisfy the —m, +
m, + m = 0 condition for the Gaunt coefficients to be different from zero. The remaining integral over
polar angles consists of the product of three associated Legendre polynomials. In some special cases,

this integral takes the following form.
f: Plznl (cos0)(f(8)P™(cosh)) sinbde (39)

Here, f(6) is a function depending on trigonometric functions. Using the recurrence relation of
associated Legendre polynomials, the product f(68)P/"(cos8) is written as the sum of associated
Legendre polynomials of different degrees. After this process is performed, the integral over polar angles
becomes the integral of the product of two associated Legendre polynomials. This gives the

orthogonality relation for associated Legendre polynomials given below.

. 2 (+m)!
f: P["(cos8)P[™(cosB) sinfdf = ma_—x!‘shl (40)

This result demonstrates that the selection rules depending on the orbital angular momentum quantum
number are l; + I, + I = 2n. Here nis an integer. In solutions using algebraic methods, the encountered
integrals can be easily solved using the functions’ orthogonality relations and recurrence relations
without the need to solve integral and differential equations. Whichever method is used, analytic or
algebraic, the physical results are the same, even if the obtained mathematical expressions differ. In this
paper, the Gaunt coefficients are derived algebraically using the definition given in Eq. (20). To do this,
angular momentum ladder operators, which are frequently used in the derivation of spherical harmonics

in quantum mechanics, are applied to Yl’:2 (6,¢) in Eq. (20). We start with the case m, = 0, which

corresponds a given value of I,. As given in Eq. (21) and Eq. (22), applying the raising operator L, we
get the cases m, > 0 and applying the lowering operator L_ we get the cases m, < 0. This algebraic
operation is performed for all physical values of the m, magnetic quantum number, corresponding to
the constant values [, = 0,1, 2. As can be seen from the derived algebraic expressions in Egs. (23, 25,
28, 31, 33, 34, 35, 36, 37), the values of the [; and m, are determined by the values of [ and m quantum

numbers. Accordingly, the algebraic formulae given for Gaunt coefficients in the 5th column of Table
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1 are expressed solely in the [ and m quantum numbers. Gaunt coefficients can be easily computed by

substituting the desired physical values into the [ and m quantum numbers, as indicated in Table 1.

Table 1. Algebraic expressions of Gaunt coefficients for I, = 0,1, 2 values

ll my lz m; Yll1$1rlzm2
l m 0 0 1/Van
1 " . . \/i(l—m+1)(l+m+1)
4T QL+ 1)21+3)
-1 m 1 0 3 U-m{+m)
4 2I- DI+ 1)
1+1 m+1 1 1 \/i(l+m+1)(l+m+2)
8t (2I+1)(21+3)
-1 m+1 1 1 _ |3 U4-—mi-m-1
8t I-1DRI+1)
141 m—1 ) . \/i(l—m+1)(l—m+2)
8t (2I+1)(21+3)
-1 m—1 1 1 B i(l+m)(l+m—1)
8t I-1DRI+1)
L4 2 . 5 0 3|5 (U+12-m)((+2)2—m?)
21+ 3) . |16m l+1)@2L+5)
l m 2 0 5 L+ 1)-6m?2)
167 (21— 1)(21 +3)
1-2 m 2 0 3 5 (12-m?)(U-1)?2-m?)
l-1) |16r I+ D(2l-23)
142 m+1 ) 1 3 Ji((l+1)2—mz)(l+m+2)(l+m+3)
21+ 3) | 24n QI+ 1)@2L+5)
I m41 2 1 32m+1) 50-m)({+m+1)
lL-1)2l1+3) 241
1-2  m+1 2 1 __ 3 |5 @-—m)hU-m-DU-m-2)
(2l—-1) |24n i+ 1)(21-13)
[+2 m+2 2 2 5 (+m+4)
(21+3),/(21+1)(21+5 96 (I+m)!
! — 2 2 6 5 U+m+2)({I—-m)!
T @RI-1D@L+3) (96n (I —m—2)! (I +m)!
1—2 m+2 2 2 ¢ —m)t
(21—1),/(21+1)(21—3 96n(l m—4)!
1+2 m—1 2 -1

3 Js ((A+12—mD)(-m+2)A—m+3)

(21 +3) |24 Ql+1D2l+5)
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Table 1. ...contiuned

l m—1 2 -1 32m-—-1) \/5(l+m)(l—m+1)

T QI-1D@2I+3) 247
P , o 3 ji(lz—mz)(l+m—1)(l+m—2)
(1 —1) |24n QI+ DRI-3)
[+2 m-—2 2 - 5 (-m+4)!
(21+3),/(2l+1)(2l+5 96m  (1—m)!
z - , » B 6 Ji(z—m+2)!(l+m)!
QlL-1@L+3) |96l +m—2) (I —m)!
I-2  m-2 2 2 L+ m)!

Q1 - 1),/(21 F D)2l = 3)y 96 (l +m—4)!

In the Mathematica programming language, the Gaunt coefficients, defined by integral representation

in Eq. (20), are calculated numerically using the integral command below.

Integrate [Conjugate [spherical [11,m1,0,4]]*spherical[12,m2,6,0]
*spherical [1,m.0,¢]*Sin[0],{$,0,2*Pi},{6,0,Pi}] (41)

The spherical harmonics employed in Eq. (41) are derived using angular momentum lowering and
raising operators, and the program utilized for this purpose is detailed in the appendix. The Gaunt
coefficients are calculated numerically for the chosen quantum sets using the Mathematica program
provided in the appendix for Eq. (41) and the algebraic expressions presented in Table 1. The numerical

results obtained are in complete agreement and are shown in the 6th column of Table 2.

Table 2. Numerical values and CPU times of Gaunt coefficients for some quantum sets

CPU times (seconds)

lm

b my L omp I Yiim, tym, Algebraic expressions in Eq. (41)
Table 1 a

1 0 1 0 2 0.252313252202016 0. 0.125000
3 0 1 1 4 -0.194663900273006 0. 0.421875
5 2 1 -1 6 -0.129207486045503 0. 0.828125
8 3 2 1 8 0.110108998314263 0. 1.046875
10 4 2 -1 12 -0.247740673270131 0. 5.734375
12 5 2 -2 14 0.047285232345527 0. 129.812500
20 5 2 2 18 0.140116470887863 0. 221.296875
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Additionally, CPU times are computed and presented in the 7th and 8th columns of Table 2. When the

obtained CPU times are compared, it is seen that the use of algebraic expressions in calculating the
Gaunt coefficients is more efficient. The programs are executed on an Intel(R) Core (TM) i7-6500U
CPU @ 2.50 GHz computer.

Appendix. Mathematica code

The Mathematica program presented in this section calculates the Gaunt coefficients and CPU times
using the integral definition consisting of the product of three spherical harmonics shown in Eq. (41).
The spherical harmonics employed within the program are derived using lowering and raising angular

momentum operators.
Program:
In[1]:= ClearAll["'Global *"T];
carpp[pl_,pm_]:= Sqrt[pl*(pl+1)-pm*(pm+1)];
carpm[ml_,mm_]J:= Sgrt[mI*(ml+1)-mm*(mm-1)];
plusop[pt_,pf_,khf_]:= Exp[I*pf]*(D[khf,pt]+1*Cot[pt]*D[khf,pf]);
minop[mt_,mf_ khf ]:= -Exp[-1*mf]*(D[khf,mt]-1*Cot[mt]*D[khf,mf]);
spherical[sl_,sm_,0 ,¢_]:= Block[{sphr=0},
mek=0;
fonkpl= SphericalHarmonicY [sl,mek,0,];
If[sm >0,
For[i=1,i<=sm,i++,
kat= carpp[sl,mek];
fonkp= plusop[0,$,fonkpl];
fonkpl= fonkp/kat;
mek= mek+1],
If[sm <0,
For[i=-1,i>=sm,i=i-1,
kat= carpm[sl,mek];
fonkm= minop[0,¢,fonkpl];

fonkpl=fonkm/kat;
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mek= mek-1]]1;
sphr= fonkpl];
11=3; m1=0;
12=1; m2=1,
1=4; m=ml-m2;
fl=spherical[l1,m1,0,¢];
f2=spherical[12,m2,0,4];
f3=spherical[l,m,0,¢];
Timing[N[Integrate[Conjugate[f1]*f2*f3*Sin[0],{¢,0,2*Pi},{0,0,Pi}],15]]
Out[1]= {0.421875,-0.194663900273006}
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Oz

Bu ¢aligmada; Hakkari ilinde yetistirilen kabakgil ¢esitlerinde zararli ve
ekonomik kayiplara neden olan viral etmenlerden Hiyar mozaik viriisii
(Cucumber mosaic virus; CMV), DAS-ELISA (Double Antibody
Sandwich Enzyme-Linked Immunosorbent Assay) yontemi ile serolojik
olarak arastirilmigtir. Bu viral etmenin diinya genelinde ciddi ekonomik
kayiplara sebep oldugu yapilan ¢aligmalar ile bildirilmistir. Bu ¢alismada
Sor_umlu Yazar kullanilan yaprak ornekleri, Hakkari ilinde kabakgil iiretiminin yapildig:
i Nevin AKDL_JRA Kirikdag, Otluca ve Merzan alanlarindan viriis hastaligi agisindan siipheli
nevinakdura@hakkari@edu.tr bulunan yapraklarda sararma, nekroz, mozaik ve sekil bozuklugu
semptomlart sergileyen kabakgillerden toplanmistir. Viral belirti gosteren
7 adet karpuz (Citrullus lanatus L.), 5 adet kavun (Cucumis melo L.), 38
adet hiyar (Cucumis sativus L.), 15 adet kabak (Cucurbita sp.), 20 adet bal
Yazarlara ait ORCID kabag1 (Cucurbita pepo) ve 7 adet acur (Cucumis melo var. flexuosus)
M'A_: 0009-0000-0560-0054 olmak tizere toplam 92 adet yaprak 6rnegi Eyliil 2022°de toplanmis ve
N.A: 0000-0001-6162-0500 orneklere CMV enfeksiyonunun tanilanmasi amaci ile DAS-ELISA testi
uygulanmistir. DAS-ELISA testi ile 92 6rnegin 29’unda CMV tespit
edilmistir. CMV enfekteli 6rnek sayisi ile en fazla %31.52 oraninda
Otluca’da tespit edilmistir. Kabakgil gesitlerinde ise test edilen 7 6rnegin

6’sinda %85.71 ile acurda tespit edilmistir.

Anahtar Kelimeler: Kabakgil, CMV, DAS-ELISA, Hakkari
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Detection of Cucumber Mosaic Virus Method in Cucurbits Produced in Hakkari
Using DAS-ELISA Method

! Hakkari Universitesi, Lisansiistii Abstract
Egitim Enstitiisii, Biyoloji

Anabilim Dali, Hakkari, Tiirkiye ~ In the presence of the viral agent Cucumber mosaic virus (CMV), known
to cause detrimental effects and economic losses in various types of squash
cultivated in Hakkari, was investigated through serological analysis using
the DAS-ELISA (Double Antibody Sandwich Enzyme-Linked
Immunosorbent Assay) method in this study. It has been reported by
Fakiiltesi, Matematik ve Fen studies that this viral agent causes serious economic losses worldwide.
Bilimleri Egitimi Bolimi, The leaf samples used in the present study were collected from cucurbits,
Hakkari, Tiirkiye which exhibit yellowing, necrosis, mosaic, and deformity symptoms on
leaves suspected of virus disease from Kirikdag, Otluca, and Merzan areas
where cucurbit production is carried out in Hakkari. A total of 92 leaf
samples showing viral symptoms, comprising 7 watermelons (Citrullus
lanatus L.), 5 melons (Cucumis melo L.), 38 cucumbers (Cucumis sativus
L.), 15 zucchinis (Cucurbita pepo), 20 pumpkins (Cucurbita moschata)
and 7 acrids (Cucumis melo var. flexuosus) were collected in September
2022, and DAS-ELISA test was applied to the samples for the purpose of

2 Hakkari Universitesi, Egitim
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diagnosing CMV infection. CMV was detected in 29 of 92 samples by the

DAS-ELISA test. CMV was detected mostly in the Otluca region with a

Bu ¢aligma Creative Commons rate of 31.52%. Among the cucurbit varieties examined, the highest
Attribution 4.0 International infection rate (81.71%) was found in acrid.

License ile lisanslanmistic o \ords: cucurbit, CMV, DAS-ELISA, Hakkéri

Giris

Diinya genelinde oldugu gibi iilkemizde de sebze iiretimi olduk¢a dnemlidir. Kabakgiller en eski kiiltiire
alinan ve meyvesi yenen sebzeler arasinda olup Cucurbitaceae familyasi i¢inde yer alan bitkilerdir [1,
2]. Insan besini olarak kullanilan bitki tiirlerinin ¢ogu bu familyada yer almaktadir ve diinya capinda
gelismis iilkelerde, bu familya iginde yer alan hiyar (Cucumis sativus L.), kavun (Cucumis melo L.),
karpuz (Citrullus lanatus L.), sakiz kabagi1 (Cucurbita pepo L.), bal kabag: (Cucurbita moschata L.),
kestane kabagi1 (Cucurbita maxima L.) insan beslenmesinde 6nemli ve en ¢ok bilinen kiiltiir bitkileridir
[3-5]. Diinyanin tropik ve 1liman iklim bolgelerine yayilmis olarak bu familyanin yaklasik 125 cins ve
960 tiirti bulunmaktadir. Kabakgiller arasinda diinyada en popiiler olan karpuzdur. Diinyada tiretimde
daha sonra hiyar, kavun, kabak ve balkabagi gelmektedir. 2020 yili verilerine gore diinya genelinde
kabakgil iiretiminde iilkemiz 580.624 ton ile 8. sirada yer almustir [6]. Ulkemizin ekolojik kosullar:
birgok tarmm bitkisinin iiretimi igin olduk¢a uygundur. Ulkemizde 2022 yili TUIK verilerine gore
yaklasik 3.417.963 ton karpuz, 1.942.836 ton hiyar, 1.600.167 ton kavun, 608.092 ton sakiz kabagi,
94.177 ton bal kabag1 ve 40.859 ton acur iiretimi gerceklestirilmistir ve karpuz iilkemizde de en fazla
yetistirilen kabakgil c¢esidi olmustur [7]. Kabakgiller degisen farkli tarimsal ekosistemlerde
yetistirilebilmektedir ancak kabakgil yetistiriciliginde {retimi sinirlandiran biyotik etmenler
bulunmaktadir. Bu etmenlerden funguslar, bakteriler, viriisler ve virilis benzeri organizmalar 6nemlidir.
Viral etmenler, kabakgil iiretimini biiyilk oranda etkilemektedir ve kabakgil yetistiriciligini tehdit
etmektedir. Ayrica virlisler diger hastalik etmenlerinden farkli olarak kimyasal miicadelelerinin
bulunmamasi sebebi ile de 6nemlidirler [8]. Yapilan ¢aligsmalar ile kabakgillerde hastalik yapan yaklasik
60 viriis ve viriis benzeri hastalik etmeninin bulundugu bildirilmistir. Ulkemizde gériilen zellikle Tiitiin
mozaik viriisii (Tobacco mosaic virus; TMV), Kabak sar1 mozaik viriisii (Zucchini yellow mosaic virus;
ZYMV) ve Hiyar mozaik viriisii (Cucumber mosaic virus; CMV) daha sonra Kabakgil afitle taginan
sarilik viriisii (Cucurbit aphid-borne yellows virus; CABYV), Kabak mozaik viriisii (Squash mosaic
virus; SqMV), Karpuz mozaik viriisii-1 (Watermelon mosaic-1; WMV-1), Karpuz mozaik viriisi-2
(Watermelon mosaic-2; WMV-2) ve Papaya halkali leke virtisii (Papaya ringspot virus; PRSV)
kabakgillere zarar veren onemli viriislerden birka¢i olup ZYMV, CMV, WMV ve CABYV viral
etmenleri Akdeniz iilkelerinde de yaygin olarak rapor edilmislerdir. Bu viriisler bitkilerin gelismesini
olumsuz etkilemekte ve meyve olusumunu tamamen engelleyebilmektedirler [9-11]. CMV; kabakgiller
disinda odunsu, yar1 odunsu, tek ¢enekli, ¢ift cenekli olmak iizere yetistirilen tiim {irlinlerde hastaliga ve
zarara sebep olan sebep olan bir etmen olup 85 familyaya ait yaklasik 1000 ¢esit bitki tiiriinii olumsuz

etkileyebilmektedir [12-16]. 1916 yilinda ilk olarak hiyar ve diger kabakgillerde tanimlanmig ve Price
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tarafindan, 1934'te Amerika Birlesik Devletleri’nde ilk defa izole edilmistir [12]. CMV Bromoviridae

familyasi, Cucumovirus cinsinde yer almaktadir. Kiiresel sekilli, pozitif polariteli tek iplikli RNA
(Single strand RNA; ssRNA)’dan olusan {i¢ parcali genoma sahiptir. En biiylik genom parcast RNA 1
olup bunu RNA 2 ve RNA 3 takip etmektedir [12, 15, 17]. Bu viriis yaprak bitleri, tohum ve mekanik
yolla tagimabilmektedir. CMV bitkilerde meyve ve yapraklarinda sekil bozuklugu ve 6liimlerine sebep
olabilmektedir. Baz1 bitkilerde sistematik infeksiyonlara sebep olurken, baz: tiirlerde hig belirtiye sebep
olmamaktadir. CMV enfeksiyonunun belirtileri bitkinin yasi ve bitkiyi enfekte ettigi doneme gore
degisebilmektedir [18, 19]. Bitki viriislerinin tespitinde degisik test yontemleri kullanilmaktadir. Viral
etmenlerin teshisinde kullanilan serolojik, biyolojik ve molekiiler teknikler farkli acilardan
incelendiginde birtakim avantaj ve dezavantajlara sahip olduklar1 goriilmektedir. Serolojik yontemler,
bitkilerde hastalik meydana getiren viral etmenlerin karakterize edilmesinde ve teshisinde yaygin olarak
kullanilmaktadir. Biyolojik indeks testi ile molekiiler yontemlerde oldugu gibi, serolojik teshis metotlari
da bircok avantaj ve dezavantajlara sahiptir. Serolojik teshis yontemlerinden biri olan ELISA testi, 10
yildan daha fazla bir siiredir bitki viriis hastaliklarinin tanisi i¢in yaygin kullanim alanina sahip bir metot
haline gelmistir. Belli bir viriise spesifik olan serolojik reaksiyonlarda, sadece kiigiik miktarlarda viral
materyal kullanilarak birka¢ giin icerisinde sonu¢ almak miimkiindiir. Ayrica genis Olcekli rutin
testlemelerde faydali olabilen serolojik yontemlerde uygun antiserumun 6nceden temini durumunda,
testlerin uygulanabilirligi 6nem kazanmaktadir [20]. Bu galisma ile kabakgil yetistiriciliginin yapildigi
Hakkari ilinde CMV etmeninin DAS-ELISA testi ile serolojik olarak tanilamasi yapilmistir. Orneklerin
toplandig1 Kirikdag, Merzan ve Otluca alanlarinda bu viral etmenlerin yayginliklari ile hastalik oranlar

belirlenmigtir.
Materyal ve Metot

Arazi Cahismalari

2022 yilinda, Agustos-Eyliil aylarinda calismada kullanilmak tizere Hakkari Merkezde kabakgil
yetistiriciliginin yapildigr Kirikdag, Otluca ve Merzan alanlarinda survey calismasi yapilarak hiyar
(Cucumis sativus L.) kabak (Cucurbita pepo L.), karpuz (Citrullus lanatus L.), kavun (Cucumis melo
L.), bal kabag: (Cucurbita moschata Butternut) ve acur (Cucumis melo var. flexuosus)’ dan yaprak

ornekleri toplanmustir (Sekil 1).
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Sekil 1. Hakkari ilinde kabakgil 6rneklerinin toplandigi alanlar
Bitki Materyalinin Temini

Calismada kullanilmak iizere CMV ile bulasik oldugu siiphelenilen bitki materyalleri toplanmustir.
Kabakgillerdeki sararma, mozaik, sekil bozuklugu ve bodurluk gibi semptomlari sergileyen ve bitki
viriislerinin sebep oldugu genel belirtileri de gdsteren kabakgil bitkilerinden yaprak 6rnekleri alinmustir.
Kabakgillerin tiimii sayet ayni alanda yetistirildiyse ayn1 anda ve herbir izolat icin 3’er Ornek
toplanmistir. Daha sonra Ornekler arazi bolgesi bilgilerini iceren etiketler hazirlanarak polietilen

posetlere konulup -20°C’de muhafaza edilmistir.
Orneklerin Toplandig1 Alanlara ve Kabakgil Cesitlerine Gore Dagilim

Agustos-Eyliil 2022°de gergeklestirilen survey ¢alismasi ile Hakkari ili kabakgil tiretim alanlarindan 15
bahgeden 92 6rnek toplanarak bu ¢alismada kullanilmak segilmistir (Tablo 1).

Tablo 1. Hakkari ilinden toplanarak secilen kabakgillerin alanlar ve tiirlerine gére dagilim

Alan Karpuz Kavun Hiyar Kabak Bal Kabag Acur Toplam
Kirikdag 3 2 14 7 9 1 36
Otluca - 1 8 - 4 3 16
Merzan 4 2 16 8 7 3 40
Toplam 7 5 38 15 20 7 92

Serolojik Test Yontemi (DAS-ELISA)

Survey ¢alismasinda arazi ¢ikislarinda semptomatolojik olarak siiphe duyulan bitki 6rneklerinde CMV
etmeninin  varligmm ortaya konulmasi icin DAS-ELISA yontemi uygulanmistir. Poliklonal
antiserumlar, pozitif ve negatif kontroller BIOREBA-AG firmasindan temin edilmistir (Isvigre). DAS-
ELISA yontemi [21] iiretici firmalarn 6nerdigi sekilde yiiriitiilmiistiir.
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DAS-ELISA Testinin Uygulama Asamalari:

-Viriislere spesifik antiserum kaplama tamponunda belli oranda sulandirilarak plakanin her bir goziine
konularak 37°C’ de 2 saat inkiibe edilmis, inkiibasyonu takiben gdzlerdeki icerik ters ¢evrilerek

bosaltilip ve 3 kez yikama tamponu ile yikanmstir.

-Ekstraksiyon tampon soliisyonunda hazirlanmis bitki ekstrakti pleytin her bir goziine konulmus ve bir

gece +4°C’de bekletilip, tekrar yikama tamponu ile 3 kez yikanmustir.

-Konjugat tamponu igerisinde sulandirilmig alkalin fosfataz enzimi ile etiketli konjugat pleytlerin her

bir géziine konulup 37°C’de 4 saat bekletilmis ve yikama islemi tekrarlanmistir.

-Pleytlerin her bir gdziine substrat ¢dzeltisi konulmus ve oda sicakliginda 2 saat bekletilmistir. Sonuglar

405 nm ELISA okuyucusunda degerlendirilmistir.

-Absorbans degerine gore saglikli kontrol degerinin en az iki kat1 ve daha yukar1 okuma degeri verenler

pozitif olarak kabul edilmistir [22].
Bulgular

Arazi Calismalar:
Hakkari ilinin Merzan, Otluca ve Kirikdag alanlari kabakgil yetistiriciliginin yapildigi alanlarda
gergeklestirilen survey caligmalarinda sararma, mozaik, sekil bozuklugu, yapraklarda kivrilma ile

kiigiilme ve nekrotik lekeler gibi genel viral belirtileri gdzlenmistir (Sekil 2).

Sekil 2. a) Kirtkdag alaninda hiyar bitkilerinde mozaik ve renk agiimast belirtileri, b) Kirtkdag alant
karpuz bitkilerinde mozaik ve yapraklarda kiigiilme belirtileri
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DAS-ELISA Testi Bulgulari

Hakkari ilinde yetistirilen kabak, hiyar, kavun, karpuz, bal kabagi, su kabagi ve acur kabakgil
bitkilerinden toplanan 92 yaprak o6rnegi DAS-ELISA testine tabi tutulmustur. Test edilen pleytlerin

goriintiileri Sekil 3°de verilmistir.

Sekil 3. CMV igin test edilen orneklerin ELISA okuyucusu oncesindeki goriintiileri

Negatif kontrol absorbans degeri 0.1366-0.1149 olarak degerlendirilmis olup 0.24°den biiyiik degerler
pozitif olarak alinmistir. 92 adet yaprak drneginin 29 adedinin CMV ile enfekteli oldugu tespit edilmistir.
Kabakgil ¢esitlerinden toplanan 6rnek sayisit Tablo 2’de verilmistir. Buna gore 7 adet karpuz, 5 adet
kavun, 38 adet hiyar, 15 adet kabak, 20 adet bal kabag1 ve 7 adet acur 6rnegi test edilmistir. Orneklerde
karpuzda 2, kavunda 2, hiyarda 11, kabakta 1, bal kabaginda 7, acurda 6 6rnek CMYV ile tespit edilmistir.
Enfeksiyon oranlari incelendiginde %28.57, %40, %28.94, %6.66, %35 ve %85.71 olarak saptanmistir.

Tablo 2. DAS-ELISA testinde kabakgil ¢esitlerinde test edilen bitkiler ve CMV enfeksiyon oranlari
Kabakgil tiirii  Test edilen bitki sayis1 CMYV ile enfekteli 6rnek sayis1i  Enfeksiyon orani (%)

Karpuz 7 2 28.57
Kavun 5 2 40
Hiyar 38 11 28.94
Kabak 15 1 6.66
Bal Kabag1 20 7 35
Acur 7 6 85.71
Toplam 92 29 31.52

Tablo 3’te DAS-ELISA test sonuglarina gére Hakkari merkez Otluca, Kirtkdag, Merzan alanlarindan
toplanan 92 adet 6rnegin 36’s1 Kirikdag’dan, 16’s1 Otluca’dan ve 40’1 Merzan alanlarindan toplanarak
enfeksiyon oranlari sirasi ile %36.11, 62.5 ve 15 olarak saptanmustir. Genel olarak test edilen tiim

orneklerde %31.52 oraninda CMV tespit edilmistir.
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Tablo 3. Hakkari ili kabakgil alanlarindan toplanan yaprak érneklerinde DAS -ELISA testi sonuglart

Alan Ornek sayisn  CMV ile enfekteli 6rnek sayist Enfeksiyon Oram1 %
Kirikdag 36 13 36.11
Otluca 16 10 62.5
Merzan 40 6 15

Toplam 92 29 31.52

Tartisma ve Sonug¢

Bu ¢aligmada, Hakkari ilindeki kabakgil {iretiminin yapildigi Kirikdag, Merzan ve Otluca alanlarindan
viral hastalik belirtileri gozlenen hiyar, kavun, karpuz, kabak, su kabagi, bal kabagi ve acur bitki
orneklerinin toplanmasi ile yapilan viral olarak enfekteli oldugu diisiiniilen bitki 6rnekleri DAS-ELISA
testi yontemi ile serolojik olarak test edilmis ve CMV’nin yayginlig1 arastirilmistir. Survey ¢aligmasi
yapilan alanlardan semptomolojik olarak CMV enfekteli oldugu diisiiniilen 92 adet kabakgil bitkisinden
29 adedinde %31.52 oraninda CMV enfeksiyonu tespit edilmistir. Toplanilan alanlar
degerlendirildiginde kabakgillerde 13 &6rnegin CMV enfeksiyonlu tespit edilmesi ile %36.11 ile
Kirikdag alani en yiiksek CMV goriilen alan olmustur. En diisiik ise %15 ile Merzan alami tespit
edilmistir. Kabakgil bitki ¢esitlerine gore de CMV toplanan 7 6rnegin 6’sinda tespit edilmesinden dolay1
%85.71 ile acurda, en diisiik ise %6.66 ile kabakta goriilmiistir. DAS-ELISA test sonuglari
degerlendirildiginde Otluca alanindan toplanan 16 yaprak 6rneginden 10 adedinin, Kirikdag alanindan
toplanan 36 yaprak orneginden 13 adedinin, Merzan alanindan toplanan 40 yaprak orneginden 6
adedinin CMV ile enfekteli oldugu saptanmistir. CMV bulunma oranlari da sirasi ile %36.11, %62.5 ve
%15 oranlarinda tespit edilmistir. Ozellikle karpuza zarar veren onemli viriisler arasinda CMV
gelmektedir [23] ve yaptigimiz bu ¢alismada da karpuz igin test edilen 6rneklerde %28.57 oraninda
CMV tespit edilmistir. Ertung [24], kabakgillere ait 40 tohum 6rneginde DAS-ELISA ile CMVyi tespit
etmek amaci ile calisma yapmis ve test ettigi orneklerin 9’unda CMV’yi tespit etmistir. Bu calisma
tohumda CMV’nin tespiti agisindan énem tagimaktadir. Tohumda CMV’nin arastirilmasina yonelik
yapabilecegimiz ¢aligmalara olanak saglamigtir. Bostan ve ark. [25] kabakgillerdeki viral etmenleri
belirlemek amaci ile Erzurum, Erzincan ve Artvin illerinde viriislere 6zgli genel belirtilere sahip
bitkilerden 90 adet yaprak 6rnegi toplamistir. Daha sonra yaprak drneklerini CMV ve ZYMV'ye spesifik
DAS-ELISA Kkitleri ile test etmistir. Orneklerin higbirinde CMV tespit edilmemistir. Farkl1 illerden
ornekler toplanarak yapilan bu ¢alismada CMV etmeninin hi¢bir 6rnekte tespit edilememesine sebep
olarak farkli bitki viriislerinin ayni bitkide bulunmas: durumunda birbirlerini olumsuz etkileyerek tespit
edilememeleri olabilecegini diisiindiirmektedir. Bu ¢aligmada bitkilerde ZYMV’de arastirildigr igin
ZYMV’nin ayni bitkide tek basina tespiti gerceklesmis olabilir. Nadir olarak bu sekilde calisma
ornekleri goriilebilmektedir. Sevik ve Arli-Sokmen [26] 165 kabakgil 6rnegini survey galigmalari ile
toplayarak WMV, ZYMV ve CMV nin 6rneklerde bulunma durumunu ELISA ile test etmistir. Calisma
sonucunda %53.9 oraninda WMV, %38.8 oraninda ZYMV ve %?20.6 oraninda CMV yaygin olarak
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tespit edilmistir. CMV’nin test edilen karpuz ve balkabaginda bulunmadigi sonucuna varilmistir.

Dursunoglu [27], 2002 yili Temmuz-Agustos-Eyliil aylarinda Ankara ili ve ¢evresinde yetistirilen
kabakgil ekim alanlarindan topladiklar1 230 bitki 6rnegini mekanik olarak agilamis ve serolojik olarak
da DAS-ELISA yontemi ile test etmistir. Arastirma sonucunda toplanan 6rneklerin 7 tanesini CMV alt
grup-I olarak tespit etmislerdir. Glimiis ve ark. [28], ¢esitli tohum firmalarindan temin ettikleri hiyar,
kavun ve kabak tohum orneklerinde bulunmasi olasi viral etmenlerin varligint ELISA yontemi ile
aragtirmigtir. CMV’yi, %36.8 oraninda hiyar tohum ve %18.5 oraninda kabak ve kavun tohum
orneklerinde tespit etmislerdir. Koklii ve Yilmaz [29], Trakya’da test ettikleri karpuz 6rneklerinin %19.9
oraninda CMYV ile enfekteli olduklarini tespit etmistir. Yaptigimiz ¢calismada da karpuzda CMV oram
yakin tespit edilmistir. Karakurt [30] 2014 yilinda Istanbul ilinde karpuz iiretim alanlarindaki viral
etmenleri belirlemek amaci ile survey ¢alismalar1 gergeklestirmis ve 344 adet yaprak ornegi toplamistir.
Ormeklerde CMV ve ZYMYV etmenleri arastirilmistir. Bunun i¢in DAS ELISA testi ile 13 6rnekte CMV
ve 20 6rnekte ZYMYV etmenleri tespit edilmistir. 2 6rnek de CMV ve ZYMYV ile enfekteli tespit edilerek
toplam 35 bitki o6rneginde tekli ve ¢oklu virlis enfeksiyonlar1 belirlenmistir. Test edilen bitkilerin
genelinde %4.3 CMV ve %6.9 oranlarinda ZYMV bulunmustur. Survey calismasi ile fazla sayida
karpuz yaprak ornegi toplanarak gergeklestirilen bu calismada CMV tespit orani oldukca diisiiktiir.
Yaptigimiz ¢alismada ise ornek toplanilan bahgelerde karpuz, kavun ve hiyar bitkileri genellikle bir
arada yetistirildigi icin CMV tespit oram1 degiskenlik gostermistir. Topkaya [31], 2015 yilinda
Kastamonu ili ve ¢evresinde kabakgil yetistiriciligi yapilan alanlarda viral etmenleri belirlemek amaci
ile 25 bahgeden viriis benzeri belirti gsteren ve géstermeyen hiyar, sakiz kabagi, kavun, karpuz ve bal
kabag bitkilerinden 99 6rnek toplamistir. Toplanan bitkiler, CMV’yi de tespit etmek amaci ile DAS-
ELISA yontemi ile test edilmistir. Buna gére CMV %3.96 oraninda tespit edilmistir. Yardime1 ve ark.
[32] Goller Bolgesinde yaptiklar: ¢alismada 2011-2012 yetistirme sezonunda yapilan arastirmalarda
tarlada yetisen kabak bitkilerinde mozaik, klorotik beneklenme, damar seritlenmesi, kabarma ve yaprak
sekil bozuklugu belirtileri gézlemlemistir. Tirkiye kabakgil tiretiminde 6nemli bir boélge olan bu
bolgedeki ¢esitli lokasyonlardan 268 kabak ornegi toplayarak ELISA ve ¢ift sarmalli RNA (dsRNA)
analizi ve RT-PCR yontemleri kullanilarak CMVyi tespit etmistir. ELISA testleri, test edilen 268 saha
orneginden 54'iniin CMV ile enfekte oldugunu gostermistir. ELISA ile negatif numuneler CMV ig¢in
RT-PCR ile test edildiginde pozitif olarak tespit edilmistir. dSSRNA analizi sonucunda da spesifik 3 CMV
RNA profili elde edilmistir. Cat ve ark. [33] 2014-2015 yillar1 arasinda Antalya ili ve ilgelerinde ortiialtl
hiyar ve kabak liretim alanlarinda ZYMYV, PRSV, SqMV ve CMV ’nin varliginin, serolojik ve biyolojik
yontemlerle saptanmasi ve toplanan drneklerdeki yaygiligimin ortaya konulmasi amaci ile ortiialtt hiyar
ve kabak iiretim alanlarindan viral belirtilere sahip 455 yaprak ve meyve 6rnegini DAS-ELISA ile
testlemistir. Testlenen 455 6rnegin 346 adedinin (%76) bir ve daha fazla viriis ile enfekteli oldugu
belirlenmistir. ELISA testleri sonucunda pozitif reaksiyon veren bitkilerden aliman dokular mekanik

inokulasyon ¢alismalarinda kullanilmugtir. Indikator bitkiler iizerinde 15-30 giin gibi bir siirede belirti
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gbzlenmistir. Bu calismada 6rnekler ortii alt1 hiyar ve kabak iiretim alanlarindan secilmistir. Ortii alt

tiretimlerde 6zellikle viral etmenler vektorler ile daha kolay tasmabilmekte ve ekonomik zarara neden
olmaktadirlar. Hakkari ilinde ortii alt1 sebze iiretimi yaygin olarak yapilmamaktadir. Bu durumda da
viral etmenlerin tespit oranlar1 degiskenlik gosterebilmektedir. Daha hizli ve ekonomik olmasi sebebi
ile yaptigimiz ¢aligmada orneklere ELISA testi uygulanmistir ancak son yillarda CMV etmeninin
molekiiler tespiti yaygin olarak gerceklestirilmektedir. Giiller ve Usta [34], 2019 yilinda Bing6l ilinde
karpuz yetistiriciligi yapilan alanlarda ger¢eklestirdikleri surveyler ile 12 viral siipheli yaprak 6rnegini
CMV ve WMV etmenleri i¢in RT-PCR ile test etmistir. Sonuglara goére 657 ve 822 bp DNA fragmentleri
agaroz jelde tespit edilmistir [34]. Karanfil ve Korkmaz [35] Giiney Marmara Bolgesi Canakkale,
Balikesir ve Bursa illerinde CMV enfeksiyonunun tespiti i¢in kabakgil iiretim alanlarindan 72 bitki
ornegi alarak DAS-ELISA yontemi ile 10 6rnekte CMV enfeksiyonu belirlemistir. Elde edilen CMV
izolatlariin molekiiler karakterizasyonunu gerceklestirmek amaci ile Orneklerden 3 tanesi elde
edildikleri cografik orijine gore secilmig, RT-PCR ile kilif protein genlerinin tamami ¢ogaltilarak
klonlanmig ve sekanslanmistir. Gergeklestirilen sekans analizleri sonucunda Giiney Marmara Bolgesi
CMV izolatlar birbirleri ile niikleotit diizeyinde %93.15-99,70 oraninda, amino asit diizeyinde ise bu
izolatlarin %97.71-100 oraninda benzerlik gosterdigi belirlenmistir. Diinya izolatlar1 ile gerceklestirilen
karsilagtirmalar sonucunda ise bu izolatlarin niikleotit ve aminoasit diizeyinde %76-100 benzerlikler
gosterdigi tespit edilmistir. Gergeklestirilen filogenetik analizler sonucunda CMV izolatlarinin ikisinin
altgrup IA, birinin ise altgrup IB’de oldugu belirlenmistir. Grafton-Cardwell ve ark. [36], 1988-1989
yillarinda Kaliforniya’ da gergeklestirdikleri surveyler ile yaptiklari ¢aligmada CMV nin yayginligini
%20 olarak saptamistir. Bashir ve ark. [37], Iran’m Kuzey-Batisinda genel viral belirtilerden bir veya
birkagini birden gosteren kabakgil bitkilerinden 123 adet toplayarak DAS-ELISA testi ile 13 6rnekte
CMV etmenini tespit etmistir. Yaptigimiz ¢alismada da benzer sonuglar elde edilmistir. Ayo-John ve
ark. [38], Nijerya’da kabakgil ve yabanci otlardan topladiklar1 90 yaprak 6rnegini DAS-ELISA testi ile
CMYV bakimindan da test etmistir. CMV’yi kabakgillerde ve yabanci otlarda belirlemistir. Bu ¢alisma
CMV’nin hem kabakgiller hem de yabanci otlarda yaygin bir viriis oldugunu ortaya koymustur. Yabanci
otlarda da CMV etmeninin tespit edilmesi yapilacak diger ¢caligmalar igin fikir vermektedir. Yaptigimiz
caligmada da test edilen 6rnekler genellikle ayni bahgede yetistirilen farkli kabakgil ¢esitleri olmustur.
CMV’nin yayginligimin bu durumdan kaynaklanabilecegi diistiniilmiigtiir. Constable ve ark. [39] ti¢
onemli kabakgil tliriniin (hiyar, kavun ve kabak) tohumlar1 temin edilerek biyogiivenlik ve agronomik
kaygi tasiyan secilmis virlisler i¢in test etmistir. Test edilen 31 tohumunun 23'{inde hedeflenen
virlislerden biri veya daha fazlasi tespit edilmistir. CMV tespit edilmistir ve bocek ile bitki ¢opii
kontaminasyonu vakalari1 da gozlemlenmistir. Milojevi¢ ve ark. [40] Sirbistan'da yaptiklar ¢aligmada
karpuzda ELISA ve PCR testleri ile %40 oraninda CMV’yi tespit etmistir. Bitki viriis hastaliklarinin
teshisinde PCR yontemi artik en giivenilir ve net sonucu veren yontemlerden birisidir. ELISA yontemi

her ne kadar hastaliklarin teshisinde halen kullanilsa da ELISA testinde negatif olan sonug¢lar PCR ile
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pozitif sonuca dontisebilmektedir. Yapilan calismada da %40 oraninda CMV tespitinin yiiksek olmast

bu durumu desteklemektedir. Viral hastalik etmenleri ile miicadelede iretimde kullanilan ilag
bulunmamaktadir ve dolayli miicadele yontemleri onemlidir. Viriisten ari sertifikali fide, tohum, fidan,
yumru ve sogan gibi bitkisel liretim materyallerinin kullanilmasmin yaygilastirilmasi gerekmektedir.
Viral patojenin teshis ve tanilamasinin yapilmasi da bitki viriisleri ile miicadelede en 6nemli adimlardan
biridir. Bitki zararlis1 bocekler viral enfeksiyonlarda 6nemli bir vektor kaynagidir. Bu nedenle viral
etmenin vektdriiniin biyolojisinin, beslendigi bitki profilinin, viral etmeni ne kadar siirede ve ne diizeyde
bulastirma yeteneginde oldugunun arastirilmasi viriislerin iiretim alanlarinda yaygmliklarmin
azaltilmasinda etkili olmaktadir. Uretim alanlarindan enfekteli bitkilerin toplanmas1 veya hasat sonrasi
bitki artiklarinin yakilarak imha edilmesi ile viral etmenlerin yayilimlart engellenebilmektedir [41].
Viral etmenlerin varliklarini, tarlalarin etrafinda viriis kaynagi olabilecek diger bitkilerin mevcut olup
olmamasi veya vektorler etkilemektedir. CMV kabakgillerde tohumla tasinabildigi i¢in sertifikali tohum
veya asili fide kullanimi sanitasyon Onlemlerinin baslangicini olusturmaktadir [42]. CMV etmeni
kabakgilleri genel olarak enfekte edebilme 6zelligine sahiptir. Ekonomik 6neme sahip bu etmen ile
miicadele de vektorlerin belirlenerek miicadelelerinin yapilmasi 6n kosullardan biridir. Yapilan bu

calisma ile CMV etmeni DAS-ELISA yontemi ile Hakkari ilinde kabakgillerde ilk defa tespit edilmistir.

Tesekkiir Bu ¢alisma Mehmet AKTAS 1n yiiksek lisans tezi olup Hakkari Universitesi Lisansiistii

Egitim Enstitiisii ve Bilimsel Arastirma Projeleri Koordinatorliigii’ne tesekkiir ediyoruz.

Fon/Finansman bilgileri Bu c¢alisma Hakkari Universitesi, Bilimsel Arastirma Projeleri

Koordinatorliigii tarafindan FM22LTP7 No’lu proje ile maddi olarak desteklenmistir.
Etik Kurul Onay ve Izinler Calisma etik kurul izni gerektirmemektedir.
Cikar ¢catismalary/Catigan ¢ikarlar 1. yazar %40 oraninda, 2. yazar %60 oraninda katki saglamustir.
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Oz

Gegmisten giiniimiize kamusal mekanlarda dzel bir yeri olan gorsel sanat
eserleri, ¢agdas kamusal alanlarin estetik yiizleri olmanin yani sira
topluma verilmek istenen gesitli mesajlara da aracilik ederler. Bu mesajlar
tarihsel, kiiltiirel ve siyasal igerikli olabilir. Ayrica bu eserler, giiniimiiz
sorunlarina deginerek topluma bilgi vermek, yaygin egitime katkida
bulunmak ve bilin¢glendirmek gibi amaglar da tagiyabilir. Diinya capinda
nesli tehlikede olan mersin baliklar: da kamusal sanat yoluyla tanitilabilir
ve koruma bilinci gelistirilebilir. Bu calismada, mersin baliklarinin
diinyada ve iilkemizde ge¢misten gliniimiize kamusal alanlarda gorsel
sanat objesi olarak kullanimlar1 degerlendirilmekte ve koruma bilincinin
gelistirilmesine katki saglayabilecek bazi oneriler sunulmaktadir.
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A Contribution to Awareness of Conservation by the Help of Public Art: Sturgeon
Case

1Sinop Universitesi, Su Uriinleri ~ Abstract

Fakiiltesi, Sinop, Tiirkiye Visual art objects, which have a special place in public spaces from the
past to the present, not only serve as the aesthetic faces of contemporary

public spaces, but also mediate the various messages to be given to

2Sinop Universitesi, Turizm society. These messages can be historical, cultural and political content.
Fakiiltesi, Sinop, Tiirkiye Additionally, these art objects can also serve purposes such as providing
information to society by addressing contemporary issues, contributing to

non-formal education and raising awareness. The endangered sturgeons

around the world can also be promoted through public art and awareness

of conservation can be developed. In this study, from the past to the

present the use of sturgeons as visual art objects in public spaces is being

evaluated worldwide and, in our country, and some recommendations are

being presented that can contribute to the development of conservation
Bu ¢alisma Creative Commons  gywareness.

Attribution 4.0 International . . . .
License ile lisanslanmistir Keywords: Sturgeons, creating conservation awareness, public art, visual

arts

Giris
Diinya tarihinde yeni bir donemi baslatan endiistri devrimi, topraga bagh iiretim-tiiketim iligkileri

temelinde Orgiitlenen feodal toplumlart doniistiirmiis [1], bu doénilisiimiin sancilar1 tiim toplumsal

kurumlar1 temelinden sarsmustir. Endiistri toplumu, kendi dinamiklerinin bi¢imlendirdigi sanat
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anlayisini 19. yiizyilda ortaya koyarken, 6zellikle bu yiizyilin ikinci yarisinda aydinlar hem toplumu

hem de sanati sorgulamaya baslamistir. Toplumun ve buna bagl olarak sanatin doniisiimiiniin temel
nedeni olan iretim-tiiketim siireglerinde goriilen koklii degisiklikler, doga {izerindeki etkisini kisa
zamanda gostermistir. Endiistri toplumlari, iiretim-tiiketim siireclerindeki degisikliklerle es zamanl
olarak dogay1 denetim altina alma ¢abalarin1 ve dogal kaynaklar1 kullanmay1 hizlandirarak, karasal ve
sucul ekosistemlerde tarihin onceki donemleriyle karsilastirilamayacak yikimlara yol agan siireci de
baglatmistir. Habitatlarin ve tiirlerin kayb1 ve diger ekolojik sorunlarla etkilerini gosteren, 6zellikle 20.
yiizyilin ikinci yarisinda kroniklesmeye baslayan bu ¢evresel yikim, dogal alanlari ve tiirleri koruma
glidiisii tasiyan toplumsal hareketleri ortaya c¢ikartirken devletleri bu konuda oOnlemler almaya
yoneltmistir. Endiistrilesmenin toplumsal ve ¢evresel etkisini gosterdigi diinyada, kendine 6zgi dilini
ve kamusal alanla iligkisini gelistiren sanat, bu siirecin taraflarindan biri haline gelmistir. Basta edebiyat
olmak iizere, aralarinda resim ve heykel gibi gorsel sanatlarin da bulundugu sanat dallarinda toplumsal
doniisiim, ¢evresel yikim ve tiirlerin yok olusu islenmeye baslanmistir. Sanatin 19. yiizyilda baglayip
20. yiizyilda giiclenen bu yonelimi, bir yandan dogal yasami tehdit eden uygulamalara karsit goriisleri
savunan bir manifesto niteligi tasirken, diger yandan yitirilen ¢evre degerleri hakkinda farkindalik
yaratmaya hizmet etmistir. Ozellikle kamusal alanlarda yer verilen sanat eserleri bu islevleriyle one
cikmaktadir. Teknolojik gelismelerin ve endiistriyel diizenin katilastirdig1 yasamin insanilestirilmesinde
sanatin dnemine vurgu yapan Sargin [2], insanin doganin bir pargasit olma bilincine sahip olarak tiim
canl tiirlerinin yasama hakkina saygi duymasinin, yasam alanlarinda sanat {iriinlerine yer verilmesiyle
pekistirilecegine dikkat ¢ekmektedir. Caddeler, sokaklar, meydanlar, parklar gibi insanlarin ortak
kullanimina agik alanlar olan kamusal dis mekanlar, Carr ve ark. [3] tarafindan bir sahneye
benzetilmektedir. Yasama ve ¢alisma alanlar1 diginda kalan bu mekanlar, insanlarin kendini gosterdigi
bir sahne olmanin yaninda, kamusal iletisimin ve egitimin araci olan mekanlardir. Kamusal alanlarda
sergilenen sanat eserleri ise Tiril ve ark. tarafindan, sanat diinyasinin topluma agilan pencereleri olarak
nitelendirilmektedir [4]. Insanin duygu ve diisiince diinyasinda; yasami, evreni, dogay1 anlama ve
algilama siirecinde kivilcim yaratma 6zelligine sahip olan sanat eserleri, kamusal alanlarda etki alanini
genisletmektedir. Sanatin insanlarin giinliik yasamlarina sokulmasiyla etki alanini genislettiginin
farkinda olan toplumlar, yagam alanlarin1 sanatin biitiin dallarmma agmaktadir. Kamusal alanlarda
toplumla bulusan sanat, kapali mekanlardaki sanata gore daha genis bir kitleye hitap etmektedir [2].
Kamusal alanlar konusunda iirettigi diisiincelerle bilinen Habermas’in kullandig1 “evin esiginden
kamunun 1s1gina” deyisi, uygarligin tarihsel bir donemini isaret etmekle birlikte, 6zel alandan herkesin
kullanimina agik olan kamusal alana ¢ikan giinliimiiz insanina da uyarlanabilir [5]. “Evin esiginden
kamunun 1518ina” gegmekle baslayan kamusallasmanin egitim boyutu, 6zellikle son yiizyilda sanatla
tamamlanmaktadir. Sanatin kamusal egitimle iliskisi son yiizyilda agirlik kazansa da bu iligki tarihsel
bir derinlige sahiptir. Sanat eserlerinin kamusal dig mekanlarda yer almasi insanligin en eski

donemlerine kadar gitmektedir. Ancak bu eserler varoluslarindan beri bir amaca yonelik olarak
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iiretilmistir. Insanlik tarihinin gesitli donemlerinden kalan ve bugiin sanat eseri olarak goriilen eserlerin

bir gereksinimi gidermek amaciyla iiretildiklerini belirten Gombrich [6], bu eserlerin yapiminda
onceligin kendilerinden beklenen islevi en iyi bigimde yerine getirmeleri olduguna isaret etmektedir.
Bununla birlikte, iiretenlerin estetik begenileri sayesinde iglevsel olan bu firiinler sanat eseri olarak
goriilmektedir. Bu eserlerin sanat eserine doniigmesinde esas olan, iglevlerini en iyi sekilde yerine
getirmeleri yaninda duyularda olusturduklar etkilerdir. Sanat, iiretilenin duyularda yarattig1 giizellik
algisina bagli bir kavramdir. Sanat¢inin eseri ile yarattigi algi, bir anlamda kendi algilarinin yansimadir.
Cevresel algilarin bir yansimasi olan sanat baslangicta doganin ve evrenin yansimasi olarak ortaya
cikmistir. Sanatin algilanmasi, insanda uyandirdigi gilizel duygulara isaret eden “estetik” sdzctigliniin
kokeninde de bulunmaktadir. Yazinin icadindan 6nce insanin kendini ifade etmekte kullandigi ve
giiniimiize ulasabilen en giiglii ara¢ olan goérsel sanat, ister resim ister heykel ve heykelciklerle ifade
edilsin, insanlarin cevrelerini algilamalarinin yansimasidir. Barnard [7], modern Bati dillerinde
kullanilan estetik s6zciligliniin, eski Yunancada “algi” anlamindaki bir kelimeden tiiretildigini; estetigin
giizel olanin algisim da icerdigini belirtmektedir. Insanin doga ve evren algisinin yansimasi olan sanat,
insanlik tarihi boyunca 6zellikle gorsellik tizerinden insanlari etkilemistir. Habermas [8], aydinlanma
cagini yasayan 17. ylizyll Fransa’sinda “kamu” kavraminin, “devlet” anlaminin tesine gecerek sanat
ve edebiyati izleyenleri, tiiketenleri ve elestirenleri igeren bir anlam kazandigini belirtmektedir. Kamusal
bilincin gelismesinde kamusal sanatin yerinin tarihin her déneminde 6nem kazandigi goriilmekle
birlikte, endiistrilesme ile yeni bir boyut kazanan kentlerde agirligiin arttig1 sdylenebilir. Sanat, gorsel
imgeler tizerinden kamusal bir etki olusturma giiclinii her zaman kullanmistir. Bu etki, kamusal alanlarda
genis kitlelerde algi olusturmada kullanilmustir. Januchta-Szostak [9], kamusal sanati, fiziksel ve
kamusal alanda sergilenen veya sahnelenen ve erisilebilir olan sanat olarak tanimlamaktadir. Siyasal ve
dinsel temeli bin yillar 6ncesi giden kamusal sanatin modern ¢agdaki yonelimlerinden biri de ¢agin
sorunlarini iglemesidir. Bu baglamda, 6zellikle 20. yiizyilin ikinci yarisinda ¢evre ile ilgili konular
kamusal sanatin 6nemli konular1 arasina girmistir. Kamusal sanat, daha ¢ok seckinlere hitap ettigi
diisliniilen galeri sanatina alternatif olarak ve kentsel mekanlari canlandirmak amaciyla 1960’1 yillarda
yayginlagmig ve kisa zamanda giincel sorunlarin ifade edildigi bir igerik kazanmistir. Kamusal sanata
ev sahipligi yapan kentsel mekanlarim toplumun bulustugu ve iletisim kurdugu alanlar olmasi, bu eserler
aracilifiyla iletilen mesajlarin genis bir kitleye ulasmasim saglamaktadir [9]. Resim, heykel, seramik,
mozaik gibi sanatlar iceren gorsel sanatlar gbze hitap eden sanatlardir; insan beynine gonderdikleri
mesajlar gz aracilifiyla iletilir. Sennett [10], goriilen seye dnem vermenin insanda bir sey yapma arzusu
uyandirdigimi belirtmektedir. Goziin algiladigi goriintliniin insana verecegi mesaj ve uyandiracagi
merak, bu amaca yonelik tretilmis gorsel sanat eserlerinin kullanilmasiyla tehdit altindaki yasam
ortamlarina ve tiirlere dikkat ¢cekerek koruma bilinci uyandirilmasini saglayabilir. Barnard, Debord’un,
modern toplumun gercek hayattan ve gercek ihtiyaclarindan kopuk imgeler, goriintiiler ve seyirlik

nesnelere dnem verdigini, Foucault’nun ise insanin gorsel olana 6nem verdigini 1970°li yillarda
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belirttigini aktarmaktadir [7]. Bu gorsel uyaricilar i¢inde yer alan kamusal sanat insana mesaj veren,

dikkatini ¢eken, diisiinmesini ve bilinglenmesini saglayan 6nemli bir unsurdur. Collingwood [11]
tarafindan da ifade edildigi gibi, sanatta her zaman bir 6zne ve bir nesne, yani diisiinen biri ile diisiiniilen
bir “sey” vardir. Sanatsal bir igerik tasiyan nesne, izleyen 6znede, yani insanda uyandiracagi imgelem
ve olusturacag bilingle diisiinsel baglamda besleyici bir rol oynar. Kamusal sanat eserleriyle kurulan
gorsel iligkinin toplumda farkindalik yaratma ozelligi nedeniyle bu tiir sanat eserlerine kamusal
alanlarda her gegen giin daha ¢ok yer verilmektedir. Mekanda ii¢ boyutlu yer kaplayan sanat eserlerinin
etkisi iki boyutlu eserlerden daha giicliidiir [12]. Ug boyutlu plastik sanatlar kentsel mekanlarda
genellikle heykellerle temsil edilmektedir. Kentsel alanlarda mekana ve kentsel yasama anlam katan
estetik dgeler olan heykeller, toplumla iligki kuran ve gilinliik yagamin ayrilmaz bir parcasi haline gelen
eserlerdir. Giinlimiizde kenti siisleyen bir unsur olmanin 6tesinde sosyal ve kiiltiirel yapinin ifadesi olan
heykeller, diger sanat tiriinleri gibi, goriiniirde ifade ettiklerinden bagka anlamlar1 ¢agristirma, icerme
ve uyandirma giiciine sahiptir. Bu genis anlamlandirma olanagi, sanat eserini sosyal ve kiiltiirel degerleri
degistirip doniistiirme ya da yapilandirip giligclendirme konusunda etkili bir ara¢ haline getirmektedir.
Kamusal mekénlardaki heykeller, bir olay ya da olgu hakkinda biling uyandirma ve toplumsal
farkindaligin arttirilmasinda 6énemli rol oynar [13]. Magaralarin duvarlarina ve tavanlarina yapilan ilk
resimler cogunlukla insanin yakin ¢evresindeki hayvanlarin tasvirleridir. Boylece erken dénemde fauna
Ogeleri sanatin ilk tasvirleri olarak karsimiza ¢ikmaktadir. Binyillar 6ncesinin korkuya dayali sanatsal
hayvan betimlemeleri, giiniimiizde icerik ve anlam degistirerek sanata konu olmayi stirdiirmektedir. 19.
yiizy1l sonlarinda insanligin dikkatini ¢eken habitat ve tiir kaybi, dogal yasamin ve yaban hayvanlarinin
20. ylizy1l sanatinda farkli amaglarla yer almasia neden olmustur. 20. ylizyilda 6nem kazanan doga
koruma bilinci ve onun uzantisi olan ¢evre egitimi, kamusal alanlarda gorsel sanatlari yogun olarak
kullanmaya baglamistir. Krasny [14] tarafindan da belirtildigi gibi, 1900’lerin basinda kent parklarinda
baglayan ve geliserek giiniimiize ulasan ¢evre egitiminde, basta heykel olmak {izere kamusal alanlarda
sergilenen sanat tiriinlerinin 6nemli bir rolii vardir. Sabour ve ark. [15], kentsel mekanlardaki heykel
tiirleri arasinda belirli bir bolgedeki dogal hayat1 ya da yabani hayvanlari temsil eden dogal ve ekolojik
temal1 heykellerin de yer aldigin1 belirtmektedir. Modern kentler, uzak diistiikleri dogal unsurlari
kamusal sanatla simgesel olarak tekrar kente dahil etmektedir. Mekansal ve felsefi diizlemde dogadan
ayr1 diisen modern kent insanina dogal siireclerin yikimini ve tiirlerin yok olusunu animsatarak korumaci
bir tutum kazandirmak amaciyla kamusal alanlarda sanat eserlerinin kullanilmasi siirecinde diinyada ve
iilkemizde 6zellikle fauna dgelerinden yararlanilmaktadir. Buradan hareketle, diinya genelinde mersin
baliklarinin yaygin olarak yasadigi cografyalarda bu tiirlerin kamuoyuna gorsel sanatlar yoluyla
varliklarinin ve yok olma tehlikesi altinda olduklarinin gosterilmesini, tanitilmasmni ve koruma
duyarlilig1 gelistirilmesini Ornekleyen eserler ele alinarak, benzer bir yaklasimin iilkemizde de
gelistirilmesi gerektigi vurgulanmaktadir. Ulkemizde yaygin olduklar1 cografyalarda bile kamuoyunca

yeterince taninmayan ve sularimizdaki biyolojik ¢esitlilik ac¢isindan énemi yeterince anlagilamayan bu
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degerli baliklarin yok olma tehlikesiyle karsi karsiya olduklarina vurgu yapmak amaciyla kamusal

sanatin ne sekilde kullanilabilecegi bu makalenin temel ¢ikis noktasidir.
Mersin Baliklarin1 Koruma Faaliyetlerinin Kamusal Sanata Yansimasi

Yaklasik 200 milyon yildir var olan mersin baliklari, ok degerli havyari ve etiyle insanlik tarihi boyunca
her zaman biiyiik 6nem tagimistir. Bu nedenle yogun bir av baskisi altinda kalan mersin baliklari, 1980°1i
yillara kadar diinya ¢apinda dogal olarak bulunduklart tim sularda bol miktarda avlanmakla birlikte
hicbir yerde siirdiiriilebilir avciligi saglanamamistir. Asir1 aveilik yani sira, akarsular lizerine insa edilen
barajlar, HES’ler, tagskin 6nleme yapilar1 ve kum-¢akil alma faaliyetleri ve kirlilik, tireme alanlarini
oldukga tahrip etmis; iireme, popiilasyon devamliligini saglayacak yeterlilikte gerceklesememis ve bu
degerli baliklarin nesilleri yok olma tehlikesine girmistir. Giiniimiizde 27 mersin baligi tiiriinden 25’inin
nesli ciddi oranda tehlikede olup IUCN Red List (Kirmiz1 Liste)’de yer almaktadir. Bir taraftan mersin
baliklarmin 1980’li yillara kadar diinya ¢apinda av miktar1 gittikce azalirken diger taraftan bu degerli
baliklar hem stok takviyesi amaciyla hem de havyar ve et iiretimi bakimindan yetistiricilik sektoriinde
onem kazanmustir. 1980°1i yillardan itibaren stok takviyesi disinda havyar ve et tiretimine yonelik olarak
ortaya cikan yetistiricilik faaliyetleri giiniimiize kadar artarak devam etmistir. Bu baglamda mersin
baliklarmin diinya ¢apindaki ticaretini kontrol etme zorunlulugu nedeniyle 1 Nisan 1998 tarihinden
itibaren, mersin baligindan elde edilen havyar, et, deri, canli balik, yumurta gibi iiriinlerin ticareti,
tilkemizin de 1996 yilinda taraf oldugu s6zlesme olan CITES (Nesli Tehlikede Olan Yabani Hayvan ve
Bitki Tiirlerinin Uluslararas1 Ticaretine iliskin S6zlesme) kapsamina alimmustir. Halihazirda iilkemiz
sularinda mersin balig1 avciligi yasak olup korunmasi ve nesillerinin devaminin saglanmasi yoniinde
hem resmi kurum ve kuruluslarca hem de sivil toplum orgiitlerince ¢esitli faaliyetler yiiriitiilmektedir.
Genel anlamda degerlendirildiginde, endiistri ¢aginin ¢evresel yikiciligr ve bir¢ok hayvan ve bitki
tiiriiniin kayb1; peyzaj ekolojisi, sucul ekoloji ve koruma biyolojisi gibi habitat ve tiir koruma odakli
disiplinlerin uygulamali ¢aligmalarmi artirmistir. Korumaya yonelik bilimsel ¢alismalar yaninda bu
caligmalarin hukuksal ve toplumsal ayaklarini olusturacak ¢alismalar da yapilmistir. Bu siirecte topluma
ulasmay1 saglayan araclardan biri de kamusal sanattir. Korumaya yonelik bilimsel ¢alismalarin
kamuoyuna yansitilmasinda ve biling olusturulmasinda 6nemli bir unsur olarak kargimiza ¢ikan kamusal
sanat eserleri sadece kentsel mekénlarda degil, nesli tehlike altinda olan tiirlerin yasadigi koruma
alanlarinda da yerlerini almaya baslamistir. Diinyanin ¢esitli iilkelerindeki tekil ornekler yaninda,
ozellikle hayvanat bahgelerinde ve Bati iilkelerinde ¢ok sayida sanat eserini igeren agik hava miizesi
niteligindeki dogal alanlarda da koruma altindaki tiirleri ele alan sanat eserlerine rastlanilmaktadir.
Gerek endiistri devrimi ncesinde gerek sonrasinda dogal veya evcil hayvan tasvirleri hemen hemen her
kiiltiiriin sanatinda yer almis, bir¢ok iilkede kamusal alanlarda sergilenen gorsel sanat eserlerinde
hayvanlara yer verilmistir. Magara duvarlarina c¢izilen ilk resimlerin hayvan tasvirleri olmasi ile

baglayan fauna odakli kamusal sanat; mitler, masallar ve semboller iizerinden bin yillar boyunca siirse
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de hayvanlarin koruma odakli olarak kamusal sanata konu edilmesi nispeten yeni bir uygulamadir ve

koruma diisiincesinin geligmesi ile birlikte uygulanmaya baslanmistir. Mersin baliklarinin morfolojik
Ozellikleri ve gastronomik Onemi nedeniyle Ronesans sonrasi resim sanatinda betimlendigi
goriilmektedir. 16. ylizyilin {inlii balik ressami John White’in “Sturgeon” isimli sulu boya eseri (Sekil
1) ve 17. ylizyilin en 6nemli balik natlirmortu ressamlarindan biri olarak gosterilen Isaac van Duynen’in
yagli boya kompozisyonlari (Sekil 2, Sekil 3), Ronesans sonrasi resim sanatinin mersin baligi temali
ornekleri arasinda sayilabilir. Ancak mersin baliklarina yer verilen bu resimler, yapildiklar1 donem ve
yapilis amaglar1 bakimindan korumacilikla iligskilendirilemez. Diger taraftan, balik biyolojisi alaninda
akademik egitimi olan giiniimiiz balik ressamlarindan Paul Vecsei’nin resimleri ise bilimsel amagl
olmakla birlikte kamusal alanla bulusmadigindan koruma bilincine katki bakimindan simirli etkiye

sahiptir.

Y . v + 3
bor\F:)ﬁuﬁ’O . Jhe ng’wn. dome 10. 1 Il,r)'gﬁﬂh m[';zf/'[‘-

Sekil 1. John White'in “Sturgeon” isimli sulu boya eseri [16]

Sekil 2. Isaac van Duynen’in odaginda mersin baligi olan yagli boya natiirmort kompozisyonu [17]
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Sekil 3. Isaac van Duynen’in mersin baligi i¢eren yagl boya natiirmort kompozisyonu [18]

Posta haberlesmesinin artmasi ve posta pullarinin yayginlasmasiyla pul {izerindeki gorseller de mesaj
iletmenin araci haline gelmis ve ¢esitli alanlarda bilgi ve mesaj veren tasarimlarla konu gesitliligi
artmigtir. Bu baglamda flora ve fauna dgelerine de yer verilen pul gorselleri, nesli tehlike altindaki bitki

ve hayvan tiirlerinin tanitilmasi ve koruma bilincinin gelistirilmesine katkida bulunmustur.

W e W U e W

Sekil 4. Roanya "dan mersin balzz gorselli pul egi [19]
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Mersin baliklar1 da pullar tizerinde yer verilen tiirler arasindadir. Amerika Birlesik Devletleri, Almanya,

Arnavutluk, Azerbaycan, Beyaz Rusya, Bulgaristan, Biiyiik Britanya, Cin Halk Cumhuriyeti, Gliney
Kore, Giircistan, Hirvatistan, Ispanya, Kanada, Kazakistan, Kirgizistan, Kuzey Kore, Litvanya,
Macaristan, Mogolistan, Moldova, Ozbekistan, Romanya, Rusya, Tacikistan ve Ukrayna, pullarinda
mersin baligi gorsellerine tanitim ve koruma bilincinin olusturulmast amaciyla yer veren iilkeler
arasinda sayilabilir (Sekil 4, Sekil 5) [19], [20]. Ayrica mersin baliklarinin korunmasinda uluslararast ig
birliklerine bir 6rnek olarak Iran ve Rusya 2003 yilinda ¢ift dilli ortak pul basmustir. Sovyetler Birligi
ve Yugoslavya gibi dagilmig iilkelerce cikartilmis mersin baligi temali pullar da tarihi bir karakter

kazanmustir.

TVTFroT T T T T T T T T T TT T TYTY
Deutschland Fiir die Jugend 145
005

% S s~y

s g =

Sekil 5. Almanya’dan mersin baligi gorselli pul 6rnegi [20]

Pullar yaninda Amerika Birlesik Devletleri, Cin Halk Cumhuriyeti, Kanada, Kazakistan, Rusya,
Tirkmenistan, Ukrayna gibi {ilkelerde hatira paralarinda da mersin baliklarina yer verilmistir.
Ulkemizde ise ilk defa 2021 yilinda T.C. Hazine ve Maliye Bakanligi Darphane ve Damga Matbaasi
Genel Midiirliigi tarafindan 925 ayar giimiisten 3000 adet mersin balig1 hatira parasi basilmistir (Sekil
6).

Sekil 6. Ulkemize ait mersin balig1 hatira parasi [21]
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Mersin baliklarinin gorsel sanatlardaki kullanimi, sanatin islevsel gelisimine paralel olarak cesitli

alanlara yayilsa da koruma amacli verilmek istenen mesajin halkla en fazla bulugsma imkan1 kamusal
alanlarda miimkiin olmaktadir. Kamusal sanatin en 6énemli ay1rt edici 6zelligi, konuyla iliskisi olmayan
siradan insanlarin da aralarinda oldugu genis kitlelere ulasarak onlarin bilgi dagarciklarimi ve biling
diizeylerini gelistirecek bir isleve sahip olmasidir. Bu bakimdan heykeller, ii¢ boyutlu ve mekén i¢inde
her yonden algilanan yapilartyla kitlelere iletilmek istenen mesajlarin aktariminda 6nemli kamusal sanat
ogeleridir. Morkog¢’un [22] belirttigi gibi, her kamusal sanat eseri yapisiyla uyumlu bir mekanda
sergilenmelidir. Eser-mekan iligkisi dikkate alinarak, diinyada mersin baliklarinin habitatlari ile iligkili
olan yerlesim yerlerinde, uygun mekanlara yerlestirilen mersin baligi temali eserlerle bu baligin
varligina, dnemine, koruma tedbirlerinin gerekliligine dikkat ¢ekilmekte ve insanlarda koruma bilinci
uyandirilarak bunu destekleyici davranislarin gelismesine katki saglanmaya ¢alisilmaktadir. Tanitim ve
koruma bilinci olusturmak amaciyla mersin baliklarinin kamusal alanlarda 6zellikle heykel olarak
sergilendigi iilkeler arasinda Almanya, Amerika Birlesik Devletleri, Kanada ve Rusya sayilabilir. Bu
konudaki en dikkat cekici heykellerden biri Kanada’nin Manitoba Eyaletindeki Dominion City’de
bulunmaktadir (Sekil 7).

Sekil 7. Gol mersin baligi heykeli (Dominion City, Kanada) [24]

Bu devasa heykel, Dominion City’nin dogusundan akan Roseau Nehri’nde 1903 yilinda yakalanmis
olan 4.6 m boyunda ve 184 kg agirhigindaki g6l mersin baliginin (Acipenser fulvescens) gercek
boyutlardaki 6rnegi olup Manitoba’da yakalanmis en biiyiik mersin baligini temsil etmektedir [23, 24].
Kanada’nin en biiyiik tatli su baligi olarak 6zel 6nem verilen gol mersin baliginin 2.5 metre boyunda ve
140 kg agirligindaki bir bagka heykeli ise, Saskatchewan Eyaleti sinirlarindaki Leader Kasabasi’nda
bulunmaktadir (Sekil 8). G6l mersin baligina ait devasa heykeller araciligiyla hem bu 6nemli ve degerli
baliga dikkat c¢ekilerek tanitimi yapilmakta, hem de heykellerin bulundugu kentlere turistik ¢ekicilik
kazandirilmaktadir [25, 26].
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Sekil 8. Gol mersin baligi heykeli (Leader, Saskatchewan-Kanada) [25]

Kanada’daki garpici mersin baligi heykellerinden biri de Britanya Kolombiyasi1 Eyaletinde Revelstoke
Kasabasi’nda sergilenmektedir. Bu kasabadan gecen ve Kuzey Amerika’nin en bilylik nehri olan
Columbia Nehri’'ndeki beyaz mersin baligi (Acipenser transmontanus) ve kizil som baligi
(Oncorhynchus nerka) tiirlerinin varligina dikkat ¢ekmek ve baliklar hakkinda halki bilgilendirmek
iizere yerel yonetim tarafindan kasabanin merkezinde 2010 y1linda yaptirilan metal heykel grubu, dogal

ortam tasarimiyla dikkat ¢ekmektedir (Sekil 9, Sekil 10) [27].
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Sekil 9. Beyaz mersin baligi ve kizil som balig heykeliéri (Revelstoke-Kanada) [27]
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~ 4

Sekil 10. Beyaz. mersin baligi ve fazil som baligi heykelleri (RevelstokéLKanada) [28]

-

Mersin balig1 heykelleri araciligiyla biling uyandirilmaya calisilan bir baska tilke Amerika Birlesik
Devletleri’dir. New York’ta Hudson Nehri tlizerindeki Vali Mario M. Cuomo Kopriisii yakininda
sergilenen “Leaping Sturgeon” (Sigrayan Mersin Balig1) adli 4.5 metre boyundaki heykel, ¢esitli
ozelliklerdeki hurda metal pargalardan yapilmis olup Hudson Nehrinden digar1 sigrayan bir mersin
baligim1 cagristirmaktadir (Sekil 11). Bu heykelin hem bélgenin tarihinde dnemli bir yeri olan mersin
baligimi tamittig1 hem de nesli tiikenme tehlikesindeki tiirleri geri kazanma amaciyla gosterilen ¢abay1

vurguladigi ifade edilmektedir [29].

Sekil 11. “Sigrayan mersin balig1” heykeli [29]

Amerika Birlesik Devletleri’ndeki bir bagka mersin baligi heykeli New York Hyde Park’ta
bulunmaktadir. 11 metre boyundaki heykel, The Culinary Institute of America adli mutfak sanatlar
enstitiisii tarafindan, 19. ve 20. yiizyi1lda Hudson Nehri’nde bulunan ve bolgede gida kaynagi olarak
bliyiik ekonomik degere sahip olan mersin baliginin 6nemine dikkat ¢ekmek {izere 2015 yilinda

yaptirilmistir (Sekil 12). Heykelin en dikkat ¢ekici 6zelligi, 700 adet bigak, 400 adet ¢atal ve 600 adet
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kagiktan yapilmis olmasidir (Sekil 13). The Culinary Institute of America tarafindan yaptirilan bu devasa

mersin balig1 heykeli araciligiyla bir taraftan mutfak sanatlar1 enstitiisii 6grencilerini ve toplumu
bolgedeki yerel yemeklerin tarihi hakkinda bilgilendirilme, diger taraftan Hudson Nehri’ndeki canl
yasamini koruma c¢abalar1 konusunda toplumsal farkindalik yaratma hedefleri 6ne ¢ikmaktadir. Heykel
sayesinde Atlantik mersin baliginin (Acipenser oxyrinchus) Hudson Nehri’ndeki tarihsel 6nemine ve
mersin baliklarinin diinya ¢apinda karsi karsiya kaldigi biiyiik tehlikeye dikkat ¢ekilmektedir. Hudson
Nehri’'nde mersin baligi popiilasyonunun asirt avlanma, kirlilik ve yumurtlama alanlarina ulagimi
engelleyen barajlar nedeniyle kritik derecede azaldigi ve bu durumu diizeltmek amaciyla eyalet ve
federal hiikiimet tarafindan tedbirler alinarak izleme faaliyetlerinin yiiriitildiigii bildirilmektedir [30,
31].

Sekil 13. New York Hyde Park taki mersin balig1 heykelinden goriintiiler [30, 32]

Mersin baligi’ndan s6z edildiginde akla gelen ilk iilkelerden biri olan Rusya’da da bir¢ok sehirde mersin

balig1 heykelleri bulunmaktadir. Bu heykellerden en dikkat ¢ekici olani diinyanin en derin nehirlerinden
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biri olan Yenisey Nehri {izerinde 1971’de insa edilmis olan Krasnoyarsk Hidroelektrik Santrali

yakinlarindaki 100 metrelik bir ugurumun kenarma yerlestirilmistir (Sekil 14). Rus yazar Victor
Astafyev’in 1976 yilinda yayimlanmis olan Car Baligi romanina adanmis bir anit 6zelliginde olan ve
300 kiloluk bir mersin baligin1 simgeleyen heykel 2004 yilinda yapilmigtir [33, 34]. Rus edebiyatindaki
ilk eko elestirel ¢caligma olarak kabul edilen Car Baligi romani [35], doga i¢in miicadeleye 6nem vermis

olan Victor Astafyev’in insan ve doganin iliskisi ve miicadelesi hakkindaki kitaplarindan biri olup kacak

avcilik temasini islemektedir [36].

Sekil 14. Yenisey Nehrl Krasnoyarsk Hldroelektrlk Santralz yakmmdakl mersin baligt heykeli [34]

Rusya’nin Astrahan sehri merkezinde bulunan bir bagka mersin baligi heykeli ise Sekil 15°te yer

almaktadir.

Sekil 15. Astrahan 'da bir mersin baligi heykeli [37]

Almanya’nin 6nemli nehirlerinden biri olan Elbe Nehri’nin Oberndorf’tan gegen Oste kolu iizerine 2009
yilinda yerlestirilmis olan mersin balig1 heykeli de dikkat ¢ekmek ve koruma bilinci uyandirmak iizere
gerceklestirilmis onemli bir uygulamadir. Heykel, disaridan bakildiginda yiiziiyor izlenimi verdiginden

diinyanin ilk “Yiizen Mersin Balig1 Heykeli” olarak nitelendirilmistir (Sekil 16).
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Sekil 6. “Yiizen Mersin Balig1” Heykeli (Elbe Nehri, Almanya) [38]

Ahsaptan yapilmis olan heykel, kisin sudan ¢ikartilarak bakimi yapildiktan sonra ilkbaharda tekrar nehre
yerlestirilmektedir. Diinya capinda en genis alanda yayilis gosterdigi bilinen ve giinlimiizde Avrupa
sularinda nesli neredeyse tamamen tiikenmis olarak kabul edilen Acipenser sturio’nun bir zamanlar Elbe
Nehri ve kollarinda bulunduguna ve giiniimiizde ise yok olduguna dikkat ¢gekmek {izere yaptirilan bu
heykel, aym1 zamanda Acipenser sturio i¢in Elbe Nehri ve kollarinda yiiritiilen
restorasyon/rehabilitasyon faaliyetlerini de temsil etmektedir [38], 39].

Sekil 17. Samsun-Carsamba’daki Mersin morinast heykeli (Fotograf: Giiven Geng)

Ulkemizdeki ilk ve tek mersin balig1 heykeli ise 2016 yilinda Samsun’un Carsamba Ilgesi’nde Carsamba
Belediyesi’nce yaptirilip bir tanitim tabelasi esliginde halkin dikkatine sunulmustur (Sekil 17, Sekil 18)
Mersin morinasi (Huso huso) tiiriinii temsil eden bu heykel ve bilgilendirme tabelasi araciligiyla mersin
baliklarinmn Yesilirmak Nehri ve bu nehrin mansabina yakin bir yerde kurulmus Carsamba ilgesi icin ne

denli 6nemli olduguna ve korunmasi gerektigine dikkat ¢ekilmistir.
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Sekil 18. Carsamba’daki Mersin morinast (Huso huso) heykeli ve bilgilenirme tabelast (Fotograf:
Giiven Geng)

Sonug¢

Diinya capinda kamusal mekanlarda yer alan gorsel sanat eserleri sadece estetik amaca yonelik deger
tagtyabildikleri gibi ayn1 zamanda topluma verilmek istenen ¢esitli tarihsel, kiiltiirel veya siyasal igerikli
mesajlara da aracilik edebilmektedir. Kamusal alanlarda yer alan gorsel sanat eserleri, nesli tiikkenme
tehlike altinda olup korunmaya muhtag¢ hayvan ve bitki tiirlerinin tanitimina katki saglayarak toplumu
bilgilendirme, bilin¢lendirme ve farkindalik olusturma amagclarina da hizmet edebilmektedir. Bu konuda
iilkemizdeki Ornekler arasinda Akdeniz foku (Datga ve Foca), deniz kaplumbagas1 (Kdycegiz ve
Dalyan), flamingo (izmir Gediz Deltas1 Kus Cenneti ve Afyon), kelaynak (Birecik) tiirlerine ait
heykeller 6rnek verilebilir. Diinya ¢apinda oldugu gibi iilkemiz sularinda da nesli tikenme tehlikesinde
olan mersin baliklarinin tanitimi ve koruma bilinci olusturma amaciyla birgok iilkedeki 6rnekler gibi
iilkemizde de ozellikle Yesilirmak, Kizilirmak, Sakarya Nehirleri olmak iizere birgok alanda gorsel
eserler esliginde tanitict bilginin sunulmasinin toplumumuzda farkindalik yaratarak koruma bilincinin
olusmasina katki saglayacag diisliniilmektedir. Mersin baliklarimi diger baliklardan farkli kilan ve
dikkat ¢ceken morfolojik 6zellikleri yan1 sira, yaklasik 200 milyon yildir diinya iizerinde var olmasi, alt:
metre boya ve iki ton agirliga ulasabilen diinyanin en biiyiik tath su baligi olmasi, 100 yasina kadar
yasayabilmesi gibi bilgiler, kamuoyunun ilgisini ¢ekecek ve Ozellikle ¢ocuklarda ve genglerde
farkindalik ve ilgi olusturacaktir. Mersin baliklarinin gegmiste ¢ok degerli havyari i¢in asir1 avlanmasi,
iireme alanlarini olusturan nehirlerdeki ¢esitli unsurlarin (barajlar, HES’ler, karayolu kd&priileri, kum-
cakil ocaklar1, su alma yapilari, akarsu yatagindaki 1slah ¢aligmalar gibi) tireme imkanlarim kisitlamasi
ve su kirliligi gibi nedenlere bagli olarak yok olma tehlikesiyle karsi karsiya kalmasi iizerine,
giiniimiizde uygulanan koruma tedbirlerine dair yazili bilgilerin gorsel sanat eserleriyle birlikte
sunulmasi, kamuoyunda iilkemiz sularindaki biyolojik ¢esitliligin ¢ok Snemli bir 6gesi olan mersin
baliklart konusunda duyarlilik olusturmada ve koruma tedbirlerinin etkinlestirilmesinde faydah

olacaktir.
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Tesekkiir-

Fon/Finansman bilgileri Bu ¢alisma i¢in herhangi bir kurum ve/veya kurulustan destek alinmamustir.
Etik Kurul Onayt ve Izinler Calisma, etik kurul izni veya herhangi bir 6zel izin gerektirmemektedir.
Cikar ¢catismalary/Catigsan ¢ctkarlar Yazarlar arasinda herhangi bir ¢ikar ¢atigsmasi yoktur.

Yazarlarin Katkisi- Yazarlar ¢calismaya esit oranda katki saglamistir. Yazarlar makalenin son halini
okumus ve onaylamigtir. Ayrica bu makale 12-15 Eyliil 2017 tarihlerinde diizenlenen 19. Ulusal Su
Uriinleri Sempozyumu’nda yazarlar tarafindan sunulan aymi bashkli bildirinin giincellenmis ve

genisletilmis halidir.
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