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Introduction

Curves are one of the main tools of differential geometry. Different kinds of curves are determined for
giving descriptions and explaining the theory about curves in differential geometry. In the literature,

there are many articles on this subject. Arslan and Hacisalihoglu [1] investigate the harmonic curvatures
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of a Frenet curve, Ergin [2] studies generalized Darboux curves, Liu, and Wang [3] examine Mannheim

partner curves, Ilarslan and Nesovic [4] analyze the rectifying curves, Has and Yilmaz [5] work on
quaternionic Bertrand curves. Sagiroglu [6] studies global differential invariants of affine curves in two
dimensional space. These results are carried out in the Euclidean space. Also, curves in different space
from Euclidean space are investigated. Divjak [7] investigates special curves on ruled surfaces in
Galilean and Pseudo-Galilean spaces, Biikcii and Karacan [8] work on Bishop frame of the spacelike
curves in Minkowski 3-Space. Senyurt et al. [9] define tangent, principal, normal and binormal wise
associated curves such that each of these vectors of any given curve lies on the osculating, normal and
rectifying plane of its partner, respectively. Giiler [10] defines the quasi parallel curve with the help of
the quasi frame of a given curve. In addition, curves are the most important examples of their role in
Pattern Recognition, Computer Graphics and Computer Vision because of being suitable for modeling
real life problems. [11] and [12] are their applications to these subjects. The classical differential
geometry of curves is investigated with respect to conformable fractional derivative and fractional
integral in Goziitok, Coban and Sagiroglu [13]. Curvature and torsion of a conformable curve are defined
and the geometric interpretation of these two functions is done. In [14], Aldossary and Gazwani give
the similar definition of the unit speed curves using binormal vector. These curves are called parallel
curves. The main goal of this paper is to investigate parallel curves using normal vector and to study the
associated geometry of these curves. We give a similar definition in [14] using the normal vector. The
aim of this study is contribution to the literature on the theory of curves in three-dimensional space. In
addition, the studies discussed here will later be expanded to surfaces and their geometric properties will
be examined. Also, the instrinsic geometric formulas will be derived from the curvatures. We refer to

[15] for the definitions of curvature, torsion and Frenet frame of a curve.
Parallel Curves Based on Normal Vector

Definitionl. Let a be a unit speed curve in R3 and t(s), n(s), b(s) be its Franet frame in a point a(s).
Including r to represent a real number constant, parallel curve based on normal vector of the curve « is
defined as

a,(s) = a(s) + rn(s).

The reason why the curve a(s) taken as unit speed is the convenience in calculations. Fisrtly, the
parametrization of the curve according to its arc lenght is obtained and calculations are made for this
situation, and then calculations are made when it is arbitrary speed. The reason for this is that when we
calculate a parallel curve based on a curve with unit speed, the resulting curve will generally not have

unit speed.
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Frenet Frame, Curvature and Torsion Functions of the Parallel Curves Based on Normal

Vector
Now we consider the parallel curve based on normal vector of «;
a,(s) = a(s) + rn(s)

Let the arc length function of this curve be s,. In this case, the unit tangent vector of the curve a,,(s) is
obtained as

day, ds ds ds ds
t,(sy) = d—S".d—sz =(t+ rn’)d—s2 = (t + r(—«t + b) d—52=((1 — 1K)t + rrb)d—s2

Here, t,n, b and k, T are Frenet frame vectors and the corresponding curvatures of the curve a,(s),
respectively. If we take the dot product with t of both sides;

.t =1 ds
n - ( rK) dSZ

is obtained. If we also multiply both sides of this equation by the vector b, we get

(t, b) = ds
wb) =71T dsz'
Multiplying both sides by the vector n, the equation
(tn: n) = 0

is obtained, which shows that the vectors t,, and n are orthogonal. If the norm of both sides of the above

equation is taken, then we obtain that

ds
a2l = |[(@ =it + reb)

Z1I(1 = it + b S
=||(1—-r)t+rt s,

= & [(@ ~ )t + r7b). (1~ Tt + rT)] 2

=3 [(1 —rK)? + r272]1/2

das,

By using |[t,,(s2)|| = 1, it follows that

ds,

R 1— 2 4 272

=V -+
From here, we get

ds 1

ds; J( —1K)% + 1272
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Note that this equation also shows the relationship between the arc lenght parameters of these two

curves.

Theorem 1. The expression of the Frenet frame of the parallel curve a,,(s) in terms of the Frenet frame

of the curve a(s) is in the form;

(A —r)t+rtb
J(@ = 1K) + r212

t,(s) =

_ ! 2 !
(TT—T‘ZKT—TZT3)t+( rt -|2-r, KT )n+
—r2k't
(k — 2rk? — 112 + r2K3 + r%k7%)b

F(s)

bn(s) =

n,(s) = m{(—rzn’ + 73kt — r3k't?)t

+ (=122 +r3k1? + r31* + Kk — 3re? —r1? + 3r2k3 + 2r2kr? — 3kt

—7r3k2t)n+ (rt’ — 2r%kt’ + %K't + 3?1’ — r3kK’T)b}

where

A(s) =/ (1 —1K)2% + r272

and

Fs) = |CTHFTHETH ) 4 (o vt — i) 4
( — 2rK? — 172 + 123 4 r2K72)? '

Proof. Let us determine the Frenet frame of a curve a,,(s) in terms of the Frenet frame of a(s) in the

general case. It is known that

da,(s) da(s) +r dn(s)

ds ds ds t+r(—xt+th) = (1 —rK)t +rh.

If we take the norm of this expression, then it holds that

e

I =J(1 —rK)2 + 1272 = A(s)

Hence, the unit tangent vector t,(s) is obtained as;

£(s) = % _ (A —r)t+rb
”M” JA —ri)? + 1272
ds

Since
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dan(s) . RN PR
Tz = K )=+ TT rT—
=—rk't+ (k—1Kk?—r1)n+rr'b
and

da,(s) d%a,(s
c;s( ) X dsnz( ) =[(1 —r)t+rtb] X [-rk't + (k — k%2 —r1®)n + r1'b]

=k—rk? =12 =12 + 23 +r¥tHtxn+ (rv' —r?kr’)t X b —

r’k'th X t + (rtk —r?k?t—1r213)bxn

= (—rtk +r2k®t + 23t + (—rt’ + %kt —r?k'tn+ (k — 2re? —r1? +

r?k3 + r?kt®)b

and by taking the norm at second term, it is obtained

(—rte + r2k?t + r23)2 + (—rt’ + r2xt’ —r?2k'7)? + F(s)

B J (k — 2rk? — 172 + 12K3 + 12KT2)?2

da,(s) 9 d?a,(s)
ds ds?

Also the third derivation is obtained as follows;

d3an(s) " 141 l ’ / 2 YAV " Y
—ge3 = TK t—rk't' + (k' — 2rxx’ = 2rit')n+ (k —rx® —rt*)n' +rt"b +rt'b

= —rk"t—rke'n+ (k' — 2rxx’ = 2rve’)n + (—x? + red + ret?)t +
(kt—rk’t—71r13)b+17"b—177'N

= (=rk" —k? +ri® +ret?)t + (=3rkx’ + k' = 3rvr)n+ (kt —reir —r7d +

rt'")b

The product required for the torsion calculation is given by the following;

((dan(s) dzan(s)> d3an(s)>

X
ds ds? ds3
= (—rte + r?k?1 + r2e3) (—rx”" — k% + 13 + rr7?)
+ (=rt’ + r?kt’ —r?k't)(=3rkK’ + k' — 3r17")

+ (k= 2rk? — 112 + r2k3 + r2kt?) (kt — rilt — 13 +r1”) = G(5)
We have that;

da,(s
% (A —-r)t+rth

t,(s) = Hda;(s) - \/(1 —1K)2 + 1272
s

Now, let us calculate that the vectors b, (s) and n,,(s).
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a;,(s) X a; (s)
lleen (s) X az ()|

b,(s) =

(—=rte + %12t + 23t + (—rt’ + 2k’ —r?K'T)n +
(c—2rk? —r12 + %63 + r2Kk12)b
F(s)

and

Ny () = ba(s) X ty(s)

1 [(—rte+7r2k21 + 223t + (—r1’ + r2k1’ —r%k'Dn

B [(1—ri)t+rTh
F(s) +(c — 2rk? — 17?2 + 1263 4+ r2K7?) ] A( ) [ =r)t + reb]

B 1
T F(s).A(s)

+ (=rt’ + 7%kt — 2Kt + 1%kt —r3k% + 3k’ Tn X t

{(—r??k + 3?12 + r3tHt x b

+ (7?1t + 3kt —1r3k'tP)n x b
+ (e —2rk? — 172 + 1263 + 1r261? — i + 21263 + r?kt? — 3kt — r3k21?)b
X t}

_ 1
" F(s).A(s)

{(—=r?1t’ + 3kt — r3k'12)t

3,.4

+ (%12 + r3kr? + 31t + k= 3rK? — 12 + 3r%K3 + 2r2%Kk7? — 3k

—7r3k2t)n+ (rv' — 2r%kt’ + %K't + 3?1’ — r3kK’T)b}.

Theorem 2. The expression of the curvature and torsion functions of the parallel curve e, (s) in terms

of the curvature and torsion functions of the a(s) are as follows:

(—rt + r2k?t + r213)2 + (—r1’ + r?k1’ —r?k't)? +
(k — 2rK? — r72 + r2K3 + r2K7?)?

() = (1—=-rK)%+ r212)3/2

G(s)
F2(s)

Tn (s) =
where

G(s) = (—rte + r?i?t + r213) (—rk”" — k2 + K3 +ret?) + (—rt’ + ik’ -

r2k't)(=3rkx’ + k' = 3rtr’) + (1 — 2rk — 72 + r26? + r?kt?) (kr — et — 13 + 17"

and

(—rtk + r2k2T 4+ r213)2 + (=11’ + 2K’ — 1r2K'17)? +

F(s) =
(s) (k — 2rk? — r12 + r2K3 + r2Kk72)?
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Proof. The curvature and torsion functions of the a,,(s) in terms of the curvature and torsion functions

of a(s) are as follows:

(=rte + r2k?2t + 1r213)2 + (—r1’ + r2k1’ —r2k'7)? +
lan(s) X an(s)ll (k — 2rk? —r12 + 1r2K3 + r2K72%)2
K (5) = =
" lan (I ((1—716)2 + T2T2)3/2

. (s) = ((an(s) X an(s)), o' () _ G(s)
" I, () X ag(IZ F2(s)

where

G(s) = (—rte + r?k?t + r213)(—rk" — k2 + K3 +ret?) + (—rt’ + rikr’ -

r2k't)(=3rkx’ + k' —3rtr’) + (1 — 2rk — 72 + r2Kk? + r2k1?) (kT — K21 — T3 + 1T”)

and

F(s) = (—r1k + r2k27 4+ 1r213)2 + (—r7' + 2K’ — r2k'1)2 +
B (k — 2rk? — 172 + 12K3 4+ 12K72)2

as the proof of the first theorem.

Example 1.Consider the curve a(s) = (acos%, asin%, 0) , a > 0 and calculate the Frenet apparatus

of parallel curve.

The definition of the parallel curve based on normal vector of the curve a(s) is a,(s) = a(s) + rn(s).
Let us calculate the normal vector n(s) of the curve a(s). Due the fact that the curve a(s) is a unit

speed curve, we obtain that
1 s 1 s
t'(s)=d'(s) = (——COS—,——SlTL—,O)
a a a a

and

1 s 1 s 1
It'(s)Il = \/—zcosz —+—sin?—=—
a a a a a

So the normal vector is obtained as
S S
n(s) = (—cos—, —sin—,O).
a a
From here, the equation of the curve a,,(s) is,

s .S S S S s s s
a,(s) = (acos—, asin—, 0) +r (—cos—, —sin—, O) = (acos— —rcos—,asin——rsin—, O).
a a a a a a a a
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Then we get that

, s r _ s s r s
an(s)z(—sm—+—sm—,cos———cos—,0)
a a a a a a
and

1,

, S T 5\? s r 5\2
e, ()|l = (—sm— + —sm—) + (cos— ——cos —)
a a a a a a

2r r? a? —2ar + r? (a—7) |la-—r|
a a? a? a? a

So our curve is not unit speed. If we make the necessary calculations on arbitrary speed curves, we get
that

y 1 s T s 1 s r s
a, ' (s) = ——cos—+—cos—,——sin—+—sin—,0
a a a a’  a a a a

. 1 s r | s 1 s T s
a,"'(s) = (sin———3sin—,——cos—+—cos—,0
a a a a a a a a

Uy U, U3|
s r s s r S
, " —sin—+—sin— CO0S— — —(C0S — 0
a,(s) X a,"(s) = a a a a a a
1 s T s 1 s r s
——cos—+—cos— ——sin—+-—ssin— 0
a a a a a a a a

a? — 2ak +r? (a —1)?
= 0,0,—3 = 0!0'—3
a a

and

_ 2 — )2
”anl(s) x an"(s)ll — \/02 1024+ ((a T')2> _ (a T')

a3 asd

(an(s) X an(s), a,"'(s)) =0

So the Frenet apparatus of the curve are;

t,(s) =

a,'(s) a s r _ s s r s
5 = (—sm—+—sm—,cos———cos—,0)
la,' (Il la—7] a a a a a a

’ " 3 _ 2
b, (s) = -2 (s) X ay"'(s) a <0,0, (a—r) >: ©0,0.1)

lla,'(s) X @' ()~ (a —1)? a3
Uy U; Us
a 1
nn(s) = bn(s) X tn(S) = | _ | S 0 r S S OT' S
a—Tl|—sin=+—sin— cos———cos— 0
a a a a a
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a S T S . S r . S
= (—cos—+—cos—,—sm—+—sm—,0).
la—7]| a a a a a a

The curvature and torsion functions of the curve are;

l " (a—r)2
MmO xa Ol T 1
n la )I1? (|a_r|>3 la—7]
a
(@O xa@ e ) 0
W) = e TS xa O ((a—m)z B
a3

This shows that parallel curve is also a circle (Figure 1).

0.5

Figure 1. Parallel curve a,,(s) fora = 2andr = =3

Remark: It is pointed out that parallel curves give a family of circles centered on the origin forr # a.

Example 2. Consider the helix a(s) = (cos % Sin%,%). Then let us calculate the Frenet apparatus
of the parallel curve.

The definition of the parallel curve is a,(s) = a(s) + rn(s). Let us calculate the normal vector n(s)

of the curve a(s). Using the fact that the curve a(s) is a unit speed curve, we have that

7 n 1 S 1 . S
t'(s)=a'’(s) = (—zcosﬁ,—zsmﬁ,o)

and
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1

1 s 1 s
It'(s)|| = —cosz—+ sin? — = —.
() =+ gsin ==

It holds that

n(s) = (—cos%, —sin%, 0)

Then the equation of the curve a,(s) is,

S .
—Ccos —, —sin

) = (s sin ) (oo g msin )

=|coS—=—1rcos—,sin——rsin

(s mreos o )

s
= <(1 — r)cosﬁ ,(1— r)smT T)

So it can be easily obtained that

,()_<_(1—r) s (-1 ii)
a, (Ss) = \/E Sln\/i'—\/i COS\/E’\/E

1
v 1-r s\ @A-r) s\ 1\*\"?  [r2—2r42
ey, (5)”—((— NG smﬁ> +( 7 cos—i) +(—§)> = |/

Hence our curve is not unit speed curve. If we make the necessary calculations on arbitrary speed curves,

and

then the following equalities hold:

" (1_T) S (1—T) S
a, (S)=(— 3 cosﬁ, — \/§>

men_(A=7r) s (A=-7r) s
a, (s)—( i Slnﬁ, —2\/7 cosﬁ,O)
U U, Us
- . s (A-rn s 1
o/ Oxa' =" vz Vv 7 %’ N

1-7 s 1-=7r) s
- cos— —

2 NG} 2 2

(1—r) i_(l—r) (1—r)2>
( 22 N2 22 N2 a2

5l

and
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1 —r)z N ((1 —r)z)z 1 =rlV2-2r+r?
2V2 ™2 ) 2V2

' (5) X ()1l = j(

’ % m(s)y _ (1—T‘)>2 2 S 1-n 2 zi_<(1_r)>2
(@h(s) X @l (s), . >_< ) sin ﬁ+( — ) cos = (L2

Then Frenet frame of the curve is;

£ (s) = an'(s) V2 <_(1—r) o8 - ii)
" e O Vie—zrrz\ vz Nz vz VI
b (s) = an(s) X ay(s) 2V2 <(1—r) s (-7 s (1—r)2)
Y T ) X GO L—rVZ—zr s 2\ 2vZ N2 22 Nz 22
= +;(sini —cosi 1—r)
N2z —2r+r2\V V2 V2’
| U, U, Us |
V2 sini —cosi 1-—r
n,(s) = by(s) X t,(s) = + V2 V2

2=2r+r? 1-r . s (A-7 s 1

\/E SlTL\/E \/E COS\/E \/E

V2 1 (1-1)? s 1-r?% 1\ s 0
—2—27"+7"2 <_ﬁ_ \/E )COSE,<— \/7 —ﬁ>smﬁ,

s s
= i(—cos—,—sm— 0).

V2 V2’

The curvature and torsion functions of the curve are given as follows:

I
H

[1—7r|V2—2r+7r2
ko (s) = llay'(s) X a," (sl _ 22 _ [1—7]

" la, P —— 5\ 2022 +2)
(=)
)

o (s) = (an(s) X an(s), a,"'(s)) _ 22 _ 1-r

" lla,'(s) X a," (s)]I? <|1 — r|m>2 N2 2r+ 2
2V2

This shows that parallel curve is also a helix for » # 1 (Figure 2).
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Figure 2. Parallel curve a,,(s) forr = =2

Remark: Forr # 1, parallel curves give a family of helices whose axis is the z axis.
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Oz

Simdiye kadar 100’den fazla bakteri tiiriiniin eklem bacaklilarda hastalik
olusturdugu bilinmektedir. Entomopatojenik bakteriler ucuz olmalari,
kitle tiretimindeki kolaylik, konak spesifikligi, giivenlik ve gevrede
kalicilik gibi nedenlerden otiirii zararli boceklerle mikrobiyal miicadelede
uzun yillardan beri kullanilmaktadir. Bu c¢alismada ¢esitli bocek
orneklerinden (Malacosoma sp. (Lepidoptera: Lasiocampidae),
Ogcodocera sp. (Diptera: Bombyliidae) ve Orgyia sp. (Lepidoptera:
Erebidae)) izole edilen alt1 (6) adet bakteri susu ilk etapta morfolojik
olarak Micrococcus sp. olarak tanimlanmigtir. Daha sonra bu bakteri
suslarinin 16S rRNA sekans analizi ile molekiiler seviyede tanimlanmalari
gerceklestirilmistir. Ayrica bu bakteri suslarinin Galleria mellonella
(Lepidoptera:  Pyralidae) larvalarina karsi  Oldiriciilik — etkileri
belirlenmistir. Alt1 adet bakteri susu da (MK-5, AS-2, AS-3, AS-4, BB-1
ve BB-5) Micrococcus sp. olarak cins diizeyinde tanimlanmigtir. G.
mellonella larvalarina kars1 patojenite testleri sonucunda ise sadece MK-
5 susu %70 6liim oranina neden olmus diger suslar 6nemli derecede 6liim
oranina neden olmamustir. Elde edilen sonuglarin bdoceklerle iliskili
simbiyotik bakterilerin tanimlanmasinda ve patojenik o6zelliklerinin
belirlenmesinde faydali olacag: diistiniilmektedir.

Anahtar Kelimeler: Malacosoma sp., Ogcodocera sp., Orgyia sp.,
Micrococcus, 16S rRNA, viriilans

Molecular Characterization of Micrococcus sp. Associated with Insects and Their
Virulence Against Galleria mellonella (Lepidoptera: Pyralidae)

Kirsehir Ahi Evran Universitesi,
Ziraat Fakiiltesi, Bitki Koruma
Boliimii, Kirsehir, Tiirkiye

Abstract

So far, more than 100 species of bacteria are known to cause disease in
arthropods. Entomopathogenic bacteria have been used for many years in
the microbial control of insect pests due to reasons such as cheapness, ease
of mass production, host specificity, safety, and persistence in the
environment. In this study, six (6) bacterial strains isolated from various
insect samples (Malacosoma sp. (Lepidoptera: Lasiocampidae),
Ogcodocera sp. (Diptera: Bombyliidae) and Orgyia sp. (Lepidoptera:
Erebidae)) were initially identified as Micrococcus sp. at morphological
level. These bacterial strains were then identified by 16S rRNA sequence
analysis at the molecular level. In addition, the mortality effects of these
bacterial strains against Galleria mellonella (Lepidoptera: Pyralidae)
larvae were determined. Six bacterial strains (MK-5, AS-2, AS-3, AS-4,
BB-1, and BB-5) were identified at the genus level as Micrococcus sp. As
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a result of pathogenicity tests against G. mellonella larvae, only the MK-
5 strain caused a 70% mortality rate, while the other strains did not cause
a significant mortality rate. It is thought that the obtained results could be
useful in identifying symbiotic bacteria associated with insects and

. determining their pathogenic properties.
Bu ¢aligma Creative Commons g P g prop

Attribution 4.0 International Keywords: Malacosoma sp., Ogcodocera sp., Orgyia sp., Micrococcus,
License ile lisanslanmigtir 16S rRNA, virulence
Giris

Bocekler Diinya iizerinde yasayan en biiyiik canli grubunu olusturmaktadirlar ve ekosistemde anahtar
role sahiptirler. Diger canlilar gibi bocekler de ekolojilerini ve evrimlerini derin sekilde etkileyen
mikroorganizmalarla yakin iliski icerisinde yasarlar. Bakteriler, arkealar, funguslar, protozoalar ve
viriisler gibi mikroorganizmalar bocek konaklar ile kalici veya gecici olarak iliski igerisindedirler [1].
Diger okaryotik sistemler gibi farkli bocek ve mikroplar arasindaki simbiyotik iliskiler mutualistik,
kommensalistik, saprofitik ve parazitik (veya patojenik) seklinde olabilmektedir [2]. Boceklerde
yasayan simbiyotik mikroorganizmalar bdceklerin biyolojisi ve fizyolojisindeki pek cok olay1
etkilemektedir. Ornegin bu mikroorganizmalar besinlerin sindirilmesi, besin almnimu, {ireme, bagisiklig
kuvvetlendirme ve bitki konagi savunma mekanizmasimin iistesinden gelme gibi pek cok farkli
gorevlerde rol alabilmektedir [3, 4]. Bocek gruplar igerisinde Lepidoptera takimina ait iiyeler Diinya
capinda en Onemli tarim zararhilarin1 igermektedir ve bu grup en ¢esitli ikinci bocek takiminm
olusturmaktadir. Ancak Lepidoptera liyelerinin biyolojisinde temel rol oynayan bakteri tiirlerine dair net
kanitlar oldukga azdir [5]. Bu ylizden bu takimin iiyelerine ait bakteri tiirlerinin tanimlanmasi ve
rollerinin arastirilmasi ihtiya¢ duyulan bir konu olarak karsimiza ¢ikmaktadir. Boceklerle ilisikli olan
bakterilerin bir¢ogu mutualistik olmasina ragmen sadece sinirl sayida bakteri boceklerde patojenik
etkiye sahiptir [6]. Entomopatojenik bakteriler ve tirettikleri toksinler mikrobiyal insektisitler i¢erisinde
ucuz, kitle tiretim kolayligi, konak spesifikligi ve giivenlik gibi nedenlerden otiirii ticari olarak en
basarili olanlardir. Bu organizmalar sindirim sisteminden konaga girmekte, burada toksin iiretmekte
(veya diger baz1 patojenik faktorleri), bu toksinler orta bagirsak epitelini yikmakta ve hemosele ulagarak
konak bdcegi sepsis ile oldiirmektedirler [7]. Entomopatojenik bakterilerin ¢ogunlugu Bacillaceae,
Pseudomonadaceae, Enterobacteriaceae, Streptococcaceae ve Micrococcaceae familyasi igerisinde yer
almaktadir. Bu familyalar arasinda en fazla dikkati Bacillaceae familyasi ¢ekmistir [8]. Bacillaceae
familyasi igerisinde ise en fazla ¢alisilan tiir Bacillus thuringiensis (Bt) olup toplam insektisit piyasasinin
yaklasik %2’sini olusturmaktadir [9]. Micrococcus cinsi spor olusturmayan, genellikle hareketsiz, Gram
pozitif, diizensiz kiimeler olusturan veya tetradlar halinde bulunan kiire seklindeki hiicrelerden
olugmaktadir. Cins igerisindeki pek ¢ok tiir karotenoid pigment iiretmektedir. Cins igerisinde simdiye
kadar toplam dokuz tiir tanimlanmigtir (M. luteus, M. lylae, M. varians, M. roseus, M. agqilis, M.
kristinae, M. nishino miyaensis, M. sedentarius ve M. halobius) [10]. insanlar1 da igeren sicak kanl

hayvanlarin derisi genellikle gidalar1 kontamine eden Micrococcus suslarinin ana rezervuaridir. Genel
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olarak Micrococcus cinsi patojenik olarak degerlendirilmez ama bazi tiirlerin firsat¢1 patojen olarak bazi

enfeksiyonlara neden oldugu bildirilmistir [11, 12]. Bu ¢alismada gesitli bocek 6rneklerinden izole
edilen Micrococcus sp. suslarinin 16S rRNA dizin analizi ile karakterizasyonu yapilmistir. Ayrica elde
edilen suslarin Galleria mellonella (Lepidoptera: Pyralidae) tizerindeki Oldiriiciiliik etkileri
belirlenmistir. Elde edilen sonuglarin Micrococcus tiirlerinin patojenik 6zelliklerinin (6zellikle bocekler

acisindan) belirlenmesi agisindan faydali olacag: diisiiniilmektedir.
Materyal ve Metot
Micrococcus Suslari

Caligmada kullanilan Micrococcus sp. suslart Lepidoptera takimina ait ¢esitli bocek orneklerinden
(Malacosoma sp. (Lepidoptera: Lasiocampidae), Ogcodocera sp. (Diptera: Bombyliidae) ve Orgyia sp.
(Lepidoptera: Erebidae) izole edilmistir. Larva ornekleri Kirsehir il sinirlari igerisinden toplanmustir.
Larvalardan bakteri izolasyonu Demirci ve arkadaslarimin calisgmasinda belirtilen yonteme gore
gerceklestirilmistir [13]. Izole edilen suslar ¢izgi ekim ile saflastirildiktan sonra 3 ml niitrient broth
besiyerinde 30°C’de gece boyu biiyiitiilmiis ve -20°C’de %20’lik gliserol igerisinde daha sonraki
calismalarda kullanilmak {izere saklanmustir. Suslar sar1 pigment iretimi, S-tipi koloni ve kiire

seklindeki hiicrelere gore secilmistir.
16S rRNA Dizin Analizi

Micrococcus sp. suslarimin molekiiler karakterizasyonu igin 16S rRNA dizin analizi kullanilmustir.
Bunun igin stok kiiltiirlerden niitrient agar besiyerine ¢izgi ekim yapilmigs ve 30°C’de gece boyu
inkiibasyona birakilmistir. Buradan tek koloniler segilerek genomik DNA izolasyonunda kullanilmistir.
Bakteriyel suslardan genomik DNA izolasyonu Sambrook ve ark. [14] tarafindan belirlenen standart
prosediire gore gerceklestirilmistir. Micrococcus tiirleri gram pozitif bakteriler oldugundan standart
prosediir uygulamasindan &nce lizozim enzimi ile hiicre duvarmin parcalanmasi saglanmstir. izole
edilen DNA’lar 50 pL Tris-EDTA tamponu (10 mmol/L Tris-HCI, 1 mmol/L EDTA, pH 8.0) i¢erisinde
¢Oziilmiis ve kullanilincaya kadar -20°C’de muhafaza edilmistir. Her bir bakteriyel sus i¢cin 16S rRNA
gen bolgesini ¢ogaltmada ileri primer olarak 27F (5-AGAGTTTGATCMTGGCTCAG-3') ve geri
primer olarak ise 1492R (5'- GGYTACCTTGTTACGACTT-3") (Macrogen) kullanilmigtir. PCR
reaksiyonlar1 5 pL 10x Taq DNA polimeraz reaksiyon tamponu, 1,5 uL. 10 mmol/L dNTP karigimi, 1.5
pL 10 pmol her bir primerden, 1 pL. 5 U/ uLL Tag DNA polimeraz (Fermentas), 3 pL. 5 mM MgCls, 2 uLL
(100 ng) genomik DNA ve 34.5 puL. dH:0 olacak sekilde ayarlanmistir. PCR kosullari ise 2 dk 94°C’de
baslangi¢ denatiirasyonundan sonra 35 dongii (45 s 94°C (denatiirasyon), 60 s 55°C (baglanma) ve 60 s
72°C (uzama) olacak sekilde ayarlanmigtir. Son uzama adimi ise 10 dk 72°C olacak sekilde
ayarlanmistir. PCR reaksiyonlarindan sonra her bir PCR iiriinii etidyum bromiir igceren %1°lik agaroz

jelde 90 V’da yiriitiilmiis ve dogru olarak tespit edilen bantlar saflastirildiktan sonra dizin analizi i¢in
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Macrogen (Hollanda) firmasina gonderilmistir. 518F (5'-CCAGCAGCCGCGGTAATACG-3") ve 800R

(5'-TACCAGGGTATCTAATCC -3') primer ¢ifti dizin analizi i¢in kullamilmustir [13]. Elde edilen
sekanslar NCBI GenBank’ta yer alan BLAST sorusturmasina tabi tutulmus ve bakteriyel suslarin en

yakin iligkili olduklar tiirler/suslar belirlenmistir [15, 16]. Son olarak elde edilen sekanslar filogenetik

agac olusturmak i¢in kullanilmistir.
Patojenite Testleri

G. mellonella’ya kars1 patojenite testleri i¢in her bir bakteriyel izolat stok kiiltiirlerden ¢ikartilmis ve
niitrient agar (NA) besiyerine ¢izgi ekimleri yapilmistir. Buradan alinan tek koloniler her bir bakteri igin
ayr1 ayr1 3 ml niitrient broth (NB) besiyerine inokiile edilmis ve 30°C’de calkalamali inkiibatorde gece
boyu inkiibasyona brrakilmistir. inkiibasyon periyodunun sonunda bakteriyel hiicre yogunlugu PBS
(fosfat tampon soliisyonu) kullanilarak 600mm’de 1.8 x 10° cfu/ml olacak sekilde ayarlanmistir [17].
Bioassay deneyleri i¢in, saglikli G. mellonella larvalar1 (3 veya 4. evre) laboratuvar kiiltiirlerinden elde
edilmis ve rastgele secilerek yalnizca saglikli larvalar patojenite deneylerinde kullanilmistir. 20 gr taze
hazirlanmig yapay besin (180 gr bal, 180 gr gliserin, 50 gr bal mumu, 260 gr bugday unu, 80 gr kuru
maya ve 50 gr bugday kepegi [18] yukarida anlatildigi sekilde hazirlanan 1 ml bakteriyel soliisyonla
inokiile edilmistir. Kontrol grubu sadece steril PBS ile inokiile edilmistir. inokiile edilmis yapay besinler
ayr1 olarak plastik kutular (10 x 10 x 5) icerisine yerlestirilmistir. Kutularin kapagi hava almasi i¢in
delinmistir. Daha sonra 10 adet saglikli larva her bir tekrar ve bakteriyel izolat i¢in kontamine besin
iceren kuyulara yerlestirilmis ve larvalarin beslenmesi saglanmistir. Her bir tekrar i¢in 10 larva
kullanilmis ve biitiin deneyler 3 kere tekrar edilmistir. Son olarak plastik kutular 25°C’de inkiibasyona

birakilmis ve 10. giin sonunda 6lii larvalar sayilmistir [19].
Veri Analizi

Bakteriyel suslarin 16S rRNA genlerine ait sekanslar Bioedit 7.1.3.0 program ile islenmistir [20].
Bakteriyel suslara ait 16S rRNA sekanslari ve GenBank’tan alinan en yakin iligkili olduklar1 bakteri
suslarina ait 16S rRNA sekanslar1 Bioedit programinda yer alan ClustalW ile hizalanmistir [20, 21].
Hizalama sonucunda biitiin sekanslarin bas ve son bolgelerinden gerekli kesimler yapilmistir. Bakteriyel
izolatlarin birbirleri ile olan filogenetik iligskisi Neighbor-Joining (NJ) metodu kullanarak p-distance
analizi ile gerceklestirilmistir. Elde edilen agacin i¢ dallarimin giivenilirligi 1.000 tekrara dayali
bootstrap analizi ile gergeklestirilmistir. Analizler MEGA 11.0.13 programi ile gergeklestirilmistir [22].
Oliim degerleri Abbott formiilii kullanilarak anlamlandirilmistir ve yiizde (%) 6liim degerleri
hesaplanmustir [23]. Oliim degerleri acisindan bakteriyel izolatlar1 birbirleri ile karsilastirmak icin tek
yonlii varyans analizi (ANOVA) kullanilmigtir. Post hoc testi olarak Tukey testi kullanilmistir. Biitiin
veriler Arcsin transformasyonuna tabi tutulmus ve Levene istatistigi kullanilarak varyans homojenitesi

acisindan degerlendirilmistir. Analizler Minitab 17.1.0 program ile gerceklestirilmistir.
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Bulgular

Yapilan ¢alismada ti¢ farkli bocek 6rneginden toplam olarak 6 adet Micrococcus sp. susu elde edilmistir.
Micrococcus suslart baglangigta morfolojik olarak sar1 pigment iiretmeleri ve diiz koloni (S-tipi)
olusturmalari ile se¢ilmistir. Daha sonra hiicresel diizeyde incelemeler yapilmis ve hepsinin tetradlar
veya diizensiz kiimeler olusturan bakteriler olduklar: tespit edilmistir. Bakteriyel suslarin molekiiler
karakterizasyonlarin1 yapmak ig¢in 16S rRNA gen bdlgesinin dizin analizi yapilmis ve yiizde (%)
benzerlikler ortaya konmustur. Micrococcus izolatlarimin 16S rRNA gen bolgesine gére BLAST
(GenBank) yiizde (%) benzerlik sonuglari, 16S rRNA gen bolgesi i¢in GenBank numaralar1 ve izole
edildikleri bocek tiirti Tablo 1°de verilmektedir. Yapilan karakterizasyon ¢aligmalari sonrasinda biitiin
suslar (MK-5, AS-2, AS-3, AS-4, BB-1 ve BB-5) Micrococcus sp. olarak tamimlanmigtir. Yapilan
filogenetik analizler bunu desteklemektedir (Sekil 1).
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Tablo 1. Micrococcus izolatlarinin 16S rRNA gen bolgesine gére BLAST (GenBank) yiizde (%) benzerlik sonuglari, 16S rRNA gen bélgesi i¢in GenBank

numaralar: ve izole edildikleri bocek tiirti

Izolat  GenBank Bakteri tiirii En yakin iligkili oldugu bakteri Ortiisen baz Yiizde (%) Izole edilen bécek tiirii
numarasi tiirleri ve suslari orani (%) benzerlik
Micrococcus sp. WY3 %99 %99.57 )
) ) ] Malacosoma sp. (Lepidoptera:
MK-5 OR436472  Micrococcus sp.  Micrococcus yunnanensis SJU9 %99 %99.42 ) ]
) Lasiocampidae)
Micrococcus sp. KA-26 %99 %99.49
Micrococcus sp. 70025 %98 %99.57
AS-2 OR436473  Micrococcus sp.  Micrococcus endophyticus ZGTB14-30 %99 %99.49 Ogcodocera sp. (Diptera: Bombyliidae)
Micrococcus luteus SC1204 %99 %99.49
Micrococcus endophyticus S10-46 %99 %99.64
AS-3 OR436474  Micrococcus sp.  Micrococcus sp. MG-2010-D12 %99 %99.64 Ogcodocera sp. (Diptera: Bombyliidae)
Micrococcus sp. MDYND %99 %99.57
Micrococcus sp. DSM 105846 %100 %99.58
AS-4 OR436475  Micrococcus sp.  Micrococcus sp. CM-CNRG 613 %100 %99.58 Ogcodocera sp. (Diptera: Bombyliidae)
Micrococcus luteus CGAPGPBBS-084 %100 %99.58
Actinomycetia bacterium 1032-12.1 %99 %99.93
BB-1 OR436476  Micrococcus sp.  Micrococcus sp. JNU-H022 %99 %99.93 Orgyia sp. (Lepidoptera: Erebidae)
Micrococcus luteus H399 %99 %99.93
Micrococcus sp. F.1 %99 %99.49
BB-5 OR436477  Micrococcus sp.  Micrococcus yunnanensis QT410 %100 %99.42 Orgyia sp. (Lepidoptera: Erebidae)
Micrococcus sp. XHTSA12 %100 %99.42
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FR750272 Micrococcus sp. MG-2010-D12
KX664446 Micrococcus sp. MDYND
0Q255420 Micrococcus endophyticus S10-46
A AS-3
0Q981440 Micrococcus endophyticus ZGTB14-30
A AS-4
MN537502 Micrococcus sp. DSM 105846
MK456434 Micrococcus sp. CM-CNRG 613
KY495217 Micrococcus luteus CGAPGPBBS-084
A AS-2
MF045105 Micrococcus sp. 70025
KF938934 Micrococcus luteus SC1204
- MH669309 Micrococcus luteus H399
MN511766 Micrococcus yunnanensis SJU9
KX108871 Micrococcus sp. KA-26
KC203068 Micrococcus sp. WY3

A VK5
— A BB-1

— Micrococcus sp. JNU-H022
MTQ033093 Micrococcus yunnanensis QT410

74

MKO033464 Micrococcus sp. XHTSA12
A BB-5

MN120808 Micrococcus sp. F.1

AB279889 Arthrobacter oryzae KV-651

Sekil 1. Cesitli bocek orneklerinden izole edilen Micrococcus sp. suslarinin en yakin iliskili olduklari bakteri tiirleri ile iliskisini gésteren dendogram.
Filogenetik agag¢ 16S rRNA gen bolgesinin kismi sekansi (vaklasik 1.500 bp) elde edilerek olusturulmustur. Agag¢ Neighbor-Joining (N-J) analizi kullanarak p-
distance metodu ile olusturulmustur. Bootstrap analizi 1000 yalanci tekrara dayali olarak olusturulmus ve %70 ve yukarisinda olanlar agacin dallarinda

gosterilmistir. Siyah iiggen Micrococcus sp. suglarin géstermektedir. Agacin dibinde yer alan olgek ise genetik mesafeyi temsil etmektedir. Arthrobacter

oryzae KV-651 dis grup olarak kullanilmistir
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Yapilan patojenite testleri sonucunda sadece bir sus (MK-5) hari¢ digerlerinin hepsi kontrol grubu ile

ayn1 6liim degerine neden olmustur (F=12.9, df=6, p<0.05). MK-5 susu ise %70’lik deger ile kontrol
grubu ve diger suslardan anlamli derecede farkli 6liim oranina neden olmustur (F=12.9, df=6, p<0.05)

(Sekil 2). En yiiksek 6liim degeri MK-5 susundan elde edilmistir.

100
90-A
80 F
E?O-
60
X 50 }
[*]
540-
2 30 f
20 F
10
0

S- AS-3 AS-4 BB-1 B-5 Kontrol
Micrococcus sp. suslari

Sekil 2. Micrococcus sp. izolatlarimin 1.8 < 10° cfu/ml bakteriyel konsantrasyon kullanarak G.
mellonella larvalarina karst uygulamadan sonra 10. giin sonunda patojenite degerleri. Oliim degerleri
Abbott formiilii kullamilarak anlamlandirimistir [22]. Barlar standart hatayr géstermektedir. Biiyiik
harfler larva oliim degerleri arasindaki istatistiksel farkliligi gostermektedir.

Tartisma ve Sonug¢

Mikrobiyal pestisitler bakteri, fungus, viriis, protozoa ve alg gibi mikroorganizmalardan tiiretilen ve
zararlilar1 kontrol etmek icin kullanilan {iriinlerdir. Mikroplar genellikle zararhilarin biiylimesini
engellemek veya Oldiirmek i¢in toksik metabolitleri kullanmaktadirlar [24]. Mikrobiyal pestisitler
icerisinde bakteriyal insektisitler ise ticari olarak en fazla 6nem verilen grubu olusturmaktadir [25].
Yaklasik olarak 100 bakteri eklem bacaklilarda patojen olarak tanimlanmasina ragmen sadece birkag
tanesi ticari olarak tiretilmektedir. Ticari olarak iiretilen tiirler arasinda en fazla 6nem gosterilen ve
popiilerlik kazanan tiirler ise Bacillus thuringiensis (Bt) ve Serratia entomophila’dir [26]. Micrococcus
suslari toprak, tatll ve deniz suyu, kum ve bitkisel vejetasyonlar gibi ¢ok genis bir karasal ve sucul
ortamlarda bulunabilmektedir. Ayn1 zamanda bu bakteriler insan deri florasindan yaygin olarak da izole
edilmektedirler [11]. Bu cinse ait bakterilerin boceklerden izole edildigine dair pek ¢ok ¢alisma
bulunmaktadir [13, 27-29]. Lipa ve Wiland [30] M. luteus’un Agrotis segetum (Lepidoptera: Noctuidae)
larvalarina karst %8 mortaliteye neden oldugunu gostermislerdir. Sezen ve Demirbag [31] aym
bakterinin Balanicus nucum (Coleoptera: Curculionidae) larvalari tizerinde %30 6liim degerine neden
olduklarini gostermistir. Yine Sezen ve Demirbag [28] M. luteus As-4 bakterisinin Agelastica alni

(Coleoptera: Chrysomelidae) larvalari {izerinde %40 o6ldiiriicii etki gosterdigini belirtmislerdir. Demirci
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ve ark. [13] M. luteus Pv8 bakterisinin Plagiodera versicolora (L.) (Coleoptera: Chrysomelidae)’nin

larvalar1 tizerinde %50 ve erginleri lizerinde ise %40 6liime neden olduklarin1 gdstermistir. Buna karsilik
boceklerden izole edilen ve konaklar tizerinde patojenik etki gostermeyen M. luteus veya Micrococcus
sp. suglar1 da bulunmaktadir [27, 32]. Bizim ¢alisgmamizda ise MK-5 susu (%70 6liim orani ile) hari¢
diger suslar insektisidal aktivite gostermemistir. Biitiin bu bilgiler Micrococcus tiirlerinin boceklerle
yakindan iligkili oldugunu gostermektedir. Fakat bocek patojeni olduklarina dair kesin bir bilgi
bulunmamaktadir. Muhtemelen bdceklerle simbiyotik iliski igerisinde yasayan bu bakterilerin
konaklarindaki rollerinin arastirilmasina yonelik ¢alismalara ihtiya¢ duyulmaktadir. Ayrica patojenik
ozelliklerinin ispatlanmasi ve dogrulanmasi i¢in daha detayli (patolojik ve detayli bioassay deneyleri
gibi) calismalara ihtiya¢ vardir. Bakteriyel taksonomi mikroorganizmalarin tanimlanmasini,
isimlendirilmesini ve siniflandirilmasini igermektedir. Modern bakteriyel taksonomide genel olarak
filogenetik iligkilerin kullanilmas1 kabul gormiistiir. Bakteriler arasindaki filogenetik iligkileri
belirlemede en yaygin kullanilan metot 16S rRNA gen bélgesine ait sekanslarin kargilagtirilmali
analizidir [33]. Oysaki 16S rRNA genine ait sekans analizinde yiizde (%) benzerligin kullanilmasi dogru
tir tanimlamasi agisindan pek ¢ok simirlamalara sahiptir. Bundan dolayr giiniimiizde DNA-DNA
hibridizasyonu, genomun % G+C igerigi, pulsed-field jel elektroforezi, ¢oklu lokus sekans analizi ya da
son zamanlarda tiim genom sekansi gibi teknikler dogru tiir tanimlamasi i¢in tercih edilmektedir [34,
35]. Bunlarin yaninda yeni nesil dizileme ile biiyiik destek kazanan mikrobiyal genomik taksonomi,
hesaplama araclartyla birlestirilmis genomik bilgi elde etmek icin hizli ve uygun maliyetli yaklagimlar
saglar, boylece yeni taksonomik yaklagimlarin giivenilirligini arttirmaktadir [34]. Bizim ¢alismamizda
Micrococcus suslar1 16S rRNA dizin analizi ile cins diizeyinde tanimlanabilmistir. Bu suslarin (6zellikle
MK-5’in) bakteriyel taksonomide kullanilan polifazik yaklasim ile ve 6zellikle yukarida sayilan ileri
molekiiler teknikler ile tiir diizeyinde tanimlanmalari gerekmektedir. Sonug¢ olarak farkli bocek
orneklerinden izole edilen Micrococcus sp. suslart 16S rRNA dizin analizi ile cins diizeyinde
tanimlanmustir. G. mellonella larvalarina karsi patojenik 6zellikleri belirlenmis ve en yiiksek insektisidal
aktivite Micrococcus sp. MK-5 (%70) susundan elde edilmistir. Ileride yapilacak ¢aligmalar ile bu
suglarin tiir diizeyinde tanimlanmast ve MK-5 susu ic¢in detayli viriilans testlerinin yapilmasi

gerekmektedir.

Tesekkiir -

Fon/Finansman bilgileri -

Etik Kurul Onayt ve Izinler Calisma etik kurul izni veya herhangi bir 6zel izin gerektirmemektedir.
Cikar catismalary/Catisan cikarlar-

Yazarlarin Katkisi- Yazar makalenin son halini okumus ve onaylamustir.
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Abstract

Once the spectral radius and energy of a graph structure have been defined,
many properties have been studied. The spectral radius and energy of a
graph are related to the eigenvalues of the adjacency matrix of the graph.
In this paper, we define an adjacency matrix for a prime ideal sum (PI5)
graph and then extend the concepts of spectral radius and energy to PIS
graphs. Some bound theorems on the energy and spectral radius of PIS
graph structures are given. A SageMath code for plotting these graphs is
also provided.

Keywords: Graph energy, prime ideal sum graph, spectral radius
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Oz

Bir graf yapisinin spektral yarigapi ve enerjisi tanimlandiktan sonra bircok
ozelligi incelenmigtir. Graflarin spektral yaricap:r ve enerjisi komsuluk
matrisin 6zdegerleriyle iligkilidir. Bu c¢alismada bir asal ideal toplam
(PIS) graf icin bir komsuluk matrisi tamimlanmistir ve daha sonra
spektral yarigap ve enerji kavramlari P[S graflar igin genigletilmisgtir.
PIS graf yapilarinin enerjisi ve spektral yarigapmna iliskin bazi sinir
teoremleri verilmistir. Ayrica bu graflar1 ¢cizmek icin bir SageMath kodu
da sunulmaktadir.

Anahtar Kelimeler: Graf enerjisi, asal ideal toplam graf, spektral yaricap

Introduction

The graph structure is represented by G = (V, E'), where V' = {v1, va, ..., v, } is the set of vertices and
E = E(G) is the set of edges. Let i, j € V, and we say that two vertices are adjacent if there is at least

one edge between ¢ and j. If vertices ¢ and j are adjacent, they are denoted by i~j. The degree of a

point i is the number of edges connected to i and it is denoted by d; [1]. Spectral graph theory has used

spectra of certain matrices associated with a graph, such as the adjacency matrix, the Laplace matrix, or

other forms of these, to provide information about a graph. It is possible to characterize certain graph

structures with a spectrum (with the help of one of these matrices) [2]. The adjacency matrix is an n X n
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matrix, denoted by A(G), and is defined as follows [3]:

A(G):{ Lo

0, otherwise

The adjacency matrix is a real and symmetric matrix, and all eigenvalues are real. Given different
eigenvalues A1, Ao, ..., A, of the adjacency matrix, the inequality Ay > Ay > ... > ), exists for these
eigenvalues. The largest eigenvalue )\ is called the spectral radius of the graph [4].

Another concept related to the spectrum of a graph is energy. Let A(G) be the adjacency matrix of a
graph G, A1, Ao, ..., A, be the eigenvalues of this matrix, the energy of a graph is denoted by E(G) and
E(G) =2 iy Al [5].

Defining zero divisor graphs over commutative rings is the beginning of graph theory in pure algebra
[6,7]. Nowadays, studies on the zero divisor graph of Z, is a trending field in spectral and chemical
graph theory [8—10]. Studies on these topics in the literature motivated us to study computing different
topological descriptors with respect to the prime ideal sum graphs. The prime ideal sum graph of a ring is
described as a graph whose vertices are all non-trivials of the ring and whose edges connect two vertices
whenever the sum of these vertices is a prime ideal [11].

In this study, motivated by the works mentioned above, we investigate the spectral radius and energy of
some commutative rings according to the prime ideal sum graph structures of them. A SageMath code

for drawing P15 graph structures is also provided.

Main Results

Spectral Radius and Energy of P1.S Graphs

Definition 1. Let I, J € Z,, non-trivial two ideals. Then,

AG(Z) :{ 1, I+ Jprime

0, otherwise

where AG(Z,,) will represent the adjacency matrix of P1S(Z,,) .

Theorem 1. Let p be a prime number. The sum of the eigenvalues of the adjacency matrix of Za is

Z€r10.

Proof. Let us list all ideals of Zy«. Then we have {0}, p® 1 Zpo, p® 2ZZpo, p*Zpo, pLpe, Lo . Note
that pZy« is a prime ideal of Zpa.

Taking into account the PIS graph over Zao, pZpo is adjacent to p® 1 Zya, p* 2 Zpo ....p> Lo, p* Ly as
Zipe 1s local and so the sum of these ideals is equal to Zj« . Considering the following graph representation

of Zya Figure 1 the adjacency matrix of Za is as follows.
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a-lrgy a-2

i Ly p 'ﬂpa P

Figure 1. Prime Ideal Sum Graph of Zy

2
s }:‘Zpa

011 1
1 00 .0
1000000

AG(Zy~) =

(1 000000]

For a matrix of this form, n — 2 of the n eigenvalues are zero. Since two non-zero eigenvalues have

opposite numbers, therefore Ay + Ao + ... + A, = 0.

Theorem 2. For two non-zero eigenvalues A1, Ay of Z,« with spectral radius A\
A < Aq.

Proof. 1tis clear from thm 1.

Theorem 3. Let E(G) denotes the graph energy of Zyo. Then E(G) = |A1] + |X2|. Here, since
Ao =—\1, E(G) =2|\].

Proof. The adjacency matrix of Zy= has two non-zero eigenvalues and since they have opposite numbers,

E(G) = 2 il = Ml + el = [Aa] + =AM = 2 [\

Theorem 4. Let p, g be prime numbers. The spectral radius and energy of Z,, are zero.

O O
Plpg  qLyg

Figure 2. Prime Ideal Sum Graph of Zy,

Proof. For the prime ideals pZ,, and qZ,,, the prime ideal sum graph of Z,,, is as Figure 2. As seen
from Figure 2 both pZ,, and qZ,, are isolated vertices and so has degree zero. Therefore, its spectral

radius and energy are zero.
Theorem S. Let p, g be prime numbers. For the PI.S graph representation of Z,2,, for the spectral radius
A with [V(G)| =n =4,

4

ZMSM < Z d<:;z)

i=1 wEV(G)
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Proof. Let us consider the ideals uy = pZy2,, uz = qZp24, u3 = pqlop24, Uy = pQszq, where u; and ug

are the prime ones. Then P1S(Z,2,) is as Figure 3. Thus the adjacency matrix of Z,2, is as follows.

s

Uo
us

Uy

Figure 3. Prime Ideal Sum Graph of Z,2,

AG(Zp,) =

p=q

_ = O O
_ o O O
_ o O =
S = ==

44

Therefore, the eigenvalues are A\; = 2.170, A2 = 0.311, \3 = —1.481 and Ay = —3, from which the

spectral radius is Ay = 2.170. Also d(u1) = 2,d(u2) = 1,d(ug) = 3 and d(uyg) = 2, 2?21 A< <
d(u;
Suevic) 5

d(u;
Theorem 6. Let E(G) denotes the graph energy of Z,2,. Then, E(G) < M.

Proof. The graph energy of Z,2, is clear from thm 5 that F(G) = 6.96. Considering the number of

d(u;
vertices n = 4 and the sum of degrees of u;, we have E(G) < M.

Theorem 7. Let p, q be prime numbers. For the PIS graph representation of Z,2 .. for the spectral
radius \; with |V(G)| =n =171,

7 d(u,
Zizl Ai S A< ZuiEV(G) g

Proof. Let us consider the ideals uy = pZy2p2,us = qlp2p2, U3 = pqlyzg2,uy = p2qszqz,U5 =

quszqz, ug = pzszqz,w = qQszqz, where u1 and uy are the prime ones. Then PIS(Z,2,2) is as

Figure 4. Thus the adjacency matrix of Z,2 2 is as follows.

Figure 4. Prime Ideal Sum Graph of Z,2
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0010111
0001111
1000101
AG(Zypgz)=10 1 0 0 1 1 0
1111000
1101000
1110000

- = Tx7

Therefore, the eigenvalues are Ay = 3.48, Ao = 1.41, A3 = 0.20, \y = 0, A5 = —1.49, \¢ = —1.41 and
A7 = 2.56 from which the spectral radius is A\; = 3.48. Also d(u1) = 4,d(u2) = 4,d(u3) = 4, d(u4) =
3,d(us) = 3,d(ug) = 3and d(uz) = 3, Y, i < M < X0, ey D).

n—1

d(u;)

n—3°

Theorem 8. Let £(G) denotes the graph energy of Zyz2. Then, E(G) <23, cv(q)

Proof. The graph energy of Z, 2 is clear from thm 7 that £(G) = 10.56. Considering the number of
d(u;)

vertices n = 7 and the sum of degrees of u;, we have, E(G) <23, cv(q) 73 -

Theorem 9. Let p,q and r be prime numbers. From the PIS graph representation of Z,,, for the
spectral radius A\; with [V (G)| =n = 6,

D ev(a) Hui)

6
Doimg A S AL S 2(n—4)

Proof. Letus consider the ideals w1 = pZyqr, U2 = qlipgr, U3 = 1lpgr, Us = PqLipgr, Us = P Lipgr, Ug =
qrZpqr, Where uy, up and us prime ones. Then P1.S(Zy,,) is as Figure 5. Thus the adjacency matrix of

Lipgr 1s as follows.

wy s us

Figure 5. Prime Ideal Sum Graph of Zpqr

(0 0 0 1 1 0]
000101
000011
e
10110 1
01111 0]
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Therefore, the eigenvalues are A\ = 3.24, \23 = 0.62, \s5 = —1.62 and \¢ = —1.23 from which

the spectral radius is \; = 3.24. Also d(u1) = 2,d(u2) = 2,d(u3) = 2,d(uq) = 4,d(us) = 4 and
d(u6) = 4,
Z?zl Ai <A1 <

ZuiEV(G) d(u;)
2(n—4) )

d(u;
Theorem 10. Let E(G) denotes the graph energy of Z,,-. Then, E(G) < M
Proof. The graph energy of Z,,, is clear from thm 9 that E(G) = 8.95. Considering the number of

vertices n = 6 and the sum of degrees of u;, we have

Duwev(a) Aui)

EG) < 5

Theorem 11. Let p, g be prime numbers. For the PIS graph representation of Z,3, for the spectral
radius Ay with |V(G)| =n =6,

2w ev(a) dui)—1
n—1

SO NS <

Proof. Letus consider the ideal uy = pZ,s,, u2 = qZysg, 43 = p* Ly g, us = pqlaysy, s = P°Lys g, Ug =

Piq
quZpgq, where u1 and up prime ones. Then PIS(Z,s,) is as Figure 6. Thus the adjacency matrix of

Zpsq is as follows.

Ui UG
Ug

us '@, w9
U4

Figure 6. Prime Ideal Sum Graph of Z,3,

AG(Zy,) =

= = R RO O
= = O O O O
S = O O O =
SO = O O O =
S O = ==
S O O O = =

L 4 626

Therefore, the eigenvalues are A\ = 2.903, A2 = 0.806, 34 = 0,5 = —1.709 and \¢ = —2 from

which the spectral radius is A\; = 2.903. Also d(u;) = 4,d(u2) = 2,d(ug) = 2,d(usg) = 4,d(us) = 2
d(ug)—1

and d(ug) = 2, 21‘6:1 N <A\ < M

n—1

ZuiEV(G) d(ug)

Theorem 12. Let £/(G) denotes the graph energy of Z,s,. Then, E(G) < 5
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Proof. The graph energy of Z,3, is clear from thm 11 that F(G) = 7.42. Considering the number of

ZuieV(G) d(u;)

R

vertices n = 6 and the sum of degrees of u;, we have E(G) <

Theorem 13. Let p, ¢ and r be prime numbers . From the PIS graph representation of Z,2, for the
d(u;

spectral radius A; with V(G) = n = 10, ZZ& A<\ < W

Proof. Let us consider the ideal uy = pZy2gr,uz = qlp2gr,u3 = Tlp2gp, Uy = p2Zp2qT, us =

2 2
PqLo2qr, U6 = PrLy2gy, U7 = P qlp2qr, us = PTLp2gr, U9 = qrilp2gr, U10 = PqrLp2 gy, Where uy, ug and

u3 prime ones. Then P1S(Z,2,,) is as Figure 7. Thus the adjacency matrix of Z,2,. is as follows.

w10

Figure 7. Prime Ideal Sum Graph of Z2 4,

0001111101
00001071011
00000T10T1T11
1000110001
1101010110

AG(Z 5. ) =

Zra) =1 01110101 0
11000100710
10101000710
0110111100
111100000 0f,

Therefore the eigenvalues are A\; = 4.98, Ao = 1.48, A3 = 1, Ay = 0.79, A5 = 0.41, A6 = —0.09, A7 =
—1.49, A8 = —2, g = —2.41 and A9 = —2.67 from which the spectral radius A\; = 4.98. Also
d(uy) = 6,d(uz) = 4,d(u3) = 4,d(uy) = 4,d(us) = 6,d(ug) = 6,d(uy) = 4,d(ug) = 4,d(ug) = 6
and d(u1o) = 4, 110, X < Ay < Zuev@ )

n—2

2uev(a) Wui)t+n

Theorem 14. Let £(G) denotes the graph energy of Z Then, E(G) < 3

p2qr-
is clear from thm 13 that £(G) = 17.33. Considering the number of
3 :

Proof. The graph energy of Z,2,,

vertices n = 10 and the sum of degrees of u;, we have
Theorem 15. Let p, ¢, r and s be prime numbers . From the PI.S graph representation of Z,4,s for the

d(u;
spectral radius A with V(G) = n = 14, Zilil A< < M

n—2
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Proof. Let us consider the ideal w1 = pZpgrs, U2 = qlipgrs, U3 = Tlpgrs,Us = Pqlipgrs,Us =

3qu7"57 U = pTquT& U7 = pSquTS7 ug = qTquT& ug = qSqu’r’57 U0 = ququ’!‘Sa Uil = 7ASqur& U2 =
PGS Lpgrs, W13 = PrSLpgrs, W14 = qrSLpgrs, Where uy, us, ug and us prime ones. Then PIS(Zpgrs) is

as Figure 8. Thus the adjacency matrix of Zj,s is as follows.

Figure 8. Prime Ideal Sum Graph of Zygys

000101100107110
0001000111010 1
000001010110 1°1
110001111000 T1°1
00000O0OT1O0T10T1T11]1
1011001100T1T1Q0°1
1001110011100 1
AG(ZWS):01110100101110
01 011011011010
11100010101000
0010111111010 0
11001101001000
101110011000¢00
01 111110000000 @

Therefore the eigenvalues are A\; = 7, X234 = 1, A5 = 0, A6 7.8 = —2.56, A\g.10 = —2, A\11,12,13 = 1.56
and A4 = —3 from which the spectral radius A\; = 7. Also d(u;) = 6,d(u2) = 6,d(u3) = 6,d(us) =
8,d(us) = 6,d(ug) = 8,d(uy) = 8,d(ug) = 8,d(ug) = 8,d(uig) = 6,d(u11) = 8,d(u12) =
6, d(u1s) = 6 and d(u1s) = 6, "1 A < Ay < Zmev@ ),

n—2

n

Theorem 16. Let £/(G) denotes the graph energy of Zy,,s. Then, E(G) <

Proof. The graph energy of Z,q. is clear from thm 15 that F(G) = 29.36. Considering the number of
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52 0 ev(e) Uwi)

vertices n = 14 and the sum of degrees of u;, we have E(G) < -

Sage code algorithm for drawing P15 (Z,,)

n=
V=[]

foriin [2..(n-1)]:

if n%i==0:

V.append(i)

E=[ |

forain V:

forbin V:

if gcd(a,b).is_prime()==True and a!=b:
E.append((a,b))

G=Graph()

G.add_vertices(V)

G.add_edges(E)

G.plot()
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Introduction and Preliminaries

All rings would be with identity and associative in this article. Every module is considered a unitary left
module. Let W and S be a module and a ring meeting these requirements, respectively. The notation
T < W will imply that T is a submodule of W and the impression T <g W means that T is a direct
summand of W. A submodule T of W is referred to as the small module in W, if W +# T + T; for any
proper submodule T; of W and indicated by T <« W. The sum of its small submodules will be shown

by Rad(W). A submodule T of W is called as supplement of P in W, if it is @ minimal element of the
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set{Y < W|W = P + Y} which is equivalentto W = P + T and P N T « T. If each submodule of W

has a supplementin W, then W is named supplemented, [1]. Let W beamoduleand T < W.T iscalled
a cofinite submodule of W, if W/T is finitely generated. Cofinite submodules are one of the interesting

concept of module theory, and they have various properties and applications in the study of algebraic
structures. There are many different studies related with these modules in the literature [2, 3]. If each
submodule of W has a supplement that is a direct summand of W, then W is named @ —supplemented
[4]. Otherwise, if each cofinite submodule of W has a supplement which is a direct summand of W,
then W is called cofinitely @ —supplemented [5]. According to [6], a module W is called radical
supplemented (Rad-supplemented) when each submodule of W has a Rad-supplement in W. In other
words, for any submodule T of W, a submodule P of Wis named a Rad-supplemented of the submodule
Tin W if W=P+Tand PNT S Rad(P). In reference [7]; radical supplement and radical
supplemented modules are called as generalized supplement and generalized supplemented modules,
respectively. By generalizing this definition, cofinite radical supplemented modules are defined. In [8],
a module Wis called cofinitely radical supplemented (cofinitely Rad-supplemented), if each cofinite
submodule of W has a Rad-supplement in . Besides these, @ —radical supplemented modules (6
—Rad-supplemented) are studied and defined in [9, 10]. Meanwhile, @ —cofinitely radical
supplemented modules introduced and examined in [11]. According to this, if each (cofinite) submodule
of a module has a Rad-supplement which is a direct summand of itself, then it is called @ —(cofinitely)
radical supplemented. This definition is given as generalized @ —cofinitely supplemented in [12]. In
[11], cgs® —module notation is used briefly instead of @ —cofinitely radical supplemented modules
and basic fundamental aspects of these modules are examined in there. In this article, we studied another
version of cgs® —module by using the concept of “maximal submodule” instead of “cofinite
submodule”. A maximal submodule of W is a submodule T where there are no other submodules of
W that properly contains T, except for W itself. In other words, if T is maximal, there are no larger
submodules contained in W that properly extend T. Equivalently, for T, being a maximal submodule of
W implies that for any submodule K of W either K is equal to T or K is equal to W. Also, it is well
known that each maximal submodule is cofinite. A module is called a mgs® —module, if each maximal
submodule of it contains a Rad-supplement that is a direct summand of itself. Since each maximal
submodule is a cofinite submodule, this study will be the most general study about this subject in the
literature. It will be shown that mgs® —modules and @ —cofinite supplemented modules coincide in
coatomic modules. It will be later proved that direct sum of mgs® —modules brings out a
mgs® —module. Nevertheless, we will prove that the factor module created by the fully invariant
submodule of mgs® —module is also the mgs® —module. We will show for a ring that each free

S —module is a mgs® —module if and only if S is semiperfect.
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Mgs® —Modules

Definition 1. If each maximal submodule of a module has a Rad-supplement which is a direct summand

of it, then it is called a mgs® — module.
Lemma 2. Every cgs® —module is a mgs® —module.

Proof. Let W be a cgs® —module and the submodule X be maximal in W. Since every maximal
submodule is cofinite submodule, the rest is easy.

Recall from [8] that, w —local module is a module which has a unique maximal submodule.
Proposition 3. If a mgs® —module W satisfies the condition Rad (W) « W, then it is @ —cofinitely
supplemented.

Proof. Consider the submodule X as a maximal of /. Based on the assumption, there are submodules
Tand T; of WwhereW =X+T,XNT S Rad(T)andW =T @ T;. Hence, we have XNT C
Rad(T) € Rad(W) « W and T <g W. If we consider [1, 19.3(5)], then we can write XNT < T.
Therefore W is @ —cofinitely supplemented.

Recall from [1] that, if each proper submodule of W is included in a maximal submodule of W and
every coatomic module has a small radical, then Wis said to be coatomic. Thus, the following can be
given without its proof.

Corollary 4. Let W be a coatomic module. W is @ —cofinitely supplemented if and only if it is a
mgs® — module.

Proposition 5. Any w —local module is a mgs® — module.

Proof. It is easily obtained by combining Proposition 2.3 in [11] and Lemma 2.

For any prime p, the Z —module Q @ Z, is w —local because Rad(Q @ Z,) = Q is a unique
submodule of Q @ Z,. So, Q D Z, isa mgs69 — module.

Theorem 6. Any arbitrary mgs® —module with a maximal submodule includes a w —local direct
summand.

Proof. Let W be amgs® — module and X be a maximal submodule of it. Then, there are submodules
Y,Y,of Wsuchthat W =X+Y, XnY S Rad(Y)and W =Y @ Y;. Also, it can be said that Yis a
Rad-supplement of X in W. If we consider Lemma 3.3 of [8], then we get Y is w —local. Therefore Yis
a w —local direct summand of /.

We point out the sum of whole w —local direct summands of W by wLoc®W and the sum of whole
mgs® — submodules of W by Mgs®w.

Lemma 7. wLoc®W < Mgs®w, for any module W.

Proof. Let L represent a w —local submodule of W where L <g W. By using Proposition 5, we can say

that L is amgs® —module. Then we get L < Mgs®W and so wLoc®W < Mgs®w.
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Theorem 8. Let any mgs® — submodule of W be a direct summand of WW. In that case,

Wy
Mgs®w
does not include a maximal submodule if and only if Wis amgs® — module.

Proof. (<) Suppose that L/Mgs@W is a maximal submodule of Then L is the maximal

W/Mgs@W'

submodule of W . Based on the hypothesis, there are submodules L, K of W such that
W=L+L;, LnL SRad(L,) and W =L, ®K.

By Lemma 3.3 in [8], L,is aw —local module and L, is a mgs® — module by Proposition 5.

From here, we can say that L; € Mgs®Wand so we can write that

w _(t ) [t + Masow)
/Mgs@W /Mgs@W Mgs®w

- (L/Mgs®W) + (MgS®W/Mgs@W)'

and so W = L which is a contradiction. Hence

Consequently, we obtain W/Mgseaw - L/MgsEBW

w . .
/Mgs@W does not include a maximal submodule.

(=) Let L be a maximal submodule of W. If L includes the mgs® — modules, then Mgs®W < L can
which contradicts the

be obtained. Thus would be maximal submodule of

L/Mgs@W W/Mgs@W’
hypothesis. In that case, L does not contain Mgs®@W and there is a mgs® —submodule X of W where
X & Land W = X + L. Remember that W/L = X/X n - From here X n L is a maximal submodule of
X. As X isamgs® —module, there are submodules Y and Y; of W where X = (X nL)+Y, (XNnL)N
Y € Rad(Y)and X =Y @ Y;. Therefore, we can obtain that
W=X+L=XNL+Y+L=L+Y,LnY=LNnXNY)=(LNX)NY S Rad(Y).

Since X <gq W there is a submodule X, of Wwith W = X @ X;. Therefore
W=X®X,=YOVDX, =YD (Y; ®X,)andso W isamgs® — module.

Theorem 9. Any direct sum of mgs® — modules is a mgs® — module.

Proof. Assume that {W;};¢; is a family of mgs® — modules such that W =i%91 W; and L is maximal

submodule of W. Then we can write W = L + W; forW; c L, i, € 1.
Since W/, = Wi, and W/, is a simple module Wiy is simple and so L N W; is a
L= /Lnw, L P /Law,, 'S SIMP io

maximal submodule of W; .Then, there are submodules X, X;of W; where W; = (LNnW;)+X,
Xn(LnW,;,) S Rad(X) and W;, = X @ X, because W;, is a mgs®-module. From here, we can
obtain that W =L +W;, =L+ (LnW; )+ X =L+Xand L nX S Rad(X). Nevertheless, we get
L <g W since W;, and X are direct summands of Wand W;, respectively. As a result, Wis a mgs® —

module. Recall from [13] that, a module W has the summand sum property (SSP) if the sum of two
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direct summands of W is again a direct summand of W. Also, W has the property (D3), if

XY <g Wwith W =X +Y,then X nY <g W [13].

Theorem 10. Let W be amgs® —module which has the property (D5)and (SSP). Then, every maximal
direct summand of W is a mgs® — module.

Proof. Let K be a maximal direct summand of W. Then, there is a submodule K; of W where W =

K @ K; and K; is finitely generated. Suppose that T is a maximal submodule of K. Since W/T =

(K/T) @ K, is finitely generated, T is a maximal submodule of W. Therefore Wis a cgs® —module by
Theorem 2.2 in [11] and there are submodules K; and K,of W with W =T+ K;, TNK; S
Rad(K;) and W = K; @ K,. Note thatW =T+ K; =K+ K;. Since W =K@ K;,IW =K, ® K,
W =K + K; and W has the property (D), it can be written that K n K; <g W. Therefore, we can
write W = (K n K;) @ X for a submodule X of W. Hence one can easily get the equality K = K n
W=Kn(T+K;)=T+ (KnK,). Besides these, TN (K NK;) =T NK; € Rad(K;) € Rad(W).
If one uses the chapter 19.3 in [1], then T N (K N K;) € Rad(K N K;) can be obtained due to K N
K; <g W. As a result, by taking the intersection of both sides of the equation W = (K N K;) @
X with K, we can obtain that W = (K N K;) @ (K n X) and so K is amgs® — module.

Corollary 11. Let W be amgs® — module and Endg(W) has the (SSP). Then, every maximal direct
summand of W is a mgs® — module.

Proof. By Theorem 2.3 in [14], Whas (SIP) and (SSP). It well down that any module having (SIP)
satisfies the (D3) condition. Now the proof follows by Theorem 10.

In [15], a submodule L of Wis called as fully invariant if £(L) is included in L for each endomorphism
f of W. It is known that Rad (W) and t(W) are fully invariant submodules of W.

Theorem 12. Let W be a mgs69 — module and L < W. If L is a fully invariant submodule of W, then

W/, isamgs® — module.
Proof. Assume that T/L is a maximal submodule of W/L' Then, T is a maximal submodule of W and

so we have submodules X,X; of Wwhere W =T+ X, TNX € Rad(X) and W = X @ X; by the
hypothesis. Since L is a fully invariant submodule of W, we can write L = (LN X) @ (L n X;) by

Lemma 2.1 in [15]. Moreover, X+ L)/L is a Rad-supplement of T/L in W/L according to Proposition
2.6in[7]. Then W/, = [(X + L)/L] ® [(Xl + L)/L]. Consequently, X+ L)/L is a Rad-supplement of
T/, such that ((X + L)/L) <g W/ andW/ isa mgs® — module.

Corollary 13. Let W be a mgs® —module. Then W/Rad(W) and W/T(W) are mgs® — modules.

Proposition 14. Let W be a cgs® —module and L be a fully invariant submodule of W. If L is a

maximal direct summand of W, then L is a mgs® —module.
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Proof. Assume that L is a maximal direct summand of W. Then, there is a submodule L, of W satisfying

W =L@ L,.LetT be amaximal submodule of L. As every maximal submodule is cofinite, evidently
L/T is finitely generated. Since W/L = [, is simple and so W/L = L, is finitely generated. Hence T is

a cofinite submodule of W. Because

W/T _ULe® L1)/T _ (L/T) @ (Ly @T)/T ~ (L/T) ®L,

is finitely generated. By using the hypothesis, one can writt W =T + K, TN K S Rad(K) and W =
K @ K; where K, K; < W.Since L is a fully invariant submodule of W,we can write L = (LN K) @
(L N K;) by Lemma 2.1 in [15]. By taking the intersection of both sides of the equation W =T + K
with L, we can obtain the following equality L=LNnW =L N (T +K) =T + (L n K). In addition to
these, it can be written that TN (LN K) =T NK S Rad(K) € Rad(W). Since LN K <g L and
L<gW , we can get LNK <g W. By using chapter 2.2.(6) in [6], TN(LNK)=TNKC
Rad(L n K) can be written. This implies that L is a mgs® — module.

Theorem 15. Let Whe a module and W;,W, <W such that W =W, @ W,. Then W, is a
mgs® —module if and only if there is a submodule T of W, such that T SgW,W=L+TandLn

T C Rad(T) for each maximal submodule L/W1 of W/Wl'

Proof. (=)Assume that L/W1 is a maximal submodule of W/Wl' It is well known that

W/ Wl)/

(“/w,)

Wy = Wy + Wz)/L _ (W +wy+@n Wz))/L _ @+ Wz)/L ~

= W/, is simple. Since the following equality

wW.
2/(L nw,)

can be written, we get that L n W, is a maximal submodule of W,. From the hypothesis, we have
submodules, T; of W, such that W, = (LNW,)+T, (LNW,)NT S Rad(T) and W, =T P T;.
Fromhere, W = L + T and L N T € Rad(T) can be obtained. Hence T <g W because of T <g W,.

(&)Let S be a maximal submodule of W, . If one consider the following equality

(W/W1) :W/ _(W1+W2)/ _(5+W1+W2)/
((S+W1)/W)_ S+w)— S+w)— S+wp)
1
% w. Ww.
= wns+wol= lis+wawl= s

It can be written that S+ Wl)/w1 is a maximal submodule of W/Wl' By the assumption, since there

is a submodule T of W, where T <g W,, W=T+S+W;, (S+W;)NT S Rad(T),itiseasy to
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seethat Wo =T+S, Wo=TH W,NTy) andSNT S (S+W;)NT < Rad(T). Hence, W, is a

mgs® — module.
Theorem 16. An arbitrary ring S is semiperfect if and only if every free S —module is a
mgs® —module.
Proof. Firstly, assume that W is an arbitrary free S —module. By using Theorem 2.4 in [11], ¢S is a
cgs® — module and so ¢S is a mgs® — module. Conversely, let a free § —module be a mgs® —
module. Then S is amgs® —module. S is (cofinitely) @-supplemented, i.e. S is semiperfect, due to

Proposition 3.
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Abstract

The aim of this study was to investigate the effect of deposition
temperature on the structural, optical, morphological, and dielectric
properties of yttria-stabilised zirconia (YSZ) films prepared by sol-gel
spin-coating method. X-ray diffraction (XRD) measurements of YSZ
films showed that the peaks of the cubic phase were prominent and the
peak intensities increased with deposition temperature. The crystallite
size, dislocation density, and microstrain of the thin films were identified
by XRD. It was observed that the crystal size of the YSZ thin films
increased from 16 nm to 22 nm with the deposition temperature. The
surface roughness of the thin films was found to have changed as revealed
by Atomic Force Microscopy (AFM) measurements. The roughness
increased from 7.72 nm to 11.92 nm with increasing temperature. The
optical transmittance of the YSZ thin films was investigated in the
wavelength range 200-900 nm and was found to increase slightly with
increasing deposition temperature. Metal-Oxide-Semiconductor (MOS)
devices were fabricated from these YSZ materials for dielectric
characterization. The dielectric properties of the Ag/YSZ/n-Si MOS
structure were investigated. It was found that the capacitance, conductivity
and other dielectric parameters of these structures are strongly frequency
dependent.

Keywords: Yttrium stabilized zirconia, MOS, dielectrics, annealing
effect, sol gel

Biriktirme Sicakhiginin itriyum Katkili Zirkonya Ince Filmlerin Yapisal, Morfolojik

ve Dielektrik Ozelliklerine Etkisi

!Department of Opticianry
Program, Vocational School of
Health Services, Batman
University, Batman, Turkey

2Faculty of Dentistry, Prosthetic
Dentistry Department, Batman
University, Batman, Turkey

Oz

Bu ¢alismanin amaci, sol-gel spin-kaplama yontemiyle hazirlanan itriya
ile stabilize edilmis zirkonya (Y SZ) filmlerin yapisal, optik, morfolojik ve
dielektrik 6zelliklerine biriktirme sicakliginin etkisini arastirmaktir. YSZ
filmlerinin - X-15m1  kirmmi  (XRD) Olgiimleri, kiibik fazin tepe
noktalarimin belirgin oldugunu ve tepe yogunluklarinin biriktirme
sicakligiyla birlikte arttigini gosterdi. ince filmlerin kristalit boyutu,
dislokasyon yogunlugu ve mikro gerilimi XRD ile belirlendi. YSZ ince
filmlerinin kristal boyutunun biriktirme sicakligiyla birlikte 16 nm'den 22
nm'ye arttif1 gozlendi. Atomik Kuvvet Mikroskobu (AFM) olciimleri
sonucunda ince filmlerin yiizey piiriizliliigliniin degistigi tespit edildi.
Artan sicaklikla piiriizliiliik 7.72 nm'den 11.92 nm'ye yiikseldi. YSZ ince
filmlerinin optik gecirgenligi 200-900 nm dalga boyu araliginda
arastirllmis ve artan biriktirme sicakligiyla birlikte hafifce arttign
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bulunmustur. Dielektrik karakterizasyonu i¢in bu YSZ malzemelerinden
Metal Oksit-Yar1 Iletken (MOS) cihazlar iiretildi. Ag/YSZ/n-Si MOS
yapisinin  dielektrik o6zellikleri arastirildi. Bu yapilarin kapasitans,
iletkenlik ve diger dielektrik parametrelerinin giiglii bir sekilde frekansa

This work is licensed under a bagh oldugu bulunmustur.

Creative Commons Attribution Anahtar Kelimeler: itriyum stabilize zirkonya, MOS, dielektrikler,
4.0 International License tavlama etkisi, sol jel

Introduction

Zirconium dioxide, also known as zirconia (ZrO2), was first discovered in 1789 [1]. Zirconia films
possess a number of exceptional properties that give them an important role in both theoretical research
and real-world applications. Due to its chemical stability, high dielectric constant, high degree of
transparency in the ultraviolet and visible spectrum, high forbidden optical band gap, high melting point,
high hardness and good thermal insulation properties, this versatile material can be used for a number
of practical applications such as thermal and chemical barriers, as buffer layers for growing high-
temperature superconducting films and as sensors in microelectronics [2-5]. Traditionally, zirconia has
been doped with many metal oxides such as Y203, CaO, La203, MgO and Ce203 [6]. Typically, these
oxides are doped to maintain zirconia in its tetragonal or cubic phase at low temperatures [6]. Among
these oxides, yttrium oxide, when doped into the zirconia material, also imparts various properties to
the host material. Some of these benefits can be listed as follows: Improved mechanical properties: The
addition of yttria to zirconia can significantly improve its mechanical properties, including strength,
toughness, and fracture resistance. This is due to the formation of a uniform and fine-grained
microstructure, which can prevent crack propagation and increase corrosion resistance [7]. A high
melting point and high thermal shock resistance make yttrium-stabilized zirconia ideal for high
temperature applications such as solid oxide fuel cells, catalysis, and thermal barrier coatings [8]. YSZ
is a potential material for use in oxygen sensors due to its high oxygen ion conductivity [9]. Due to its
superior biocompatibility, low toxicity, and corrosion resistance, YSZ has been extensively researched
for its potential application in dental and orthopedic implants [10, 11]. In addition, it is extensively used
in implantology, orthodontics, restorative dentistry and prosthodontics, which are all sub-disciplines of
dentistry, to improve the infrastructure of post-core material and crown-bridge restorations [12, 13].
Consequently, YSZ stands out as one of the popular solid electrolytes used in a variety of
electrochemical devices such as gas sensors and oxygen membranes [14]. Apart from these devices,
MOS structures in which YSZ films can be used as applications also attract attention with their
extraordinary features. The MOS structure has been a widely adopted technology for several decades.
Due to the interface effect of metal-oxide and oxide-semiconductor, this MOS device is primarily
utilized for diodes and MOS capacitors in integrated circuits, particularly photodiodes [15, 16].
Furthermore, MOS structures are suitable for energy storage devices due to the dielectric property of
the oxide layer [17]. It is possible to create high-quality YSZ oxides utilizing a range of physical and

chemical methods. These techniques include atomic layer deposition [18], laser-assisted plasma coating
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[19], power impulse magnetron sputtering [20], chemical vapor deposition [21] and the sol-gel method

[22, 23]. Among these methods, sol-gel offers several advantages over other deposition techniques,
including: uniformity and control, which allows for precise control over the thickness and composition
of the deposited films, low temperature processing, high purity, versatility, cost effectiveness, which is
relatively inexpensive compared to other deposition techniques [24-26]. The aim of this study is to
investigate the influence of deposition temperature on the properties of YSZ thin films and to explore
the underlying mechanisms that control their growth and material properties. The results of this
investigation will provide insight into the structure-property relationships of YSZ thin films and
facilitate the optimization of their performance for various applications. Ultimately, a better
understanding of the effect of deposition temperature on YSZ thin films will enable the production of

high quality YSZ thin films with desired properties.
Experimental

In this study, the sol-gel technique was used to deposit thin films. Zirconyl chloride octahydrate (sigma-
aldrich) and yttrium (I11) nitrate hexahydrate (sigma-aldrich) were employed as starting materials for
the synthesis of YSZ thin films. YSZ precursors of 0.1 M were prepared by dissolving zirconium
oxychloride octahydrate and yttrium (l1l) nitrate hexahydrate in 2-methoxyethanol solvent with
monoethanolamine stabilizer. The yttrium ratio in the ZrO2 solution was adjusted to 7% of the atomic
weight of the zirconium metal. The prepared solution was stirred at 60°C for 2 hours to obtain a
transparent liquid. Prior to the formal coating process, the precursor liquid was filtered through a 0.22
pm injection filter. Prior to thin film deposition, Si and quartz substrates were cleaned using RCA (Radio
Corporation of America) cleaning techniques. In addition to this cleaning, n-Si substrates were
immersed in 1% HF solution and the natural SiO2 on the surface was removed. Finally, the n-Si and
quartz substrates were rinsed with deionized water and dried with N2 gas to obtain a hydrophilic surface.
YSZ films were grown on n-Si and quartz substrates at room temperature for 30 s at 3000 rpm. After
each deposition, the films were pre-annealed in an oven at 300°C and this process was repeated 10 times.
Finally, YSZ films were annealed for 2 hours at 700°C, 900°C, and 1100°C, respectively. These films
were designated as YSZ7 (annealed at 700°C), YSZ9 (annealed at 900°C) and YSZ11 (annealed at
1100°C) respectively. The thicknesses of YSZ7, YSZ9, and YSZ11 films were determined by atomic
force microscopy to be 220 nm, 120 nm, and 95 nm, respectively. The schematic diagram of the YSZ/n-
Si MOS structure, which was fabricated to examine the capacitance properties of the produced thin
films, is shown in Figure 1. In order to perform the electrical characterization of the produced MOS
structures, silver paste contacts were made on the films. The resistivity of commercially purchased silver
paste is 1.59 uQ-cm. The C-V characterization of the structures was carried out using the Keithley 4200

semiconductor characterization system. Optical, crystallographic and surface properties of thin films

46



Riizgar and Eratilla Sinop Uni J Nat Sci 9(1): 44-60 (2024)

E-ISSN: 2564-7873
were investigated using Shimadzu UV-19, Rigaku Miniflex I1, and Park System XE-100 Atomic Power

Microscope, respectively.

YSZ thin film

Ag paste

contact {

Keithley 4200 SCS

4 gpas .
Figure 1. The schematic diagram of YSZ/n-Si MOS structure

Result and Discussions

The crystallinity and preferred crystal orientation of the YSZ films were determined through the XRD
technique. Figure 2 shows the XRD patterns of YSZ thin films formed on n-Si substrates at 0.1 M with
varying deposition temperature and the photograph of the YSZ thin films deposited on n-Si wafers. The
cubic crystal structure is confirmed by the four prominent peaks corresponding to (111), (200), (220)
and (311) planes in all YSZ thin film samples [27-29]. No impurity peaks are visible either, all of these
polycrystalline ZrO2 films are free of impurities. The intensity of the most prominent (111) reflection
is observed to increase with increasing deposition temperature, indicating that the improvement in
crystal quality of YSZ is caused by the increase in temperature. The (200), (220), and (311) orientations
are the other orientations observed with slightly lower intensities. The average crystal size of the
nanostructured YSZ films is calculated by the semi-empirical Debye-Scherrer formula [24]:

0.94
- Bcosb (1)

where D, A, 0, and B are the mean crystal size, the applied X-ray wavelength, the diffraction angle in
degrees and the full width at half maximum (FWHM) of the observed diffraction peak in radians,
respectively. The D values for YSZ films were calculated to be 16 nm, 19 nm and 22 nm for YSZ7,
YSZ9 and YSZ11 films from AFM micrographs, respectively. The increase in crystallite size with
increasing temperature can be explained by the coalescence of smaller crystallites into larger ones.
During this process, elevated temperatures can induce grain boundary migration leading to the growth
of larger grains [30-32].
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Figure 2. The XRD patterns of YSZ thin films and the photograph of the YSZ thin films coated on n-Si
wafers

The improved crystallinity is achieved by annealing, which allows the atoms of the film to rearrange
into a more ordered structure. In addition, it has been hypothesized that annealing films can reduce
residual stress and a defect in the lattice structure, which would increase the growth rate [28, 33]. Other
important parameters of crystal structures are dislocation density (8), which is a measure of the number
of dislocations (line defects) present in a crystal structure, and microstrain (¢), which is a measure of the
degree of elastic deformation or strain within a crystal structure. These parameters can be defined by the
following equations [27];

1
2

Dislocation density (§) = o7 (2

Lcos6
4

3)

The D, 6, and € values of the thin films are given in Table 1. From the observations, it can be concluded

Micro strain (&) =

that changing the annealing temperature for YSZ thin films causes changes in the recrystallization

process and parameters.
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Table 1. Crystallite size, dislocation density and micro strain of YSZ thin films obtained at different
deposition temperature

sample Cryséallite Size, Dislocatiol? Dinsity, Micro st_;rain,
(nm) 5 (10% m?) £ (10
YSZ7 16 40 29
YSZ9 19 29 18
YSZ11 22 21 16

The effect of annealing temperature on the surface morphology of YSZ films was investigated using
AFM. Figure 3 shows the AFM images of the films.
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340
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Figure 3. The AFM images of YSZ thin films

The surface roughness values for YSZ7, YSZ9 and YSZ11 films are 7.72 nm, 10.25 nm and 11.92 nm
respectively. The AFM results showed that rougher films were formed with increasing growth
temperature. The increase in roughness of Al doped ZrO2 films with annealing temperature was also
reported by Cai et al. [34]. The increased surface roughness associated with annealing at higher

temperatures may be due to agglomeration phenomena caused by greater heat absorption or a possible
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crystallization factor resulting in large grains [34, 35]. The optical properties of the YSZ thin films were

investigated using transmittance analyses. Figure 4 shows the spectra as a function of wavelength

obtained by using UV-Vis spectroscopy to define the transmittance spectra in the range 200-900 nm.
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Figure 4. The transmittance spectra of YSZ thin films. (Inset: Zoom of transmittance spectra)

When the transmittance measurements of the YSZ films are examined, it can be seen that the thin films
have a transmittance in the range of about 66-83%, and it can be seen from the inset graph that the
transmittance increases slightly as the growth temperature increases. The transmittance of thin films can
be influenced by several factors including the composition, thickness and microstructure of the film
[36]. In general, increasing the deposition temperature can improve the crystallinity and reduce the
defects in the thin film, leading to higher transmittance [37, 38]. Additionally, the optical transparency
analysis of the films revealed slight interference fringes, which could be attributed to the homogeneity
and smooth morphology of the thin films [39, 40]. The Tauc model was used to calculate the energy
band gap (Eg) of YSZ films. The (ahv)*2-hv graphs of thin films are drawn and shown in Figure 5. It
was observed from the graph that the optical band gaps of the thin films decreased as the deposition

temperature increased. This situation is generally attributed to the quantum size effect [41, 42].
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Figure 5. Band gap prediction of YSZ thin films at various deposition temperatures using the Tauc
method
A dielectric is an insulator that can be polarized under an electric field. When subjected to an external
electric field, electric charges within this dielectric material do not generate a current. However, the
equilibrium positions of the charges change. As a result, the dielectric material becomes polarized and
an electric field is generated within it. The external electric field is partially counteracted by the electric
field within the material, which works towards equilibrium. This internal electric field persists,
particularly in metals, until the applied external electric field is zeroed. Although the term "insulator"
commonly implies low electrical conductivity, the term "dielectric" is typically used to describe
materials with a high polarization capability. This is expressed by a quantity called the dielectric constant
[43, 44]. In order to investigate some basic physical properties of the fabricated Ag/YSZ/n-Si MOS
capacitor, capacitance-frequency (C- log (®)), and conductance-frequency (G- log (»)) measurements
were investigated in a wide frequency range at room temperature. The C- log (®) and G- log (®) plots
of the Ag/YSZ/n-Si structure is shown in Figure 6(a) and (b), respectively. The C- log (®) plot for the
fabricated structures is shown in Figure 6(a). According to this graph, the capacitance value decreases
with increasing frequency and then reaches a constant value towards higher frequencies. This
phenomenon is caused by the ability of the charge carriers to follow the AC signal. The contribution to
the capacitance is limited because the charges at the states/traps cannot follow the AC signal at higher

frequencies [45]. Upon examining the measurements of the fabricated MOS structures, it was observed
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that the conductivity remained relatively unchanged up to 100 kHz, and thereafter, it increased with the

rising frequency. The interface states and the ability of the charges to relax with time may be the cause
of the change in conductivity with increasing frequency [46, 47]. Figure 6(c) shows the series resistance
versus frequency (Rs-log (w)) curves of MOS’s calculated from C-f and G-f values. When the Rs-log
() curves of the MOS are examined, it can be seen that the series resistance values decrease with
increasing frequency and remain constant at high frequencies. The presence of fixed and mobile oxide
charges, as well as trapped charges in the oxide forming the interface states, can be identified as the
underlying cause of the observed series resistance behavior [46, 48]. The fact that the series resistance
values at high frequencies remain constant with frequency suggests that the interface states may not be
able to follow the AC signal at these frequencies [45]. The localized states at the interface and the
thickness of the layer are the main contributing elements, and together they have a considerable impact
on the interfacial layer's dielectric characteristics and the capacitive performance of the MOS. As the
experimental C and G values may change with bias voltage and frequency, a thorough dielectric analysis
of the observed capacitive and conductive nature is required to appropriately determine the dielectric
characteristic of the MOS [49].

8x10"1°
a) —=—YSZ7/n-Si 7x10* b) —=—YSZ7/n-Si
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Figure 6. (a) The plots of C- log (w) (b) G- log (w) and (C) Rs- log (w) for Ag/YSZ/n-Si MOS
structures
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In this situation, it is possible to evaluate the dielectric parameters complex dielectric constant (%) and

ac electrical conductivity (cac). Typically, the €' and €" are used to represent the real and imaginary
components of the complex dielectric constant (e*) for MOS’s. The real part, sometimes referred to as
the relative permittivity or dielectric constant, is represented by ¢€'. It is a measure of the ability of the
material to store electric charge in an electric field. €" represents the imaginary part, which is also known
as the dielectric loss factor. It is a measure of the energy that is lost as heat when the material is subjected
to an electric field. The values of €' and €" for MOS’s depend on factors such as the materials used in
the MOS and the frequency of the applied electric field. The complex dielectric constant can be defined

as follows equation;

e =¢ —ig" (4)
5.0 , .
«s3) ysonsi | P =
4.0 YSZ11/n-Si L .~ YSZ11/n-Si
3.51 6
3.0 - 59

W sel =) - " 4-
2.0- 2
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1.0 Ly “.
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10k 100k 1™ 10k 100k 1M
Log o (Hz) Log o (Hz)

Figure 7. (a) The plots of "'~ log (w) and (b) N'- log () for Ag/YSZ/n-Si MOS structures

This formulation can be stated as follows: given the admittance measurements,

oY _C_; 6 (5)

iwCO - CO (L)CO

where o is the angular frequency of the applied electric field, and Y*, C, G, and CO represent the
measured admittance, capacitance, conductance, and capacitance of empty space of the dielectric

material, respectively. Consequently, €' and €" can be expressed by the following equations:

g =< g =2 (6)

CO (I.)CO

The frequency dependent €' and £"" versus log () are indicated in Figure 7 (a)-(b). When the graph is
examined, it shows that € and &” values are a strong function of frequency and that these values decrease
with rising frequency. The decline in these values with frequency is usually attributed to the density of
surface states, dipole, and interfacial polarization [50]. The loss tangent (tan 0) is a measure of the

dielectric losses in a material, and it is commonly used to describe the electrical behavior of dielectric
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materials. The ratio of the imaginary to real components of the dielectric constant is known as the loss

tangent:

tand = Z—’,’ @)
The term "loss tangent" refers to the process by which electrical energy dissipates within a dielectric
material as a result of internal mechanisms that transform electrical energy into heat or other types of
energy. Other examples of these mechanisms include electronic polarization, dipole relaxation, and
molecular rotations. Furthermore, because the loss tangent is a frequency-dependent metric, it changes
depending on the frequency of the electrical field that is being applied. Molecular and dipole rotations
are frequently the dominant phenomena in the loss tangent at high frequencies, whereas electronic
polarization predominates at low frequencies. Figure 8 (a) demonstrates the tan & versus log (®) for
fabricated MOS structures. The loss tangent is an important parameter for dielectric materials because
it affects the performance of various electrical devices, such as capacitors, transmission lines, and
antennas [51]. High loss tangent materials are typically used in applications where energy dissipation is
desired, such as in damping materials, while low loss tangent materials are preferred for applications
where energy conservation is important, such as in high-Q resonators or microwave components [51].
There are not many studies in the literature examining the effect of deposition temperature on the
dielectric properties of thin films on Si substrates. One of these few researches is the study conducted
by Mehraj et al. [52], which examined the effect of annealing temperature on SnO.. They reported that
the peak in the tan & graph occurs at high frequencies and that the jumping speed of charged particles
(e—) increases as the annealing temperature increases. The Rezlescu model [53] provides a well-
explained reasoning for the increased intensity of relaxation peak with annealing temperature. Based on
this model, the relaxation peaks are a result of the combined contribution of n-type and p-type charge
carriers [54]. Another important parameter for MOS structures is the AC electrical conductivity (c_AC).
The 6_AC is a complex quantity that describes the ability of a dielectric material to conduct AC current

under the influence of an electric field. The expression for the AC electrical conductivity is:
oac = €' we 8

Here ¢ 0 is the permittivity of free space. The variation in AC conductivity with frequency for
Ag/YSZ/n-Si MOS at room temperature is presented in Figure 8 (b). The figure shows that the AC
conductivity of the structures exhibits frequency-dependent behavior, and an increase in AC
conductivity is observed with the increase in frequency. The observed increase in AC conductivity may
be due to an improvement in the conduction process at a specific temperature within the high frequency

range [55].
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Figure 8. (a) The plots of tan J- log (w) and (b) a4¢- log (w) for Ag/YSZ/n-Si MOS structures
Conclusion

The yttrium-stabilized zirconia thin films were successfully grown at different deposition temperatures
by sol-gel spin-coating technique. XRD analysis of YSZ films with thicknesses ranging from 95 to 220
nm showed that the cubic phase peaks were prominent and their intensities increased with higher
deposition temperature. The XRD analysis also identified the crystallite sizes, dislocation density and
microstrain of the thin films. It was observed that the crystal size of the YSZ thin films increased from
16 nm to 22 nm with increasing deposition temperature. AFM measurements showed that the surface
roughness of the thin films changed with the deposition temperature, increasing from 7.72 nm to 11.92
nm. The optical transmittance of the YSZ thin films was investigated over a wavelength range of 200-
900 nm, including both visible and near infrared spectra. The results showed a slight increase in optical
transmittance with higher deposition temperature. Finally, MOS devices were fabricated using the YSZ
films to evaluate their dielectric properties. The dielectric parameters of the Ag/YSZ/n-Si MOS
structures were strongly dependent on frequency, including capacitance, conductivity and other related
properties.
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Giris

Son yillarda olusan iklim degisikligi nedeniyle diinyadaki tiim {ilkelerin en 6nemli amaci; ¢evresel
bozulmanin 6nlenerek yeterli, giivenli ve saglikli gidanin saglanmasidir [1]. Organik tarim; cevre
kosullarinin tarim tizerindeki etkisini azaltarak siirdiiriilebilir gida iiretimi i¢in alternatif bir tarim bigimi
olarak diistinlilmiistiir [2-4]. Diisiik oranlarda mineral giibrelerin bitki verimliligi ile topragin kimyasal
ve mikrobiyolojik 6zellikleri iizerinde olumlu etkisi oldugu yapilan calismalarda belirlenmistir.
Inorganik giibrelerin, amonifikasyon ve nitrifikasyon mikroorganizmalarinin biiyiimesinin yan1 sira spor
olusturan bakterilerin ¢ogalmasini tesvik ettigi ve iiriin atiklarimin mineralizasyonunu uyardig
aciklanmigtir. Ancak verimliligi artirmak i¢in inorganik giibrelerin kullanilmasinin topragin tamamen
bozulmasina neden oldugu bildirilmistir [5]. Yapilan arastirmalar, organik gilibrelemenin inorganik
giibrelemeye gore avantajini gdstermistir. Organik giibre uygulamasinin ekolojiye ve ¢evreye minimum
zarar veren bir bitkisel tiretim sistemi olduguna inanilmaktadir [4, 5]. Tarimsal alanlarda organik
giibrelerin uzun siireli kullanim1 toprak yapisini iyilestirmis, topragin agregat yapisini arttirabilmis, bitki
biiyiimesi ve {iretimi i¢in olumlu sonug vermistir [4, 5]. Ayrica organik giibre; topragin organik karbon
havuzunu artirabildiginden, bu da sonugta karbon tutulmasinin artmasina neden olmaktadir [5].
Gilinlimiizde, biiyiikbas hayvan giibresi ve idrar1, koyun giibresi, kiimes hayvani giibresi, yarasa giibresi,

ipekbdcegi atiklari, solucan humusu gibi hayvan kokenli cesitli organik giibrelerin kullanimi mevcuttur
[6].

Yarasa giibresi N, P, K ve Ca a¢isindan zengin oldugundan diinyanin birgok yerinde tamamlayici giibre
olarak kullanilmaktadir [7]. Yarasa giibresinin, bitkinin ihtiya¢ duydugu tiim makro ve mikro besin
maddelerini dogal formda igerdiginden; giibre, toprak yapici, toprak temizleyici, nematosit, fungisit ve
kompost aktivatorii olarak kullanildigr aciklanmistir [8]. Topraga uygulanan yarasa giibresinin marul
[9], karnabahar [10], misir [11], biber [12] gelisimini olumlu yonde etkiledigi tespit edilmistir. Yapilan
bir ¢alismada da misir ve bugday veriminin topragin organik karbon, azot igeriginin organik giibre
uygulamalar1 ile arttigi, sakkaraz, {lireaz ve glukosidaz enzim aktivitelerinin, toprak fauna
popiilasyonunun organik gilibre uygulamalari sonucu arttig1 rapor edilmistir [13]. Fitriani ve ark. [14]
farkli dozlarda uygulanan yarasa guanosunun biber gelisimi ve verimi lizerine etkilerini arastirdiklar
caligmalarinda uygulama dozunun artisina bagli olarak verimin arttigin1 saptamiglardir. Ayrica
aragtiricilar ¢caligmalarinda; gilibrenin uygulama dozunun toprak 6zellikleri, bitki gereksinimine baglh
olarak degistigini belirtmislerdir [ 14]. Toprak mikroorganizmalart ile ilgili calismalar, kiigiik bir toprak
hacminde yiiksek miktarda bulunmalar1 nedeniyle olduk¢a zordur ancak ekosistem stabilitesi, toprak
metabolizmast ve verimlilik agisindan ¢ok Onemlidir [15, 16]. Toprakta en aktif olan
mikroorganizmalarin en dnemlileri oldugu, topraga uygulanan giibrelerin de bu mikroorganizmalar
iizerindeki etkisinin oldugu ortaya konmustur [16]. Toprak mikroorganizmalar1 toprak verimliligi

acisindan biiyiik 6neme sahiptir ve bunlarin biyokiitlesindeki azot ve fosfor, bitki besinlerinin énemli
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kaynaklaridir [17]. Toprak ortaminin kalitesi, mikrobiyal toplulugun bilesimini dogrudan

etkileyebilmekte ve dolayisiyla bitki biiyiimesini ve saghigini etkileyebilmistir [18]. Tarimsal
ekosistemlerdeki uygun bir mikrobiyal topluluk yapisi bitki gelisimini destekleyebilir ve topragin
mikrobiyal topluluk yapisindaki degisiklik, toprak sagligi ve {iriin veriminin 6nemli bir gostergesi olarak
kullanilmaktadir [19]. FAO wverileri dikkate alinarak incelendiginde; mercimek verimi 2021 yili
itibartyla 1.6 milyon tonluk iiretimle Kanada diinya mercimek iiretiminin yaklasik %29’unu karsilayarak
ilk sirada, Tiirkiye ise 263 bin ton iiretim ile dordiincii sirada yer almistir [20]. 2022 yilinda ekim alanina
gore Tirkiye’de kirmizi mercimek ekim alaninin %91.9’unun Giineydogu Anadolu (2.7 milyon)
Bolgesi’nde yapildig1 ve mercimek ekim alaninin en fazla yapildigi ilin 1.3 milyon dekar ekim alani ile
Sanlurfa oldugu agiklanmistir [20]. Yukaridaki bilgiler 1s181nda, bu ¢calismanin amaci yarasa giibresinin
farkli dozlariin topraga uygulanmasi ile mercimek bitkisinin biiyliime 6zelliklerini ve rizosfer topragin

bazi1 mikrobiyolojik 6zellikleri tizerindeki etkisini degerlendirmektir.
Materyal ve Yontem

Denemede bitki materyali olarak mercimek kullanilmistir. Yarasa giibresi (organik madde icerigi %30,
organik azot %3, fosfor %5, humik asit + fulvik asit %8, pH 6) ticari olarak satin alinmigtir. Topraklar
3 ardisik giin 121°C’de 15 dakika otoklavlanarak kullanilmistir. Kullanilan toprak killi biinyeye sahip
olup; organik madde icerigi %1.65, fosfor igerigi 4.81 kg/da, tuz igerigi ise 0.82 dS/m, pH 7.68dir.
Deneme tesadiif parselleri deneme desenine gore 3 tekerriirlii olarak dogal 151k alan serada kurulmustur.
Yarasa giibresi %0 (kontrol), %0.5, %1 ve %1.5 (sirasiyla 0, 15 g, 30 g, 45 g olarak verilmistir) olarak
ekimle birlikte 3kg’lik saksilara uygulanmistir. Tohumlar saksilara ekilmis, gerektiginde ¢esme suyu
(EC 310 puS/m, pH 7.45) ile sulanmis, ekimden 9 hafta sonra hasat edilmistir. Hasat oncesi bir kisim

yaprak ornekleri klorofil tayini i¢in kullanilmistir. Asagida agiklanan 6l¢iimler yapilmastir.
Bitki Boyu ve Kok uzunlugu

Hasat sirasinda bitkinin toprakla temas ettigi kistmdan bitki u¢ kisminin uzunlugu cetvel ile dlgililerek
bitki boyu belirlenmistir. Kok bogazindan kesilen kokler, topraktan arindirtlmis, kurutma kagidi

tizerinde nemi alindiktan sonra cetvelle 6l¢iilmiis, kok uzunlugu kaydedilmistir.
Bitki Yesil Aksam ve Kok Kuru Agirhiklar

Hasat sonunda uygulamalardaki yesil aksam ve kokler, kok bogazindan kesilmis, ayr1 ayr terazide
tartilarak yas agirliklan belirlenmistir. Yas agirliklar1 alinan 6rnekler 70°C’de sabit agirliga gelinceye

kadar kurutulmusg ve tartilarak kuru agirliklart belirlenmistir.
Klorofil Tayini

Hasat sirasinda her bir uygulamaya ait yaprak 6rnekleri (2 g) alinmis, yaprak 6rnekleri tizerine aseton:

su karigimi eklenerek homojenize edilmistir. Homojenize edilen ornekler Whatman no 2 filtre
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kagidindan siiziildiikten sonra, igerik spektrofotometrede 663 nm ve 645 nm’de okunmus, toplam

Kiiciik ve Arslan

klorofil igerigi Arnon [21]’a gore hesaplanmastir.
Rizosfer Bélgesinin Baz1 Mikrobiyolojik Ozellikleri

Hasat sirasinda rizosfer bolgesinden alinan toprak ornekleri, 2 mm'lik elekten elenerek, steril kapakli
torbalara konulmus ve buz ¢antasi ile laboratuvara getirilmistir. Enzim aktivite testleri hemen yapilmas,
mikroorganizma sayimi i¢in toprak drnekleri -80°C'de saklanmistir. Hasat sonrast her bir uygulamanin
rizosferinden (bitki kok bolgesinden) alinan toprak drneklerinde mikrobiyolojik aktiviteyi belirlemek
amaciyla Mikrobiyal toprak solunumu (CO: olusumu) Anderson [22]’e gore; B-glukosidaz aktivite
Kiiciik ve Cevheri [23]’e gore yapilmistir. Uygulamalardan ayri ayri alinan toprak orneklerinden
diliisyonlar hazirlanmis, rizosferdeki toplam bakteri sayist Nutrient agar, maya ve kif sayisi ise

Sabouraud agar kullanilarak belirlenmistir [24].
Istatistik Analiz

Deneme sonunda uygulamalara ait veriler JMP 11 istatistik programi kullanilarak analiz edilmistir. Her
bir analiz 3 tekerriirlii olarak yapilmistir. Sonuglar LSD testine gore gruplandirilmis, ortalamalarin

yaninda harfle gosterilmistir.
Bulgular ve Tartisma

Gereksiz ve agirt inorganik giibre uygulamasi gevreye zarar vermekte, su kaynaklarim Kirletmekte ve
faydali canli organizmalarin azalmasina neden olmaktadir [25]. Bununla birlikte, organik tarim
sistemleri inorganik giibre uygulamasindan ka¢inmakta ve bunun yerine verimi en iist diizeye ¢ikarmak
icin iriin rotasyonuna, organik giibrelere ve besin maddelerinin biyolojik mobilizasyon sistemlerine
giivenmektedir [ 13]. Bu nedenle, inorganik giibrelere bagimlilig1 azaltmak, {iriin verimini artirmak, gida
arzint glivence altina almak ve organik maddenin geri doniisiimii ile ¢evreyi korumak icin organik
giibrelerin tek basina veya diger giibrelerle birlikte bliylime performansi, verim potansiyeli ve iiriin
kalitesi lizerindeki etkinligini arastirmak onemlidir. Bu c¢alismada, farkli dozlarda uygulanan yarasa

giibresinin, mercimek bitki boyu ve kok uzunlugu iizerinde etkileri Tablo 1°de goriilmektedir.

Tablo 1. Yarasa giibresinin farkli dozlarinin mercimek bitki boyu ve kék uzunlugu, kuru agiritk ve
toplam klorofil icerigine etkisi

Doz Bitki Kok Yesil Aksam Kok Kuru Toplam klorofil
(%) Boyu Uzunlugu Kuru Agirlig Agirhig igerigi
(cm) (cm) (g/bitki) (9/ bitki) (ng/g yaprak)
Kontrol 26.3° 11.0° 0.391° 0.081° 1.74¢
0.5 31.0% 16.7° 0.587¢ 0.118? 2.42b
1.0 31.0% 16.0° 0.580? 0.119? 2.55%
1.5 30.3% 12.0° 0.509% 0.111° 2.52°

Farkly harfler birbirinden farkli olan degerleri gostermektedir (P < 0.05).
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Caligmada farkli dozlarin mercimek bitki boyu ve kdk uzunlugu incelendiginde; hicbir uygulamanin

yapilmadigi kontrolle kiyaslandiginda farkli artislar saglamistir. Yarasa giibresinin %1.5 uygulama dozu
bitki boyunu kontrole gore %13.2 oraninda arttirmus, %0.5 ve %]1’lik dozlar ise kontrolle
karsilastirildiginda %15.1 oraninda bitki boyunda artisa neden olmuslardir. Kok uzunluklari ise
kontrolle karsilastirildiginda; en yiiksek artis %0.5 doz uygulamasinda (%34.1) alinmis, bunu %1
(%31.25) ve %1.5 (%9 oraninda artis) uygulama dozlar izlemistir. Farkli miktarlarda yarasa giibresinin
topraga ilave edilmesinin marulun kalite ve verim 6zellikleri iizerinde farkli artislar oldugu, yarasa
giibresi uygulamasi ile marul boyunda artis oldugu yapilan bir ¢aligmada tespit edilmistir [9]. Farkli
organik giibrelerin karnabahar {izerindeki etkilerinin incelendigi arastirmada ise; sivi formdaki yarasa
giibresinin uygulanan diger organik giibreler ile karsilastirildiginda karnabaharin kdk uzunlugu tizerinde
daha etkili oldugu tespit edilmistir [10]. Yarasa giibresinin farkli dozlarinin mercimek yesil aksam ve
kok kuru agirliklarinda artis sagladigi Tablo 1’de goriilmektedir. Yarasa giibresinin %0.5, %1 ve %1.5
uygulama dozlar1 kontrolle karsilagtirlldiginda yesil aksam agirligini sirasi ile; %33.3, %32.5 ve %23.2
oraninda arttirmistir. Tablo 1°de goriildigi gibi, yarasa giibresi uygulanmayan mercimek kok kuru
agirlign 0.081 g/bitki olarak kaydedilmis; % 0.5, % 1, % 1.5 dozlarinin uygulanmasi ile sirastyla 0.118
g/bitki, 0.119 g/bitki ve 0.111 g/bitki olarak belirlenmistir. Uygulama dozlarinin kuru agirlik {izerine
etkileri de yesil aksam agirliklarinda oldugu gibidir. Kontrolle karsilagtirildiginda; %0.5 uygulama
dozunda kok kuru agirlik %31.3, %1 uygulama dozunda kok kuru agirlik %31.9 ve %1.5 uygulama
dozunda kok kuru agirlik ise %27 oraninda artmistir. Bitki biiylimesini destekleyen mikro elementler ve
bitki biiyiime diizenleyicileri iceren yarasa giibresinin giibre olarak uygulanmasinin bitki gelisimini
artirdig1 saptanmistir [26, 27]. Yarasa giibresinin topraklara uygulanmasinin bitkiler tizerindeki olumlu
etkisinin yarasa giibresi i¢inde mevcut olan besin elementlerinden kaynaklandigi, giibrenin topraklara
ilavesinin bitki yetistirme bakimindan da topragin 6zelliklerinin de iyilestirildigi yapilan ¢aligmada da
bildirilmistir [4]. Cigek [28] tarafindan yapilan bir calismada; yarasa giibresi ve vermikompost
uygulamalarinin kadife cicegi lizerindeki etkileri arastirilmistir. Arastirici, her iki organik giibrenin
uygulama dozlarimin kadife ¢iceginin cigek agirligi, bitki boyu, bitki ve kdk yas ve kuru agirliklari, kok
uzunlugu, klorofil igerigi {izerinde etkili oldugunu tespit etmistir. Bitkinin gelisimi ve besin alim1
acisindan kok gelisiminin ve kok bolgesinin aktivitesinin etkisi rapor edilmistir [29]. Tarla ve sera
kosullarinda vermikompost ve yarasa giibresinin uygulanmasi ile bitkinin kék agirliginin kimyasal
giilbre uygulamasi yapilan bitkilerle karsilastirildiginda daha fazla oldugu saptanmistir [28].
Caligmamizda da farkli dozlarda uygulanan yarasa giibresi; bitki yesil aksam ve kok kuru agirligini
farkl1 diizeyde etkilemistir. Yarasa giibresinin uygulama dozlarinin kontrole gore bitki agirligin
artirmast Misra ve ark. [29], Ulukap1 ve Sener [10] tarafindan da saptanmistir. Fotosentez, bitkisel
iiretimi belirleyen ana metabolik siirectir. Yaprak fotosentezi c¢esitli i¢ ve g¢evresel parametreler
tarafindan diizenlenir [1]. Topraklara uygulanan farkli dozlardaki yarasa giibresinin yapraklardaki

toplam klorofil igerigine etkisi Tablo 1’de verilmistir. Uygulanan yarasa giibresinin farkli dozlar

65



Kiiciik ve Arslan Sinop Uni J Nat Sci 9(1): 61-71 (2024)
E-1SSN: 2564-7873

mercimek yapraklarinda klorofil igerigini, kontrole gore arttirmistir. En yliksek klorofil igerigi sirasiyla

yarasa giibresinin %1 ve %1.5 uygulama dozlarinda belirlenmis, kontrole gore sirast ile %31.7 ve
%30.95 ortaminda artmistir. Bu artig; bitkinin farkli dozlardaki yarasa giibresi uygulamasi ile daha iyi
besin durumu kazanmas: nedeniyle bitki kloroplastint daha verimli bir sekilde muhafaza etme
yeteneginden kaynaklanabilir [1]. Yapilan calismalarda; taze ve biriktirilmis yarasa guanosunun; misir
ve darmin biiylime biyokiitlesi ve fotosentez lizerinde tesvik edici bir etkiye sahip oldugu belirlenmis,
bitki biiylimesi ve iiriin verimliligi i¢in organik giibrenin yerine kullanilabilecegini 6ne siirtiilmiistiir [1,
11]. Bay [12] yaptig1 arastirmada; kapya biberi filkulagi ve postal gesitlerinin yetistirme ortamina
leonardit ve yarasa giibresi uygulamis, en yiiksek klorofil igeriginin leonardit giibre uygulanmis filkulag:
cesidinde ve yarasa giibre uygulanmig bitki yapraklarinda oldugunu saptamistir. Calismamizda da
kontrole gore klorofil igerigindeki artis arastiricilarin bulgulari ile de uyumludur. Farkli dozlarda
uygulanan yarasa giibresi mercimek kok bolgesindeki CO> igerigini arttirmistir (Tablo 2). Toprak
solunumu, bir sistemin mikrobiyal aktivitesini degerlendirmek i¢in bir parametre olarak yaygin sekilde
kullanilmaktadir [30]. Farkli dozlarda uygulanan yarasa giibresinin mercimek rizosfer topragindaki CO;
icerigi incelendiginde; uygulanan %0.5, %1.0, %1.5 dozlar ile rizosferdeki CO; igerigi sirasiyla 55 mg
CO0,-C/kg, 70.7 mg CO,-C/kg ve 116.7 mg CO,-C/kg olarak bulunmustur, rizosfer topragindaki CO>
iceriginin kontrole gore artis gostermesi; topraga uygulanan organik maddenin aerobik
mikroorganizmalarin solunumu igin enerji kaynagi sagladigi ve bu yiizden CO; igeriginin yarasa giibresi

uygulanan toprakta yiiksek oldugu seklinde diigiiniilmektedir.

Tablo 2. Topraktan uygulanan yarasa giibresinin mercimek kék bolgesi bazi mikrobiyolojik dzellikler
tizerine etkisi

Doz CO; igerigi B-glukosidaz Toplam Maya+Kiif  Toplam Bakteri

(%)  (mg CO,-C/kg toprak) (umol/PNP/g toprak) (x10° cfu/g) (x10° cfu/g)
Kontrol 39.7¢ 1.63¢ 0.34¢ 1.60¢

0.5 55.0° 4.62° 2.26° 8.81°

1.0 70.7° 5.18° 8.13? 9.14°

15 116.72 5412 6.93" 16.332

Farkli harfler birbirinden farkl olan degerleri gostermektedir (P < 0.05).

Calismada mercimek rizosfer topraginda CO; igerigi kontrolle karsilastirildiginda; %0.5 uygulama
dozunda %27.8, %1 uygulama dozunda %43.8 ve %1.5 uygulama dozunda %65.9 oraninda artmustir.
Uygulama dozunun artmasi ile toprakta CO; igeriginin artmasinin nedeni; yarasa giibresinin rizosferde
mikrobiyal popililasyonunu uyardigindan kaynaklanabilir. Toprak solunumu siklikla toprak
mikroorganizmalarinin toplam aktivitesini 6lgmek ve toprak verimliligini degerlendirmek igin
kullanilir, giibreleme ve ekim diizeninden etkilenir [31]. Giibre uygulanmayan topraklarla
karsilastirildiginda farkli dozlardaki yarasa giibresi uygulamasi, topragin solunumunu 6nemli 6lgiide
iyilestirebilmistir (Tablo 2). Bunun nedeni, giibrenin topraktaki azotun kullanilabilirligini arttirmasi,

bitki koklerinin ve kok salgilarmin bitki biiyiimesini tegvik etmesi ve mikrobiyal solunumu arttirmasi
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olabilir [13, 32]. Topraktaki enzimatik aktivite biiyiik 6l¢iide mikroorganizmalar [33], mevcut besinler

[34] ve kok eksiidalar1 [35] ile iliskilidir. Martens ve ark. [36] organik madde katkili topraklarda enzim
aktivitelerinin katkisiz topraklara kiyasla ortalama iki kat ile dort kat arasinda arttigini bildirmislerdir.
Bu sonuglar, yarasa giibresinin %0.5, %1 ve %1.5 uygulamalarinin yapildig1 topraklardaki f-glukosidaz
aktivitelerinin kontroldeki aktiviteye gore daha yiiksek oldugunu belirlememizle benzerlik
gostermektedir. Topraktaki hiicre dist enzimlerden, topragin organik maddesinin parcalanmasinda rol
oynayan B-glukosidaz, bitki polisakkaritlerinin ana bileseni olan selillozun parcalanmasi siirecinde yer
alan enzimdir. B-glukosidaz mikroorganizmalar i¢in 6nemli bir enerji kaynagini saglayan enzimdir [37].
Tablo 2°de farkli dozlarda topraklara uygulanan yarasa giibresi rizosferdeki mikroorganizma sayisini
arttirmistir. Bunun ana nedeni, organik giibrelerin topragin organik madde icerigine katki saglamasi ve
dolayisiyla topraktaki mikroorganizmalarin sayisini arttirmasi, mikrobiyal solunumdan kaynaklanan
CO; emisyonlarinin artmast olabilir [38]. Giibreleme ve ekim diizenindeki degisikliklerin
mikroorganizmalarin sayisimi ve dagilimini etkileyerek dolayli olarak toprak solunumu iizerinde de
etkili oldugu rapor edilmistir [30]. Yarasa giibresi igeriginin besin maddelerince zengin olmasindan
dolayi, topraktaki mikroorganizma popiilasyonunu arttirdig1 yapilan ¢alismalarda da agiklanmistir [37,
38]. Kontrolle karsilastirildiginda maya + kiif sayisinda en fazla artis; %95.8 orani ile yarasa giibresinin
topraklara %1 oraninda uygulama dozunda tespit edilmistir. Bakteri sayisi ise kontrole oranla yarasa
giibresinin %1.5 uygulama dozunda %90.2 oraninda artis gostermistir. Dogadaki saglikli bitkilerin,
cesitli mikroorganizmalar tarafindan kolonize edildigi, bitki ile iligkili mikrobiyal toplulugun, bitki
bliylimesi ve iiretkenligi iizerindeki etkisinden dolayr bitkinin ikinci genomu olarak anildigi
aciklanmistir [37, 39]. Bu ¢alismada, organik giibre olarak yarasa giibresinin kullaniminin topraktaki
mikroorganizma popiilasyonunu 6nemli 6l¢iide artirdig1 tespit edilmistir. Verilerimiz Lazcano ve ark.
[39]'nin bulgulariyla uyumludur. Ayrica gesitli arastirmacilar, organik katkilarin topraktaki mikrobiyal
aktiviteyi, mikrobiyal g¢esitliligi ve bakteri yogunlugunu artirdigin1 yaptiklar1 aragtirmalarinda
gostermistir [37, 39, 40]. Topraktaki mikroorganizma sayisinin artmasindaki bir diger neden ise;
giibrenin biyolojik ve mikrobiyal faaliyetleri tesvik etmesi ve bunun da eklenen giibredeki organik
maddelerin par¢alanmasini hizlandirmasindan kaynaklanabilir. Gilibre uygulanmis topraktaki biyolojik
aktiviteler, nispeten yliksek karbon igerigi ve enzim aktiviteleriyle artabilir. Wang ve ark. [41] tarafindan
bildirildigi gibi, mikrobiyal biyokiitle topraktaki organik madde ve besin maddelerinin dongiisiinii de
yonlendirir. Topraklara uygulanan organik giibrelerin miktar ve cinsinin topraktaki farkli gruptaki

mikroorganizmalart ve aktivitelerini etkiledigi rapor edilmistir [41].
Sonug¢

Yarasa giibresinin topragin dokusunu ve yapisini iyilestirdigi, topragi makro ve mikro besin elementleri
ile zenginlestirdigi, yapraklara uygulandiginda fungisit gorevi gordiigii yapilan c¢esitli ¢aligmalarda da

aciklanmistir [1, 10, 26, 27]. Uygulama oranlarinin diger giibrelere gore daha az oldugu, ayrica diger
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giibreler ile karsilastirildiginda olduk¢a az veya hi¢ kokunun olmamasi ve ayrisma siirecinde hizli

etkisinin olmasinin da kullaniminin avantajlar arasinda oldugu agiklanmistir [13]. Calismamizda farkli
dozlardaki yarasa giibresinin topraga uygulanmasi ile mercimek rizosferindeki bazi mikrobiyolojik
ozellikleri olumlu etkiledigi, mercimek gelisimine katk: sagladigi tespit edilmistir. Yarasa giibresinin
icerdigi besin maddelerinin bitki gelisimini ve topragin mikrobiyolojik aktivitesini tesvik edebilecegi
diisiiniilmektedir. Yarasa gilibresinin ¢alismamizda topraktaki mikrobiyal aktiviteyi de uyardig
belirlendiginden, antibiyotiklere karsi coklu direng gosteren bakterilerin yani sira salgin potansiyeli olan
patojenik mikroorganizmalarin da varlig1 giibre iceriginde olabilecegi gbz 6niinde bulunduruldugunda,
yarasa gilibresindeki bitki gelisimini tesvik eden mikroorganizmalarin varligini ve bunlarin tarimdaki

uygulamalarini aragtirmak i¢in daha ileri calismalara ihtiyag vardir.

Tesekkiir Bu calisma Aysegiil Arslan'in yliksek lisans tezinin bir kismidir.

Fon/Finansman bilgileri Herhangi bir kurum veya kurulus tarafindan desteklenmemistir.

Etik Kurul Onayr ve Izinler Calisma, etik kurul izni veya herhangi bir 6zel izin gerektirmemektedir.
Cikar ¢catismalary/Catigan ¢itkarlar- Herhangi bir ¢ikar ¢atismasi yoktur.

Yazarlarin Katkist- 1. yazar %60 oraninda, 2. yazar %40 oraninda katki saglamistir. Yazarlar makalenin

son halini okumus ve onaylamistir.
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Abstract
In this study; a new heterometallic compound defined by the open formula
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result of the Hirshfeld surface analysis, extensive information has been
Received: 04.10.2023 obtainec_j about the W_eak intramolecular and intermolecular forces that
Accepted: 22.02.2024 form this new crystalline compound.

Keywords: Hofmann-type-like compound, SC-XRD analysis, FT-IR
spectroscopy, Theoretical calculations, Hirshfeld surface analysis

Heterometalik Hofmann Tipi Benzeri Bir Bilesigin Kristal Yapisi1 ve Hirshfeld Yiizey
Analizi

!Retired Professor, Kiitahya, Oz

43000, Tirkiye Bu ¢aligmada; agik formiil [Cd(H20)2Ni(CN)4]s[Cd(H20)4Ni(CN)4]s ile
tanimlanan yeni bir heterometalik bilesik, kristal formda sentezlendi. Su
molekiilleri, [Ni(CN)s]*>" anyonlari ve kadmiyum gegis metali atomlar
gibi bilesenlerden olusan bu yeni kristal yapmnin, diger gegis metali
atomlariyla bile daha énce elde edilmis olabilecek higbir analogu Yoktur.
Yeni bir bilesik ve kristalin essiz bir 6rnegidir. Bu heterometalik
bilesigin yapisal 6zellikleri, tek kristal X-1s1n1 kirinim spektroskopisi
(SC-XRD), FT-IR spektroskopisi, termal analiz ve elementel analiz
yontemleriyle karakterize edilmistir. SC-XRD tekniginden elde edilen

2Sinop University, Faculty of
Engineering and Architecture,
Department of Energy Systems
Engineering, Sinop, 57000,
Tiirkiye
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verilere gore bu heterometalik bilesik, monoklinik kristal sistemine ve
C2/c uzay grubuna sahiptir. Bu bilesigin asimetrik birimi bes Cd(II) iyonu,
bes Ni(Il) iyonu, on sekiz siyaniir ligandi ve on dort koordineli su ligandi
molekiiliinden olusur. Ayrica bu heterometalik Hofmann tipi bilesik
hakkinda daha fazla bilgi edinmek amaciyla Gaussian 03 programi ile
teorik hesaplamalar yapilmistir. Bu yeni bilesigin kimyasal 6zellikleri,
HOMO ve LUMO degerleri ve dogal bag yoriinge (NBO) analizleri
kullanilarak hesaplandi. Ayrica bu bilesigin asimetrik biriminin Hirshfeld
ylizey analizi CrystalExplorer programi ile yapilmistir. Hirshfeld yiizey
analizi sonucunda bu yeni kristal bilesigi olusturan zayif molekiil i¢i ve

This work is licensed under a molekiiller arasi kuvvetler hakkinda kapsamli bilgiler elde edildi.

Creative Commons Attribution ~ Anahtar Kelimeler: Hofmann tipi bilesik, Tek-kristal XRD analizi, FT-
4.0 International License IR spektroskopisi, Teorik hesaplamalar, Hirshfeld yiizey analizi

Introduction

In organic and inorganic chemistry, compounds obtained by reacting some metal atoms, especially
transition metal atoms with some ligand molecules ionic groups, are called "coordination compounds"
[1]. The coordination compounds are very interesting compounds in terms of their physical and chemical
properties. The interest in them in the field of science is increasing along with the number of researchers
working on coordination compounds and consequently the scientific research results published about
them. As a result of the chemical interactions of carbon and nitrogen atoms, either uncharged groups or
charged ionic groups can be formed, depending on the number of atoms involved and the type of bonds
formed between them. One of these ionic groups is the cyanide group (C=N), which has a negative
charge. In the formation of Hofmann-type and Hofmann-type-like compounds, compounds are obtained,
K2Ni (CN)4 compound, which is formed chemically by the cyanide group with potassium atom and
nickel atom, is the most widely used basis compound. [2]. By using the K>Ni (CN). compound, various
ligand molecules and transition metal atoms, many different compounds from 1D to 3D can be obtained
in powder form or crystal form. The general formulae of Hofmann type compounds and Hofmann-type-
like compounds are given as M(I1)LNi(CN)4 and M(IT)LL'Ni(CN)a, respectively. In these formulae, the
symbols L and L’ indicate different ligand molecules in the compounds. In Hofmann type compounds,
the number of this ligand molecule can be 1 or at most 2 depending on the nature of the L ligand molecule
[3-5]. Moreover, by replacing the Ni atom in the Ni (CN)4 ion group with palladium (Pd) and platinum
(Pt) atoms, new types of Hofmann compounds were formed, and by replacing Ni atom with zinc (Zn),
cadmium (Cd) and mercury (Hg) atoms, Hofmann-T-type compounds were formed [3-5]. In Hofmann-
type-like compounds, the number of these ligand molecules can be 1, 2, or more, depending on the
nature of the L and L' ligand molecules. In Hofmann-type-like compounds, the number of a single ligand
molecule must be either one or more than two (never n equals two). The compounds formed in all these
cases are the Hofmann-type-like compounds. Extensive information can be found on Hofmann-type
compounds and Hofmann-type-like compounds in previous works by us and other researchers [6-19].
The results of adding another ligand molecule to the structure of Hofmann-type and Hofmann-type-like

compounds formed by a kind of ligand with a transition metal atom can be examined by comparing their
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spectroscopic and crystalline data. If the effect of the additional ligand or ligands increases the stability

of the formed crystal structure, the storage volume and some other properties, this is a positive situation
for newly obtained compounds. In a previous study, some new Hofmann-type compounds and
Hofmann-type-like clathrates were obtained in powder and crystal form by using water molecules
(H20), K2Ni (CN)4 compound and zinc (Zn) transition metal atoms [16, 18, 19]. The aim of this study
is to synthesize Hofmann-type and Hofmann-type-like compounds in crystal form by using potassium
tetracyanonickelate (1) monohydrate [K:Ni (CN)s-H,O] compound, cadmium (1) chloride
monohydrate (CdCl,-H,0) compound and water (H20) molecules. In these chemical processes, the
water molecule acts as both a solvent and a ligand molecule. As a result of this study, it is expected to
obtain a Hofmann-type compound or a Hofmann type water clathrate in crystal form. The chemical
formula of this compound is either [Cd (H20)mNi(CN)4] (m > 2) or [Cd(H20)2Ni(CN)4]-n(H20) (n = 1,
2,3, ...)is expected. The “m” and “n” coefficients in the formulae show the number of ligand molecules
in the compound and the number of guest molecules in the clathrate, respectively. No data matching or
similar to all data were found for this Hofmann-type-like compound obtained in crystalline form.
Therefore, this compound is currently a first in its field.

Experimental
Materials

In this study, all chemical compounds such as potassium tetracyanonickelate(ll) monohydrate
K2[Ni(CN)4]-H20, (Fluka, 96%), cadmium(ll) chloride monohydrate (CdCl,-H-0), (Sigma Aldrich, 99+

%), and ammonia solution (NHs, Merck, 25%) were used to obtain the targeted compound.

Synthesis of  Compounds  with Formulae [Cd (H20)mni(CN)4]  or
[Cd(H20)2Ni(CN)a]*N(H20)

The compound in question was obtained as a result of the following processes. 1 mmol of K;
[Ni(CN)4]-H20 (0.259 g) was dissolved in 10 mL of twice distilled hot water. The compound CdCl,-H,O
(0.202 g) was added to this solution. In this study, the distilled water was used both as a solvent and a
ligand molecule. As a result of all these chemical reactions, Hofmann-type-like compound or Hofmann
type water clathrate, whose open formula is thought to be [Cd (H.O)mNi(CN)s] (m > 2) or
[Cd(H20)2Ni(CN)4]'n(H20) (n =1, 2, 3, ... ), was formed. It was a colorless suspension. By adding
diluted ammonia solution to this medium, the medium was made more transparent and purified from all
impurities in the medium. This clear mixture was stirred at 65°C for two hours, then filtered through the
most tightly meshed filter paper and allowed to crystallize at room temperature. As a result of this study,
after about two and a half months, a transparent, thin and long rod-like compound in crystalline form
was obtained. The compounds formed by transition metal atoms in a chemical interaction environment

with cyanide compounds, even with other ligand molecules and solvent molecules in the environment,
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can occur in very different numbers and in structural conditions, depending on the number of cyanide

ligands that bond [20, 21]. According to the data obtained from various techniques for this compound
obtained in crystal form, it was understood that it is an example of a Hofmann-type-like compound. The
full formula of this compound was determined as [Cd (H20)2Ni (CN)4]4[Cd(H20)4Ni(CN)4]s as a result
of various experimental studies. This compound will be denoted as 1 for short hereafter. The new
crystalline compound obtained is a very specific example of Hofmann-type-like compounds, as it
contains both a Hofmann-type compound with the formula ML;Ni (CN). and a Hofmann-type-like

compound with the formula ML4Ni(CN)4 (see Figure 1).
Instrumentation

A suitable crystal of 1 was selected for data collection which was performed on a D8-QUEST
diffractometer equipped with a graphite-monochromatic Mo-K, radiation at 296 K. The structure was
solved by direct methods using SHELXS-2013 [22] and refined by full-matrix least-squares methods on
F? using SHELXL-2013 [23]. The H atoms were located in a difference map refined freely. The high
residual electron densities (maxima and minima) and metal center separations are 0.964 and 0.849 A.
Therefore, these high residual electron densities could not be defined from the refinement of the
structure. The following procedures were implemented in our analysis: data collection: Bruker APEX2
[24]; program used for molecular graphics were as follows: MERCURY programs [25]; software used
to prepare material for publication: WinGX [26]. The FT-IR spectrum of compound 1 was gained
immediately as soon as the crystal was obtained under normal laboratory conditions using the Bruker
Optics Vertex 70 FT-IR Spectrometer (3650 — 400) cm™ wavenumber range, 2 cm™ resolution, using
the KBr technigque. The metal amounts in the structure of compound 1 were analyzed with the Perkin-
Elmer optima 4300 DV ICP-OES device, and the carbon, nitrogen and hydrogen amounts were analyzed
with the CHNS-932 (LECO) elemental measuring device. TG and DTG analysis curves of the thermal
behavior of compound 1 were recorded with an SII EXSTAR 6000 TG/DTA 6300 thermal analyzer in
a temperature range (20-800) °C at a heating rate of 5 °C/min in the nitrogen atmosphere. Since there
is an FT-IR device in our laboratory, FT-IR spectra of all compounds in powder or crystal form can be
obtained by us as soon as possible. However, since the analysis of the elements in the structure of any
compound or the SC-XRD structure analysis is carried out with devices in other departments or even in
other cities of our institution, these processes can take place after a very long time after the synthesis of
the compound. Some changes in the structure of some compounds (such as loss of water and guest
molecules) may occur during this long period of time. For this reason, some differences may occur
between the FT-IR results of some compounds and the elemental analysis and SC-XRD results. A

similar situation for compound 1 is described in section 3.3.1.
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Results and Discussion
Crystallographic Analysis of Compound 1.

The experimentally measured and theoretically calculated amounts of C, H, N, Cd and Ni atoms in the

structure of compound 1 are listed in Table 1.

Table 1 Elemental analysis of compound 1.

1 [0) 0)
Open formula of compound 1 and its Elemental analysis, found (%6) / (calculated) (%)

molecular mass M (g) C H N Cd Ni
[Cd(H20)2Ni(CN)4]s[Cd(H20)4Ni(CN)a]s 14.19 1.95 17.06  34.03 17.35
M; =2980.99 (14.50) (1.89) (16.93) (33.94) (17.72)

The asymmetric unit of the heterometallic compound 1 consists of five Cd (1) ions, five Ni (1) ions,
eighteen cyanide ligands and fourteen coordinated water molecules (see Figure 1). The Cd (lI) ions in
this heterometallic compound have two different types of coordination geometry. In the first of these
coordination geometries, the Cdl, Cd3 and Cd5 ions are coordinated by two nitrogen atoms from
cyanide ligands and four oxygen atoms from water molecules, thus showing distorted octahedral

coordination geometry.

Zz
=

Figure 1. The molecular structure of 1 showing the atom numbering scheme.

In the second coordination geometry, the Cd2 and Cd4 ions are coordinated by two nitrogen atoms from
cyanide ligands and two oxygen atoms from water molecules, thus showing distorted tetrahedral
coordination geometry. Details of data collection and crystal structure determinations are given in Table
2. The Cd-N bond distances range between 2.209(10) and 2.442(8) A [26-28], while the Cd-O bond
distances range between 2.178(9) and 2.586(12) A. As it can be seen in Figure 1 and Table 3, the Cd
atoms and water molecules in the structure of compound 1 are sequentially bonded to each other, either
double or quadruple. The bond formed when two water molecules are attached to the Cd atoms is shorter
than the bond formed when four water molecules are attached to the Cd atoms. That is, the Cd atom
attracts two water molecules more strongly than four water molecules. The distance between the C and
N atoms in the C=N groups in compound 1 varies between 1.12 and 1.17 A. Depending on this situation,
the bond constants of the triple bonds in the C=N groups will also take different values. As a result of

this situation, multiple splits are observed in the stretching vibrations of the C=N group. Similar
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situations are also seen between Ni-N atoms. The implications of these results will reveal the different

aspects in the spectroscopic and thermal behavior of compound 1.

Table 2 Crystal data and structure refinement parameters for compound 1.

Empirical formula C36Hs56CdsN3sNigO2s
Formula weight 2981.15
Crystal system Monoclinic
Space group C2/c

a(A) 31.761 (4)
b (A) 15.954 (2)
c(A) 18.546 (2)
£ 98.379 (4)
V (A3) 9297.3 (19)
Z 4

Dc (g cm™) 2.130

1 (mm?) 3.86

0 range (°) 3.0-28.3
Measured refls. 89261
Independent refls. 8972

Rint 0.057

S 1.18
R1/wWR2 0.077/0.163
Tmax/Tmin 592/-267
CCDC 1851097

Each Ni (I1) ion is surrounded by four cyanide ligands, the Ni—C bond distances range between 1.842(10)
and 1.883(11) A, respectively. The coordination around Ni(ll) ions are square-planar. The Cd (1) and
Ni (I1) ions are bridged by cyanide ligands, generating 1D coordination polymer running parallel to the
[111] direction, with Cd--'Ni distances ranging between 5.049 and 5.313 A [29, 30]. The various bond
types in compound 1 and the necessary information about them are given in Tables 3 and 4. Adjacent
these 1D coordination polymers are further joined by O-H--*N hydrogen bonds. The combination of

these interactions produces 2D network (see Figure 2).

IWL\% ;‘>°<:/P:><’fr><:/ z

Figure 2. An infinite 2D network in compound 1.
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Table 3 Selected bond distances for compound 1 (4)

C1-Nil 1.853(11) C2-Nil 1.883(11) C3-Nil 1.877(11)
C4-Nil 1.856(11) C5-Ni2 1.863(10) C6-Ni2 1.872(11)
C7-Ni2 1.863(11) C8-Ni2 1.849(11) C9-Ni3 1.863(10)
C10-Ni3 1.877(10) C11-Ni3 1.868(11) C12-Ni3 1.881(11)
C13-Ni4 1.867(12) C14-Ni4 1.859(12) C15-Ni4 1.873(11)
C16-Ni4 1.857(11) C17-Ni5 1.842(10) C18-Ni5 1.872(11)
Cd1-01 2.318(9) Cd1-02 2.360(10) Cd1-N1 2.420(8)
Cd2-03 2.178(9) Cd2-04 2.191(9) Cd2-N5 2.258(9)
Cd2-N4 2.291(8) Cd3-06 2.313(10) Cd3-05 2.308(9)
Cd3-07 2.373(9) Cd3-N8 2.375(9) Cd3-08 2.397(10)
Cd3-N9 2.442(8) Cd4-010 2.185(10) Cd4-09 2.185(9)
Cd4-N13 2.209(10) Cd4-N12 2.291(9) Cd5-011 2.257(10)
Cd5-012 2.282(11) Cd5-013 2.329(11) Cd5-N16 2.337(9)
Cd5-014 2.586(12) Cd5-N17 2.375(9)

C1-N1 1.154(13) C2-N2 1.140(14) C3-N3 1.124(14)
C4-N4 1.142(13) C5-N5 1.134(13) C6-N6 1.141(14)
C7-N7 1.146(15) C8-N8 1.151(14) C9-N9 1.138(13)

Table 4. Hydrogen-bond parameters for compound 1 (4, 9

D-H - A D-H H-A DA D-H A
O1—HIA---N3V 0.85 2.45 3.254 (14) 158
O1—HIB N6V 0.84 2.45 3274 (13) 171
02—H2A---N3" 0.88 2.59 3.461(16) 172
03—H3A---N7V 0.84 2.43 3.189 (14) 151
03— H3B---N9V 0.84 2.59 3.289 (13) 142
O4—HA4A---N2Vi 0.84 2.43 3.238 (14) 161
O4—H4B---N2" 0.84 2.37 3.205(13) 174
05— H5A---N14V 0.84 2.61 3.305(15) 142
O5—H5B--N11V 0.84 2.49 3.260 (14) 154
06—H6B N6V 0.84 2.49 3.288 (13) 160
06—HG6A---N3Vi 0.84 2.50 3.233(14) 147
O7—H7A---N3Vi 0.97 2.58 3.495(16) 158
08— HS8B---N11V 0.85 2.62 3454 (15) 165
09—H9B---N1 0.83 253 3.245(13) 146
09—H9A - -N15V 0.83 2.36 3132 (14) 154
010—H10B---N7i 0.84 2.50 3.178 (14) 139
010—H10A--N10Vi 0.83 2.43 3.245(14) 169
O11—H11A---N15ii 0.89 2.55 3.426 (15) 174
011—H11B---N1gii 0.85 2.51 3.287 (15) 154
012—H12B---N11Y 0.81 2.49 3.193(15) 145
012—HI12A---N14vi 0.83 251 3.204 (16) 143
O14—H14B---N17 0.90 2.42 3.165(18) 141
014—H14A---011 0.89 2.46 3.150 (18) 134

Symmetry codes: (iii) —x+2, —y+1, —z+3; (iv) X, —y+1, z—1/2; (v) —x+1, —=y+1, —z; (vi) —x+3/2, —y+3/2,

—z+1; (vii) x, —y+1, z+1/2.
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A closer look at the smaller particles that make up compound 1 shows that these particles have two

different structures. The first of these different structures is the example of a Hofmann-type-like
compound formed by the Cd1 and its attached Ni (CN)4 group with four water ligand molecules. The
other is an example of a Hofmann-type compound formed by the Cd2 and its attached Ni (CN)4 group

with two water ligand molecules (see Figure 3).

Figure 3. Types of compounds formed by Ni(CN)4 groups attached to Cd1 and Cd2 Hofmann type
compound (a), Hofmann-type-like compound (b) and (c).
As it can be clearly seen from Figure 1, the structure of compound 1 is not only in the same type. That
is, it is not only in the form of a Hofmann type compound or just in the form of a Hofmann-type-like
compound. The crystal structure of compound 1 consists of the sequential and regular bonding of parts
(a) and (b) is shown in Figure 3. As such, the structure of compound 1 can be said to belong to the group
of Hofmann-type-like compounds (Figure 3 (c)). This kind of structure is a situation that has emerged
for the first time in our experimental studies. A similar structure has not been encountered in the studies
of other researchers. In addition, the approximate dimensions of compound 1's asymmetric unit have a
length of 39.30 A and a width of 6.53 A [in the (Obc) plane]. The approximate dimensions of a complete
unit molecule in the same plane are 78.59 A in length and 6.53 A in width. The dimensions of the
asymmetric unit of no compound we have obtained so far have not had such large values. In terms of its
size values, compound 1 almost approaches the group of "supramolecules". In order to understand the

structural size of compound 1, the packed state of its crystal structure is given in Figure 4.

Figure 4. The packed state of the crystal structure of compound 1.
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Computational Studies on Compound 1

Gaussian 03 program, DFT/B3LYP method and LanL2MB basis set [31] were used in all theoretical
calculations of compound 1 [32]. All the calculated values of compound 1 were made visible with the
help of GaussView 4.1 program [33]. To calculate molecular geometry, atomic coordinates obtained
from X-ray geometry were used. DFT calculations with a hybrid functional B3LYP (Becke’s three
parameters hybrid functional using the Lee-Young-Parr (LYP) correlation functional [34, 35]) using the

Berny method [36, 37] were performed.
HOMO-LUMO Energy Levels of Compound 1

The HOMO and LUMO concepts of a chemical compound are defined as the "boundary orbital” of that
compound. The energy difference between these boundaries orbital indicates the physical and chemical
properties of that compound. In order to better understand the structure of compound 1 with some of its
chemical and electronic properties, a simple model of it was made. This simple model was created from
the smallest units that make up the structure of compound 1 (Figures 3 (a) and Figures 3 (b)) and their
combination (Figure 3 (c)). The first part of this simple model (Figure 3 (a)) will hereinafter be referred
to briefly as (1-a) and the second part (Figure 3 (b)) hereinafter briefly referred to as (1-b). Similarly,
the third part (Figure 3 (c)); which is the simple model of compound 1, hereinafter briefly referred to as
(1-c). Some theoretical calculations have been made about each of these simple models with the
Gaussian 03 program DFT/B3LYP method LanL2MB basic set [32]. In addition to these calculations,
some theoretical calculations were made with the same basis set for the asymmetric part of compound
1 and for the whole. These new calculation results are hereinafter referred to as (1-asy) and (1),
respectively. Theoretical calculations of all the obtained parts are listed in Table 5. These calculations
were made separately for the structures in Figure 3 (a) and Figure 3 (b) and for the combined structure
in Figure 3 (c). The Figure 3 (c) here is a combined form of these two simple structures, taking into
account the structural symmetry of compound 1, as an example of the main compound. Thus, it was
investigated how the chemical and electronic properties of Hofmann-type compounds and Hofmann-
type-like compounds change as a result of the combination of these compounds. The boundary orbitals
of simple models assumed to contribute to the formation of compound 1 and compound 1 are given in

Figure 5 and Figure 6, respectively.
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Figure 5. According to the DFT/B3LYP method and the LanL2MB basis set, the graphics of boundary
orbitals of the theoretical units of compound 1 (a) and (b) and of their combinations (c).
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Figure 6. Also, the graphics of boundary orbitals of the asymmetric unit of experimental compound 1
(a) and of all experimental compound 1 (b).

On closer inspection of Figure 5, it can be seen that in simple models of compound 1 with few atoms,

the boundary orbitals are distributed over almost all atoms (see Figure 5 (a) and Figure 5 (b)). In Figure

5 (c) and Figure 6 (a), it is seen that the boundary orbitals prefer to be located at the ends of the structure

in structures with more atoms. It is seen that the boundary orbitals of compound 1 are located on the [Ni

(CN)4]? ion groups located in the middle of the structure (see Figure 6 (b)). They have been re-inserted

into this figure at greater magnification to give a better view of the boundary orbitals. The following
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conclusion can be drawn from this: the shape and arrangement of the boundary orbitals in a compound

are closely related to the number of atoms and ion groups in that compound and to their arrangement
with respect to each other. The occupied orbital, vacant orbital, total orbital numbers and HOMO,
LUMO values of the compounds and some chemical efficiency values are given in Table 5.

The electronic properties of a compound obtained by chemical methods are calculated with the help of
its ionization potential (I = -HOMO) and Electron affinity (A = -LUMO) values. The formulae for some
parameters that can be calculated with the help of the ionization potential (I) and electron affinity (A)

values of a compound are listed below [38-41].

AE=A -1 (Energy gap value) (D)
x=(I+A)/2=-u (Electronegativity, Negative chemical potential) 2
n=>1-A)/2 (Chemical hardness) (3)
S=1/2n (Chemical softness) @
o =p?/2n (Electrophilicity index) (5)

The energy gap value (AE), electronegativity (), negative chemical potential (-p), chemical hardness
(1), chemical softness (S) and electrophilicity index values () calculated for all compounds according

to these formulae are given in Table 5 in term (eV) unit.

Table 5 Calculated frontier molecular orbitals energies and chemical reactivity descriptors (in “eV”

units)
Chemical efficiency Compounds
values 1-a 1-b 1-c 1-asy 1
Occupied orbital 51 61 128 262 550
Vacant orbital 25 29 61 126 264
Total orbital 76 90 189 388 814
HOMO (-I) -5.5178 -4.1494 -2.8724 -3.1271 -6.298
LUMO (-A) -4.9875  -3.6691 -2.7159 -3.0523 -6.295
AE=(A-1) 0.5303 0.4803 0,1565 0.0748 0.00272
X 5.2527 3.9093 2.7942 3.0897 6.2966
u -5.2527  -3.9093 -2.7942 -3.0897 -6.2966
n 0.2652 0.2402 0.0783 0.0374 0.00136
S (eV)? 1.8854 2.0816 6.3898 13.3690 367.647
® 34.0983  31.8123 49.8885 127.6238 14570.376

After examining the theoretical values in Table 5, the following conclusions can be reached:

»  The number of occupied, vacant and total orbital in a compound increases in direct proportion to
the number of atoms in that compound.

»  The difference between HOMO and LUMO energy levels in a compound is inversely proportional
to the number of atoms in that compound.

»  The values of HOMO and LUMO energy levels in a compound depend more on the type of atoms

and the arrangement of those atoms than on the number of atoms in that compound.

83



Kartal and Sahin Sinop Uni J Nat Sci 9(1): 72-95 (2024)
E-1SSN: 2564-7873

» While the n value of a compound is inversely proportional to the number of atoms in that

compound, the S and ® values are generally directly proportional to the number of atoms in that

compound.

Calculations of Some Other Chemical Properties of Compound 1 and Its Theoretical

Representatives

The electric dipole moment of a compound composed of different atoms and molecules is due to the
molecular charge distribution of that compound. The electric dipole moment of a compound has a 3D
vector character in 3D space. Therefore, the electric dipole moment can be used to show the motion of
electric charges in a compound. The orientation of the dipole moment vector in a compound in 3D space
depends on the location of the centers of the positive and negative charges in that compound. The dipole
moment of a compound in electrostatic equilibrium is constant and its positioning is precisely
determined. If an external electric field is applied to the electron cloud of any compound in electrostatic
equilibrium, its electric charges will move and its charge balance will be disturbed. This degree of
distribution is called "polarizability" for that compound. Often, the term "polarizability" is used instead
of the term "mean polarizability”. The electric dipole moments (p), average polarizability (),
polarizability anisotropies (Aa)) and first-order hyperpolarizability (8,) values of the asymmetric part of
compound 1 and its theoretical representatives were calculated by the finite field method using the
LanL2MB basis set in DFT/B3LYP [31, 32]. When trying to calculate the u, ay, Ao and S, values of
all of compound 1 with the same method, a negative result was always encountered. This negative result
is thought to be due to the fact that the structure of compound 1 is too large to be resolved by the
calculation method used. The formulae used to obtain the amounts of (w), (@), (Aa) and (B,) Specific
values of these compounds are given below, respectively. These formulae have been used by many

researchers and us before [42-44].

u= /u,zc + p% + pZ (Dipole moment) (6)

ap = T8 (Mean polarizability) 7)
—_ _ _ 2 2 2

Aa = \[ (= ayy) " +ayy “ZZ)2+(ZZZ Gaoe) "0y + @t @2y) | Apisotropies of polarizability) (8)

Bo = / B%+ B% + B2  (First-order hyperpolarizability) (9)

Bx = Bxxx + Bxyy + Bxzz (X component of 3,) (10)

,By = Byyy + :Bxxy + Byzz (y component of ;) (11)

Bz = Bzzz + Bxxz + :Byyz (z component of ) (12)

The calculated (w), (ag), (Aa) and (B,) values of the compounds using these formulae are given in Table

6. In this study, the theoretically calculated Aa, a and S, values for the compounds were converted
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from atomic units (au) to electrostatic units (esu) with the factors of 0.1482x102* and 8.6393x107,

Kartal and Sahin

respectively. [42, 43].

Table 6. The u, ay, Ao and S, values of the asymmetric part of compound 1 and its theoretical
representatives

Parameters Compounds
l-a 1-b 1-c 1-asy

ux (D) -24.6654 35.6274 0.0643 73.8146
uy (D) 2.2919 -4.6636 38.7170 -78.5181
1z (D) 1.2564 1.8401 0.8494 0.8494
u (D) 24.8035 35.9785 38.7264 107.7668
oxx (au) -89.1973 -107.8012 -169.8287 -22.7458
oy (au) 2.6674 -0.5592 -0.1760 6.4194
ayy (au) -92.7932 -111.7138 -274.7731 -479.5327
oz (au) -11.1955 3.7203 -14.1062 12.7070
ayz (au) -14.4335 1.2258 0.3310 27.5447
02z (au) -78.0362 -69.5888 -129.9467 -301.9711
Ao, (esu) 5.1337x10% 6.0582x10% 1.9203x102% 5.9642x10%
a, (esu) -3.8536x10%2  -4.2845x10% -2.8383x10%2  -3.973x102
Bxxx (aU) -526.5466 734.0383 4.3061 22328.6763
Bxxy (al) -33.5952 27.0237 1207.2505 -8235.3116
Bxyy (au) -153.5749 179.2955 -0.7505 383.2087
Byyy (a.u.) 43.5007 -51.1417 701.2097 -1473.0625
Bxxz (au) 49.8452 15.6047 40.8439 -85.3687
Bxyz (au) 10.3340 0.4362 -94.1506 -262.8113
Byyz (au) -14.7025 -3.5084 3.5014 -32.2804
Bxzz (au) -96.4647 149.0481 -0.1803 -47.8405
Byzz (au) 1.7828 -24.1799 202.3563 -374.1381
Bzzz (au) 3.5123 15.8444 4.1633 4.6113
Bo (esu) 6.7182x10% 7.9053x10% 1.0438x10%° 2.0946x10%8

According to the analysis made on the values in Table 6, the following results were obtained.

» The dipole moment values of the studied theoretical and experimental compounds are directly
proportional to their atomic number, that is, to their electric charge.

» Since ay and Aa values of the studied theoretical and experimental compounds depend on the
distribution of their atoms and electric charges in 3D space, there is no certain proportionality between
these values.

» The B, values of the studied theoretical and experimental compounds are equal to the square root
of the sum of the squares of their Bx, By and B, components. In other words, these values are increasing

in direct proportion to the number of atoms in the compounds and their electrical charges.
Hirshfeld Surface Analysis of Compound 1

Types of bonds that ensure the stability of a crystalline structure; They are in the form of metallic bonds,
various types of bonds between other atoms in the structure, hydrogen-hydrogen and van der Walls
interactions of smaller intensity. A program called CrystalExplorer was created by Spackman et al to

calculate weak interactions in crystal structures [45]. This program can calculate the surface types of a
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crystal such as Hirshfeld, Promolecule, Crystal Voids, Electron Density, Deformation Density,

Electrostatic Potentials, Molecular Orbitals and Spin Density [45]. A 2D map of the Hirshfeld surface
calculated for a molecular structure is very important in understanding the intramolecular interactions
of that molecular structure. Hirshfeld surface analysis, which is used to identify various interactions in
a crystal structure, identifies these interactions with the help of red, blue and white colors. Red areas on
a Hirshfeld surface indicate hydrogen bond interactions, blue areas indicate long-reach interactions, and
white areas indicate van der Waals interactions. The intensity of each color on the Hirshfeld surface of
a crystal structure is directly proportional to the magnitude of the interactions [45]. The Hirshfeld surface
analysis approach of compound 1 is a graph-based tool that facilitates understanding interactions in that
molecular structure [45]. The different views of the Hirshfeld surface created by the CrystalExplorer
program for compound 1 and the 2D fingerprint graphs produced from them and the percentages of

various interactions are shown in Figure 7.

P AEEER PRGN P

Figure 7. Percentages of contrlbutlon of some mtramolecular and extramolecular interactions in the

asymmetric part of compound 1 to crystal formation; C...C (a), Cd...H/H...Cd (b), Cd...N/N...Cd (c),

C..H/H..C (@), C..N/N...C (e), C..Ni/Ni...C (f), C...0/0...C (g), H...H (h), N...H/H...N (I), Ni...Ni

(), N..N (k), N...O/O...N (I), O...H/H...O (m), O...0 (n), and 2D fingerprint plot of all interactions in
the asymmetric part of compound 1 (0)

A 2D fingerprint graph of a crystal structure makes it possible to quantitatively examine all the molecular
interactions in that crystal structure together. The 2D fingerprint graph provides the advantage of
highlighting and distinguishing short-range contacts in the crystalline structure [45]. From all the 2D
fingerprint views of compound 1, the interactions that hold the molecules together in its crystal structure
are N-H, C-H, C-C, H-H, C-C, C-O, N-O, C-Ni, N-N, Cd-N, N-N, Ni-Ni ... and others. The
contributions of these interactions to the formation of the crystal structure of compound 1 are shown in
Table 7.
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Tablo 7. The contribution percentages of each of the intramolecular and intermolecular interactions
that form the crystal structure in the asymmetric part of compound 1 to the Hirshfeld surfaces,
ordered from largest to smallest.

Interactions Contribution (%)
N--H/H--N 40.8
H--H 12.4
C--H/H--C 10.3
C--C 8.3
C--0/0--C 6.5
N--O/O--N 6.4
C--Ni/Ni--C 3.2
N--N 2.7
Cd--N/N--Cd 2.6
Ni--Ni 2.2
C--N/N--C 1.3
Cd--O/0--Cd 0.9
O--H/H--O 0.7
0--0 0.6
Cd--H/H--Cd 0.5

Interpretation of The FT-IR Spectrum of Compound 1

Experimental FT-IR spectrum of compound 1 is given in Figure 8. In this spectrum, firstly, the vibration
modes of the water molecule, which is the ligand, and then the [Ni(CN)4]% ion group were investigated

separately.
Vibrations of the H20 in Compound 1

Since there are two hydrogen and one oxygen atoms in the structure of the water molecule, it has three
vibration modes defined as vas(OH), vs(OH) and 6(OH) in its FT-IR spectrum [46 - 48]. A new vibration
band is formed as a result of the overlapping of vas(OH) and vs(OH) modes in the FT-IR spectrum of
the compound formed by bonding a water molecule to a metal atom. This new vibration band belongs
to the water molecule and is a very broad band in the range of wavenumbers of about 3500 and 3200
cm-1. If a compound has unbounded water molecules in its structure, then in its FT-IR spectrum, a single
very sharp and intense stretching vibration peak appears around the wavenumber of 3600 cm-1.
However, in some cases, in the FT-IR spectra of agueous compounds with bound water molecules, the
vibration modes vas(OH) and vs(OH) can be seen separately at lower wavenumbers than in the free
water molecule. The vibration modes of liquid water were experimentally obtained in our laboratory at
wavenumbers vas(OH) 3470 cm™, vs(OH) 3257 cm™ and §(OH) 1641 cm™. As can be easily seen from
all the figures of the crystal structure of compound 1, the water molecules are attached to the Cd atoms
as two different groups. The physical conditions are different for the bound water molecule in each
different group. Therefore, at least two different vibration groups should be expected for the bound water
molecules. In fact, in the same region, peaks belonging to the combination and overtones of some of the

vibration modes formed at lower wavenumbers of the H,O molecule and the [Ni(CN)4]? ion group can
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be found.
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Figure 8. The experimental FT-IR spectra of compound 1.

It is a fact that water molecules bonded to Cd atoms as binary groups will be under the influence of a
stronger attraction force by the Cd atom than water molecules bonded as quaternary groups. As a result
of this situation, the vibrations found in the higher wavenumber will belong to the water molecules that
are bonded in binary. From the FT-IR spectrum of compound 1, values of 3567 and 3373 cm™ with 3548
and 3346 cm™* can be assigned for va(OH) and vs(OH) vibrations for binary and quaternary H,O groups,
respectively. From these results, it was seen that the va(OH) and vs(OH) vibration modes of the binary
and quaternary H,O groups in compound 1 shifted to higher wavenumbers compared to the values of
the vibrations in the liquid water molecule. The shift values to this high wavenumber are (97 - 78) cm™*
and (116 - 89) cm™, respectively. The vibration peak seen at wave number 3643 cm™ in the FT-IR
spectrum of compound 1 indicates that some water molecules are guests in the cavities of the crystal
structure, without binding to any atoms. However, there is no water molecule as a guest in the crystal
structure of compound 1, which was resolved by the SC-XRD method. The explanation for this is when
compound 1 first formed; its immediate FT-IR spectrum was taken. At that moment, there are some
guest water molecules in compound 1. However, about six months after obtaining compound 1, its
crystal structure was resolved and its elemental analysis was carried out. During this long period of time,
the guest water molecules were separated from the crystal structure of compound 1. The two peaks
observed at wavenumbers 1625 and 1602 cm™ in the FT-IR spectrum of compound 1 in Figure 4
correspond to the bending vibrations of the two different water groups in compound 1. These bending
vibrations shifted to the wavenumber region as low as 16 and 39 cm™* value relative to the values in the

free water molecule.
Vibrations of the [Ni (CN)4]> lon Group in Compound 1

Various theoretical and experimental information about the [Ni (CN)4]* ion group can be seen in
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previous articles of ours and other researchers [6, 7, 9-19, 45, 46]. The vibration modes of the [Ni

(CN)4]% ion in the K [Ni(CN)4]-H20 compound and the vibration modes of the [Ni(CN)4]? ion in the

compound 1's structure were compared with each other. In this way, the effect of compound formation

on these modes was investigated. In the FT-IR spectrum of a compound with a cyanide group, sharp
peaks with varying intensity in the wavenumber range of 2200-2000 cm™* correspond to cyanide groups
[20, 46]. The study of McCullough et al on this subject was used to determine the vibration modes of
the [Ni (CN)4]% ion in compound 1 [50]. Let us examine the most important vibration modes of K,
[Ni(CN)4]-H20 in order from largest wavenumber to smallest. In the FT-IR spectrum of K,
[Ni(CN)4]-H20, the vg(Ni-CN), E, mode is at 2122 cm™. This vibration mode was observed in
compound 1 at wavenumbers 2168, 2145, and 2123 cm™ as splitting into three. The reason for this triple
splitting can be understood by examining the crystal structure of compound 1. The nitrogen atoms of
the four cyan groups in the structure of compound 1 form three different bonding patterns with other
atoms around it. These bonding forms are the bond between N and two different H atoms, the bond
between N and Cd atoms, and the bond between N and Cd and H atoms, respectively. It can be said that
the bond constants of these bonds are in the same order of magnitude but at different values close to
each other. These three types of bonds with different bond constants cause the vibration mode of the
cyan group to be split into three. It can be said that vo(Ni—CN), Ey; m(Ni-CN), Az and 3(Ni—CN), E,
vibration modes appear in the FT-IR spectrum of compound 1 at wavenumbers of 584, 462 and 420 cm"
!, However, in the FT-IR spectrum of compound 1, it is very difficult to accurately interpret the peak
values in this region. Because, in this region, stretching and bending vibrations of CN groups with three

different properties and various modes of some other groups coexist.
Thermal Behavior of the Compound 1

TGA and DTG graphs of compound 1 are given in Figure 9. According to his TGA graph, compound 1
preserved its crystalline structure while heating from 20 °C to 90 °C. However, after this temperature,
water molecules, which are ligands, started to separate from the crystal structure of compound 1. In this
first step of the thermal analysis, 4 water molecules attached to the Cd atom left the crystal structure of
compound 1. These 4 water molecules were first separated from the crystal structure of compound 1
because they have weaker bonds than the 2 water molecules attached to the other Cd atom. This first
step of the thermal analysis occurred in the low temperature range of 90 - 116 °C, with a peak of about
105 °C. [found/(calc.)% = 11.85/(12.09)% ].
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Figure 9. Thermal graphic of compound 1.

In the second step of the thermal analysis of compound 1, 2 water molecules, which were more tightly
bound as ligands to the other Cd atom in the crystal structure, were separated from the crystal structure
of compound 1. This second step of the thermal analysis took place in the temperature range 125-180
°C, which is a slightly higher temperature range than the first temperature range, with a peak at 158 °C.
[found/(calc.)% = 4.48/(4.84) %]. In the third step of the thermal analysis, it is thought that the square
planar Ni(CN)4 bridges in the structure of compound 1 deteriorate with the effect of increasing
temperature. In this step, the triple bonds in the CN groups were broken, and then the C and N atoms
were burned out by the effect of high temperature. It can be seen from Figure 9 that the third step of the
thermal analysis occurs in the temperature range of about 442-544 °C and has a peak at 497 °C.
[found/(calc.) % = 30.87/(31.43) %]. Finally, it is understood that only Cd and Ni atoms remained in the
thermal analysis of compound 1. [found/(calculated)% = 51.18/(51.66)%].

Conclusion

In this study, a new heterometallic Hofmann-type-like compound defined by the open formula [Cd
(H20)2Ni (CN)4]4[Cd (H20)sNi (CN)4]s was synthesized in crystal form by chemical reaction. In the
reaction medium, water was used both as a ligand molecule and as a solvent. In this heterometallic new
Hofmann-type-like compound, the H>O ligand molecule behaved like a monodentate ligand molecule
by binding from the O atom to the Cd transition metal atoms. These Cd-O bonds played a very important
role in the formation and stability of the crystal structure of the obtained new heterometallic compound
1. In obtaining the crystal structure of compound 1, the bonds made by the oxygen atom of the ligand
water molecule with the Cd transition metal atom, as well as the various bonds made by its hydrogen
atoms with different atoms in the environment played very important roles. The various bonds that the
hydrogen atoms of the ligand water molecule make with different atoms in the environment show a

distribution ranging from the strongest to the weakest bonds forming the crystal structure of compound
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1 (see Table 7). In addition, due to the weak interaction forces between the ligand water molecules

forming the structure of compound 1, it was thought that its volume could easily change depending on
the guest molecules that would enter this structure. Therefore, the volumes of the host structures formed
by the ligand water molecule will be able to stretch at a certain rate. Therefore, it can be thought that
these new structures are more suitable for the storage of certain gases and other guest molecules than
the host structures formed by larger ligand molecules. Furthermore, all Ni (11) ions in the structure of
the crystal of compound 1 are surrounded by four cyanide groups, forming a square planar arrangement.
In contrast, Cd (I1) ions possess two distinct environmental arrangements within the structure. In one of
these coordination geometries, some Cd (l1) ions have a distorted octahedral coordination geometry
formed by the two nitrogen atoms of the cyanide groups and the four oxygen atoms of the ligand water
molecules. In the other coordination geometry, the other Cd (Il) ions have a distorted tetrahedral
coordination geometry formed by the two nitrogen atoms of the cyanide groups and the two oxygen
atoms of the ligand water molecules. The probabilities of various guest molecules of suitable size
entering the gaps in the structure of compound 1, which is a Hofmann-type-like compound obtained in
crystalline form, can be investigated experimentally. Consequently, clathrate forms of compound 1 can
be obtained in future studies.
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Abstract

In addition to evaluating the economic inputs of mining, it is important to
examine the symptoms and concerns of the results of these activities.
Appropriate legal regulations in the operation of mining facilities are
implemented in an integrated manner with mining activities and growth
effects in order to prevent negative growth effects on future generations.
The most important environmental problems specific to mining are the
inability to adequately examine the characterization of wastes and the
failure to accurately determine whether these wastes can be obtained over
the years. Especially during the opening, operation and separation of coal
mines, which are rich in sulfur minerals, the reactions of these minerals
are exposed to temperature interruptions and the formation of Acid Mine
Drainage (AMD) poses a danger to natural life. In order to estimate the
AMD formation potential of ore and waste, static and Kinetic tests are
applied to determine the mineralogical and chemical composition of the
field. Among these tests, the most appropriate test in terms of representing
natural conditions is the kinetic test method. Within the scope of the study,
field conditions were simulated in columns prepared according to ASTM
D5744-18 standard, physical and chemical analyzes of the resulting
leachate were performed and the results were evaluated. According to the
data obtained, no acid formation was observed during the 20-week test
period, and metal emissions were characterized at a low rate. It has been
determined that the clay structures in the geology of the sampled area are
effective on the leakage rate.

Keywords: Coal mine site, acid mine drainage, Kinetic test, ore, pasha,
mine waste

Komiir Maden Sahalarinin Atik ve Maden Stok Alanlarinda Asit Maden Drenajinin
Karakterizasyonu: Kinetik Test Nem Hiicresi Yontemi

IGEMAR Cevre Olg¢iim ve Analiz
Laboratuvari
Canakkale/Turkiye

2Canakkale Onsekiz Mart
University, Faculty of Science
Chemistry Department
Canakkale/Turkiye

Oz

Madencilik faaliyetlerinin ekonomik girdilerinin degerlendirilmesinin
yan1 sira bu faaliyetler sonucunda ortaya ¢ikabilecek cevresel kaygilarin
da incelenmesi 6nemlidir. Gelecek nesiller iizerinde olumsuz c¢evresel
etkilerin dnlenmesi i¢in madencilik tesislerinin isletilmesine iligskin yasal
diizenlemelerin madencilik faaliyetleri ve ¢evresel etkilerle biitiinlesik bir
sekilde uygulanmasi gerekmektedir. Madencilige 6zgii en 6onemli ¢evre
sorunlari, maden  atiklarmin  karakterizasyonunun  yeterince
incelenmemesi ve bu atiklarm yillar iginde gevreye verebilecegi kirliligin
tam olarak tespit edilememesidir. Ozellikle kiikiirt mineralleri agisndan
zengin olan komiir madenlerinin agilmasi, igletilmesi ve kapatilmasi
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sirasinda atmosferik islemlere maruz kalan bu minerallerin reaksiyonlari
sonucu ortaya ¢ikan Asit Maden Drenaji (AMD) olusumu dogal yasami
tehdit etmektedir. Cevher ve atigin AMD olusum potansiyelini tahmin
etmek amaciyla sahanin mineralojik ve kimyasal bilesimini belirlemek
amaciyla statik ve kinetik testler uygulanmaktadir. Bu testler arasinda
doga kosullarin1 temsil etmesi agisindan en uygun test kinetik test
yontemidir. Calisma kapsaminda ASTM D5744-18 standardina gore
hazirlanan kolonlarda saha kosullar1 simiile edilmis, ortaya ¢ikan sizinti
suyunun fiziksel ve kimyasal analizleri yapilarak sonuglar
degerlendirilmistir. Elde edilen verilere gore 20 Haftalik test siiresinde asit
olusumu gozlemlenmemis, metal salinimlari ise diisiik oranda karakterize
edilmistir. Ornekleme yapilan bélgenin jeolojisinde bulunan kil

. L yapilarinin sizint1 oraninda etkili oldugu tespit edilmistir.
This work is licensed under a

Creative Commons Attribution Anahtar Kelimeler: Kémiir madeni sahasi, asit madeni drenaji, kinetik
4.0 International License test, cevher, atik, maden ati§1

Introduction

In addition to evaluating the economic inputs of mining activities (grade, price, mine life, etc.), it is also
very important to examine the environmental concerns that may arise as a result of these activities from
an environmental perspective. In order to prevent negative environmental impacts on future generations,
legal regulations regarding the operation of mining facilities must be implemented in an integrated
manner with mining activities and environmental impacts. For this, businesses need to create appropriate
environmental policies. The mining sector is one of the leading sectors of our country and one of the
most basic sectors that constitutes an important input to the economy. Since mines must be operated at
their location or in existing suitable facilities located nearby, it is necessary to keep mining activities
separate from other industrial activities. While it is possible to establish any industrial facility in an
organized industrial zone or in places close to raw materials, there is no such possibility when it comes
to opening mines. Mines are operated in the location where the ore is located, with open or closed mining
(gallery) methods [1]. The most important environmental problems specific to mining are the
insufficient examination of the physical and chemical properties of mine wastes and the inability to
accurately detect the pollution that these wastes may cause to the environment over the years. Acid Mine
Drainage threatens natural life as a result of the degradation of these minerals, which are exposed to
atmospheric processes during the opening, operation and closure of coal mines, which are especially
rich in sulfur minerals. From AMD, which is defined as one of the biggest environmental problems of
the mining industry; This situation shows that in developed countries such as the USA and Canada, the
financial costs of the world's leading mining companies to eliminate the problems caused by AMD vary
between 2-5 billion dollars for a total of 12500 hectares of acidic fine-grained residue and 750 million
tons of acidic bedrock [2]. It provides a very good example in terms of perceiving the dimensions of the
problem. The formation of acidic drainage by sulphide minerals may occur under geogenic (hydrolysis
and oxidation of sulphide ores in the natural environment) conditions, or it may occur when the ore or
sulfurous wastes come into contact with the air and moisture (water) environment as a result of intensive

mining activities (especially open pit mines). Terminologically, acid production under natural conditions
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is Acid Rock Drainage (ACD); Acidic drainages caused by anthropogenic factors are called Acid Mine

Drainage (AMD). As expected, the AMD formation process occurs faster than the AKD formation
process. The major mechanisms of both ACD and AMD formation include hydrolysis and oxidation of
the mineral pyrite (FeS.), which is a very common mineral in nature [1]. Acid Mine Drainage greatly
affects the receiving environment by changing the ambient pH and dissolved concentration of different
chemical species [3]. Minerals contained in AMD can also precipitate at the bottom of receiving water
bodies such as streams and rivers and affect benthic organisms [4]. In AMD, hazardous substances such
as arsenic (As), chromium (Cr), iron (Fe), aluminum (Al), copper (Cu), zinc (Zn), lead (Pb),
molybdenum (Mo) and nickel (Ni) are present. The presence of toxic chemical species is of primary
concern [5]. Exposure to these pollutants can cause ecotoxicological, carcinogenic, mutagenic and
teratogenic effects [6]. In addition to negatively impacting aquatic ecosystems, AMD also affects the
quality of natural water bodies for human consumption or irrigation [7]. Therefore, preventing or
effectively improving acid formation can protect human health and the environment. Remediation of
acid typically relies on active (frequently driven by the input of chemicals, energy, and equipment) or
passive (based on oxidation or reduction) technologies. However, these technologies have variable
effectiveness in removing contaminants and also produce sludge and/or brine that can cause secondary
pollution if not properly managed [8]. AMD usually contains high concentrations of Fe and sulfate
(SO+%) as well as rare earth elements and yttrium [9]. Determining the acid-producing or acid-
neutralizing status of rock layers before failure [10] helps develop overburden handling and placement
plans. Kinetic tests such as moisture cell sand leaching columns are important because they examine the
rate of acid-producing and neutralization reactions [11]. This information from kinetic testing can
complement the information provided by Acid-Base Accounting and assist regulators in permitting
decisions. For example, the rate of sulfide oxidation and release of contaminants can occur rapidly
before neutralizing materials have time to react. Therefore, early pulses of contaminants can be released
for a short period of time when the reactions stabilize. [12] Detection of AMD formation potential plays
a major role in planning mining activities and preventing their environmental impacts. According to the
14 paragraph of the 11" article of the Mining Wastes Regulation dated 15.07.2015 and numbered 29417
of the Ministry of Environment and Urbanization, "Although the provisions of this article are not applied
for waste storage areas, stability measures are taken in the storage areas. In addition, sulfur-containing
and acid rock drainage Potential wastes are stored in a way that prevents contact with air and water, by
buffering them with wastes with neutralization capacity or by using the necessary collection technigues.
With appropriate slope and shoulder systems, the leachate is treated and rehabilitated after storage.
"Effects of these areas on surface/surface and groundwater are monitored with water samples taken from
observation points and observation wells." Detecting AMD formation in the field and determining the
measures to be taken to minimize its impact on the receiving environment. In order to estimate the AMD

formation potential of ore and waste, static and kinetic tests are applied to determine the mineralogical
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and chemical composition of the field. Among these tests, the most appropriate test in terms of

representing natural conditions is the Kinetic test method. In this context, field conditions will be
simulated in columns prepared according to the ASTM D5744-18 "Standard Test Method for the
Separation of Solids in the Laboratory Using a Humidity Cell" standard and physical and chemical
analyzes of the resulting leachate will be performed. In addition, XRD analyzes were performed before
moisture cell tests to determine the mineralogical structure of the field. This study aims to determine the
potential for AMD formation in the ore and waste areas of the high-sulfur coal mine operating in Can
District of Canakkale Province. Previous studies were examined in selecting the region where the
research would be conducted. The fact that the geology of the region is suitable for AMD formation and
that kinetic test studies have not been conducted before reveals the importance of this study. The kinetic
tests subject to the study are used to simulate field conditions and evaluate the physical and chemical
properties of the leachates they create, determine their potential to form acid mine drainage (AMD) and
determine the precautions that can be taken. Thanks to this work, pollution that may arise from mining
companies operating or will continue to operate in the region will be prevented. To achieve this goal,

e Appropriate samples were taken from the waste areas of the Open Pit Mine operated in Can
District of Canakkale Province.

e That were formed as a result of excavations for coal production and were exposed to
decomposition processes under natural conditions, were fragmented and especially open to
atmospheric processes, were determined.

o Mechanisms were prepared to be used in kinetic tests, taking into account the field of mineralogy.

o During kinetic column experiments, pH and electrical conductivity (Ec) measurements taken over
time and changes in elements and compounds determined by chemical analyzes were examined,
and the relationship between AMD formation and these changes was investigated in Kinetic
column experiments.

Examining AMD formation potentials in ore and waste areas is very important in terms of protecting
the environment from negative effects. For this reason, similar studies are carried out in sulfur-
containing mining areas in our country and around the world, and it is aimed to minimize these effects
by detecting the negative effects in advance. The data obtained as a result of the work to be carried out
in the field within the scope of the project is of great importance in terms of preventing environmental
pollution that may occur in the region. This will contribute to the preservation of the ecological balance
of the region, especially by protecting the water resources from which the surrounding settlements

provide drinking water and preventing the pollution of soil, air, surface and groundwater.

Materials and Methods
Acid mine drainage; It is defined as the phenomenon in which iron minerals such as pyrite, pyrrhotite

and marcasite are exposed to oxidation in a humid environment in a mining area, giving protons (H+
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ions) to the aqueous environment as a result of the reactions and the solution turning into solution. Acidic

mineral waters with corrosive and solvent character generally contain up to 50 mg/l Cu, up to 1000 mg/I
Fe, and up to 12 mg Pb, as well as high sulphate (800 - 1800 mg/I) content. /l. and may contain up to
1700 mg/l of Zn metals. In addition, AMDs formed as a result of the leaching process contain cyanide,
thiosulfate, etc. It is also known to contain [13]. Although pyrite (FeS;) and arsenopyrite (FeAsS) are
mainly responsible for AMD formation, iron sulfides (FexSx), pentlandite ((Fe, Ni )¢Ss chalcopyrite
(CuFeS,), villamaninite (Cu2s), covellite (CuS), molybdenite Weathering of other sulfide-rich or
sulfide-containing minerals such as (MoS,), sphalerite ((Fe, Zn)S), millerite (NiS) and Galena (PbS)
contributes to the formation of AMD [14]. These minerals are typically organic-rich (reducing) and are
found in sediments (e.g. coal beds) [9]. These minerals are typically encountered in organic-rich
(reductive) sediments (e.g., coal deposits) or in rocks altered by sulfur-rich hydrothermal fluids, such as
volcanogenic sulfide ore, which produce metals such as copper, gold, and zinc. When exposed to the
atmosphere, typically through mining activities (e.g., surface or deep mines, tailings piles, and tailings),
they oxidize and form AMD; Iron sulfide minerals (typically pyrite) are the main minerals behind the
formation of AMD and others. Sulfur minerals contribute only to a limited extent [15].

Table 1. Chemical decomposition processes effective in the formation of acid mine drainage

Chemical Degradation Process Stages Explanation

FeS, + 7/20, + HyO — Fe?* + SO4* + 2H* Oxidation of Pyrite

Silicates +H* — SiO, + APt + Mg?" + Ca?* + Mn?* Dissolution of Clays with Acid

CaCOs3+H *— Ca%* + H,0 + CO, Neutralizing Acid with Calcite

Fe2 *+ 1/40,+ H* — Fe** + 1/2H, 0 Ferro Iron Oxidation

Fe 3+ 30H- - — Fe(OH)s Ferric Iron Hydrolysis “Yellow Layer
Formation”

AP + 30H - — Al(OH)3 Aluminum Hydrolysis

Fe?* + 1/40, + 5/2H,0 — Fe(OH)3 +2 hours + H* Iron Oxidation and Hydrolysis Reactions

H*+HCO®* —H,0+ CO, Acid Neutralization of Bicarbonate lon

H*+OH -— H0 Acid Neutralization with Hydroxyl lon
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;i TR ¥z ; 3 B i
Figure 1. Abandoned coal mine site in ¢anakkale ¢an region with amd formation observed. turning to
red color after oxidation with atmospheric weather conditions.

The type of sulfur minerals found in mine wastes, humidity, oxygen concentration, presence of bacteria,
properties and amounts of alkaline minerals are the main factors affecting the formation of AMD. On
the other hand, the distribution of sulfide and alkaline ores in the waste pile, the surface area of the
sulfide ores and therefore the grain size and oxidation rate are important parameters affecting the
formation of AMD. The potential of mine tailings to produce acids and release pollutants depends on
several factors [16]. The main factors affecting the formation of AMD include sulfur minerals (Table
2), water, oxygen, the presence of bacteria that catalyze oxidation, and the heat generated as a result of
the reaction. Secondary factors are; While it refers to tertiary factors such as neutralization of the acid
produced, it consists of dissolved metal ions and their effects that change the character of the waste
through acid production. Tertiary factors; Physical properties of materials, storage of acid-producing
and neutralizing materials, and hydrological regime near the waste. The view of the AMD pond in the
abandoned coal mine area, which turned red after oxidation due to atmospheric weather conditions, is
given in Figure 1. Forms Fe?* and SO4and H *as shown in the reaction in Table 1. This process is key
to AMD formation. Mineral composition, environmental microbial activity, and external conditions
such as oxygen and water influence pyrite oxidation and H * release, determines the speed. In an
environment where there is sufficient oxygen and necessary microorganisms (pH>3.5), Fe?* released in
the reaction, depending on the reaction, it can be oxidized to Fe®". Since the pH is 2.3-3.5 ' Fe * will
precipitate Fe(OH) sand release H * as shown in the reaction. As the H * released increases, the pH will
gradually decrease. When pH<2, Fe(OH) s will hydrolyze again, allowing Fe 3" to return to solution and

101



Aktas and Oztiirk Sinop Uni J Nat Sci 9(1): 96-113 (2024)
E-ISSN: 2564-7873
promoting the oxidation of FeS, (When pH<3, the oxidation rate of FeS, by Fe **is about 10— In the

reaction [17] from O2) as shown It is 100 times faster (Figure 2).

Table 2. Some important metal sulfides, of which pyrite and marcasite are the
dominant acid producers [18].

Metal Sulphide Chemical Formula
Pyrite FeS;
Marcasite FeS;
Pyrrhotite Fe 1.xS
Chalcocite CuS _
Chalcocite Whoa
Chalcopyrite CuFeS;_ _
Molybdenite MoS;
Millerite NiS
Galena PbS
Sphalerite ZnS
Arsenopyrite FeAsS

EVALUATION OF ACID PRODUCING SULPHIDIC MINE TAILINGS AS A PASTE BACKFILL

Alkaline waste 0, in air

H.O Infiltration

Sulphidic waste of precipitation

Bacteria

Inflowing
groundwater

H0 Direct oxidation . AN
Via attached cells
Fe’+ 50, + H' Indirect Fe™+ 80, + H' Seepage AMD
—
AMD Oxidation (FeS:)

Figure 2. Bacterial oxidation of pyrite and acid formation via direct and indirect paths [19]
Geology and Stratigraphy of the Study Area

The basement rock unit observed in the study area and its surroundings is the Cretaceous -Paleocene
aged complex, according to Okay et al. [20] it is named as Cetmi ophiolite mélange. Cetmi ophiolite
mélange, which crops out in the west of Karabiga, consists mostly of spilite, various types of limestone
blocks and less of shale, sandstone, serpentinite and radiolarite. Spilites are dark green, blackish green
colored spilites generally do not show foliation and consist of albite, pinkish Ti-Augite and chlorite.
Only eclogites located around tectonic eclogite blocks show a distinct foliation and a greenschist facies

mineral assemblage characterized by actinolite and epidote [20]. This unit is unconformably covered by
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the Early-Middle Miocene aged Doyran Volcanics and the continental Can Formation, which was

deposited at the same time as this volcanism [21]. The youngest geological unit in the region is
Quaternary alluviums. In the study area where TKI Can Lignites Enterprise is located, there are Can
volcanics [22], which have reached the surface by cutting older units on the Biga Peninsula, and Can
formation [23] and Kulfa formation [24], which consist of clastic and visual sediments containing
lignite. The average coal thickness in the Can Formation, where coal production takes place, is

approximately 17 meters.
Findings and Conclusions
Previous Studies Performed in the Field

Turkish Coal Enterprises (TKI), Can Lignite Enterprise Directorate (CLI) Canakkale province, Can
district, with the aim of determining the acid production potential of the waste areas of the open pit
enterprise with license number IR: 3378, by Kiitahya Dumlupinar University Faculty of Engineering,
Mining Engineering Department in 2020. A study was conducted and as a result of the sulfur analysis
and static tests of the samples taken, the acid production potential (APP) of the field was found to be
19.99 kg CaCOst "t on average and the neutralization potential (NP) was 80.55 kg CaCOst " on average:
In addition to minerals with neutralizing properties such as clay, montmorillonite, kaolinite, andesite,
muscovite and calcite, the presence of minerals with acid-producing properties such as pyrite has also
been determined. The following findings were determined as a result of static tests carried out by
Dumlupinar University for the purpose of determining AUP in the mining area under investigation.

- In the pH measurements made for a short time (3 days) in the samples taken from the field, it was
determined that the pH values varied between 6.67 - 9.79, therefore there was no acid production in
the short term.

- The average sulphide-sulfur value of 95 different samples taken from different coordinates of the
waste area was determined as 0.64%

- The acid production potentials of the samples were determined with a theoretical approach (ABA
standard method) according to sulfur values, and the average acid production potential of the waste
area was calculated as 19.99% kg CaCOs/t.

- The average neutralization potentials of the samples taken from the license areas were determined
as 80.55 kg CaCOaft.

In this study, the acid production potential and neutralization potential of the tailings area were

determined by static tests that can be answered in a short time based on prediction. In the final evaluation

of such fields; it is recommended to use leaching-based kinetic tests in which the field is simulated by
monitoring the oxidation and degradation of samples subjected to water and oxygen over a longer period

of time.
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Sampling

Sampling procedures: 2 waste samples containing high sulfur were taken on 03.08.2021, taking into
account the Static Test results. Approximately 50 kg samples were collected from the Research Pit dug
at a depth of 8 meters with a diameter of 9 inches using the Rok -Bit Blow Hole Drilling Machine (9
inch diameter, 8 meter rod length), CEN_TR 15310-3_ 2006 Characterization. Bulk Sample Reduction
from Waste Subsampling Standard was reduced according to Method 2 and taken as 20 kg. Sampling
procedures and sample reduction processes carried out in the field are given in Figure 3. The samples
were transferred to a 40 micron thick, 35x70 sized plastic nylon bag, a legibly written note describing
the sample was placed inside the bag, and the mouth of the bag was closed with waterproof, strong
adhesive tape. Explanatory information was noted on both sides of the bag with an indelible pen and the
prepared sample bags were transported to the Laboratory. The physical properties of the samples are
given in Table 3.

Table 3. Information about the samples
Simple Sample Particle  Gas Heat Reaction

. lour Homogenei .
Code Quantity Colou omogeneity Type Output Production Occurrence

CN-7 20kg DK Homogeneous % NO  NO NO
brown type
Dark

CN-25 20 kg brown Homogeneous Monotype NO NO NO

Figure 3 Sampling processes view

Preparation of Field Samples for Laboratory Experiments

The samples collected as a result of field studies were made ready for analysis using appropriate
techniques (Homogenization, Drying, Particle Size Reduction, Preparation of Subsamples) according to
the TS EN 15002 "Waste Characterization - Preparation of test sample pieces from laboratory samples”

standard. "standard. The samples were dried under atmospheric conditions (at room temperature) for 3
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days to remove moisture. After the drying process, all samples were passed through a 6.3 mm (0.25

inch) sieve, and samples with a grain size larger than 15.2 cm were passed through crushers and
gradually refined. For this purpose, it was first passed through the crusher set at 1.92 cm, then through
the crusher set at 0.95 cm, and finally through the crusher set at 0.64 cm. After each crushing process,
the samples were passed through a 6.3 mm sieve and the next stage was started. Since crushing processes
cause the release of acid-producing and acid-consuming minerals, they may cause the characteristic
features of the samples to deteriorate. This effect was taken into account in the analysis processes. Then
the samples;

- Using a Sample Divider with a 2.54 cm slit, the sample was split into 8 1 kg test samples and
stored in a ziplock bag. One of the test samples was loaded into the moisture cell for kinetic
testing.

- One of the separated test samples was taken and crushed through a 1.7 mm (10 mesh) sieve to
pass 95%, and then the sample was divided into 2 with a 6.35 mm slotted sample separator.

- These samples were ground to pass through a 150 um (100 mesh) sieve and 250 grams of sample

was taken for XRD analysis.
Minerological Tests of Samples

In order to determine the mineralogical characteristics of the geological units that create waste in the
wastewater field and to detect the minerals that will create acidity through neutralization, PANalytical
was conducted in Canakkale. Analyzes were made with Empyrean brand XRD (X-Ray Diffraction)
device. Onsekiz Mart University COBILTUM - Science and Technology Application and Research
Center. The mineralogy test results of the samples are given in Table 4, and the distribution according

to mineral groups is given in Figure 4.

Table 4. Minerological analysis results

Mineral Formula Group CN-7 CN-25
Pyrite Fe2 s Oxide Group 3.9% 3.5%
Cristobalite Sio2 Silicate Group 24.4% 27.8%
Montmorite 2Al ,03.8Si0 2.2H,0nH ;0O Silicate Group 28.1% 29.7%
Quartz Low Sio2 Silicate Group - 9.6%
Hitis K oes Al 2.0 (A| 0.65 Si 3.350 10) (OH) Silicate Group - 19.0%
Zeolite (M*,M*2)0.Al;03.9Si0,.nH,0 Silicate Group 1.0% 0.8%
Albite High NaAlSi:O s Silicate Group 42.5% -

Plaster CaS04 2H ,0 _ Sulfate Group - 1.6%
Aragonite (Ca, Sr,Pb,Zn)CO 3 Carbonate Group - 8.0%
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Mineralogical Distribution
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Figure 4. Mineralogical distribution graph
Kinetic Tests (Moisture Cell Test)

Kinetic tests are the next step up from static tests and are essentially simulation tests. They are performed
to reduce uncertainties in static tests, verify the data obtained, identify decisive reactions, detect acid
production rate and determine drainage water quality. In this technique, the field is simulated by
monitoring the oxidation and degradation of samples over time as they are exposed to water and oxygen.
Kinetic tests known in the literatiire are the “Moisture Cell” test, the “Column” test, the “Soxhclet” test.
“Lkstiahnon” Test, “British Colombia These are tests such as the "Research " test. Considering that acid
production in waste areas will develop over time, Kinetic tests should be used when evaluating new and
old mine areas and waste areas. Method for 2 samples with Acid Producing Potential to test AMD
formation in the waste area. for Laboratory Kinetic Humidity Cell Test procedures were carried out in
accordance with the " Weathering of Solid Materials Using a Humidity Cell" standard . pH, Acidity,
Conductivity, Alkalinity, Acidity, Anion-Cation and Metal were determined by planning the moisture
cell method in the wastewater collected weekly, every fifteen days or monthly. Parameters were
analyzed. The samples to be loaded into the cells were 100% sieved or broken, and since their
dimensions were 6.3 mm, cells with an inner diameter of 10.2 cm and a height of 20.3 cm were used.
ASTM D5788-18 Standard Option A method was used for weekly cycles. According to this method,
after the first leakage sample was taken from the cells, three days of dry air (relative humidity less than
10%) and three days of water-saturated air (relative humidity around 95%) were applied to the cells
weekly. humidity). Approximately 2 L/min of dry air and moist air were supplied to the cells during all

weekly cycles (Figure 5).
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' "Figure 5. Kinetic test setup viéi;v ’
Grain Size Distributions in the Moisture Cell

The particle size distribution of the samples loaded into the moisture cell is given in Figure 6.

Intracellular Particle Size Scatter Plot

100
80
60
40
20

CN-7 CN-25
mGravel % mSand% = Silt+Clay%

Figure 6. Intra-cellular particle distribution plot

Fixing the First Leak

The first water leaching is flood leaching. Week 0 leaching started with the first addition of water. This
determines the initial characteristics of the leak. Moisture cell testing consists of a 7-day cycle. The
sample was always filtered on the same day of the week (Monday). 1 L of water was added using a
measuring tape and this amount could be 500 ml depending on the type of sample. During the water
addition process, air inlets and water inlets were closed and water was added from the sides of the cell
walls. After the filtration process was completed, the upper lids were closed and the filtration process
was left overnight. When the filtration process was completed, the weights of each cell and collection
containers were weighed and recorded. The pH and conductivity values of the collected leachate were
measured, the collected sample volume was recorded and analyzed as Week 0 Sample. Then, to
complete the weekly cycle, the air inlets of the cells were opened again and the operations were started.
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Next Weekly Leachate

On the 7" day of the first weekly cycle, the second water was added and filtered and called the 1 week

sample. The same procedures were carried out in subsequent weekly cycles.
Leachate Analysis

Priority pH, Dissolved Oxygen and Conductivity parameters of the leachate collected from moisture
cells were measured and recorded. Then, filtration was performed using a filter with a pore diameter of
0.45 um, and the solids remaining in the filter were taken back into the moisture cell. Leachate pH,
alkalinity, acidity and conductivity analyzes is 20 weeks. These analyzes should be performed at weeks
0,1,24,6,8, 10, 12, 14, 16, 18 and 20 of the test. There is no need to analyze weekly samples for
chemical characterization; Instead, analysis at minimum 0, 1, 2, 4, 6, 8, 12, 16 and 20 weeks is sufficient.
Analyzes were carried out for 20 weeks and the results were interpreted.

Discussion and Conclusion

The obtained measurement and analysis results were interpreted with reference to the PD CEN TR
16363-2012 “Characterization of wastes, kinetic testing for evaluation of acid production potential of

sulfuric wastes originating from mining industries” standard.
Evaluation of Minerological Analyzes

While Oxide and Sulphate Group minerals, which may have acidic properties, were found in small
amounts in the samples, Silicate and Carbonate Group minerals with Neutralization Potential were
predominantly detected. When minerals with neutralization potential were examined, it was determined
that silicates, which have lower neutralization capacity than carbonates, were predominantly present. In
the mineralogical description of the samples, gypsum and pyrite minerals were determined as the main
sulfur sources. Gypsum sulphate sulfur; Pyrite disulfide contains sulfur. Gypsum is known to have
moderate solubility in water (4). Pyrite represents the presence of sulfur that has not yet undergone
oxidation. Plaster does not have an increasing or decreasing effect on acidity (6). When pyrite undergoes

hydrolysis and oxidation, it releases protons into water and increases the acidity of the environment.
Leachate Analysis

The results of the leachate analyzes performed to determine the quality of the drainage water of the
waste samples loaded into the moisture cells are given in Table 5 and Table 6, and the following findings

were obtained according to the analysis results.
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Table 5. Physical analysis results

pH

Example 0. one. 2. 4, 6. 8. 10. 12. 14. 16. 18. 20.
CN-7 714 731 760 723 750 775 747 733 717 750 7,10 6.92
CN-25 711 751 754 734 745 778 750 740 745 770 7.27 7.27
CONDUCTIVITY pS/cm

CN-7 3460 1260 956 709 516 1662 665 636 542 662 713 747
CN-25 7730 2770 2044 1610 1475 1159 933 783 539 538 556 584
ALKALINITY mg (CaCO 3)/L

CN-7 482 468 526 380 416 640 296 266 36.0 374 54.8 58.2
CN-25 109.4 1122 103.2 936 928 896 836 988 810 66.0 650 91.2

Table 6. Chemical analysis results

SULFATE mg

Example 0. one. 2. 4, 6. 8. 12. 16. 20.
CN-7 11970 3942 3046 875 176.8 6611 226.5 283.0 285.5
CN-25 1596.0 906.3 716.6 639.3 640.8 467.7 2974 200.2 194.7
CADMINIUM (Cd) mg

CN-7 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
CN-25 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
ZINC (Zn) mg

CN-7 0.016 <LOQ <LOQ 0.017 <LOQ <LOQ <LOQ 0.014 0.006
CN-25 0.015 <LOQ <LOQ 0.015 <LOQ <LOQ <LOQ 0.014 <LOQ
IRON (Fe) mg

CN-7 0.246 <LOQ <LOQ 0.016 0.076 <LOQ <LOQ 0.081 0.188
CN-25 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
MAGNESIUM (Mg) mg

CN-7 1266  4.62 3.85 3.97 2.48 6.30 2.04 4.57 4.54
CN-25 3937 10,18 955 9.62 10.87  9.40 6.87 5.90 5.26
SODIUM (Na) mg

CN-7 41756 14225 12496 70.63 56.37 165.43 90.79 88.90 85.82
CN-25 82339 317.18 22470 107.63 98.37 67.31 4119 27.66 22.11
Potassium (K) mg

CN-7 14.08 4.02 3.02 2.77 2.17 441 2.05 2.25 2.51
CN-25 2862 11.06 8.86 6.22 6.86 3.01 2.46 1.36 1.09
CALCIUM (Ca) mg

CN-7 93.33 3266 29.74 13.78 5478 71.69 14.49 32.11 30.95
CN-25 182.86 65.76 8136 57.88 134.01 109.58 77.28 70.04 61.97
FLUORIDE (F) mg

CN-7 0.41 <LOQ 0.39 0.71 0.13 0.59 0.60 0.39 0.47
CN-25 0.81 0.48 0.79 0.42 0.62 0.62 0.32 0.55 0.37
CHLORIDE (Cl) mg

CN-7 3.81 5.85 16.96 10.29 6.87 1296 9.54 10.44 8.29
CN-25 2510 511 13.82 1047 871 1121 534 9.97 7.29
*LOQ = Measurement Detection Limits
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pH

pH values vary between 6.92 and 7.78. pH values increased until the 8th week and started to decrease
between the 8th and 20th weeks. The pH value in the MP-7 code sample, which does not contain
carbonate minerals with high neutralization potential in its structure, is lower than the MP-25 code

sample, which contains carbonate minerals.
Alkalinity

When the alkalinity results are examined, it is seen that the results of the sample coded CN-25, which
contains carbonate minerals in its structure, are higher than the results of the CN-7 sample, which
consists mostly of silicates.

Sulfate

Considering the sulfate concentrations, the sample coded CN-25, which contains the sulfate group
gypsum mineral in its structure, decreased from 1.596.0 mg to 194.7 mg after 20 weeks. It was observed
that the CN-7 sample, which does not contain sulfate group minerals, released a maximum of 1.197.0

mg sulfate.
Conductivity

It was observed that the conductivity results of the CN-25 coded sample containing carbonate minerals
were higher than the CN-7 coded sample containing predominantly silicate groups and gradually

decreased in weekly analyses.
Ficklin Metal Values

Ficklin metal value was calculated in two samples by considering the sum of Cd, Co, Cu, Zn, Pb and Ni
elements mobilized under low pH conditions of filtered waters. According to the relationship between
Ficklin metal and pH, the waste samples were characterized by low metal release, as the Ficklin metal

value was below 1000 pg/L under neutral conditions.
Leakage Rate and Hydraulic Structure of the Material

The amount of element leached per unit mass and time is called leaching rate. Hydraulic Structure
describes the general character of a rock as shown in terms of grain size and shape, degree of crystallinity
and arrangement of the particles that compose it. This structure has an impact not only on the "hydraulic
conditions” (including air intake), but also on the weathering and sensitivity to weather conditions and
the formation/release conditions of the components. The texture and hydraulic properties of the material
are important factors that determine contact with water and air in the kinetic test cell. At the site scale,
the (physical) heterogeneity of the waste area will lead to nonuniform flow fields (preferential flow

paths) that have an impact on the contact between water, air and waste and the transport of
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decomposition products. While calculating the leakage rates of the samples, it was calculated that the

leakage rate of the sample coded CN-25 was higher than that of CN-7.
Evaluating Whether the Material Is Acidic

When the pH values of the samples are examined, no acid formation is observed in either sample during
the 20-week period. In addition to sulfate emissions, there are also easily soluble neutralizing minerals

that create alkalinity and cause the consumption of hydrogen ions produced.
Defining the Acid Consuming Reaction Rate

Identification of acid-consuming reactions can be done using Humidity cell tests in response to the rate
of acid production in a system where sulfur oxidation is stopped by water saturation and the flow through
a batch reactor or reactor. Since minerals that rapidly consume acid will be calcium carbonate minerals,
calcium and magnesium values in the leachate will give indicators of acid-consuming minerals. Silicate
minerals (especially calcium-rich plagioclase and mafic minerals) also have the potential to consume
acid. When the 20-week leachate results are examined, it is seen that the rapidly acid-consuming Ca+Mg
values of the CN-7 coded sample are 418.6 mg, and the CN-25 coded sample is 947.8 mg. These results

support the results obtained in mineralogical tests.
Predicting When Material Will Become Acidic

Calculating the Neutralization Potential exhaustion time and Acid Potential exhaustion time can be used
when assessing when the material will become acidic. It can be said that the materials will not produce
acid if the neutralization potential consumption is longer than the acid potential. For this calculation, the
sulfate production rates of the samples, that is, the total acidity produced, are important. Accordingly,
in the example coded CN-7, it is estimated that the NP consumption period will be 5.03 years later and
the AP consumption period will be 2.61 years later. In the example coded CN25, the NP consumption
period will be 17.27 years and the AP consumption period will be 11.71 years later. Since AP will be

consumed before NP, it is predicted that the two waste samples will not produce acid in the long term.
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Abstract

For any ring S and an S-module W, a submodule G' of W is termed
cos-coatomic if the quotient module /G is d-coatomic. In this study,
we introduce the term (@-)cos-coatomically O-supplemented module,
or shortly (B-)cos--supplemented module to describe a module W
where each cog-coatomic submodule has a J-supplement (that is a
direct summand) in W. Furthermore, a module W is identified as
cos-coatomically 0-semiperfect, or shortly cos-6-semiperfect, provided
each J-coatomic quotient module of W has a projective d-cover. It
has been proved that over a J-semiperfect ring S, the module ¢S is
@g-co-coatomically supplemented if and only if 55 is cos-0-semiperfect
if and only if 5.5 is B-cos-0-supplemented.

Keywords: cos-coatomic submodule, cos-coatomically J-supplemented

module, @-cos-coatomically d-supplemented module, cos-coatomically
d-semiperfect module

§-Tiimlenmis Modiillerin Yeni Bir Genellestirilisi Uzerine Bir Calisma
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Herhangi bir S halkasi ve bir W S-modiilii i¢in, W modiiliniin bir
G alt modiili, eger W/G bolim modiilii J-esatom ise ess-esatom
olarak adlandirthir. Bu calismada, (®-)ess-esatom d-tiimlenmis modiil,
veya kisaca (P-)ess-O-tiimlenmis modiil terimini her ess-esatom alt
modiilii (direkt toplam terimi olan) bir d-tiimleyene sahip olan bir W
modiiliinii belirtmek icin tamtiyoruz. Ayrica, W modiilii, eger her
bir d-esatom bolim modiilii, projektif bir §-Ortiiye sahipse ess-esatom
d-yart miikemmel veya kisaca ess-0-yart miikemmel olarak tanmimlanir.
Bir §-yar1 mitkkemmel S halkasi iizerinde, ¢S modiiliiniin ¢ s-es-esatom
timlenmig olmasinin ¢S modiiliiniin egs-d-yar1 milkemmel olmasina ve
55 modiiliiniin G-egs-d-tiimlenmis olmasina denk oldugu kanitlanmugtir.

Anahtar Kelimeler: ess-esatom alt modiil, ess-esatom J-tiimlenmis

modiil, ®-ess-esatom J-tiimlenmis modiil, egs-esatom J-yart mitkemmel
modiil
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Introduction

All along the current manuscript, we regard that whole rings are associative having identity element and
whole modules are unital left S-modules. Let S be a ring of such nature and W be a module falling
into this category. The impressions G < W and G <g W signify that G functions as a submodule
of W and G functions as a direct summand of W, respectively. Referring to a submodule G of W
as small in W, denoted as G < W, implies that W # G + L for each proper submodule L of W.
The symbol Rad(W) represents the intersection of whole maximal submodules of W or, equivalently,
the sum of whole small submodules of W. Dually, a submodule G' of W is classified as essential
in W, denoted by G < W, provided G N H # 0 where 0 # H < W. A module W is termed
singular if W = W' /G for some module W’ and G < W’. The notion of a projective cover for a
module W refers to a pair comprising a module P and a homomorphism i : P — W, where P is
projective, and h is an epimorphism with Ker(h) < P (refer to [1]). A module W is termed coatomic
if each proper submodule is included in a maximal submodule of W (see [2]). Examples of coatomic
modules encompass finitely generated, semisimple, and local modules. Initially introduced by Alizade
and Giingor in [3] the concept of co-coatomic submodules is articulated as follows. A submodule G of
W is denoted as co-coatomic when the quotient module W/G is coatomic.

As a particular instance derived from the concept of coatomic modules, the notion of d-coatomic modules
is described in [4]. A module W is characterized as d-coatomic provided, each submodule which is
different from W of W is encompassed within a maximal submodule H of W where W/ H is singular
(refer to [4, Lemma 2.1]). In the context of [4], a ring .S is denoted as left (right) d-coatomic if the left
(right) S-module gS (Sg) is d-coatomic.

The subsequent proposition is a consequence of [4, Proposition 2.5], and we will invoke it consistently

in the course of this paper.

Proposition 1. Suppose that 0 - G — W — L — 0 is an exact sequence consisting of modules.
1. When W is §-coatomic, L is §-coatomic.
2. When G and L are d-coatomic, W is d-coatomic.

In particular, for any J-coatomic module W, G <g W is J-coatomic.

Consider submodules G and H of a module W. The term supplement is attributed to H in relation to
G within W if H is minimal while satisfying W = G + H. It is a well-established fact that H serves
as a supplement of G in W if and only if W = G+ H and GN H <« H. A module W is said to
be a supplemented module provided each submodule of W possesses a supplement in W. Examples of
supplemented modules include semisimple modules and hollow modules (refer to [1, Section 41]). In [3],
W is termed co-coatomically supplemented module when each co-coatomic submodule of W possesses
a supplement in W.

In [5], the authors put forth the concept that W is denoted as &-co-coatomically supplemented module
provided any co-coatomic submodule possesses a supplement G with G <g W. Furthermore, in the
same paper, W is characterized as co-coatomically semiperfect module provided any coatomic quotient

module of W admits a projective cover.
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Zhou described the concept of J-small submodules, a generalization of small submodules that play a

pivotal role in the framework of supplemented modules, as presented in [6]. For a submodule G < W,
G is designated as §-small in W and is denoted by G <5 W if W # G + H holds for each proper
submodule H of W where W/ H is singular. In accordance with the notation in [6, Lemma 1.5], 6(W)
signifies the sum of whole J-small submodules of W.

We compile the fundamental features of submodules which are §-small in the subsequent lemma, sourced
from [6, Lemma 1.2 and 1.3].

Lemma 1. Suppose that W is a module.

1. For any submodule G of W, G <5 W if and only if whenever W = X + G there is a semisimple
projective submodule G’ of G with X & G' = W.

2. When G <5 W and h : W — L is a homomorphism, then h(G) <s L. In particular, G <5
W < L,then G < L.

3. When G1 <5 Hi < Wand Gy <5 Ho < W, G+ Gy <5 H1 + Ho.
5. WhenG < HLSW,GgsWand H <o W,G < H.

In [7], a module W is defined as §-supplemented provided any submodule G of W possesses a d-supple-
ment H in W, characterized by W = G + H and G N H <5 H. For more comprehensive details and
characterizations of d-supplemented modules, additional information can be found in [8] and [7].

In [9], amodule W is referred to as co-coatomically §-supplemented (B s-co-coatomically supplemented)
provided any co-coatomic submodule of W possesses a d-supplement G with G <g W. In the same
paper, a module W is identified as co-coatomically §-semiperfect provided any co-coatomic quotient
module of W possesses a projective d-cover. The authors thoroughly examined the structure of these
modules in the same paper and provided new characterizations of rings based on these modules.

In this note, we introduce a special case of co-coatomic submodules. Let G be a submodule of a module
W. We designate G as a cos-coatomic submodule of W' if the quotient module W/G is d-coatomic. It is
evident that §-coatomic modules are coatomic. Consequently, each submodule which is cos-coatomic of
a module is also co-coatomic. According to [4, Corollary 2.9], since each semisimple singular module is
d-coatomic, it follows that each submodule of semisimple singular modules is cos-coatomic.

In the other part of this paper, we delve into the introduction and examination of the concept of cos-coato-
mically §-supplemented modules, shortly cos-d-supplemented modules, and &-cos-coatomically d-supp-
lemented modules, shortly ®-cos-d-supplemented modules, as notions stronger than the previously
defined co-coatomically é-supplemented modules and @4-co-coatomically supplemented modules. We
commence by presenting an example of a module that is cos-d-supplemented but not §-supplemented. It
is demonstrated that the class of cos-d-supplemented modules is closed under quotient modules and
finite sums. We establish that a ring S is left §-coatomic if and only if each simple S-module is
singular, and this equivalence extends to the statement that each coatomic S-module is J-coatomic.
Consequently, it is deduced that over left §-coatomic rings, co-coatomically J-supplemented modules

and cos-6-supplemented modules coincide. Additionally, an example is provided of a ring S over which

116



Onal Kir Sinop Uni J Nat Sci 9(1): 114-127 (2024)
E-ISSN: 2564-7873
each cos-0-supplemented S-module is co-coatomically J-supplemented. It is established that the quotient

module of a #-cos-J-supplemented module by a fully invariant submodule is also &-cog-d-supplemented.
Consequently, it is proven that for a @-cos-0-supplemented module W, the quotient module W/6 (W) is
@-cog-d-supplemented. Moreover, it is shown that the class of @-cos-d-supplemented modules is closed
under finite direct sums.

In the last part of this article, we introduce the definitions of cos-coatomically J-semiperfect modules,
shortly cos-d-semiperfect modules, as a generalization of co-coatomically J-semiperfect modules. It is
demonstrated that for a projective module W, W is cos-d-semiperfect if and only if W is G-cos-d-supple-
mented. It is established that the class of cos-d-semiperfect modules is closed under quotient modules and
d-covers. Furthermore, it is shown that the finite direct sum of projective cos-d-semiperfect modules is
cog-d-semiperfect if and only if each direct summand is cos-d-semiperfect. Additionally, it is proven that
for a §-semiperfect ring S, ¢S is Ps-co-coatomically supplemented if and only if g.5 is cos-d-semiperfect
if and only if ¢S is @-cos-J-supplemented.

Cos-Coatomically §-Supplemented Modules

Definition 1. We term a module W cos-coatomically §-supplemented, shortly cos-6-supplemented provi-
ded each cos-coatomic submodule of W possesses a d-supplement in W.W is named &-cos-coatomically
d-supplemented, shortly ®-cos-6-supplemented provided each cog-coatomic submodule of W has a
d-supplement G with G <g W.

It is evident that co-coatomically d-supplemented modules are cos-d-supplemented, as cos-coatomic
submodules are co-coatomic. In the subsequent discussion, we will provide an example of a ring for
which cog-d-supplemented modules are co-coatomically J-supplemented. It is apparent that modules
which are §-supplemented are also cos-d-supplemented. However, the example which will be given next

illustrates that a cog-d-supplemented module does not necessarily need to be §-supplemented.

Example 1. Let’s consider the Z-module Q. Given that Q has only Q as a cos-coatomic submodule, Q
qualifies as a cos-d-supplemented module. However, it’s important to note that QQ is not a j-supplemented

module.

Proposition 2. Suppose that W is a §-coatomic module. In that case, W is cos-d-supplemented if and
only if W is d-supplemented.

Proof. The sufficiency is evident. To prove the necessity, let G be any submodule of W. Since W
is d-coatomic, then W/G is d-coatomic by Proposition 1. Thus G has a J-supplement in W, by the
assumption. Hence W is d-supplemented.

Corollary 1. Suppose that W is a semisimple singular module. Then W is cos-d-supplemented if and
only if W is J-supplemented.

Proof. Note that by [4, Corollary 2.9], W is d-coatomic. Thus the result is derived from Proposition 2.
Corollary 2. For a module W, assume that 6(W) <5 W and W satisfies either

1. W/6(W) is semisimple, or
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2. For each submodule G of W, there exists a submodule H of W such that W = G + H and

GNH<;W.

Then W being cos-d-supplemented is equivalent to being §-supplemented.
Proof. W is §-coatomic module by [4, Theorem 2.2]. Thus the result is supported by Proposition 2.
Proposition 3. Cos-d-supplemented modules exhibit transfer properties through their quotient modules.

Proof. Suppose that W is a cos-d-supplemented module and G < W. Then any cos-coatomic submodule
of W/G is a submodule of the form L/G where L is cos-coatomic submodule of W. By the hypothesis,
L has a §-supplement in W, say X. According to [8, Proposition 2.3], we achieve that

(X + G)/G is a 6-supplement of L/G in W/G.

Corollary 3. The property of being cos-d-supplemented module is transferred by direct summands.

Proposition 4. Suppose that W is a cos-d-supplemented module. In that case, each cos-coatomic
submodule of the module W/4(W) is a direct summand.

Proof. Suppose that G/6(W) is a cos-coatomic submodule of W/46(W). Then G is cos-coatomic
submodule of W. By the hypothesis, there exists a submodule H of W such that W = G + H and
G N H <5 H. Note that G N H < §(W). Thus

W/ o(W)=G/6(W)+ (H+dW))/o(W),

(G/6(W)) N ((H +6(W))/6(W)) = (GNH)+6(W))/6(W) = 0.

Hence W/§(W) = (G/6(W)) & (H + §(W))/5(W).

Corollary 4. Suppose that IV is a cos-0-supplemented module. In that case, W/§(W) is &-cog-6-supple-

mented.

Next, we aim demonstrating that the sum of a finite number of cos-d-supplemented modules becomes a

cos-0-supplemented module. To begin with, we establish the following lemma as a preliminary step.

Lemma 2. Suppose that W is a module and G, H < W. Assume that G is cos-coatomic, H is
cos-0-supplemented and G + H possesses a d-supplement in W. Then G possesses a d-supplement
inW.

Proof. Let X be a d-supplement of G + H in W. Note that
H/(HN(G+X)=(G+H+X)/(G+X)=W/(G+X)

is d-coatomic as a quotient module of the d-coatomic module W/G. Thus there exists a submodule H’
of H such that

H=H+HNG+X))and HN(HN(G+ X)) = H N (G+ X) <; H'. Therefore we
have W =G+ H+X =G+ (H +HN(G+ X))+ X =G+H +XandGN (H + X) <
HNG+X)+XN(G+H)<HNG+X)+XN(G+H)<s H+ X.Hence H + X isa
d-supplement of G in W,

Theorem 1. A finite sum of cos-d-supplemented modules remains cos-d-supplemented.
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Proof. Tt is sufficient to prove that the sum, say W, of cos-d-supplemented modules W7 and W is

cos-0-supplemented. For this, assume that GG is a cog-coatomic submodule of W. Then W = W1+ W+
G. Note that (W/G) /(W2 + G)/G) = W/(W3 + G) is d-coatomic. Since Wa + G is cos-coatomic
submodule of W and W is cog-d-supplemented, then Wy 4+ G has a §-supplement in W by Lemma
2. By using Lemma 2 once more again, we conclude that G has a d-supplement in W because Wy is
cos-0-supplemented module and G is a cos-coatomic submodule of W. Hence W is cog-d-supplemented.
Consider modules W and L. L is designated as finitely W -generated in case there exists an epimorphism
f:WW — L where A is a finite set.

The subsequent corollary naturally follows from Proposition 3 and Theorem 1.

Corollary 5. In case W is cos-d-supplemented module, then any finitely W -generated module is a
cos-0-supplemented module.

Theorem 2. Let G be a cos-d-supplemented submodule of a module W such that /G has no maximal

submodule. Then W is a cog-d-supplemented module.

Proof. Let L be a cog-coatomic submodule of W. Then W/(G + L) is §-coatomic as a quotient module
of the d-coatomic module W/L . Thus W/(G + L) is coatomic. Since W/G has no maximal submodule,
W/(G + L) also has no maximal submodule. Thus W = G + L. By Lemma 2, L has a §-supplement in
W. Hence W is cos-d-supplemented module.

Corollary 6. Suppose that W is a module and W/Soc(W) has no maximal submodule. Then W is
cos-0-supplemented module.

As a reminder from [10], a module W is termed d-local in case § (W) <5 W and the submodule 6(W)

is maximal in W.

Proposition 5. Let W be a cos-6-supplemented module. If W contains a maximal submodule H with

singular W/ H, then W contains a d-local or projective semisimple submodule.

Proof. Assume that W is a cos-d-supplemented module and H is a maximal submodule of W such
that W/ H is singular. Then H is cos-coatomic submodule of T¥. By the assumption, there exists a
submodule X of W suchthat W = H + X and H N X <5 X. Therefore, X is d-local or semisimple
projective by [11, Lemma 2.22].

Lemma 3. Suppose that W is a module and H is a maximal submodule that contains whole semisimple

singular submodules of W. If W/ H is singular and X is a 6-supplement of H in W, then X is d-local.

Proof. By the hypothesis, W = H + X and H N X <5 X. Assume that H N X is not an essential
submodule of X. Then there exists a submodule X’ of X such that (H N X)N X' = 0, and so X =
(HNX)® X'. Thus X' = X/(H N X) = W/H is simple singular, by the assumption. Also we get
W =H+X=H+(HNX)®X' = H+X'. Itleads to the conclusion that H does not contain X'. This
contradicts with the hypothesis. Hence H N X is an essential submodule of X, and so 6(X) < HN X.
Hence §(X) = HN X.

Proposition 6. The expressions below are equivalent for a §-coatomic module W:
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1. W is cos-d-supplemented.
2. Each maximal submodule H of W with singular W/ H has a d-supplement in W.
3. W =Wy + Wy + ...+ W, where each W) is either simple or d-local.

Proof. When W is semisimple singular, then these stated equivalences above are evidently valid. So, we
posit that W is not semisimple singular.

(1) = (2) It is evident.

(2) = (3) Let X be the sum of whole submodules which are J-supplement of maximal submodules
H of W with singular W/H and Soc(W) < H. Then by Lemma 3, X is a sum of d-local submodules
of W. Now assume that W # Soc(W') + X. Since W is d-coatomic module, then there is a maximal
submodule G of W such that Soc(W) + X < G and W/G is singular. By the hypothesis, G possesses
a d-supplement Y in W. Therefore, Y < X < G and G = W, but this is a contradiction. Hence,
W = Soc(W) 4+ X and the result holds.

(3) = (1) It is supported by [10, Lemma 3.3] that d-local modules are J-supplemented, and so
cog-0-supplemented. Moreover, it is evident that simple modules are cos--supplemented. Hence W

is cos-d-supplemented as a finite sum of cos-d-supplemented modules by Theorem 1.

Corollary 7. Suppose that W is a §-coatomic module. In case W is §-supplemented, W = Wy + Wy +

... + W, where each W) is either simple or J-local.

Proposition 7. Suppose that .S is a ring. The expressions below are equivalent:
1. S'is a left -coatomic ring.
2. Each simple S-module is singular.
3. Each coatomic S-module is J-coatomic.

Proof. (1) = (2) It is supported by [4, Theorem 2.18].

(2) = (3) Let W be a coatomic module. Then each submodule which is proper of W is included in
a maximal submodule G. By the assumption, W/G is singular. Thus we conclude that each submodule
which is proper of W is included in a maximal submodule G where W/G is singular. This means that
W is §-coatomic.

(3) = (1) By (3), the module g5 is §-coatomic. Hence S is a left 6-coatomic ring.

Corollary 8. Suppose that S is a §-coatomic ring and W is an S-module. In that case, the expressions

below are equivalent:
1. W is co-coatomically d-supplemented.
2. W is cog-d-supplemented.

Proof. (1) = (2) Itis evident.
(2) = (1) Suppose that G is a co-coatomic submodule of W, that is, W/G is coatomic. Then W/G
is d-coatomic by Proposition 7, as .S is a left J-coatomic ring, by the assumption. Thus G < W is

cos-coatomic. As W is cos-d-supplemented, G possesses a d-supplement in W, as desired.
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Heed the information derived from [6] that, concerning the modules P and W, an epimorphism h : P —

W is denominated a d-cover of W under the condition that Ker(h) <s P. A é-cover h : P — W

is labeled as a projective §-cover provided that P is a projective module. A ring S is characterized as

d-semiperfect in case each simple S-module possesses a projective d-cover (refer to [6]).

Corollary 9. Suppose that S is a J-semiperfect ring and W is an S-module. In that case, the expressions

below are equivalent:
1. W is co-coatomically d-supplemented.
2. W is cog--supplemented.

Proof. Since §-semiperfect rings are left §-coatomic by [4, Proposition 2.15], then the result is supported

by Corollary 8.

Corollary 10. The expressions below are equivalent for a -semiperfect ring .S:
1. S is (s-co-coatomically supplemented) co-coatomically §-supplemented.
2. g8 is (B-cos-6-supplemented) cog-d-supplemented.

Presently, we provide an instance of a ring where each cos-d-supplemented S-module is simultaneously

co-coatomically d-supplemented.

Example 2. Suppose that S is an incomplete discrete valuation ring and () denotes its field of fractions.
Let p be the maximal ideal of S. Then p is essential in S. Hence the simple S-module S/p is singular.
Hence each simple S-module is singular. So S has no simple projective S-modules. Also as stated in
the [11, Example 2.2], §-small submodules are small over the ring S. Therefore over this ring, modules
which are co-coatomically d-supplemented are co-coatomically supplemented, and also cos-d-supple-

mented modules are co-coatomically §-supplemented by Proposition 7. Moreover, Q®(Q is cos-d-supple-

mented as it is supplemented by [12, Theorem 2.2].

Consider a module W. A submodule G within W is denoted as fully invariant if v(G) < G for any

endomorphism y of W. In case each submodule of W is fully invariant, W is termed duo (refer to [13]).

Proposition 8. Suppose that W is a @-cos-J-supplemented module and G is a fully invariant submodule
of W. In that case, the quotient module W/G is ®-cos-0-supplemented.

Proof. Assume that L/G is a cos-coatomic submodule of W/G. Then (W/G)/(L/G) = (W/L)
is d-coatomic, and hence L is a cos-coatomic submodule of W. By the assumption, there exists a
decomposition W = X @ X’ of W such that W = L + X and L N X <5 X. This leads to the
conclusion that (G 4+ X)/G is a §-supplement of L/G in W/G by [8, Proposition 2.3]. Therefore, we
conclude that G = (GNX)®(GNX'), since G is fully invariant by [13, Lemma 2.1]. This decomposition
implies that W/G = ((G+ X)/G) @ (G + X')/G). Hence W/G is @-cos-J-supplemented.

Retrieve from [6, Lemma 1.5(2)] the fact that the submodule 6(1/) of a module W is fully invariant.

Corollary 11. Suppose that W is a ®-coz-0-supplemented module. In that case, W /(W) is @-cog-0-

supplemented.
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Corollary 12. Suppose that W is a &-cos-d-supplemented duo module. In that case each quotient

module of W is @-cos-d-supplemented.

Proposition 9. Each cos-coatomic fully invariant direct summand of a &-cos-d-supplemented module

is ®-cos-0-supplemented.

Proof. Suppose that W is a @-cos-J-supplemented module and G <g W is cos-coatomic fully invariant.
Let X be a cos-coatomic submodule of G. By the assumption, there exists a §-coatomic submodule G’ of
W such that W = G @ G’. Thus we have that W/X = (G@ G")/X) G = G/X & G’ is §-coatomic
since it is a direct sum of two §-coatomic modules by [4, Proposition 2.6]. Therefore, by the assumption
there is a submodule 7" which is d-supplement of X in W such that W = T & T’. By the modular law,
we getthat G =GN (X +T) = X + (GNT). Note here that G = (GNT) ® (GNT') by [13, Lemma
2.1], since G is a fully invariant submodule of W. So, GNT <g G. Since XN(GNT) = XNT <5 T,
then X N (GNT) <5 GNT by Lemma 1-(5). Hence G is ®-cos-0-supplemented.

Proposition 10. Suppose that W is a @-cos-0-supplemented module and G is a submodule of W.
Assume that for each X <g W, (G + X)/G <g W/G. Then W/G is a ©-co;s-6-supplemented.

Proof. Assume that L/G is a cog-coatomic submodule of W/G. Then L is a -coatomic submodule of
W. By the assumption, there exists a decomposition W = X @& X' of W such that W = L + X and
LNX <5 X. Thus we get that W/G = (L/G) + ((G + X)/G). By the hypothesis, (G + X)/G <g
W/G. On the other hand, since LN X <5 X, (LN(G+X))/G=(G+(LNX))/G=7n(LNX) <K
m(X) = (G + X)/G where m : W — W/G is a canonical projection by Lemma 1-(2). This completes
the proof.

As per the definition in [14], a module W is designated to possess the Summand Sum Property (SSP) in
case the sum Wy + Wo <qg W where W1, Wy <g W.

Proposition 11. Suppose that W is a ©-cos-d-supplemented module. In case W possesses (SSP), each
G <g W is &-cos-d-supplemented.

Proof. Assume that W; <g W such that W = W; @& Ws. Regarding any X <g5 W, we achieve
that W = (X + W;) @ K for some submodule K of W, as W has (SSP) by the assumption. Note
that W/Wy = (X + Wy)/Wa) @ ((K + Wy)/Ws). Here according to Proposition 10, W/W5 is

@-cos-d-supplemented module.

Referencing [15], it can be recalled that a module W is termed distributive if, for submodules G, H, L of
W, theequality GN(H+L)=(GNH)+ (GNL)orG+(HNL)=(G+ H)N(G+ L) is satisfied.

Proposition 12. Suppose that W is a &-cos-d-supplemented module and G is a submodule of . In
case W is distributive, W/G is ®-cos-0-supplemented.

Proof. The claim can be proved by using Proposition 10. For this, take K <g W. Then we have the
decomposition W = K & K’ for some K’ < W. Thus W/G = ((G+ K)/G) + (G + K')/G). By
the assumption, since W is distributive, then G = G + (K N K') = (G + K) N (G + K'). We infer
from here that W/G = ((G+ K)/G) ® ((G+ K')/G). Thus W/G is @®-cos-d-supplemented module
by Proposition 10.
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Refer to [16] for the reminder that a module W is termed an (Ds3)-module in case the intersection of

direct summands, the sum of which yields W, is also a direct summand of V.

Proposition 13. Suppose that IV is a ®-cos-d-supplemented (D3 )-module. In that case, each cos-coatomic

K <g W is &-cos-6-supplemented.

Proof. Assume that K <g W is cog-coatomic and X is a cog-coatomic submodule of K. Then there
exists a §-coatomic submodule K’ of M such that W = K @ K'. Therefore, we deduce that W/X =
(K/X) @ K’ is §-coatomic as a direct sum of two d-coatomic modules by [4, Proposition 2.6]. Since
W is @-cog-d-supplemented, then there exists a d-supplement 7" of X in W with T' <5 W. It gives
the result that K = KN (T + X) = (KNT)+ X. Since W is a (D3)-module, K NT <g W,
and thus K N T <g K. Also, XN(KNT) =XNT <s KNT by Lemma 1-(5). Hence K is
B-cos-d-supplemented.

In the sequel, we provide a helpful lemma to establish that any finite direct sum of modules that are

@-cos-d-supplemented remains @-cos-6-supplemented.

Lemma 4. Let W be a module and G, H be submodules of W such that G is cos-6-supplemented, H is
cog-coatomic and G+ H possesses a d-supplement 7" in W. Then GN(H +1T') possesses a d-supplement
T in G and T + T" is a §-supplement of H in .

Proof. Since T is a §-supplement of G+H in W, we have that W = (G+H)+T and (G+H)NT <5 T
Moreover,

G/(GN(H+T))=(G+H+T)/(H+T)=W/(H+T)= (W/H)/((H+T)/H) is 6-coatomic as it
is quotient module of the d-coatomic module W/ H. Thus there exists a J-supplement X of GN(H + 1)
in G, by the hypothesis. So, G = (GN(H+T))+ X and (GN(H+T))NX =(H+T)NX <5 X.
Therefore, we have W = (G+ H)+T=(GN(H+T)+ X))+ H)+T=H +T+ X and
HNTH+X)<TNH+X)+XNT+H)<TNH+G)+XN(T+H)<s T+ X by Lemma
1-(3). Hence T' + X is a d-supplement of H in W where X is a §-supplement of G N (H + T) in G.

Theorem 3. Any finite direct sum of &-cos-J-supplemented modules is B-cos-d-supplemented.

Proof. Assume that Wy, Wa, ..., W,, is a finite collection of &-cos-d-supplemented modules and W =
@_, Wy. To show that W is §-cos-d-supplemented, we will prove the claim in case n = 2 and the
proof is completed by induction. Let W be the direct sum of @-cos-d-supplemented modules Wy, Wy
and GG be a cog-coatomic submodule of W. Then note that W = W; + W5, 4 G and 0 is a §-supplement
of W1 + Wy + G in W. Since

Wo/(Wo (W1 + @) = (Wi + Wa + G)/(W1 + G) = (W/G) /(W1 + G)/G)

is d-coatomic as it is quotient module of the d-coatomic module W/G, then Wo N (W7 + G) < Wy is
cog-coatomic. Thus by the hypothesis, W5 possesses a K <g, W that is a §-supplement of Wo N (W7 +
G) in Wy. Then K is a 0-supplement of W; 4G by Lemma 4. Now it is easy to see that W, /W N(G+K)
is d-coatomic, and thus W N (G + K) possesses a d-supplement 7" in W with T' <g Wj. By using
Lemma 4 once again, K + T is a §-supplement of G in Wj such that K & T <g W. Hence W is

@-cos-d-supplemented module.
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Cos-Coatomically 6-Semiperfect Modules

Definition 2. We term a module W cos-coatomically §-semiperfect, shortly cos-d-semiperfect, provided
each quotient module of W by a cos-coatomic submodule, or equivalently each §-coatomic quotient

module of W possesses a projective d-cover.

Proposition 14. Suppose that W is a projective module. In that case, W is cos-d-semiperfect if and only
if W is ®-cos-d-supplemented.

Proof. (=) Assume that G is a cos-coatomic submodule of W. There is a projective d-cover h : P —
W/@G, by the assumption. Then according to [6, Lemma 2.4] there are submodules Wy, W5 of W such
that W = Wy @ Wy with W7 < G and Wo NG <5 W. Applying Lemma 1-(5), we conclude that
Wo NG <5 Wa. It leads to the conclusion that Ws is a §-supplement of G.

(<=) Assume that G is a cos-coatomic submodule of W. As W is &-cos-0-supplemented, then W has a
decomposition W = W7 @ Ws such that W = W7 + G and W1 NG <5 W1. Note that W7 is projective.
Consider the canonical injection ¢ : W} — W and the canonical projection 7 : W — W/G. By this
way, there exists an epimorphism ¢ : W1 — W/G with Ker(m) = W1 NG <5 W1.

Theorem 4. Suppose that W is a cos-d-semiperfect module. In that case, each homomorphic image of

W is cos-0-semiperfect.

Proof. Assume that h : W — L is a homomorphism and G is cos-coatomic submodule of h(W).
Consider the epimorphism ¢) : W — h(W)/G defined by ¢)(w) = h(w)+G for wholew € W. As W is
cos-0-semiperfect, h(W)/G =2 W/h~1(G) has a projective §-cover. Hence h(W) is cos-6-semiperfect

module.
Corollary 13. Each quotient module of a cos-d-semiperfect module is cos-J-semiperfect.

Corollary 14. Each projective quotient module of a cos-§-semiperfect module is @-cos-0-supplemented

module.
Proof. The proof can be easily seen by Corollary 13 and Proposition 14.
Theorem 5. Each d-cover of a cos-d-semiperfect module is cos-d-semiperfect.

Proof. Assume that W is cog-d-semiperfect module and f : L — W is a J-cover of W. For the
d-coatomic quotient module L/G of L, the homomorphism ¢ : L/G — W/ f(G) defined by ¢ (I+G) =
f(l) + f(G) for all I € L is an epimorphism. Also, we claim that Ker(¢) <5 L/G. To prove
this, assume that Ker(y) + X/G = L/G where (L/G)/(X/G) is singular. Note that Ker(y) =
(G + Ker(f))/G. Thus we have that L. = X + Ker(f) and (L/G)/(X/G) = L/X is singular. As
Ker(f) <5 L, then X = L. This leads to the conclusion that Ker(¢) <5 L/G. Since W/f(G) =
W(L/G) = (L/G)/(G+ Ker(f))/G is 6-coatomic, then by assumption W/ f(G) possesses a projective
d-cover p : P — W/ f(G). As P is projective, there is a homomorphism « : P — L/G such that the
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following diagram

>

L/G— = W/f(G)

is commutative, that is, u = 1. Then L/G = «(P) + Ker(v). Since Ker(¢) <5 L/G, there exists a
semisimple projective submodule S of Ker(v) such that L/G = a(P) + S by Lemma 1-(1). Now we
can define the homomorphism 3 : P @ S — L/G via 8(p,s) = a(p) + G. B is an epimorphism and
Ker(B) = Ker(a) @ 0. Since Ker(a) < Ker(u) <5 P, then Ker(a) &0 <5 P & S. Consequently,
P @ Sisad-coverof L/G.

Corollary 15. Suppose that G is a 6-small submodule of a module W and W/G is cos-d-semiperfect.

In that case, W is a cos-d-semiperfect module.

Corollary 16. Suppose that W is and that f : P — W is a projective d-cover of W. In that case, the

expressions below are equivalent:
1. W is cos-d-semiperfect.
2. P is cog-6-semiperfect.
3. Pis ®-cog-d-supplemented.

Proof. (1) = (2) It is derived from Theorem 5.
(2) = (1) It is supported by Corollary 13.
(2) <= (3) It is Proposition 14.

Theorem 6. Suppose that W), is a collection of projective modules where A € A and A is a finite index
set. In that case, W = @ xea W is cos-0-semiperfect module if and only if W) is cos-d-semiperfect
for each \ € A.

Proof. (=) LetW = @, W, is cos-d-semiperfect module. Then by Corollary 13,

Wi = W/(D,en\(ry W) is cos-0-semiperfect for each A € A.

(«<=) Let W), be a projective cos-d-semiperfect module for each A € A. Thus W), is B-cos-J-supplement-
ed by Proposition 14, for each A € A. Therefore, W is &-cos-6-supplemented by Theorem 3. Applying

Proposition 14 once again, we deduce that W is cos-d-semiperfect.
Now the next result is obviously seen by Corollary 13 and Theorem 6.

Corollary 17. Suppose that IV is a projective module. In case W is cos-d-semiperfect module, any

finitely W-generated module is cos-d-semiperfect.

Finally, we determine over which rings the R-module pR is equivalent to being @s-co-coatomically

supplemented, being cos-d-semiperfect and being ®-cos-J-supplemented.

Theorem 7. The expressions below are equivalent for a d-semiperfect ring .S:
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1. g8 is @s-co-coatomically supplemented.
2. S is cog-0-semiperfect.

3. 595 is B-cos-d-supplemented.

Proof. (1) <= (3) It is Corollary 10.
(2) <= (3) It is Proposition 14.
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Oz

Bu makale, Tiirkiye'deki akademisyenlerin Yapay Zeka (YZ) triinlerini
(uygulama ve araglarini) kullanma aligkanliklarini ve kullanim nedenlerini
inceleyen bir arastirmanin sonuglarini sunmaktadir. Veriler, genis bir
akademik toplulugun katilimiyla gerceklestirilen bir anket araciligiyla
toplanmistir. Bulgular, YZ konusunda yeterli farkindalik oldugunu, YZ
tirtinlerinin kullanildigin1 ancak YZ iirtinlerinin yeterince yaygin ve ¢ok
yonlii bir sekilde kullanilmadigini gostermektedir. Arastirmayla YZ
kullaniminin yayginlig; etkisi ve gelecekteki arastirmalar i¢in potansiyel
yonleri, beraberinde getirdigi telif, patent ve mahremiyet ihlali gibi yeni
sorunlari1 matematiksel bulgularla ortaya konmus ve sonuglar
tartistlmigtir. Bu g¢alisma, YZ teknolojilerinin akademik g¢aligsmalar ve
ogretimdeki roliinlin anlasilmasi ve daha yaygin kullanimi i¢in katkida
bulunmay1 amaglamaktadir.
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Abstract

This article presents the results of a study investigating the habits and
reasons for use of Artificial Intelligence (Al) products (applications and
tools) among academics in Turkey. Data were collected through a survey
conducted with the participation of a broad academic community. The
findings indicate that there is adequate awareness about Al and its usage,
but Al products are not being used extensively and diversely enough. The
study has demonstrated the prevalence, impact, and potential directions
for future studies of Al utilization, along with new issues it raises such as
copyright, patent infringement, and privacy violations, all underpinned by
mathematical findings and the results have been discussed. This study aims
to contribute to the understanding and wider use of Al technologies in
academic research and teaching.
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Giris

Yapay Zeka (YZ), akademik alan dahil olmak tizere cesitli sektorlerde doniistiiriicii bir gii¢ olarak ortaya
cikmistir. Uygulamalar ve araglar gibi YZ iiriinlerinin akademik uygulamalara entegrasyonu, arastirma,
Ogretim ve genel egitim deneyimini gelistirme potansiyeline sahiptir. Bu calisma, Tiirkiye'deki
akademisyenlerin YZ iiriinlerini kullanma aligkanliklarini ve bu aligkanliklarin altindaki motivasyonlari
arastirmay1 amaclamaktadir. Boylece mevcut durumun anlasilmasi saglanacak ve bunu temel alan
hedefleri belirlemek miimkiin olacaktir. Son yillarda YZ teknolojileri hizla evrim gecirmis ve sesli
asistanlar, dil cevirileri, navigasyon, sosyal giivenlik, saglik hizmetleri, e-ticaret, yardimci robot
uygulamalar1, siber giivenlik, dogal dil isleme ile makine 6grenme algoritmalar1 gibi sayisiz giiglii
yetenekler sunmaktadir. Bu teknolojiler, akademik arastirma ve 6gretimde verimliligi, dogrulugu ve
inovasyon artirma firsatlarini sunmaktadir [1]. Ancak Tiirkiye'deki akademisyenlerin YZ aracglari ve
uygulamalarini ne 6l¢iide benimsedigi konusu agik¢a belli degildir. Calismanin bu alandaki 6nemli bir
boslugu doldurmasi hedeflenmistir. Tiim diinyada oldugu gibi iilkemizde de YZ konusundaki
ilerlemelerin ve gelisimin en 6nemli odagi akademidir. Akademik camianin en temel ve en birinci
unsuru ise 6gretim elemanlar1 yani {akademisyenlerdir}. Bu arastirmanin 6nemi, Tiirkiye'deki akademik
toplum icinde YZ’nin benimsenme durumunu aydinlatma potansiyeline dayanmaktadir. Bu ¢alisma,
akademisyenlerin kullanim aligkanliklarini, farkindalik diizeylerini ve karsilastiklar1 engelleri
anlayarak, akademik alandaki YZ entegrasyonunu tesgvik etmek icin gelistirilecek stratejilere katkida
bulunabilir. Ayrica, akademik ortamlarda YZ kullanimu ile iliskilendirilen etik ve pratik endiseler de ele
almmaktadir. Makalenin ilerleyen boliimlerinde sorunlar ve metodolojik yaklasim, anket sonuglari ve
bulgulari, YZ benimseme {izerine yapilan tartismalar ve gelecekteki arastirmalar i¢in Oneriler
bulunmaktadir. Bu arastirma ile Tiirkiye'deki akademik arastirma ve egitimde YZ teknolojilerinin daha
genig bir sekilde benimsenmesi, tesvik edilmesi ve bunlarin etkisinin daha iyi anlasilmasi
amaglanmaktadir. Arastirmamiz anket yontemi ile yapilmistir. Ankette sorulan sorular hazirlanirken bu
alanda yapilmig Onciil ve olabildigince yakin tarihli caligmalardan olusan bir literatiir taramasi
yapilmigtir. YZ iriin ve uygulamalarinin yayginlagmasi son birka¢ on yilla smirli oldugu igin
arastirdigimiz akademik kaynaklarin yayin tarihlerinin YZ iirlin ve araglarinin bir anda yayginlagmaya
basladigr bu dénem ve daha sonraki yillara ait olmasina 6zen gosterilmistir. Benzer ¢alismalarin yer
aldig1 literatiir ¢alismalarindan eldeki bu ¢alismaya 151k tutacagini disiindiigiimiiz alanlar1 ve buna
dayali sorular1 olustururken oncelikle “DOGRU VE TAM” olma (Soundness and Completeness)
unsurlarina dikkat edilmistir [2]. {lgili kaynaklarin taranmasi ve yapilan 6n arastirmalar sonucu olarak
ozellikle akademik camiada kullanima sunulan en son YZ uygulama ve araglarmin kullanimim
arastirmaya yonelik sorular olusturulmustur. Aragtirmamiza Tirkiye’deki her diizeydeki akademisyen
katilmigtir. Sorularimizin ilk boliimiinde anketi dolduran katilimeilarin demografik 6zellikleri (calistig
iiniversitenin 6zelligi, yas, unvan, egitim, bilim alan1 vb.) ve diger ilgili bilgileri aragtirilmistir. Ardindan

kullanilan {iriin ve araglar ve bunlarin kullanim alanlarin1 aragtirmaya yonelik sorular sorulmustur. Son
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kisimda ise YZ iiriinlerinin kokten degistirmeye basladigi, intihal, patent haklari, mahremiyet ve kisisel

veri giivenligi ihlalleri konusundaki alg1 diizeyinin anlasilmasina yonelik sorular sorulmustur. Sorularin
sonunda ise katilimcilarin her tiirlii gdriis ve Onerisini serbestce yazabilecekleri bir alan eklenmistir.
Anket, 6zel bir form doldurma yaziliminin linki ile katilimcilara elektronik iletisim araglar1 vasitasiyla
iletilmistir. Anket sonuclarinin analizinden dagilimin dengeli oldugu da anlasilmistir. Buna gore boliim-
unvan-yas ve tiniversite 6zellikleri gibi konularda Tiirkiye ortalamasi ile uyumlu bir sonug gbzlenmistir.
Toplanan veriler 6ncelikle veri toplama aracinin sundugu analiz araglar1 kullanilarak degerlendirilmis
ancak bunun yetmedigi yerlerde daha ileri istatistiksel veri analiz yontemleri de kullanilmistir. Bunlar,
GoOzden Gegirme ve Temizleme, Giivenilirlik, Gegerlik, Eksik Veri, Anomali Tespiti, Mantiksal
Tutarsizlik, Capraz Kontrol, Faktor Analizi gibi yontemlerdir. Ortaya ¢ikan sonuglarin giivenilir oldugu
hem elle yapilan denetimlerimizle hem de ileri analiz olanagi veren istatistiksel Ol¢iim araglar
araciligtyla dogrulanmistir. Ardindan veriler analize tabi tutulmustur. Calismamizda; Arastirma
Konular1 ve Yontemi boliimiinde literatiir taramasi yapilmistir. Materyal ve Metot boliimiinde anket
tasarimi ve veri toplama yontemleri anlatilmigtir. Bulgular ve Tartisma boliimiinde anket ¢aligmasinin
bulgular1 anlatilmis ve tartisilmistir. Sonuglar boliimiinde ise elde edilen bulgularin 6zeti verilmis ve

bulgular dogrultusunda akademik camiada s6z sahibi olan taraflara 6neriler sunulmustur.
Arastirma Konulari ve Yontemi
Arastirmanin Konulari (Sorunlar)

YZ iirlinlerinin kullanilmasi beraberinde yeni olgu-konu ve sorunlar1 da getirmistir. Bu sorunlarin neler
olduguna genel bir bakistan sonra akademisyenlerin bu iiriinleri akademik ve 6zel hayatlarinda
kullanimina dair yapilan arastirmanin sonuglari tartisilmistir. Sorunlar; kullanim, hukuk, fikri miilkiyet,
icerik iiretimi, intihal, mahremiyet ve diger sorunlar bagliklar1 altinda incelenmistir. Sorunlar ayni

zamanda arastiracagimiz konulara ve belirlenen anket sorularina 1gik tutmaktadir.
Kullamim Sorunlar
Onyarg ve Adaletsizlik

YZ algoritmalari, egitim siirecinde kendilerine kaynak olarak gosterilen veri setlerinin icerdigi
Onyargilart da Ogrenebilir ve bu Onyargilar1 calisma sistematiklerine ve elde ettikleri sonuclara
yansitabilir. Egitim verilerinde var olan Onyargilar, YZ'min karar verme mekanizmalarinda
adaletsizliklere (haksizliklara) sebep olabilecek sekilde sonuglar iiretmesine yol agabilir. On yargilarin

varlig, siklikla heniiz normlar ve kurallarin tam olarak yerlesmedigi, gelismekte olan alanlarda daha

fazla hissedilebilir [3].
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Giivenilirlik Sorunlar

YZ sistemlerinin iirettigi sonuclar her zaman giivenilir olmayabilir. Ozellikle, YZ modelleri
beklenmedik yeni durumlarla karsilastiklarinda adaptasyon ve dogru sonuglar iiretme konusunda
sinirlamalara sahip olabilirler. Teknolojinin hizla ilerledigi ve siirekli degisim gdsterdigi alanlarda, YZ

sistemlerinin giincelligini koruma ve dogru bilgiyi isleme konusunda zorluklar yasanmas1 muhtemeldir
[4].
Etige Uygunluk Sorunlari

YZ’nin etik kurallara ne derece uygun oldugu, teknoloji alaninda siirekli olarak tartigilan bir konudur.
Kisisel mahremiyet, giivenlik ve toplumsal etkiler gibi konularda, etik diizenlemelere ve standartlara
duyulan ihtiyag¢ giderek artmaktadir. YZ'nin etik yonleri, 6zellikle yeni ve gelismekte olan etik kurallar
ve standartlar olusturulurken daha belirgin hale gelmektedir [5]. Etik kurallari ileride yasal diizenlemeler

takip edecek olsa bile etik kurallar 6nemini yitirmeyecek ve bu alandaki boslugu dolduracaktir.
Hukuki Sorunlar
Sorumluluk ve Hukuki Cerceve

YZ sistemlerinin kararlar1 sonucu meydana gelen zararlar, sorumlulugun tespiti konusunda hukuki
belirsizlikler yaratmaktadir. Ozellikle, otomatik karar verme siireclerinde hata nedeniyle olusan
zararlarin kim ya da ne tarafindan telafi edilecegi hukuki gevrelerde tartisma konusudur [6]. YZ
sistemlerinin giderek daha karmagik ve otomatik hale gelmesiyle, bu sistemlerin yanlis kararlar almasi
veya hatali sonuglar iiretmesi durumunda olusabilecek zararlar ve bu zararlarin kim tarafindan telafi
edilecegi konusu onemli bir hukuki tartigma konusu haline gelmistir. YZ sistemlerinin kararlarinin
neden oldugu zararlar, bircok durumda geleneksel hukuk kurallarina ve sorumluluk ilkelerine uygun
olarak ele alinamayabilir. Bu nedenle, YZ sistemlerinin hukuki sorumluluguyla ilgili yeni diizenlemeler,
standartlar ve hukuki gergeveler olusturulmasi gerekmektedir. Asaro’nun [6] bahsettigi gibi, 6zellikle
otomatik karar verme siireglerindeki hatalarin sonuglarina karst hukuki sorumluluk konusunda
belirsizlikler vardir. Bu tiir durumlar, YZ sistemlerinin etik, hukuki ve sosyal sonuglarini
degerlendirmek icin daha fazla arastirma ve diizenleme gerektirir. YZ kararlarinin hukuki
sorumluluguyla ilgili genel bir anlayisi yansitmaktadir ve YZ teknolojilerinin hukuki ¢ergevesi ve
sorumluluklar1 konusundaki tartigmalar ve eldeki gibi aragtirmalar sorumluluk ve hukuki ¢erceveyi daha

da belirginlestirecektir.
Kararlar ve Dogurdugu Zararlarin Hukuki Boyutu

YZ sistemleri tarafindan olusturulan hatali kararlardan dogmasi muhtemel zararlarin kim tarafindan
iistlenilecegini belirlemek agisindan zorluklar vardir. Bu durum, otomatik kararlarin sonuglarina yonelik

hukuki miicadelede netlik saglama ihtiyacini ortaya koymaktadir [7].
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Insan Faktorii ve YZ Sorumlulugu

YZ sistemlerinin gelistirilmesi ve denetimi insanlar tarafindan yapildigindan, hata durumunda insan
miidahalesinin sorumluluk derecesi belirsizdir. Bu, gelistiricilerin, operatorlerin ve denetgilerin

sorumlulugunun ne 6l¢iide olacagina dair hukuki ¢erceveyi zorunlu kilar [6].
Mevcut Hukuki Cercevenin Yetersizlikleri

YZ igin heniiz net ve kapsamli bir hukuki ¢ergeve mevcut degildir. Mevcut yasalarin YZ uygulamalarina
uygulanabilirligi ve cezai, sivil veya idari sorumluluklari nasil sekillendirdigi ve gelecekte nasil roller

oynayacagi konularinda 6nemli belirsizlikler bulunmaktadir [8].
Fikri Miilkiyet ve Intihal Sorunlar
YZ Uretimi ve Fikri Miilkiyet Haklar

YZ tarafindan {iretilen iceriklerde fikri miilkiyet haklarinin belirsizligi, icerik iireticileri ve tiiketicileri
icin hukuki ve etik sorunlar dogurur. Intihal, bu tiir iiriinlerin kullanimiyla ortaya ¢ikan en dnemli hukuki

meselelerden biridir [9].
Icerik Uretimi

YZ ve sohbet botlari, egitildikleri biiyiik veri setleri sayesinde genis bir metin bilgisine sahiptirler, ancak
bu veriler arasinda telif haklarina tabi metinler de bulunabilir. Bu durum, telif haklar1 ihlali riskini

beraberinde getirir [10].
Izinsiz Kullamlan Icerikler

YZ sohbet botlari, genis veri tabanlarina erisim saglarlar ve bu siirecte telif haklarina tabi igerikleri
izinsiz kullanilabilir ki bu da igerik sahiplerinin haklarinin ihlal edilmesine sebep olma potansiyelini

tagimaktadir [11].
Tiiretilmis ve Otomatik icerikler

YZ tarafindan tiretilen icerikler genellikle egitim verilerinden tiiretilmistir ve bu benzerlik, telif haklar
ihlallerini glindeme getirebilir. YZ iriinleri arasinda tiiretilmis igeriklerin orijinal igerikten farkliligini
saglayacak triinler oldugu da gézlemlenmektedir, ancak bunun giiniimiizdeki ve gelecekteki etik ve

yasal kosullart ne kadar karsiladig1 konusu simdilik belirsizdir [12].
Bilgi Hirsizlig1 Sorunlar

Riskler

YZ, biiyiik veri kiimelerinden 6grenir ve bu siiregte diger kaynaklardan alinti yapma veya benzer

icerikler olusturma riski tasir, bu da intihal sorunlarina yol agabilir [5].
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Bilingsiz Kopyalama

YZ modelleri, egitildikleri veri setindeki ifadeleri dogrudan kullanabilir, bu da intihal riskini artirir ve

yaratici igerik liretiminin haklarini tehdit eder [13].
Egitim Veri Setlerinin Telif Hukuku

YZ sistemleri, egitildikleri veri setlerini kullanirken, bu verilerin telif haklarina saygi gostermeyen

uygulamalar1 ortaya ¢ikarabilir [ 14].
YZ inovasyonlar1 ve Patent

YZ alaninda gelistirilen yeni teknolojiler, patent haklar konusunda belirsizliklere yol agtigi igin;

inovasyonun tesvik edilmesi ile hukuki karmasa arasinda dengenin saglanmasi gerekir [15].
Mahremiyet ve Veri Koruma Sorunlari
Mahremiyet

YZ uygulamalarinin yayginlagmasi, mahremiyet ve kisisel veri giivenligi ihlallerinde ¢ok nemli artisa
yol agmigtir. Mahremiyet ihlalleri, veri toplama ve isleme siireclerindeki agiklardan kaynaklanabilir
[16].

Kisisel Verilerin Korunmasi

YZ ve sohbet botlar, kisisel verilerin korunmasi konusunda yeni zorluklar yaratir. Bu teknolojiler, veri
giivenligini ve korumasini saglamak i¢in yeni diizenlemeleri zorunlu kilar [17]. YZ {iriinleri, genellikle
kullanici davraniglarini ve tercihlerini analiz etmek i¢in biiyiik miktarda veri toplar. Bu durum, bireylerin
kisisel yasamlariyla ilgili detaylarin, izinleri olmaksizin toplanmasina yol agabilir. Bu veri kullaniminin

kontrolsiiz olmasi, kisisel veri giivenligi ihlallerine neden olabilir [18].
Veri Thlalleri ve Giivenlik

YZ algoritmalarinin kullanimiyla ilgili glivenlik aciklar1 ve veri ihlalleri, gelisen teknolojilerle birlikte

ele alinmasi gereken oncelikli konulardandir [19].
Diger Sorunlar
Sesli Asistanlar

Sesli asistanlar, kullanicilarin sesli komutlarim algilayarak yanitlar iiretir. Ancak, bu siire¢ sirasinda
cihazin siirekli olarak sesi kaydetmesi, kullanicilarin mahremiyetini tehlikeye atabilir. Sesli asistanlarin
bu kayitlar1 ne kadar siireyle sakladigi ve nasil korudugu konusundaki belirsizlikler, giivenlik

endiselerini artirabilir [20].
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Algilayici Teknolojiler ve Yiiz Tanima Sistemler

YZ iirtinleri, yiiz tanima ve diger algilayici teknolojileri kullanarak kullanicilart taniyabilir. Bunun
neticesinde ise bu teknolojilerin yanls kullanimi veya kotii niyetli amaglar i¢in kullanilmasi, bireylerin
gizliligini tehlikeye atabilir. Ozellikle kamusal alanlarda kullanilan yiiz tanima sistemleri, mahremiyet

ihlallerine ve kisisel veri giivenligi risklerine yol agabilir [21].
Veri Saklama ve Paylasim Politikalarinin Belirsizligi

YZ fiiriinleri genellikle biiyiik veri setleri ilizerinde ¢alisir ve bu veriler genellikle bulut tabanh
hizmetlerde saklanir. Veri saklama ve paylasim politikalarinin belirsiz veya yetersiz olmasi, kullanici

verilerinin izinsiz erisime veya kot niyetli kullanima agik hale gelmesine neden olabilir [22].
Regiilasyon ve Hukuki Cerceve

YZ ve mahremiyetle ilgili mevcut yasal diizenlemeler ve YZ kullaniminin daha iyi diizenlenmesi ve
mahremiyetin korunmasi i¢in etkili ve teknolojinin bugiiniine uygun olarak arastirilmasi oncelikli

konulardir [23].
Etik Kurallar

YZ kullaniminin etik boyutlan ile YZ gelistiricilerinin ve kullanicilarinin dikkate almas1 gereken etik
standartlarin YZ konusundaki yenilikleri icerecek sekilde yeniden kodlanmasi ve bilinmesi

gerekmektedir [24].
Politikasizhik

Yeni ortaya ¢ikan konularda genel olarak politikalarin belirlenmesi ve istikrarlt bir hal almasi zaman
almaktadir. Universitelerin YZ iiriinlerini akademik faaliyetlerde kullanmas1 ve akademisyenlerin ve
Ogrencilerin bu alanda tesviki konusunda belirli bir politikaya sahip olmadiklar1 halde bu konuda

politika sahibi hale gelmelerinin zaman almasi dogaldir [25].
Ekonomik Sorunlar

Ulkemizdeki akademisyenlerin YZ iiriin ve araglarin1 kullanimi bakimindan 6nemli bir engel de bu iiriin
ve araglarin iilkemizdeki gelir seviyesi diisiiniildiiglinde pahali olmasidir. Bu alanda tesvikler ve bunun

icin de politikalar gerekmektedir [26].
Materyal ve Metot
Genel Bakis

Tiirkiye'deki akademisyenlerin Yapay Zekad (YZ) {iriinlerini kullanimi {izerine yapilan bu caligma
kapsaml1 ve ¢ok yonli olup, bulgularin gegerliligini ve giivenilirligini saglamak i¢in cesitli yontemler

kullanmugtir.
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Anket Tasarimi

Anket sorularini bilgilendirmek i¢in YZ'nin son gelismelerine odaklanarak detayli bir literatiir taramasi
yapilmistir. Literatiir tarandiktan sonra elde edilen bulgular kullanilarak anket tasarlanmistir. Anket,
demografik sorular ve YZ iriinlerinin kullanimi, farkindaligi ve bu iiriinlere karsi tutumlar hakkinda
sorular1 icermistir. Tirkiye'deki genis bir akademik personel yelpazesine anket dagitimim
kolaylastirmak icin c¢evrimi¢i bir form kullanilmistir. Anketin dagitimindan 6nce Hacettepe
Universitesinden “Etik Komite Onay1” almmustir. Anket sorular olusturulurken olabildigince kullanilan
plug-in tiriinlerinin adlar1 kullanilarak ve katilimeilardan spesifik {iriin ad1 istenerek kullanim gesitliligi
ve Urlinlerin pazar durumlart ve kullanici aligkanliklarini yoneten motifler anlasilmaya g¢alisilmistir.
Ayrica anketimizde teknolojik Ozellikler derinlemesine arastirilirken bir yandan da mahremiyet,
giivenlik, intihal ve telif haklar1 gibi konular ayn1 anket i¢inde irdelenerek konunun hem teknik hem de

hukuki boyutu ayni anda ve derinlemesine irdelenmis ve bu konuda biling yaratilmaya galisilmistir.
Katiimel Demografisi ve Diger Ozellikleri

Cesitli ve temsili bir 6rneklem elde etmek i¢in Tiirkiye'deki tiim akademik seviyelerden katilimcilar
calismaya dahil edilmistir. Boliim-unvan-yas ve iiniversite oOzellikleri gibi demografik veriler
toplanmistir. Ankette sorulan sorularla akademisyenlerin boliim-unvan-yas ve iiniversite 6zellikleri; YZ
iirtinlerinin kullanimi bakimindan mevcut durum ve beklentiler, YZ {iriinlerinin kullanimi ile ilgili
avantajlarin farkindaligi, telif, patent ve mahremiyet hassasiyetleri olarak grupladigimiz konularinda
ortaya c¢ikan yeni durumun farkindaligi ve YZ iiriinlerinin olusturdugu tehlikelerle ilgili farkindalik
diizeylerinin Ol¢ililmesini saglayan toplam 24 adet 6zgiin soru sorulmustur. Sorularin tamamina ilgili

linkten (https://www.jotform.com/form/232742934735058) erisilebilir.
Veri Toplama ve Analizi

Dengeli bir temsil saglamak igin, anket 6zel bir form takdim ve istek yazisi esliginde gevrimigi forma
erisim linki kullanilarak dagitilmistir. Toplanan verilere Inceleme ve Gozden Gegirme ve Temizleme,
Giivenilirlik, Gegerlik, Eksik Veri, Anomali Tespiti, Mantiksal Tutarsizlik, Capraz Kontrol, Faktor
Analizi dahil olmak {izere ileri istatistiksel yontemler uygulanmistir. En son analiz ise hem manuel
kontroller hem de istatistiksel araglar yoluyla sonuglarin giivenilirligini teyit etmistir. Dengeli bir temsil
igin anketten topladigimiz eldeki veriler ve Yiiksekdgretim Kurulu (YOK) istatistiklerinin sunuldugu
resmi internet sayfasi (https://istatistik.yok.gov.tr/) tizerindeki veriler ki-kare testi (Chi-square test)
kullanilarak gruplar arasindaki tutarlilik izlenmistir [27]. S6z konusu veriler arasindaki tutarlilik veya
tutarsizlik ise ANOVA ve t-test kullanilarak 6lglilmiistiir. Elde edilen sonuglar ise iki grup arasinda
tutarlilik oldugunu gostermis olup anketimizin bu bakimdan yani ana evren ve test edilen gruplar
arasinda dengeli dagilim oldugunu ve anketimizden elde edilen sonuglarin giivenilir oldugu ortaya

koymustur.

135


https://www.jotform.com/form/232742934735058

Unal ve Yildirim Sinop Uni J Nat Sci 9(1): 128-144 (2024)
E-1SSN: 2564-7873

Siirlamalar ve Etik Degerlendirmeler

Arastirma, e-posta yoluyla ulasilabilecek akademisyenlerle sinirli kalmistir, daha yiiksek bir yanit
oraninin daha ince ayrintili iggodriiler saglayabilecegi kabul edilmistir. Anket sorularinin
olusturulmasinda ve verilerin islenmesinde etik kaygilar ele alinmistir. Bu calismada benimsenen
metodoloji, Tirkiye'deki akademisyenler arasinda YZ kullaniminin genel durumunu basartyla
haritalamis ve son teknolojik degisikliklerin verdigi olanaklardan yararlanarak detayli sonuglar
anlagilmistir. Cok katmanli yaklagim, elde edilen verilerin saglam ve akademik sektérdeki mevcut

egilim ve tutumlar1 yansitacak sekilde olmasini saglamistir.

Bulgular ve Tartisma

Pek ¢ok konuda oldugu gibi bilimsel, teknik ve inovatif konularda da toplumdaki degisim ve doniistimiin
motor ve lokomotif giicli akademisyenlerdir. Arastirmada katilimcilarin béliim-unvan-yas ve iiniversite
Ozellikleri gibi ayirt edici Ozelliklerinin YZ driinlerini kullanim durumlari ve YZ firlinlerinin
yayginlagmasiyla birlikte yeni bir boyut ve hukuki statiiye biiriinen telif, patent ve mahremiyet
konularina olan yaklagimlarinin 6lgmek ve kiyaslamak amacglanmistir. Bunun igin Likert olgegi
kullanilmigtir. Likert dlgekleme teknigi Rensis Likert tarafindan gelistirilmistir. Likert dlgekleme
teknigi ile ilgili ilk diisiince arastirmacinin 1932’de “Archive of Psychology” isimli bir dergide
yaymladigr “A Technique for the Measurement of Attitudes” isimli makalesinde yer alir. Likert
Olgekleme tekniginde “besli cevaplama” sdyledir; “Kesinlikle Onayliyorum”, “Onayliyorum”,
“Kararsizim”, “Onaylamiyorum” ve “Kesinlikle Onaylamiyorum” [28]. Universite tiiriine gore telif,

patent ve mahremiyet hassasiyetleri Likert 6l¢egi verilerine gore Tablo-1‘de verilmistir.

Tablo 1. Tiirkiye'de akademisyenlerin telif, patent ve mahremiyet konularindaki algilarmmn tiniversite
ozelliklerine bagli olarak nasil degistigini gosteren likert dagilimi

Universite Telif Patent Mahremiyet
Devlet 3.99 3.15 3.68
Vakif 3.81 2.67 3.67

Ayrica Universite tiiriine gore telif, patent ve mahremiyet hassasiyetleri Likert dlgegi verilerine gore
grafik olarak Sekil 1’de sunulmustur. Boliime, unvana, yasa ve Universiteye gore toplu olarak likert

0lcegi verileri Sekil 2’de toplu olarak verilmistir.
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Universite Ozelliklerine Giésre Telif, Patent ve Mahremiyet Duyarlihg
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Sekil 1. Tiirkiye'de akademisyenlerin telif, patent ve mahremiyet konularindaki algilarimin iiniversite
ozelliklerine bagl olarak nasil degistigini gosteren likert dagilim
Bir yandan da bu {iriinlerin akademik faaliyetlerde kullanim agirligi ve bu iiriinlerin getirdigi olanak ve
kabiliyetlerden ne oOlciide haberdar olduklari, ayrica bu iriinlerin kullanimi i¢in tniversitelerin
belirledigi politikalar ve ekonomik kaygilarin boyutlar1 da arastirilmistir. YZ’nin kullaniminin
yayginligi, hangi akademik faaliyetlerde daha cok kullanildigi, iiniversitelerin akademisyenleri;
akademisyenlerin ise 0grencilerini tesvik edip etmedigi, YZ iiriinlerinin {icretli olmasinin kullanim
yaygmligi konusunda bir engel teskil edip etmedigi, akademisyenlerin bu iiriinleri 6zel yasantilarinda
da kullanip kullanmadig1 ve ayrica intihal, telif, patent ve mahremiyet alanlarinda yeni ortaya g¢ikan

konu ve sorunlara bakiglari ve algilar1 konusunda Sekil 1 ve Sekil 2 onemli oranda konuyu

ozetlemektedir.
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Sekil 2. Tiirkiye'de akademisyenlerin telif, patent ve mahremiyet konularindaki algilarinin boliim-
unvan-yas ve tiniversite ézellikleri bagh olarak nasil degistigini gosteren likert dagilimi

137



Unal ve Yildirim Sinop Uni J Nat Sci 9(1): 128-144 (2024)
E-1SSN: 2564-7873

Caligmanin kolay anlasilmasi ve degerlendirilmesi igin ise YZ iiriinlerinin kullanim1 konusunda boliim-

unvan-yas ve tiniversite 6zelliklerinin belirgin ve anlaml farklar yaratmadigi anlagilmaktadir. Bu alanda
Oonemi vurgulanmasi gereken konu; telif, patent ve mahremiyet alanlarindaki algi diizeyinde temel olarak
katilimeilar arasinda belirgin ve anlamli bir fark olmamakla birlikte iic alanda da profesdér olan
katilimcilarin digerlerinden belirgin sekilde daha duyarh oldugu goézlemlenmis oldugudur. Ote yandan
Sekil 2°deki ¢aligma yine tiim gruplara (bolim-unvan-yas ve iiniversite 6zellikleri) birlikte bakildiginda
en yliksek hassasiyetin telif ve intihal alaninda oldugu bunu mahremiyet kaygilarinin takip ettigi ve en
az duyarliligin ise patent konularinda oldugu goriilmektedir. YZ iiriin ve araglarinin akademik camiada
kullaniminin arastirildig1 ¢alismada, ankete verilen cevaplar ileri matematik tabanl araglar ile grafik ve
gorsel olarak analiz edilmistir. Buna gore genel olarak {telif, patent ve mahremiyet} konularinda duyarh
oldugu ancak bunun i¢inde en yiiksek duyarliligi ise telif haklar1 ve intihal konular1 oldugu ifade
edilebilir. Likert ol¢egine gore elde edilen sonuglarin 5 iizerinden 5’e¢ yakin oldugu anlasilmaktadir.
Bununla birlikte ‘profesdr’ grubunun tiim alanlarda oldugu gibi intihal konusunda da diger tiim
gruplardan daha duyarh oldugu gézlenmistir. Calismaya baglarken, akademisyenin gorev yaptig1 alanin
bilgisayar ve bununla yakin iligkili bir boliim olmasi halinde bunun YZ kullanim1 konusunda 6nemli bir
ayrag olabilecegi beklenmistir. Elde edilen sonuglar ise bu hipotezin dogru oldugunu ve YZ firiinlerini
kullanim yayginlig1 ve gesitliligi bakimindan énemli ve anlamli fark ortaya koydugunu gostermistir.
Buna gore bilgisayar ve ilgili boliimlerde gorev yapan akademisyenler YZ konulari ve tirtinleri ile ilgili
daha bilgili ve potansiyel risk ve sonuglarindan da daha ¢ok haberdardir. Benzer sekilde, bilim alani
bilgisayar ve bununla dogrudan ilgili alanlarda gorev yapan akademisyenlerin kendi giivenliklerini almis
olduklar diisiincesiyle mahremiyet ihlali konusunda duyduklari endise bakimindan daha farkli sonuglar
elde edilme ihtimali yiiksek goriilmiistii. Ancak bu konuda duyulan endise bakimindan bilgisayar bilim
alaninda ¢alisanlar ile digerleri arasinda anlamli bir fark olmadig1 goriilmiistiir. Anlasilan odur ki, YZ
iirtinlerinin kisilerin 6zellikle ses ve goriintiilerini acik kaynaklardan elde edilen verilerle yapilan
taklitlerinin insan goz ve kulagiyla gerceginden ayrilamayacak diizeye geldigi ve mevzuattaki bosluk
ile birlikte diistiniildiigiinde alinacak 6nlemlerin yetersiz ve sinirli oldugu bilinci sadece bilgisayar bilim
alaninda degil tiim diger alanlarda gorev yapan akademisyenlerde de yeterince olugsmustur. Calismaya
baglarken veri dagiliminin {iniversite 6zelligi (devlet-vakif) bakimindan degismemesi beklenmistir.
Bunun sebebi ise iilkemizin iginde bulundugu ekonomik kosullar ve buna bagli olarak calisanlarin
haklarmin geri gittigine iliskin gozlemlerimizdir. Universitelerin vakif veya devlet iiniversitesi
olmasinin vizyon ve misyonlart bakimindan ¢ok énemli bir degisime sebep olabilecek olanaklar ya da
kurumsal kiiltir farkliligi getirmeyecegi diisiiniilmiis arastirma sonuglarinin ise bu hipotezi
dogrulamistir. Buna gore YZ kullanim1 ve YZ ile ortaya ¢ikan yenilikler ve yeni bakis agilar1 konusunda
liniversitenin tiirlinlin belirgin bir ayra¢ olmadigr sonucuna varilmistir. Arastirmadan elde edilen

sonuglara gore genel olarak {ilkemizdeki {iniversitelerde gorev yapan akademisyenlerin bu alanda likert
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Olgegi baz alinarak 5 iizerinden 3 yani orta seviyede yer aldiklar1 gézlemlenmistir. Yani ne bu konular

Onemsiz ve ilgisiz goren ne de bu konularda bilgi veren durumda olduklar1 ortaya ¢ikmustir.
YZ Kullanim Tercih ve Oranlar1

YZ ile ilgili Ar-Ge faaliyetlerinde bulunma I 19
YZ ile ilgili yaym yapmis olma I 25
YZ iirtinlerinin ileri hesaplamalarda kullanim1 I 37
Chatbot kullananlarin ChatGPT kullanim1 S 60
Intihal i¢in YZ iiriinii kullananlarin Turnitin kullanim: I 78
Odev kontrolii igin YZ iriinii kullanimi I 30
Sohbet Botu kullanim1 I 36
Sunum Hazirlama i¢in YZ Girtind kullanimi1 . 37
Akademik herhangi bir faaliyette kullanim: I 906
Ozel yasamda kullanimi I 100

0 20 40 60 80 100 120

Sekil 3. Tiirkiye 'de akademisyenlerin YZ iiriinlerini kullanimi konusundaki tercihleri ve oranlart

YZ Uriinlerinin Kullanimi1 Konusunda One Cikan Konular

Sekil 3’de genel olarak akademisyenlerin 6zel yasantisinda mutlaka ve en az bir YZ {iriinti kullandigi
anlagilmaktadir. Bununla birlikte, akademik herhangi bir faaliyette YZ iiriinii kullaniminin da hemen
hemen biitiin akademisyenlerde yaygin oldugu anlasilmaktadir. Bunlarin iginde ise sunum hazirlama
faaliyeti 6ne ¢ikmaktadir. Goze ¢arpan bir diger husus ise ¢ok bilinen bir YZ sohbet botunun ve intihal
icin kullanilan ve yine ¢ok bilinen bir aracin kullaniminin da agik ara dnde oldugu anlasilmaktadir. S6z
konusu YZ araglart (ileri hesaplamalar, kod iiretimi), YZ konusunda yayin ve Ar-Ge faaliyetlerine
katilmak olunca bu oranlar diismekle birlikte yine de umut verici diizeyde faaliyetler oldugu

anlasiimistir.

YZ iiriinlerinin kullanimi konusunda iiniversitelerin tutumu

Bu konuda oncelikle vakif ve devlet iiniversiteleri arasinda anlamli ve belirgin bir fark olmadig
goriilmiistiir. Genel ortalamaya bakildiginda ise iiniversitelerin bu konuda ne tesvik eden ne de
yasaklamaya ¢alisan bir durumda oldugu anlasilmaktadir. Daha agik bir ifadeyle bu alanda akademik
yonetimlerin belirgin bir politika ve stratejiye sahip olmadiklar1 anlagilmaktadir. Akademisyenlerin
ticretli veya ticretsiz YZ frtinlerini kullanimi1 konusundaki tutumu, biiyiik bir oranda iicretsiz YZ
iiriinlerini kullanmaya yoneliktir. Ucretli YZ iiriinlerinin dolar ve avro gibi para birimleri iizerinden
satisinin yapilmasi karsisinda, tilkemizdeki genel alim giicli, kur paritesi ve akademisyenlerin maas
dilimine birlikte bakildiginda bu alandaki 6demelerin akademisyenler agisindan zor oldugu ve bu

ylizden iicretsiz iiriinlere yoneldikleri ¢ikarimini yapmak dogal bir sonugtur.
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Akademisyenlerin hangi YZ iiriinlerini tercih ettigi konusundaki bulgular

Arastirma sonuglarinda akademisyenlerin yukarida da belirtildigi gibi oncelikle iicretsiz iiriinleri
kullanmaya yodneldikleri anlasilmistir. Ancak intihal konusunda ise akademisyenlerin iicret
0demedikleri bununla birlikte aboneligi tiniversiteler/enstitiiler tarafindan saglanan iicretli programlarin
kullanildig1 goriilmistiir. Akademisyenlerin degisik alanlarda ¢ok cesitli YZ iiriinlerini kullanmalar1

konusuna iicret politikasinin engel oldugu ¢ikarimini yapmak yerinde olacaktir.

Akademisyenlerin meslek ve 6zel yasantilarinda tercih ettigi YZ iiriinleri

Oncelikle sohbet botlar1 konusunda iicretsiz kullammi miimkiin olan, ¢ok bilinen sohbet botunun
kullaniminin diger tiim iiriinlere gore acgik ara dnde oldugu goriilmiistiir. Bununla birlikte bilinme oran
bakimidan hemen ardindan gelen ve yine ticretsiz versiyonlar1 olan iki diger sohbet botu iiriiniiniin de
kullanim bakimindan 6n siralarda oldugu anlasilmaktadir. Ayrica GitHub, Turnitin gibi {iriinlerin de
yaygin kullamldigi anlagilmistir. Ozel ve belli alanlarda kullanilan YZ iiriinlerinin ise 6zellikle
bilgisayar ve bununla ilgili bilim alanlarina mensup akademisyenler tarafindan kullanildig1 ancak yine
ekonomik sebeplerle oldugunu diisiindiiren sekilde istenilen yayginlik seviyesinde olmadig
goriilmiistiir. YZ ile birlikte 6ne ¢ikan konulardan birisi de “telif haklar1’” ve buna dair ihlallerin
kolaylasmasi olmustur. YZ iiriinleri bir yandan intihali kolaylastirmistir. Ancak 6te yandan bu konudaki
bagka ftriinlerle bu ihlallerin tespitini de daha kolay bir hale getirmistir. Bu cer¢evede kelimesi
kelimesine yapilan intihaller, yerini YZ riinleri araciligiyla yeniden yazim tekniklerine birakacak gibi

=9

durmaktadir. Ancak bu defa bunun adi “intihal” degil olsa olsa “fikir hirsizlig1” olabilir. YZ iiriinleri
kullanilarak yapilacak muhtemel fikir hirsizliklar1 ise fikri miilkiyet haklar1 kapsaminda ele alinmasi
miimkiin olmayan konulardir. Intihal, baskasinin ¢alismasini izinsiz olarak kullanmak ve kendi
caligmasiymis gibi sunmak olarak tanimlanmaktadir. Oysa Fikir Hirsizlig1 ise 6zgiin fikirlerin veya
konseptlerin izinsiz kullanimidir [9]. Kuskusuz ki onlimiizdeki gilinlerde hem bu fikirler miilkiyet
kapsamindan ¢ikacak hem de tespit edebilecek yeni liriinler ortaya ¢ikacak ve buna dayali olarak da yeni
etik ve yasal kodlar geligsecektir. Aragtirmadan elde edilen verilere dayanarak, akademisyenlerin YZ
iirinlerini akademik faaliyetlerin en az bir alaninda olacak sekilde kullanimi akademisyenlerin
neredeyse tamaminda kullandiklar1 goriilmektedir. YZ kullaniminin artan bir trend iginde oldugu, intihal
ve sunum hazirlamanin yani sira akademisyenlerin 6zel hayatlarinda da bu tiriinlerin kullaniminin ¢ok
yaygin oldugu ve tercih edildigi goriilmiistiir. Ancak daha ileri uygulamalar i¢in Ozellikle parali
iriinlerin  kullanilmas1 gerektigi anlasilmakta ve bu konuda akademisyenlerin kurumsal olarak

desteklenmesi gerektigi acik sekilde goriillmektedir.

Sonuclar
Bu calisma, Tiirkiye'deki akademisyenlerin Yapay Zeka (YZ) teknolojilerini kullanim aligkanliklarini,
tercihlerini ve bu teknolojilerin karsilastigi hukuki, etik ve mahremiyetle ilgili sorunlarn incelemistir.

Akademisyenlerin biliylik ¢ogunlugunun YZ iriinlerine olumlu yaklastigi ancak kullanimin yetersiz
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kaldig1 tespit edilmistir. Bu durum, iniversitelerin ve akademik kurumlarin YZ politikalarim

netlestirmesi ve gelistirmesi gerekliligini ortaya koymaktadir. Arastirma sonuglar1 iilkemizde YZ
konusunda yeterli bir bilin¢ diizeyinin oldugunu ancak kullanimi konusunda basta ekonomik olmak
iizere cesitli engellerin oldugunu ortaya koymustur. Diger engeller ise Oncelikle mevzuata dayal
engeller, politika yetersizligi ve bazi giivenlik kaygilaridir. Arastirmamiz, katilimcilarin iicretsiz
iirlinlere yoneldigini agikca ortaya koymustur. Her yenilikte oldugu gibi bu alanda da mevzuat fiili
durumun arkasindan gelecektir. Ancak gegis asamasinda bosluklar ve eksiklikler olmasi son derece
normaldir. Bu durum {iniversitelerin bagimsiz ya da merkezi yonlendirmeye dayali politika
gelistirmesine engel teskil etmektedir. Ayrica her gecen giin bir yenisi goriilen ve gerceginden ayirt
edilemeyen ses ve goriintii teknolojileri, kullamicilar iizerinde acik¢a kaygi olusturmustur. Ister bu
alandaki tirtinleri kullansin isterse kullanmasin neredeyse tiim akademik personelin bu agidan kaygil
olmasi bu bulgumuzun temelini tegkil etmektedir. Akademik camiada, intihal ve telif haklarina iliskin
biling yiiksek olmakla birlikte, YZ iiriinlerinin bu sorunlar1 hem kolaylastirdigi hem de tespitini sagladigi
celigkisi gozlemlenmistir. Ayrica, akademisyenlerin mahremiyet konusunda endiseleri bulunmakta,
ancak bu endiselerin bdliim-unvan-yas ve iiniversite 6zellikleri gibi demografik faktorlere bagl olarak
anlamli ve belirgin farklilik gostermedigi belirlenmistir. Bagka bir ifadeyle mahremiyet konusunda tiim
kesimler ve gruplar belirgin sekilde kaygi tasimaktadir. Sadece profesér unvanli grubun, diger tiim
alanlardaki kaygi ve hassasiyetlerinde oldugu gibi bu konudaki kaygi ve hassasiyeti de digerlerine oranla
daha yiiksektir. Bu baglamda, iiniversitelerin ve diger akademik kurumlarin YZ kullanimimi tesvik

etmek amaciyla su 6neriler sunulmaktadir:

Egitim Programlari ve Seminerler
Akademisyenlerin YZ iiriinlerini daha bilingli ve etik bir sekilde kullanmalarini tesvik etmek icin egitim

programlar1 ve seminerler diizenlenmelidir.

Ekonomik Destekler ve Sair Tesvikler

Ulkemizdeki ekonomik sorunlar akademik camiayr da derinden etkilemektedir. Akademisyenler
iicretsiz iriinleri kullanma konusunda istekli iken iicretli sohbet botlarindan uzak durmaktadirlar.
Akademisyenler bu alanda desteklenirse bagarili sonuglar alinacagi diisiiniilmektedir. Akademisyenlerin

bu konulardaki kullanimlarina ve akademik ¢aligmalarina gesitli 6diil, puan vs. tesvikler de sunulmalidir.

intihalle Miicadele

Universiteler, intihalle miicadelede YZ fiiriinlerinin etkin kullanimini destekleyecek kaynaklar
saglamalidir. Ayrica yeni nesil bir intihal ve 6zgiinliik anlayis1 gelistirilmeli ve hukuki boyutlariyla ele

alinmalidir. Zira eski intihal anlayis1 giderek kendisini yeni nesil bir anlayisa birakacak gibidir.
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Patent Bilinci

Esasen bu alanda patent ve faydali model bagvurular: bakiminda genel bir zaaf goriilmiistiir. Akademik
caligmalarla birlikte bu alanda da tegvikler sunulmasi gereklidir. Patent konusundaki zaafin konunun
Oonemsizliginden daha ¢ok akademisyenlerin giindeminde yer almamasi ile ilgili oldugu diisiincesi agir
basmaktadir. Konunun bu boyutuyla yani yeni icat ve kesifler yapacak akademisyenler yetistirme

bakimindan da ele alinmasinda fayda goriilmektedir.

Mahremiyet Bilinci
Mahremiyet konusunda bilinglendirici seminerler ve atdlye calismalari diizenlenmeli, akademik

yiikselme kriterleri arasina mahremiyetle ilgili ¢calismalar dahil edilmelidir.

Hukuki ve Etik Diizenlemeler

YZ kullanimini diizenleyen hukuki c¢erceveler olusturulmali ve giincellenmeli, etik kurallar
netlestirilmelidir. Bu diizenlemeler 6ncelikle yukarida sayilan intihal, patent ve mahremiyet konularinda
yogunlasmalidir. Ancak bu konular giderek ceza gibi yaptirim giicii yiiksek alanlara da girmek zorunda
kalacaktir. Simdilik ve en azindan akademik alanda yapilacak diizenlemeler akademik yayinlara farkli

bir degerlendirme ve boyut katacak diizeyde olmalidir.
Seffaflik ve Hesap Verebilirlik

Gelistirici firmalar, YZ algoritmalarinin galigma prensiplerini acik ve anlasilir bir sekilde sunmali,
kullanici verilerinin korunmasi igin seffaf politikalar gelistirmelidir. Bu sayede 6zellikle telif, patent ve

mahremiyet konularinda alinacak 6nlemler igin gelistiricilerin isi kolaylagtirilmalidir.
Kurumsal Politikalar

Tiim bu konular iceren Hiikiimet, YOK, Tiirkiye Bilimsel ve Teknik Arastirma Kurumu (TUBITAK)
ve lniversitelerin kurumsal destekleyici politikalart olmalidir. Akademisyenler bu konudaki
caligmalarinda kendilerini yalniz hissetmelerinin 6niine gecilmelidir. Akademisyenler akademik ve Ar-
Ge faaliyetlerinde, basta gérev yaptiklart kurumlar olmak iizere Hiikiimet, YOK, TUBITAK ve tiim
akademik camianin destegini arkalarinda hissetmelidir. Bu baglamda, akademisyenlerin ve
arastirmacilarin YZ iirlinlerini kullanirken mahremiyet ve kisisel veri giivenligi konusunda bilingli ve
dikkatli olmalar1 gerekmektedir. Ureticilerden giivenli ve seffaf {iriinler talep etmek ve hiikiimetlerin bu
konuda diizenleyici dnlemler almasi bu siiregte kritik rol oynayacaktir. Bu c¢alisma, gelecekteki
aragtirmalar icin bir temel olusturmak ve YZ teknolojilerinin egitim ve arastirma alanlarindaki
potansiyelini daha iyi anlamak ve kullanmak i¢in yiiriitiilmiistiir. Elde edilen bulgular, YZ teknolojisinin
ve lriinlerinin akademik camiada daha etkili bir sekilde entegrasyonuna yardimei olacak stratejilerin

gelistirilmesine katki saglayacaktir.
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Arastirma Makales Naftalimit tiirevleri, son yillarda yapilan calismalarda yiiksek biyolojik
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Giris
Heterosiklik bilesikler medisinal kimya alaninda bir¢ok uygulama alanina sahip 6nemli bir ligant

grubudur. Bu tiirevler gosterdikleri antifungal, antikanser, antibakteriyel ve antiviral gibi bircok

aktiviteleri sayesinde ¢ok ilgi ¢ekmektedir [1-4]. Giinlimiizde kullanilan heterosiklik kemoterapik
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ajanlarin biiyiik kism1 DNA’ya baglanan ilaglardan olugmaktadir [5, 6]. Kiigiik heterosiklik bilesiklerin

DNA baglanma aktivitelerinin incelenmesi yeni antikanser ajanlarin gelistirilmesinde 6énemli bilgiler
saglayacaktir. Naftalimit temelli bilesikler, ayn1 anda hem florofor hem de m-elektronlar1 yoksunu bir
aromatik sistem icerdiklerinden dolay1 yeni antikanser ajanlarin gelistirilmesi i¢in iyi aday molekiillerdir
[7-10]. Naftalimitler iyi birer DNA interkalatortiirler ve topo II enzimini inhibe edebilmektedirler [11].
Bu tiir bilesiklerin biyolojik ¢aligmalar1 incelendiginde, bilesiklerin DNA hasar1 yapmadan DNA’y1
hedefleyebildikleri goriilmiistiir. Bu durum potansiyel antikanser ajanlarin yan etkilerini azaltmaktadir
[12]. Naftalimitlerin farkli pozisyonlar {izerinden modifiye edilmesi yan etkilerin disiiriilmesi i¢in etkili
bir yoldur [13, 14]. Hatta naftalen halkas1 tizerindeki 4-pozisyonundan yapilan siibstitiient
degisimlerinin antitimor aktivite tizerinde anahtar konumda oldugu anlasilmstir [9, 15]. Bunun yaninda
anhidrit grubu iizerinden eklemlenecek yeni halkalar, naftalimit bilesiginin yiizey alanini genisleterek
interkalasyon yapma yetenegini artiracaktir. Bu ¢alisma kapsaminda daha 6nce sentezlenerek literatiire
kazandirilmis [16], genis m-elektron dagilimina sahip ve 4-pozisyonu iizerinden farkli indiiktif etki
gosterebilecek fonksiyonel grup igeren 3 naftalimit tiirevinin (Sekil 1) DNA baglanma aktivitelerinin

belirlenerek diisiik yan etkiye sahip olabilecek yeni antikanser ajanlar olarak 6nerilmesi amaglanmaistir.

N N
(I~ AL o
N N
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O

Sekil 1. Calisma kapsaminda DNA baglanma aktiviteleri incelenen bilesikler

Materyal ve Metot
Materyaller ve Cihazlar

Tiim reaktifler ve ¢oziiciiler ticari olarak alinmigtir ve aksi belirtilmedik¢e daha fazla saflastiriimadan
kullanilmisgtir. Dana timus DNA's1 (CT-DNA, Sigma'dan satin alinmistir) ¢ozeltileri 100 mM KCI, 10
mM Tris (pH 7,5) tampon igerisinde hazirlanmistir. DNA ¢ozeltilerinin konsantrosyonu 260 nm dalga
boyunda spektroskopik olarak belirlenmistir (e=6600 M-tcm™). UV-Vis absorbsiyon dl¢iimleri Varian
Cary 100 spektrofotometre cihazi kullanilarak gerceklestirilmistir. Yatay elektroforez caligmasinda
Thermo Electron Corporation EC-330 Midicell Primo sistemi kullanilmistir. Emisyon spektrumlari

PerkinElmer LS55 spektroflorometre kullanilarak kaydedilmistir.
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DNA Baglanma Aktivite Calismalari
UV-Vis Absorspsiyon Titrasyonlart

Bilesiklerin ¢ozeltileri, minimum miktarda DMSO igerisinde ¢6ziildiikten sonra Tris-HCI (pH 7.5)
kullanilarak 20 puM konsantrosyona seyreltilerek hazirlanmistir. Daha sonra bilesiklerin UV-Vis
spektrumu kaydedilmis ve 1.25 mM ct-DNA ¢ozeltisinden 2 pl’lik porsiyonlar halinde bilesik ¢ozeltisi
tizerine eklenerek spektrum tekrar kaydedilmistir. Titrasyona spektrumda degisiklik goriilmeyinceye

kadar devam edilmistir.
Emisyon Titrasyonlari

Bilesiklerin etidyumbromiir (EB) ile yarismali olarak DNA’ya baglanma kapasiteleri floresans
spektroskopisi ile incelenmistir. DNA-EB kompleks ¢ozeltisi DNA:EB oram1 50:1 olacak sekilde
hazirlanmis ve etkilesimin tamamlanmasi i¢in 27 °C sicaklikta 30 dakika bekletilmistir. Daha sonra 427
nm dalgaboyunda uyarilarak emisyon spektrumu kaydedilmistir. Bilesigin DNA baz ciftleri arasindan
EB molekiillerini ¢ikarma giiciinii 6lgmek igin 1 pl’lik porsiyonlar halinde 1 mM stok bilesik

cozeltisinden eklenerek spektrum tekrar kaydedilmistir.
Agaroz Jel ile DNA Kirilma Calismalart

Jel elektroforez caligmalart TBE tamponu igerisinde siiper sarmal plazmit DNA olan pBR322
kullanilarak %1°lik agaroz jel tizerinde gerceklestirilmistir. 10 ul hacme sahip reaksiyon karisimlari 0.1
ug pBR322 ve farkli konsantrasyonlarda (0, 20, 40, 60, 100 ve 200 uM) 1, 2 ve 3 numarali bilesikleri
igerecek sekilde hazirlanmigtir. Hazirlanan karigimlar 1 saat boyunca 36 °C sicaklikta inkiibe edilmistir.
Hazirlanan karigimlara 2.5 pl %0.25 bromofenol eklendikten sonra jele yiiklenmistir ve 35 V ile 4 saat
boyunca elektrik akimi uygulanmistir. Son olarak jel EB ¢6zeltisi icerisinde boyanmis ve UV 15181

altinda fotograflanmstir.
Sonuglar
UV-Vis Absorspsiyon Titrasyonlart

UV-Vis spektroskopisi, DNA ve kii¢iik molekiiller arasindaki etkilesimleri incelemek ic¢in siklikla
kullanilan 6nemli bir yontemdir. Elektrostatik etkilesimler, oluk baglama ve interkalasyon gibi etkilesim
tiirlerinin belirlenmesinde ¢ok faydalidir. Kiiciik molekiiller DNA ile oluk baglanma modu ile
etkilesirken, hidrojen bag1 veya van der Waals etkilesimleri olusur ve bir niikleik asit bazi ile bir bilesik
arasindaki etkilesim sonucu maksimum absorbans pikinde hiperkromizm gozlemlenir. Interkalasyon
yoluyla DNA'ya baglanan durumlarda, genellikle hipokromizm ile birlikte batokromizm gozlenir [17].
Sabit porsiyonlar halinde ct-DNA ilavesi sonrast bilesiklere ait UV-Vis spektrumlarinda 300 nm

civarinda interkalasyon ile uyumlu olan hipokromizm gézlenmistir (Sekil 2).
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Sekil 2. 1 (A), 2 (B) ve 3 (C) numarali bilesikler icin UV-Vis titrasyon spektrumlar

Titrasyon sonucu elde edilen degerler sayesinde bilesiklerin DNA’ya hangi kuvvetle baglandigin

gosteren baglanma sabiti (Kp) degerleri hesaplanmistir.

[DNA]/ (ea - &r) = [DNA] / (e8 - &) + 1/ Ky (e - &) Q)
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Formiilde ea; Olgiilen konsantrosyandaki soniim katsayisi, eg; DNA’ya tiim bilesigin baglanmasi

sonrasindaki soniim katsayist ve e&f;, serbest haldeki bilesigin soniim katsayist olarak acgiklanabilir.
Hesaplama sonucu elde edilen baglanma sabitleri sirastyla 1,75 x 104, 3,05 x 10*ve 3,32 x 10* M olarak

bulunmustur.
EB ile Yarismali Emisyon Titrasyonu Sonuglari

Yarigmali emisyon titrasyonu DNA’ya interkalasyon yoluyla baglanmis EB molekiillerinin calisilan
bilesik tarafindan yerinden ¢ikarilmasinin incelendigi bir yontemdir. Sulu ¢ozeltilerde EB molekiilii ¢ok
diisiik emisyon vermektedir. Ancak ortama DNA eklendiginde EB molekiilleri hidrofobik olduklar
bilinen DNA baz ¢iftleri arasina yerleserek yiiksek emisyon verebilmektedir [18]. DNA’ya
interkalasyon yoluyla kuvvetli bir sekilde baglanabilen bir bilesik EB molekiiliinii DNA baz ¢iftleri
arasindan ¢ikararak emisyonda diislise sebep olacaktir. Sekil 3°te goriildiigii gibi EB-DNA karigimi
lizerine sabit porsiyonlar halinde (1 mM’lik ¢6zeltiden 2 pl) bilesik 1 (A), bilesik 2 (B) ve bilesik 3 (C)
eklenmesiyle DNA’ya bagli EB emisyonunda belirgin diisiisler olmustur.

Bilesiklerin DNA baglanma kuvvetleri asagidaki Stern-Volmer esitligi kullanilarak hesaplanmustir.
FolF = 1 + Ksv[Q] (2)

Esitlikte Fo yarigmaci bilesik yoklugunda, F yarigsmaci bilesik varliginda EB-DNA emisyonu ve [Q] ise
eklenen yarigmaci bilesik konsantrasyonunu ifade etmektedir. Bilesikler i¢in Ksy sabitleri 1, 2 ve 3 i¢in
sirastyla 8,04 x 10, 7,86 x 10* ve 2,19 x 10* M olarak hesaplanmistir. Ayrica EB-DNA emisyonunu
yariya diisiirmek i¢in gerekli olan bilesik konsantrasyonlar1 (DCsp); eklenen bilesik konsantrasyonu
([L]) degerlerinin Io/I degerlerine kars1 grafige gecirilmesiyle elde edilen dogrusal grafigin denkleminde

y” yerine (Io/) 2 yazilarak sirasiyla 14 uM, 12 uM ve 45 pM olarak bulunmustur. Bu sonug elektron
cekici gruplarin DNA baglanma aktivitesine uyumludur [19].

Agaroz Jel ile DNA Kiridma Sonuclart

Bilesiklerin DNA kirma potansiyelleri pBR322 DNA ile agaroz jel elektroforez kullanilarak
gergeklestirilmistir. Dairesel plazmit DNA jel elektroforez ile ¢alisildiginda en hizli gé¢ eden form
stipersarmal form (form I) olacaktir. Eger kirllma sadece bir zincirde olursa siiper sarmal biraz
rahatlayarak form II olusacak ve go¢ yavaslayacaktir. Her iki zincir kirildiginda ise lineer form (form
IIT) olusacak ve form I ve form II arasinda bir gé¢ mesafesi olacaktir [20]. Sabit miktarda (20 ng)
pBR322 plazmit DNA ve artan miktarlarda (sirasiyla hat 1-6; 0, 10, 20, 50, 100, 200 uM bilesik) igeren
farkli karisimlarin 38°C’de 1 saat bekletilmesi sonucu elde edilen elektroforez sonuglari Sekil 4’te

goriilmektedir.
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Sekil 3. 1 (4), 2 (B) ve 3 (C) numarali bilesikler i¢in EB ile yarismali emisyon titrasyonu spektrumlar
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Sekil 4. Artan oranlarda 1 (A), 2 (B) ve 3 (C) bilesikleri iceren karisimlara ait elektroforez goriintiileri

Elektroforez sonuglari incelendiginde sekil 4A’da 4 numarali hatta kullanilan 50 uM bilesik 1’in form
I olusumuna sebep oldugu goriilmektedir. Derisim arttikca form [I’in azalarak kayboldugu
anlagilmaktadir. Bilesik 2 ve bilesik 3 ¢aligilan derisim araliklarinda plazmit DNA tizerinde herhangi bir

form degisikligi olusturmamaktadir.
Tartisma

Calisma kapsaminda farkl indiiktif etkiler gdsteren fonksiyonel gruplar iceren 3 naftalimit tiirevinin ¢ift
sarmal DNA baglanma afiniteleri incelenmistir. UV titrasyonu sonuglar1 bilesiklerin DNA’ya
interkalasyon yoluyla baglandigini gostermistir. EB ile gerceklestirilen yarigsmali ¢aligsmalar bu bilgiyi
dogrulamistir ve DCsp degeri en diisiik olan bilesik 2’nin interkalasyon kuvvetinin yiiksek oldugu
anlagilmistir. Elektroforez sonuglar1 bilesiklerin plazmit DNA iizerinde form degisikligi yapabildigini
gostermistir. Literatiir incelendiginde elektron c¢ekici gruplarin DNA kirma aktivitesini azalttigi
goriilmektedir [21]. Bununla uyumlu olarak elektron ¢ekici nitro grubu igeren 2 numaral bilesik ve
caligilan pH’ta protonlanabilen amino grubu iizerinden elektron ¢ekici olabilecek 3 numarali bilesik
DNA formunu degistirmezken 1 numarali bilesikte form degisikligi goriilmektedir. Hem UV titrasyon
hem yarigmali emisyon hemde elektroforez ¢alismasi sonuglar1 yapilacak ileri in vitro baglanma ve

sitotoksitite ¢caligmalari i¢in bilesik 1’in en iyi aday oldugunu gostermektedir.

Tesekkiir Bu makaledeki veriler ve sonuglar 1919B012111464 numarali TUBITAK 2209-A projesi
kapsaminda elde edilmistir. TUBITAK ve Zonguldak Biilent Ecevit Universitesi’ne tesekkiirlerimizi

sunariz.

Fon/Finansman Bilgileri Bu c¢alisma 1919B012111464 numarali TUBITAK 2209-A projesi

kapsaminda desteklenmistir.
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Etik Kurul Onayt ve Izinler Calisma, etik kurul izni veya herhangi bir 6zel izin gerektirmemektedir.

Cikar Catismalary/Catisan Cikarlar Herhangi bir ¢ikar catismasi yoktur.

Yazarlarin Katkisi Yazarlar calismaya esit oranda katki saglamistir. Yazarlar makalenin son halini

okumus ve onaylamistir.
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Oz

Bu galisma, iki durumlu olaylari modellemek i¢in kullanilan makine
ogrenmesi tekniklerinde karsilagilan nadirlik ve “coklu dogrusal baglanti”
ya da sadece “coklu baglant1” olarak tanimlanan sorunu ele alinmaktadir.
Coklu dogrusal baglant1 (CDB), bagimsiz degiskenler arasinda bir ya da
birden fazla kuvvetli dogrusal bagimlilik olma durumudur ve bir sorun
olarak ortaya ¢ikar. Uzerinde ¢alisilan veri icerisinde goklu dogrusal
baglant1 probleminin var olmasi regresyon katsayilarmin varyanslarinin
biiylimesi gibi olumsuz bir sonuca sebebiyet verir. Bu ¢alismada, Lasso
ve Ridge Regresyon ile GradientBoost, XGBoost, LightGBM ve
AdaBoost gibi artirma algoritmalari i¢eren diizenleme ve dlgeklendirme
tekniklerinin, ¢oklu dogrusal baglantili nadir olaylarin modellenmesinde,
algoritmalarin performanslarini karsilagtirmak i¢in detayli bir simiilasyon
calismasi sunulmaktadir. Simiilasyon ¢alismasinda, verideki dengesizligi
ortadan kaldirmak amaciyla yeniden 6rnekleme yontemleri kullanilarak
sonuclara etkisi Hata Kareler Ortalamas1 (HKO), R?, Hassasiyet
(Precision-Prec), Duyarlilik (Recall-Rec) ve Egri Altinda Kalan Alan
(Area Under the Curve-AUC) gibi performans metrikleri ve Islem
Karakteristik Egrisi (Receiver Operating Characteristic- ROC) grafikleri
ile arastirilmaktadir. Sonuglar Lasso, Ridge ve Boosting algoritmalarinin
CDB’ya sahip nadir olaylarin modellenmesinde hangi yontemin uygun
oldugunu belirlemek agisindan katki sunmaktadir.

Anahtar Kelimeler: Lasso regresyon, Ridge regresyon, Boosting
algoritmalari, performans metrikleri, yeniden 6rnekleme teknikleri

Performance Comparison of Lasso and Ridge Regression and Boosting Algorithms for
Modeling Rare Events with Multicollinearity

Sinop Universitesi, Fen Edebiyat
Fakiiltesi, Istatistik Bolimi,
Sinop, Tirkiye

Abstract

This study examines the issues of rarity and multicollinearity in machine
learning techniques used to model binary events. Multicollinearity (MC)
is the presence of strong linear dependencies among independent
variables, which poses a problem. In the context of the data being studied,
the existence of multicollinearity leads to undesired consequences such as
an enlargement of the variances of the regression coefficients. This study
presents a simulation comparing the performance of algorithms in
modelling multicollinear and rare events. Regularization and scaling
techniques such as Lasso and Ridge Regression, as well as Boosting
algorithms like GradientBoost, XGBoost, LightGBM, and AdaBoost are
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utilized. The impact of resampling methods to reduce data imbalance is

also investigated using performance metrics such as Mean Squared Error

(MSE), R?, Precision (Prec), Recall (Rec) and AUC values, along with

ROC curves. The results help to determine the appropriate method for

modelling rare events with multicollinearity and provide insight into the

performance of Lasso, Ridge and Boosting algorithms.

Bu ¢aligsma Creative Commons
Attribution 4.0 International
License ile lisanslanmigtir

Keywords: Lasso regression, Ridge regression, Boosting algorithms,
performance metrics, resampling techniques

Giris

Coklu dogrusal baglant1 (CDB), coklu regresyon modellinin temel varsayimlardan birinin ihlalidir ve
regresyon modellerindeki bagimsiz degiskenler arasinda yiiksek bir iliski oldugunda ortaya ¢ikan bir
sorundur. Veri igerisinde c¢oklu dogrusal baglanti problemi olmasi, regresyon katsayilariin
varyanslariin biiylimesine sebep olur, dolaysiyla tahmin edilen parametrelerin giivenilirligi azalir [1].
Iki durumlu olaylarin modellenmesinde kullanilan bircok farkli makine Ogrenmesi algoritmasi
bulunmaktadir. Bunlardan en yaygm olan1 ise lojistik regresyondur. Ozellikle, nadir olaylarin
modellenmesinde lojistik regresyon, parametrelerinin degerlerini olmasi gerekenden daha diisiik tahmin
etme egilimindedir [2]. Nadir goriilen olaylara 6rnek olarak savaslar, ¢ok siddetli depremler, biiyiik ¢apli
salginlar verilebilir [3]. Lojistik regresyonda da ¢oklu dogrusal baglant1 sorunlariyla karsilagilabilir.
Dolayisiyla, ¢oklu dogrusal baglanti, lojistik regresyon modelinde bagimsiz degiskenler arasindaki
iligkiyi etkileyebilir ve nadirlik yiiziinden olmas1 gerekenden daha diisiik degerli tahmin edilen model
parametrelerinin giivenilirligini daha da azaltabilir. Bu nedenle, lojistik regresyon modelleri
olustururken ¢oklu dogrusal baglanti sorununa dikkat etmek ve etkilerini azaltmak 6nemlidir. Ridge
veya Lasso regresyon gibi diizenleme teknikleri, modeldeki katsayilari sifira yaklastirarak veya sifira
esitleyerek coklu dogrusal baglanti sorununu azaltabilir. Bu sekilde, lojistik regresyon modelinin
performansi ve giivenilirligi artirilabilir. Shrivastava ve ark. [4] finansal sistemde 6nemli bir role sahip
bankalar iizerine bir ¢calisma yiiriitmiislerdir. Hindistan’da batan bankalara ait veri setindeki dengesizligi
dikkate alarak ve SMOTE yeniden 6rnekleme teknigini kullanarak Lasso regresyon, AdaBoost ve bagka
makine 6grenmesi algoritmalari ile bankalarin basarisizligini tahmin etmek i¢in uygun makine 6grenme
tekniginin secilmesi iizerine bir yaklagim sunmay1 amaglamislardir. 2020 yilinda Rochayani ve ark. [5]
yiiksek boyutlu ve dengesiz smifli gen veri setlerinde kanser siniflandirmasi i¢in az Srnekleme
(undersampling) ve gen se¢imi iizerine bir ¢alisma gerceklestirmislerdir. Veri setini dengelemek icin
rastgele az 6rnekleme yontemini kullanmiglar ve gen segimi igin Lasso regresyonu tercih etmislerdir.
Ridge regresyon ile ilgili yapilan literatiir taramasinda, Ridge regresyonun dengeli veri setlerindeki
uygulamalarina sik¢a rastlanmis, ancak nadir olaylar iizerinde Siradan Ridge Regresyonu (Ordinary
Ridge Regression) kullanan bir ¢alisma ile karsilasilmamustir. Degiskenler arasinda ¢oklu dogrusal
baglant1 oldugunda kullanilabilecek diger bir yaklasim, makine &grenmesi ¢ergevesinde incelenen
Boosting algoritmalaridir. Bu konu ile ilgili literatiirde yapilan ¢calismalardan bazilar1 s6yledir: Cahyana

ve ark. [6] yaptiklar1 ¢alismada gogiis kanseri verisinde basta SMOTE olmak lizere gesitli yeniden
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omekleme  yontemlerini  GradientBoost algoritmasinda  kullanmigs ve  performanslarim

degerlendirmislerdir. Zaten yiiksek basar1 gosteren GradientBoost algoritmasinin performansinin asiri
ornekleme (oversampling) ile daha da arttif1 yaptiklar1 ¢calismada gosterilmistir. Tanha ve ark. [7]
yaptiklar1 ¢alismada ise iclerinde GradientBoost, XGBoost, LightGBM ve AdaBoost’un da oldugu
Boosting algoritmalarinin dengesiz veri kiimeleri {izerindeki performansini analiz etmek i¢in kapsamli
bir deneysel karsilastirma yapmislardir. Ashraf ve ark. [8] yaptiklar1 calismada, XGBoost
algoritmasinda SMOTE, Tomek baglantis1 ve baska yeniden drnekleme yontemlerini kullanarak yanlig
yonden ara¢ kullanimina bagl kazalar icin yiiksek riskli yol kesimlerinin belirlenmesi iizerine bir
caligma yiiriitmiislerdir. Prec, Rec, AUC ve ROC sonuglarini kullanarak performans degerlendirmesini
sunmuslardir. Bu ¢alisma ile literatiirde daha 6nce nadir olaylarda kullanilmamis Ridge regresyonu ilk
kez incelemek amacglanmistir. Ayni zamanda, Boosting algoritmalarinin Lasso ve Ridge regresyon ile
farkli yeniden ornekleme teknikleri ve orneklem biiylikliiklerinde performanslarini karsilagtirilarak
literatiire katki saglamak hedeflenmistir. Calismanin takip eden bdliimiinde nadir olaylar1 modellemek
icin kullanilacak Lasso ve Ridge Regresyon ile Boosting algoritmalari, SMOTE, Tomek Baglantis1 ve
SMOTETomek yeniden ornekleme teknikleri, son olarak da smiflandirma performansini
degerlendirmek icin kullanilan Olglimler agiklanacaktir. Bir sonraki bdliimde simiilasyon g¢aligmasi

verilecek ve son boliimde ise elde edilen sonuglar degerlendirilecektir.
Metodoloji
Lasso Regresyon

Lasso regresyon, katsayilarin mutlak degerlerinin toplaminin bir sabitten kiigiik olmasi kosuluyla artik
kareler toplamini en aza indirir. Bu yontem, bazi regresyon katsayilarinin biiyiikliigiinii tam sifir olarak

tireterek sinirlar ve modelin karmasikligini azaltir.
N 2
Brasso = argmin Z Yi— Bo— Z Bixij | + /12|ﬂj|
i=1 Jj )

Buradaki A > 0 biiziilme miktarin1 kontrol eden ayarlama parametresidir [9]. ) j| ;| nin kullanilmas1

parametre tahminlerini sifirlamaya zorladig1 i¢in modelin degisken sayisini azaltip, daha az degiskene

sahip bir model segmeyi ve tahmin yapmay1 saglar [10].
Ridge Regresyon

Hoerl ve Kennard tarafindan 1970 yilinda tanitilan Ridge tahmin edicisi, agiklayici degiskenlerin
arasindaki CDB sorununu ¢6zmek ve boylece tahmin edicilerin varyanslarini azaltmak igin 6nerilmigtir

[11]. Bu yontem biiyiik katsayilari kiigiiltiir, ancak sifira indirmez.
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N

2
Brigge = argmin Z<yi - o —Zﬁw) +2)
j j

i=1
Burada A ayarlama parametresidir.

Boosting Algoritmalar:

“Boosting", yanlilig1 ve varyansi azaltmak amaciyla zayif 6grenicileri giiclii 6grenicilere doniistiiren bir
topluluk 6grenme teknigidir [12]. Calismada kullanilan bu ailenin en yaygin tekniklerinden asagida
bahsedilmistir.

GradientBoost (Gradient Boosting)

GradientBoost, kendinden onceki zayif modellerdeki (zayif 6grenenler) yanlisliklar1 hesaba katarak
modeli kapsamli bir sekilde ayarlayan ve daha gii¢lii tahmin modeli olusturan bir makine 6grenme
algoritmasidir [13]. Algoritmanin en Onemli dezavantaji, Onceki agaglarin hatasini azaltabilmek
amaciyla siirekli yeni agaclar olusturmasi ve kiiglik veri setlerinin bile egitiminin ¢ok zaman almasidir
[14].

GradientBoost Algoritmasi [15]:

Adim 1: Baglangi¢ tahmini yap

Adim 2: Kayip fonksiyonunu kullanarak negatif gradiyenti hesapla
Adim 3: Hatay1 diizeltmek i¢in yeni 6grenici olustur

Adim 4: Ogrenme orani ile agirliklandir ve hatayi diizelt

Adim 5: Sonug tahmini yap

XGBoost (eXtreme Gradient Boosting)

XGBoost, Chen tarafindan 2016 yilinda tanitilan GradientBoost'un optimize edilmis bir versiyonudur.
XGBoost, geleneksel GradientBoost algoritmasinin egitim agamasindaki asirt uyumunu, ayrik ve eksik
degerlerini kontrol etmek i¢in verimli bazi 6zelliklerin eklenmis versiyonudur. XGBoost, uygulama
diizeyinde miikemmel iyilestirmeler yapmais, cok biiyiik veri kiimeleri i¢in uygulanabilir bir algoritmadir
[7]. XGBoost'un GradientBoost'a gore en biiylik avantaji, agaclarin ayrn ayr birden fazla cekirdek
kullanilarak olusturulmasidir. Bu sayede veriler, arama siireleri kisalacak sekilde diizenlenir [14].

Ayrica, giiclii genelleme yetenegi ve yiiksek genisletilebilirlik avantajlarina sahiptir [16].
LightGBM (Light Gradient Boosting Machine)

LightGBM, Ke ve ark. tarafindan 2017’de yiiksek boyutlu 6zellik uzay1 veya biiyiik boyutlu verilerde

GradientBoost'un verimlilik ve Slgeklenebilirlik sorununu ¢dzmek igin Onerilmistir [7]. Algoritma,
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hesaplama giiciinii ve tahmin dogrulugunu iyilestirmek icin temel olarak histogram algoritmasini ve

diger algoritmalar1 kullanir [17].

LightGBM Algoritmast [18]:

Adim 1: Veri hazirlig1 yap

Adim 2: Modeli baglat

Adim 3: Ozelliklerin boyutunu azalt

Adim 4: Orneklerin gradiyentlerini hesapla

Adim 5: Biiyiik gradiyentli 6rnekleri tut

Adim 6: Histogram olustur

Adim 7: Optimal segmentasyonu bulmak i¢in histogrami ¢aprazla

Adim 8: Tahmin yap

AdaBoost (Adaptive Boosting)

AdaBoost algoritmasi Boosting algoritmalari iginde en iyi olanlardan biridir [19]. AdaBoost’ta ilk
olarak, egitim veri kiimesine esit agirlik atanir. Daha sonra, AdaBoost minimum agirliga sahip en iyi
ozelligi dikkate alan ¢ok kisa bir agac olusturarak baslatilir. Agirliklar tim o&zellikler ig¢in aym
oldugundan, ilk agag ilk 6zelligi dikkate alir, daha sonra tiim agaglar diger 6zelliklere gore olusturulur.
Tim agaclar i¢in Gini endeksi hesaplanir ve tiim diigiimlerin tiim agaclar iizerindeki agirlig
degerlendirilir. Ardindan, yeni agirlik eski agirhigin yerini alir. Sonraki asamada, AdaBoost yapilan
yanliglara odaklanarak yeni agaclar1 bir dnceki agacin yaptigi hataya gore olusturur. Yani, bu agac
onceki agaclardan biraz daha iyi ve biraz daha biiyiiktiir. AdaBoost bu prosediirde uygun olana kadar

siirekli olarak yeni agaglar olusturur [6].

AdaBoost Algoritmasi [15]:

Adim 1: Baglangi¢ agirliklarini ata

Adim 2: Veri setindeki 6rneklerin agirliklarina gore bir 6grenici olustur
Adim 3: Ogrenciyi egit

Adim 4: Hatay1 hesapla

Adim 5: Agirliklari belirle

Adim 6: Sonu¢ tahminini yap

Yeniden Ornekleme Teknikleri

Yeniden 6rnekleme, sinif dengesizligi sorununu ¢ézmek i¢in yaygin olarak kullanilan bir yontemdir.
Orneklemenin amaci, geleneksel simiflandiricilarin daha dengeli bir simif dagilimina sahip bir veri seti
olusturarak ¢ogunluk ve nadir simiflar arasindaki karar sinirimi1 daha dogru bir sekilde yakalamasina

olanak saglamaktir [20].
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SMOTE

SMOTE (sentetik azinlik asir1 6rnekleme teknigi), nadir sinifi asir1 6rnekleyerek verileri dengeleyen
onemli bir yaklagimdir [21]. Asirt 6rnekleme teknikleri, veri kiimesindeki nadir olaylarin temsilini

iyilestirebilse de asir1 uyumla ilgili sorunlara yol agabilir [20].
Tomek Baglantisi

Dengeli veri seti elde etmek amaciyla ¢ogunluk sinifinin baz1 gozlemlerini hari¢ tutarak veri setini
rastgele drneklemeyi ifade eder. Bu sekilde nadir olaylar veri setinde daha iyi temsil edilir [22]. Ancak

veri setinin nadirlik seviyesine bagli olarak ¢ok sayida verinin silinmesine sebep olabilir.

SMOTETomek

SMOTETomek, SMOTE ile Tomek baglantisin1 birlestiren hibrit bir yaklasimdir. SMOTE, nadir
olaylarin sayisini baskin smifin sayisina esit olana kadar ¢cogaltan ve Tomek baglantisi ile arastirmada
veri isleme sonrasinda temizleme adimini gergeklestirilen bir alt 6rnekleme yontemidir [23]. Bu hibrit
yaklagim, ana sinifin azaltilmasinin énemli bir bilgi kaybina yol agmamasini saglarken ayni zamanda
asirt orneklemeden kaynaklanabilecek asirt uyum sorununu da onler [20]. Genel olarak yeniden
ornekleme yontemlerinin ¢alisma prensipleri Ozetlenecek olursa, SMOTE tekniginde siniflarin
dengelenmesi, nadir smif ic¢in {iretilen sentetik verilerle ¢ogunluk smifinin yogunluguna ulagarak
saglanirken, Tomek baglantisinda c¢ogunluk smnifin veri sayisinin azaltilarak nadir sinifa
yaklastirilmasiyla gergeklestirilir. Hibrit yaklasimda ise SMOTE ile veri ¢ogaltma ve Tomek baglantist

ile veri azaltma durumu s6z konusudur [24].

Performans Metrikleri
Siniflandiricilar araciligiyla ikili simiflandirma yapilirken, dogru smiflandirma oraninin 6lgiilerek
performans degerlendirilmesi yapilmasina ihtiya¢ vardir. Bu amagla nadir olan sinifin tahmin
performansini belirlemek icin HKO, R?,Prec, Rec ve AUC gibi performans metrikleri bu calismada
kullanilmgtir,

¥;, 1. orneklemin tahmini, y; karsilik gelen gergek degeri ve n test veri setinin boyutunu gostermek

iizere HKO ve R? asagidaki gibi hesaplanmaktadir.
1 n-1
HKO(,9) =~ > (i = 9
i=0

ve

09

RO =1=5 =y

Diger metrikleri hesaplamak i¢in kullanilan karisiklik matrisi ise su sekilde tanimlanir:
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Tahmin edilen
1 0
£ | l(nadir simf) | DP YN
5
S
glo YP DN
Prec ve Rec metrikleri asagidaki gibidir.
Prec — DP
"= DP+YP
Rec — DP
“TDP+YN

DP: Dogru Pozitif, YP: Yanlis Pozitif, DN: Dogru Negatif ve YN: Yanlis Negatifi ifade etmektedir.

ROC egrisi, duyarlilik ile 1-6zgiilliik arasindaki iliskiyi gosteren bir haritadir [25]. Cesitli kesme
degerlerine gore elde edilen yanlhis pozitif oranlara karsi hassasiyetlerin grafigini cizerek bir
siniflandiricinin tanisal yetenegini degerlendirmek icin kullanilir [26]. ROC giiglii bir performans 6l¢iitii
olmasina ragmen egri altindaki alanin (AUC) nadir olay siniflandirmasi i¢in daha uygun oldugu 6ne

stiriilmiistiir [27]. AUC, tim ROC egrilerinin iyi bir 6zetini sunar [28].
Simiilasyon Calismasi

Ikili olaylarn modellenmesi igin kullamlacak olan algoritmalarin deneysel performanslarmin
degerlendirilmesinde, kesisme katsayisi olan f,, ilgilenilen olaym veri seti igindeki oranim
belirlediginden bu degeri en iyi sekilde temsil edebilmek adina drneklem &l¢iimii en azn = 1000 ve en
¢ok n = 5000 olarak secilmistir. Ilgilenilen nadir olay "1" ile gosterilmekte olup 6rneklem icindeki
orani %15°tir. Nadir olayin olugmasi ve %15'lik nadirlik seviyesine ulasilabilmesi i¢in, 1000 birimlik
orneklem buyiikliginde Sy = —21.4 ve 5000 birimlik 6rneklem biiytikliigiinde ise S, = —26.1 olarak
belirlenmistir. Standartlastirilmis §; = 1ve X;~N(0,1)i = 1,2,...,10 normal dagilima sahip 10
aciklayici degiskenden olusan simiilasyon tasariminda, degiskenler arasinda iligki olusturabilmek
amaciyla bazi degiskenler arasinda dogrusal iligski kurulmus ve Tablo 1°de verilen iliski degerleri elde

edilmistir. Daha sonra yukaridaki ayarlara sahip ikili olay su sekilde olusturulmustur:

0, eger m<u

y(r() = {1, d.d.

burada u yapay degiskendir.

Python Spyder 5.4.3’te yazilan ve 100 tekrar ile gergeklestirilen simiilasyonda veri setleri rasgele olarak
egitim ve test setlerine 2/3:1/3 oraninda ayrilmustir. ilk olarak dengesiz dagilima sahip, sonrasinda ise

imblearn [29] kiitiiphanesinden yararlanarak yeniden drnekleme teknikleriyle dengeli hale getirilmis
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verilerin, egitim setinde model 6grenimi gergeklestirildikten sonra test setinden tahmin degerleri elde

edilmis ve gerekli metrikler hesaplanmistir. Simiilasyon sayis1 kadar tekrarlanan calisma sonunda elde

edilen ortalama degerler Tablo 2-4’te sunulmustur.

Tablo 1 [liski matrisi

X | Xo | Xs | Xa | Xo | Xe | X7 | Xg | Xo | X1o
X1 0.60(0.15(0.2010.41(0.25]0.1410.72(0.120.09
X2 10.60 0.18(0.23]0.07(0.27]0.31]0.140.07
X310.15(0.18 0.05(0.1110.28(0.15 0.40(0.31
X4 10.20(0.2310.05 0.08(0.1610.07]0.30{0.19
X5 (0.41(0.07(0.1110.08 0.04(0.19]0.12]0.10
X 10.25(0.2710.2810.16 [ 0.04 0.72(0.08
X710.14(0.31(0.15(0.070.19 0.11(0.08]0.17
Xs 10.72(0.14 0.30(0.12 0.11
X9 10.12(0.07]0.40(0.19|0.10]0.72 | 0.08
X10]0.09 0.31 0.17( 0

Tablo 2’de algoritmalarin olusturduklari modellere ait Hata Kareler Ortalamasi (HKO) ve Tablo 3’te
model aciklayiciliklar1 (R?) sunulmaktadir. Tablolar detayli olarak incelendiginde &rneklem &lgiimii
biiylidiigiinde, Lasso regresyonun HKO degerinin yiikseldigi ve buna baglh olarak model
aciklayiciliginin  bir miktar diistigi goriilmektedir. Ridge regresyon acisindan degerlendirme
yapildiginda ise drneklem Slgiimiiniin artmast HKO ve R? agisindan ¢ok biiyiik farkliliklara sebep
olmamugtir. Boosting algoritmalarina bakilacak olursa yeniden 6rnekleme yapilmadan veya yeniden
ornekleme tekniklerinin tiimii icin en diisik HKO ve en yiiksek R? degerine sahip algoritmanin
LightGBM oldugu goriilmektedir. GradientBoost en iyi performansini veri dagilimindaki dengenin
¢ogunluk sinifin sayisini nadir olay sayisina yaklastirmay1 hedefleyen Tomek baglantisi kullanildiginda

elde etmistir. Bu durum XGBoost ve AdaBoost i¢in de benzer sekildedir.

Tablo 2 Algoritmalarin orneklem Slgiimlerine baghh HKO degerleri
Yeniden

HKO - SMOTE Tomek Baglantiss SMOTETomek
Ornekleme Yok

Model n=1000 n=5000 n=1000 n=5000 n=1000 n=5000 n=1000 n=5000
Lasso 0.088 0.089 0.108 0.110 0.086 0.088 0.107 0.111
Ridge 0.074 0.074 0.105 0.104 0.073 0.073 0.104 0.105
GradientBoost  0.030 0.027 0.035 0.038 0.028 0.027 0.034 0.037
XGBoost 0.033 0.028 0.036 0.033 0.032 0.028 0.033 0.032
LightGBM 0.026 0.024 0.027 0.028 0.025 0.025 0.025 0.027
AdaBoost 0.026 0.041 0.029 0.047 0.025 0.041 0.028 0.048
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Tablo 3 Algoritmalarin 6rneklem élgiimlerine bagh R? degerleri

R? Orn:lilr:ie(enYok SMOTE Tomek Baglantis1 SMOTETomek
Model n=1000 n=5000 n=1000 n=5000 n=1000 n=5000 n=1000 n=5000
Lasso 0.312  0.303 0.150 0.133 0.322 0.308 0.137 0.134
Ridge 0.418 0.424 0.175 0.180 0.424 0.421 0.166 0.181
GradientBoost 0.763  0.790 0.722 0.706 0.776 0.789 0.731 0.707
XGBoost 0.735  0.784 0.716 0.742 0.750 0.779 0.733 0.748
LightGBM 0.796  0.809 0.785 0.784 0.806 0.806 0.797 0.787
AdaBoost 0.795  0.678 0.775 0.628 0.805 0.674 0.775 0.625

Tablo 4’te ise algoritmalarin dogru siniflandirma performanslarini belirlemek amaciyla hesaplanan
metrikler verilmistir. Lasso regresyon metrikler agisindan en yiiksek skorlarini érneklem 6l¢iimiinden
bagimsiz olarak SMOTE yeniden drneklemesinde elde etmistir. Ridge regresyon, Prec metrigi agisindan
SMOTETomek, Rec agisindan Tomek baglantis1 ve AUC agisindan ise tiim 6rneklem dlglimleri ve tim
yeniden 6rnekleme tekniklerinde en iyi performansi gostermistir. GradientBoost’ un tiim performans
metrikleri i¢in 6rneklem 6l¢iimii ve yeniden drnekleme teknigi fark etmeksizin birbirine yakin degerler
verdigi gortilmektedir. Bu durum XGBoost ve LightGBM iginde benzerdir. Prec ve Rec metriklerine
gore AdaBoost yontemi neredeyse tiim orneklem 6l¢iimii ve 6rnekleme tekniklerinde iyi performans

degerlerine sahiptir.

Tablo 4 Algoritmalarin érneklem olciimlerine bagh performans metrik degerleri

(")rn:lilrl:glinYok SMOTE B:glr:rftliﬂ SMOTETomek

Model n=1000 n=5000 n=1000 n=5000 n=1000 n=5000 n=1000 n=5000
Prec 0842 0869 0934 0934 0858 0872 0938 0.933

Lasso Rec 0855 0851 0888 0.882 0856 0.853 0.895 0.881

AUC 0975 099 0990 0991 0976 0990 0991 0.991

Prec 0925 0926 0940 0935 0929 0931 0942 0.935
Ridge Rec 0911 0917 0886 0.867 0917 0923 0.890  0.867
AUC 0996 0998 0997 0998 0997 0998 0997 0.998

Prec 0959 0965 095 0957 0962 0965 0958  0.957
GradientBoost Rec 0960 0966 0951 0946 0.962 0965 0954 0.947
AUC 0987 0993 0987 0992 0987 0993 0988 0.992

Prec 0957 0962 095 0958 0960 0962 0959 0.969
XGBoost Rec 0957 0962 0953 0.955 0959 0961 0.956 0.956
AUC 0978 0987 0979 0985 0981 0987 0981 0.986

Prec 0969 0966 0965 0.963 0971 0966 0.968 0.965
LightGBM Rec 0969 0966 0964 0961 0971 0966 0.967 0.962
AUC 0989 0993 0989 0991 0988 0993 0.989 0.992

Prec 0972 0968 0972 0965 0973 0968 0974 0.965
AdaBoost Rec 0972 0967 0971 0959 0973 0967 0973 0.959
AUC 0992 0993 0993 0993 0992 0993 0994 0.994
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Sekil 1°de verilen ROC egrileri incelendiginde Ridge regresyonun hem gergek pozitifleri hem de gergek
negatifleri en dogru sekilde simiflandirdigi goriilmektedir. Bu durum Tablo 4’teki AUC sonuglarini

desteklemektedir.

Sekil 1 Orneklem élciimlerine bagl ROC egrileri
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Sonuclar

Farkli regresyon ve Boosting algoritmalarinin performanslart incelendiginde, 6rneklem 6l¢iimii arttikca
bazi algoritmalarin performansinin degistigi gézlenmistir. Bu degisim Lasso regresyonunda, 6rneklemin
biiyiimesiyle birlikte HKO’da artis ve model agiklayiciliginda diisiis olarak ortaya ¢ikmigtir. Ridge
regresyonunda, drneklem olciimiindeki artis, HKO ve R? iizerinde belirgin bir etki yaratmamustir.
Boosting algoritmalar1 agisindan bakildiginda, LightGBM’in yeniden 6rnekleme teknigi kullanilip
kullanilmamasindan bagimsiz olarak en diisiik HKO ve en yiiksek R? degerlerine sahip algoritma oldugu
gozlenmistir. GradientBoost, cogunluk smifin say1sinin nadir sinifin sayisina yaklastirilmasi ile dagilimi
dengeleyen Tomek baglantisin1 kullandiginda en iyi performansini elde etmistir. Benzer sekilde,
XGBoost ve AdaBoost i¢in de bu durum gecerlidir. Dogru siniflandirma performansini degerlendirmek
i¢cin hesaplanan metriklerde ise farkli sonuglar elde edilmistir. Lasso regresyon, metrikler agisindan en
yiiksek skorlarini 6rneklem 6l¢iimiinden bagimsiz olarak SMOTE yeniden 6rneklemesinde elde etmistir.
Ridge regresyon, Prec ve Rec metrikleri acisindan farkli 6rneklem 6lgiimleri ve yeniden 6rnekleme
tekniklerinde iyi performans gosterirken, AUC ac¢isindan 6rneklem 6l¢iimii ve yeniden Ornekleme
tekniginden bagimsiz en yiiksek degerleri elde etmistir. Boosting algoritmalar1 i¢cinde Prec ve Rec
agisindan en iyi sonuglar AdaBoost tarafindan iiretilmistir. Tiim bu bulgular, algoritmalarin farkli veri
dengeleme tekniklerinde farkli performanslar sergiledigini gostermektedir. Kolay uygulanabilirligi
sebebiyle dengesiz veri setlerinde Lasso veya Ridge regresyondan biri kullanilmak istenirse, Lasso
regresyonunun tercih edilmesi durumunda performansin istikrarsiz olabilecegi, Ridge regresyonun ise
daha stabil bir performans sergileyecegi goz oniinde tutularak Ridge regresyon tercih edilebilir. Ancak
sonuclar genel olarak degerlendirildiginde diisiik hata ve yiiksek agiklayicilik oranlari ile Boosting
algoritmalarinin Lasso ve Ridge regresyondan daha iyi performans sergiledigi ve tercih

edilebilirliklerinin daha fazla oldugu sonucu ¢ikarilabilir.

Tesekkiir Yazar, degerli yorumlari i¢in Editorlere ve anonim hakemlere tesekkiir eder.
Fon/Finansman Bilgileri Calisma i¢in herhangi bir mali sorumluluk yoktur.

Etik Kurul Onay ve Izinler Calisma etik kurul izni veya herhangi bir 6zel izin gerektirmemektedir.
Cikar Catismalary/Catisan Cikarlar- Makale i¢in herhangi bir ¢ikar ¢atismasi yoktur.

Yazarlarin Katkist Yazar makalenin son halini okumus ve onaylamaistir.
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Abstract

Pantograph equations, which we encounter in the branches of pure

and applied mathematics such as electrodynamics, control systems and
quantum mechanics, are essentially a particular form of the functional
differential equations characterized with proportional delays.  This
study focuses on exploring the approximate solution to the Pantograph
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izerine ¢alisilmistir. Bu denklem sinifi i¢in analitik ¢6ziim olmadigindan
sadece yaklasik ¢oziimleri bulunabilir ~ Bu amagla sayisal ¢6ziim
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Introduction

Many problems that we encounter in every aspect of our lives are modeled via mathematics and solutions
of the models are one of the main topic for the researchers. Differential equations take an important
place in these modeling. One of these differential equations is the Pantograph differential equation.
The Pantograph differential equation (PDE) is a special class of the functional differential equations.
Actually, Pantograph is a device that collects electric current from electric poles in vehicles such as
trains and trams. For the modelling of the problem, PDE was firstly mentioned in the study [1] by J.R.
Ockendon and A.B.Tayler in 1971. In this study, the Pantograph of the electric locomotive was modeled.
Later, many studies were conducted on this subject. Since the PDE equation does not have an exact
solution, only approximate solution can be found. To obtain the approximate solution, various numerical
methods such as homotopy methods, Haar wavelets, Legendre approximations, Sinc collocation method
can be considered. To get more information about these numerical methods, readers can be look into
[2-11]. In recent years different numerical approaches are applied to the PDE. For instance, Sedaghat
et. al. applied a numerical approach to find the approximate solution of the PDE with the help of
Chebyshev polynomials in [12]. In the work [13] Jafari et. al. provide an efficient transferred Legendre
pseudospectral method for solving PDE. M. M. Bahsi and M. Cevik resorted to the Perturbation approach
for Pantograph delay differential equation (PDDE) in [14]. R. Alrebdi and H. K. Al-jeaid in [15]
examined the PDDE with the help of the Laplace transformation, which is one of the integral transformations.
For more work related to PDE see [16-20].

In recent years, some collocation methods to solve the linear and nonlinear differential, integral and
pantograph equations have been presented in many articles. Such as Legendre-Gauss collocation method
[21], Chebyshev collocation method [22], Fibonacci wavelet collocation method [23], Hermite collocation
approach [24], Legendre spectral collocation method [25] and Lagrange-collocation method [26]. In
addition to these methods, there are also Pell collocation method and Pell-Lucas collocation methods.
These two collocation methods based on Pell and Pell-Lucas polynomials respectively. These polynomials
belong to families of orthogonal polynomials and are characterized by recursive expressions and satisfy
the following properties [27]: Pell polynomials, P, (x), are defined as follows

Prio(z) =22Py11(x) + Pu(x) , n>0
where Py(x) = 0, Pi(x) = 1. Pell-Lucas polynomials, Q),,(z), are defined by
Qn+2(2) = 22Qp+1(2) + Qulz) , n >0

where Qo(z) = 2, Q1(x) = 2z . There are many studies using methods based on Pell and Pell-Lucas
polynomials [28-32]. In our paper, we tried to obtain the approximate solution by applying the Pell
collocation method (PCM) to a class of nonlinear PDE (NPDE).
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Let us consider a class of NPDE defined as

33 Ryp(@)? (ap + Bsp (2)) ) (Aspz + 7p ()

s=0 p—O (1)
£33 Qupl@)el? (g + By (£)) 0 (i + 70 (1)) = (2, fora <z < b
s=1p=1
with the initial conditions
> v (0) + b (0)] = o5, j=0,1. )

s=0

Here, (9 (2) = v(x), v°(z) = 1. Also, v(z) is an unknown function; the functions Rgy (), Qsp(z)
and g(z) are continuous on [0, 1]; ajs, bjs, sp, Asp and 0; are constants. Additionally, 5, (z) and
vsp () are either appropriate constants or random variables. In our approach, we will consider the

approximate solution to be the truncated Pell series, represented as:

v(x) = Z em P (). 3)

In this series, P, (x) (1 <m < M + 1) are the Pell polynomials; ¢, are the coefficients to be found
and M € ZT(M > n). The first few Pell polynomials are as follows:

Po(x) =0,

Py(z) =1,

Py(z) =2,

Py(x) =42% + 1, 4)
Py(x) =823 + 4z,

Ps(x) =16z + 1222 + 1

Fundamental Relations

Let Eq. (3) be our approximate solution of Eq. (1). In order to obtain the approximate solution, we will
try to write Eq. (1) in matrix form according to the solution of Eq. (3).
i) If asp = Agp = 1, Bsp () = 7sp (x) = 0, Pell polynomials in Eq. (4) can be represented in matrix

format as

P(z) =T (x)N. (%)
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Here, P(z) = [P1 (z) P2 (z) -+ Py ()], T (z) = 1z 2? 2®..aM),C=(c1 ¢ -+ cpry1)” and

1 010 1 0 1
0204 0 6 0
004012 0 24 0 40
0008 0 32 0 8 0
000016 0 8 0 240
N=l0o o000 0 3 0 192 o0
0000 O 64 0 448
0000 O 0 128 0
0000 O 0 256

So, we can express Eq. (3) as
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In Eq. (8)
010 00 0 0 1 (1.0 0 0 0 0 0]
00200 0 0 01 000 O 0
00030 0 0 00100 0 0
00 004 0 0 00010 0 0
B = B’ =
00000 5 0o |’ 000O0T1 0 01’
00 000 O 0 000O0GO0 1 0
: M : 0
00000 O 0 | (00 000 O 1]
1 = x!
1 = oM
I'ip= .
1 :
1$M...x%

it) I op . Asp , Bsp (x) and 7y, () are either random constants or variables, then the approximate

solution using the Pell polynomials in Eq. (3) can be represented in the matrix format
v (AspT + Ysp (7)) Z var (Asp + Ysp (7)) = P (Aspz + 75p (7)) C. )
By considering Eq. (5) and Eq. (6) in Eq. (9), we get the matrix forms

v (AspT + Ysp (7)) Zoar (AspT + Ysp (7)) = P (AspT + 7sp (7)) C =T (Asp + 75p (¥)) NC,
v (Asp + Ysp (7)) =0 (Asp + vsp (7)) = Ty, ) (z) BNC,
V" (Nsp + vsp (7)) =0 (Asp + v5p (7)) = T, ) (2) B2NC, (10)

0 (Ap + 7 (2)) 205 (Aep + 7sp (2)) = T3, ) () B'NC.

Furthermore, the relationships between I' (Aspz + 74 ()) and its derivatives
T’ Asp® + Ysp (), T (Asp + Ysp (€))5es TG (Agp + 75p () are described as

r (AspT +vsp (7)) =T (AspT + 75p (7)) B,
r” (AspT +vsp (7)) =T (Asp + Vsp () B?,
T (Asp + Ysp (€)) =T (Asp + 75p (2)) B?, (11)

) ()\spx + Vsp (z)) =T ()‘sz)x + Ysp (z)) B?,
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where
r (Aspxo + Vsp (xO)) 1 )\spl'O + Vsp ($0) (Aspl'[) + Ysp (xO))M
r I (Aspz1 + Ysp (71)) L Agpr1r+9sp (x1) o (Asp1 + 7sp (1))
Ay — . = . .
! : 1 : :
L (Aspzas + Ysp (201)) L Agpmar +ysp (2ar) o (AspZar + Ysp ()™

With the help of Eq. (10) and Eq. (11), we find
0 Agpt + Ysp () = T (At + 7sp () BSNC.

The Pell collocation points are defined by

(b—a)i
M

T, =a-+ ,0=20,1,..., M.

If we substitute these grid points into Eq. (12), we get

v A\pi + 7sp (21)) = T, (25) BSNC, 5 =0,1,...,n
and the closed form of the Eq. (14) can be stated as:

v =1, _B*NC, 5 =0,1,...,n.

Here

o) (>‘pr0 + Ysp (%0))

v vl (Aspz1 + Vsp (21))

v(®) ()‘SPxM +Ysp (Tar))
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N -\ ()
In addition, the matrix forms of <V>p V) and (V) 8 V() which emerges in Eq. (1) are

vP (Oésp-ro + /Bsp (xO)) 'U(s) ()‘prﬁ + Ysp (x()))
(V>p v — oP (aspfl?l + Bsp (z1)) ?)(S) ()‘Sle + Vsp (z1))

P (asprmr + Bsp (2ar)) o) (Aspras +ysp (Tar))

vP (aspx() + /Bsp (370)) 0 v
B 0 vP (aspxl +65p (1’1)) 0
0 0 e 0P (Oéspl'M + ,Bsp (:CM))

v(®) (Aspzo + vsp (70))
v(s) ()‘spxl + 781) (xl))

() (AspTans + vsp (T01))

o) (048105”0 + Bsp (w0)) () ()‘pro + Vsp (w0))
(p) (s)
(\7) (p) Vv — v\ (agpr1 + Bsp (xl)).v (AspT1 + Ysp (1))

(16)

v (spznr + Bsp () o) (AspTar + vsp (Tar))

o) (agyo + Bep (0)) 0 0
0 v®) (agprr + Bsp (71)) ... 0
0 0 U(p) (aspo +ﬁsp (J,‘M))
’U(S) ()\5p$0 + Vsp (330))

’U(s) ()\spxl + Vsp (1’1))

) ()‘sz)xM + Ysp (war))

N C, (17)

r ()\spfrO + Vsp (x())) 0
A 0 L (Aspr1 +7sp (21)) - 0
I‘)\’»y = . . . ’
0 0 I‘()\SPLUM+'75p (LEM))
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B 0 .. N 0 0 C o0
N 0 .. 0 - 0 N 0 N 0 C 0
B: , N: . . C:

0 0 B 0 0 N 0 0 C

By alternating the grid points given in Eq. (13) into Eq. (16), the following equation system is obtained
n m
Z Z Rp(@i)v? (spwi + Bsp (i) U(S)()‘SP@"Z' + Ysp (i)

s=0 p=0

303 Qupl@av® (g + Bup () v Ay + 7 (7))

s=1 p=1

(18)

= g(zi),
which can be represented using Egs. (14) and (16) as

n m R n m R ( )
> YRy (V) VL3300, (V)" V=6, (19)
s=0 p=0 s=1 p=1

where

R, = diag [Rep(x0) Rsp(x1) ... Rsp(zar)],
Qsp = diag [Qsp(z0) Qsp(21) ... Qspam)],

G =gl o) - glanr) ]

By substituting the relations (15) and (17) into Eq. (19), the fundamental matrix equation is achieved as

S Ry (Fay K E) T BN Y S QR (B) NETLBN C-G (o)
s=0 p=0 s=1p=1

Briefly, Eq. (20) can also be shown as,

WC =G or [W;G], (21)
where
W3S Ry (B NE) Ty BNE Y S Qb (B) K€ Dy BYN.

s=0 p=0 s=1 p=1

Here, Eq. (21) represents a system comprising (M + 1) nonlinear algebraic equations involving (M +
1) unknown Pell coefficients. Utilizing Eq. (15) for the values a and b, we formulate the matrix

representation of the conditions stated in Eq. (2) as
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n—1
{Z [a;.T (0) + b, (0)] (B)® N} C=96;,j=01,2,...,n—1
s=0

alternatively, this can be expressed as

UJ’C: [5J] or [Uj;5j]; j:0,1,2,...,n—1 (22)
Here

n—1
U; =Y [a;sT(0) + 0T (0)] (B)) N = [ujo uji wjo ... ujn] .-

s=0

Hence, through the substitution of the condition matrices in (22) with the n rows of the augmented matrix

in (21), the new augmented matrix is achieved as

woo wWo1 wo2 s WoM ; g(xo)
w10 w11 w12 s w1M ; 9(951)
w20 w21 w22 s Wan ; 9(902)
5
7 A Wp— WM-—n)1 WM-n)2 ° WM-——)M > JTM-
[W; G} _ | Wm0 W1 W) (-nyns 3 9(EM—n) (23)
U0o uo1 Uo2 e UoM ; o
U1 U1l Uu12 e (83 ; 01
U20 U1 U2 e UM ; 02
5
Unp-10  Un-1)1  Un-1)2 °°  Un-1)M On—1 |

Thus, the determination of the unknown Pell coefficients ¢,,, m = 1,2,..., M + 1 is achieved through
the solution of the system outlined in Eq. (23). Next, the coefficients are inserted into Eq. (3) to derive

the approximate solution.

Error Estimation

To determine the accuracy of the proposed method, we define the error function E;(x) as following
Ey(z) = vy (z) — v(z)]. (24)

Here, vjs(x) is the approximate solution and v(x) is the exact solution of Eq.(1).

Ilustrative Example

This section provides four numerical examples to showcase the effectiveness of the proposed method.
By using the error function Ejs(x), the method has been tested on these problems. The numerical results

obtained have been displayed through tables and graphics.
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Example 1. Let us examine the differential equation:

4 3 2

" 1ex f)_2<£):_£ r_r z 1 2
U(x>+“(4)“(5 U3 6750 2 2th (25)

with the initial conditions

Eq. (25) is the second-order nonlinear pantograph differential equation and the function v(z) = 22+ 1 s
the exact solution of this equation. The solution v(x) approximated by the Pell polynomials is obtained
as

M+1
v(x) = Z Cm P ()

m=1
where M = 2, R20 (l’) = 1, o) = 1, ﬁgo = 0, R11 (IL‘) = 1, a11 = %, 511 = 0, )\11 = %, Y11 =
0, Ro1 (z) = —1, aor = &, for =0, Aot = 3, 701 = 0, and g (x) = — % + £ — 2" + £ 4 1. Thus,
for M = 2 the set of obtained collocation points by Eq. (13) are computed as

1
.T[):O, x1:§7 1'2:1

From Eq. (20), we obtain

{Raol1B?N + Riul'y (NCT (BN + Rou ', (N CTy (N} C =G
57 47 27 PR
where
W = Ryl 0B*N + Ry;I'1 (NCT': (BN + Ry (NCT (N
57 4 29 PR
100 -1 0 0
Ry = Ru=|01 0|, Ru= -1 0 |,
00 1 0 -1
T (0) 10 0 r@o o0 0
Pio = D= |T() | =|1 4 [ Fo=| o T3 o |
T (1) 11 1 T (1)
10 0 Lio(0) 0
I 1
F%,o - 1 % TIG ,I‘%ﬁ: F%,o(é) 0
L3 3 0 0 Tyo(D)
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(1.0 0 Li,(0) 0 0
I 1
I‘i,o - 1 % % ,I‘%D: Fi,o(i) 0
R 0 0 Ti,(1)
1 0 0 ', (0) 0
3 1
o = |1 7% ﬁﬁ » Tio= 0 F%@(é) 0
1§ % 0 0 Tyy()
(1 0 1] N 0 0
N =1]020[,N=|0 N 0],
| 0 0 4 | 0 0 N
[0 1 0] B 0 0 C 0 0 1
B=|002|,B=l0Bo0o|C=|0cCo0| G=|Dnu
L0 0 0] 0 0 B 0 0 C 383

From Eq. (22), the matrix representation of the initial condition is
[U0;50]Z[101;1],[U1;51]:[020;0].
Hence, the resulting augmented matrix [W, G] is obtained as following
—a—c 2a+2c 8—c—a ; 1
(W;G] = 1 0 1 ;1
0 2 0 ;0

The matrix of Pell coefficients C is established by solving this system:

3 117
“[404]

Then, for M = 2, the solution approximated using the Pell polynomials is
vy (x) = 2% + 1.
Example 2. Consider the following differential equation

V(@) — v(z) + %ﬁ(%) —0; v(0)=0,0/(0) = 1.

(26)

We know that the exact solution of Eq. (26) is found by v(x) = xe™?. Table 1 provides the error function

values and offers a numerical comparison between the proposed method and the modified differential

transform method (MDTM) [33] for M = 8 and M = 11. Figure 1 depicts a visual comparison between

the approximate and exact solutions derived using the proposed method for M = 3,4, 5.
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Table 1. The numerical results of the error function Ey; are provided for different values of M for

Example 2

x Eg(MDTM) EH(MDTM) Eg EH
0.1 3.56812 x 10712 3.59265 x 10712  2.21233 x 1079  3.60961 x 10~ 13
0.3 4.67857 x 10710 4.52835 x 10712 6.10001 x 1072 9.75359 x 1013
0.5 4.58254 x 1078 5.85598 x 10~ 7.06047 x 1079  1.14569 x 1012
0.7 9.28161 x 10~7 2.78563 x 10710  5.60762 x 1072 1.11228 x 1012
09 872761 x 1076  6.64594 x 1079 8.19878 x 1019 1.40254 x 1012
04}
0al 03}
02l 02r
01r — Exact o1 — Exact
“‘0‘2“‘0‘4‘“0‘6“‘0‘8“‘1‘0 “‘0.‘2“‘0‘.4‘“0‘6“‘0‘8“‘1‘0
(a) M = (b) M =
03}
0.2 _
01 - Exact
0.‘2 0‘.4 016 0.‘8 1‘.0
(c) M =5

Figure 1. Graphical comparison illustrating exact and approximate solutions for Example 2 at M =
3,4,5

Example 3. Let us consider following differential equation [34]

1'3
Ul/(x) + 2U($) - U2($) + 'U(g) = g(x)7 U(O) — 07,01(0) -1 (27)
where
: .9 . a8
g(ﬂ?) =sInx — sin“ xr + sin (?)

v(x) = sin z is the exact solution of Eq.(27). Values of the error function specified in Eq.(24) for Eq.(27)
are displayed in Table 2, for M =9, 10, 11. Figure 2 depicts the graphical representation of the estimated
error function for M = 2,3 and 4.
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Table 2. The numerical results of the error function Fy; are provided for M = 9,10, 11 for Example 3

"y

Ey

Eqo

Eq

0.1
0.3
0.5
0.7
0.9

4.49765 x 10713
1.83259 x 1012
3.08087 x 10712
4.14413 x 10712
6.41098 x 10712

4.39510 x 10~ 14
1.69309 x 1013
2.83495 x 10713
3.87912 x 1013
9.74887 x 10713

5.55112 x 1016
2.05391 x 10715
3.38618 x 10715
4.55191 x 10719
8.88178 x 10716

0.8

0.6

0.4+

0.2

-
R
-
-
"3
-
a

-
-
-
-

0.8

0.6

-~
s
z

Approximate

Exact

0.4 -

0.2

Approximate

Exact

L
0.2

I I I
0.4 0.6 0.8

(a) M =2

0.8
0.6
0.4+

02+

L L L L L
0.2 0.4 0.6 0.8 1.0

()M =3

Approximate

Exact

L
0.2

L L
0.4 0.6

(c) M =4

L L
0.8 1.0

Figure 2. The graphical comparison illustrating exact and approximate solutions for Example 3 at M =

2,3, 4

Example 4. Let us consider the following differential equation

T

zv' (S)v?(z) + v”(4

T

2

)+ <7> +v'(x —0.5) =g(z); 0<z<1; v(0)

1, v'(0) =0 (28)

g(x) = —sin(z — 0.5) + cos(z/2) — cos (x/4) — xsin (x/2) cos? () .

v(x) = cos(x) is the exact solution of Eq.28. For M = 5,7,9 ; values of the error function specified in

Eq.(24) for Eq.(28) are showed in Table 3. The graphical representation of the estimated error function
for M = 3,4, 5 is depicted in Figure 3.
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Table 3. The numerical results of the error function Ey; are provided for different values of M for

Example 4
T E5 E7 Eg
0.1 391136 x 1077 3.34594 x 102 1.23668 x 10~
0.3 281310 x 1076 2.21417 x 10~® 6.88932 x 101!
0.5 3.83995 x 107° 2.74960 x 107 6.02225 x 10~ 10
0.7 2.73856 x 10™* 1.41557 x 1076 2.76425 x 10~
0.9 1.17411 x 1073 2.09302 x 107% 2.20612 x 108

0.9+

08
Approximate

Approximate

0.7 -

Exact

0.6

L L L L L L L L L L
0.2 0.4 0.6 0.8 1.0 0.2 0.4 0.6 0.8 1.0

(b) M =4

08 Approximate

0.7 |
Exact

0.6

I I I I I
0.2 0.4 0.6 0.8 1.0

() M =5
Figure 3. Graphical comparison illustrating exact and approximate solutions for Example 4 at M = 3,
4,5

Conclusion

This study utilized the Pell collocation method to solve a class of nonlinear Pantograph differential
equations. The method’s efficiency and accuracy are demonstrated through four distinct examples. The
approximate and error results obtained are compared with those obtained using the modified differential
transform method. From these comparisons, it can be inferred that the method is notably effective in

acquiring approximate solutions for nonlinear Pantograph differential equations.
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Abstract

Research Article In this study, the antibacterial and antifungal activity of Abies
nordmanniana subsp. equi-trojani cone spangles, which are endemic and
endangered and grow in Canakkale Ida Mountains, was investigated by
. agar well diffusion and microplate methods. The antibacterial and
Corresponding Author antifungal activity of distilled water, ethanol, methanol and
Giilgin OZCAN ATES dimethylsulfoxide (DMSO) extracts of cone spangles was evaluated
gulcinozcan@comu.edu.tr against gram-positive and gram-negative bacteria and yeasts. As a result,
it was determined that the DMSO extract had antibacterial and antifungal
activity against the tested microorganisms, while the extract prepared with
distilled water had no activity. The antimicrobial activity of the methanol
and ethanol extracts varied depending on the microorganism type. When
the results of this study were compared with the positive control (penicillin
G and fluconazole), it was determined that the extracts were not as
effective as the antibiotic and antifungal disc. As a result, it is important
to use alternative products that are abundant in nature instead of products

derived from endangered species.
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Abies nordmanniana subsp. equi-trojani (Aschers. & Sint. ex Boiss) Ekstraktlariin
Antibakteriyel ve Antifungal Aktivitesi
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University, Vocational School of
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Medical Services and Techniques,
Canakkale, Tiirkiye

Oz

Bu ¢aligmada Canakkale Kazdaglarinda yetisen endemik ve yok olma
tehlikesiyle karst karsiya olan Abies nordmanniana subsp. equi-trojani
kozalak pullarinin antibakteriyel ve antifungal aktivitesi agar kuyu ve
mikroplak yontemiyle arastirilmistir. Kozalak pullarinin distile su, etanol,
metanol ve dimetilsiilfoksit (DMSO) ekstraktlarinin antimikrobiyal
aktivitesi gram pozitif ve gram negatif bakteriler ile mayalara kars:
degerlendirilmistir. Sonug olarak 6zellikle DMSO ekstraktinin test edilen
mikroorganizmalara karsi antibakteriyel ve antifungal aktiviteye sahip
oldugu tespit edilmistir. Distile su ile hazirlanan ekstraktinin ise herhangi
bir aktiviteye sahip olmadig1 belirlendi. Metanol ve etanol ekstraktlarinin
ise mikroorganizma tiirline gore aktivite gosterdigi belirlendi. Bu
calismanin sonuglar1 pozitif kontrol (penisilin G ve flukonazol) ile
karsilastirildiginda, ekstraktlarin antibiyotik ve antifungal disk kadar etkili
olmadigi belirlendi. Sonug olarak nesli yok olma tehlikesiyle kars1 karstya
kalan bu tiirlin triinleri yerine dogada bol bulunan alternatif iiriinlerin
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Introduction

The genus Abies includes more than 50 species worldwide and is widespread in Europe, North Africa,
Asia and North America. Abies species grow at high altitudes, especially in mountainous areas [1]. Based
on morphological and anatomical features such as hairy or hairless shoots, resinous or slightly resinous
bud structures, seed structures, shape and size of cones and spangles, the classification of firs growing
in Anatolia is well-known to botanists [2]. Four species are common throughout Turkey: Abies
bornmuelleriana Mattf., Abies cilicica Carr., Abies nordmanniana Link. and Abies nordmanniana subsp.
equi-trojani Aschers. & Sint. ex Boiss. The homeland of the Turkish Fir A. bornmuelleriana species is
Central-Northern Anatolia. There are two subspecies of the 4. cilicica. A. cilicica subsp. cilicica and A.
cilicica subsp. isaurica are specific to the central-eastern Toros Mountains and are endemic. A.
nordmanniana, Caucasian fir or Nordmann fir, which has a wide distribution area in the Caucasus
extending to Georgia and Russia, is found in northeastern Turkey. A. nordmanniana subsp. equi-trojani
species naturally grows only in the limited area from Southern Canakkale to the ancient city of Troy and
is endemic to that region [1, 2]. Different species of Abies are used for therapeutic purposes in folk
medicine. Abies numidica has been used in folk medicine against lung, cold, stomachache, indigestion,
vascular, and venereal diseases [3]. The species A. nordmanniana subsp. equi-trojani is used as an
ointment for wounds and boils due to its microbiocidal effect, and the syrup created by boiling its leaves
and fresh green cones is used for respiratory diseases. Additionally, it is also used in furniture production
[4]. However, this species is classified as an endangered (in danger of extinction in the near future) tree
species by the International Union for Conservation of Nature and has been included in the Red List due
to its small population sizes, extinction risks and habitat degradation [1, 5]. It has been determined that
extracts and essential oils from different parts of the Abies species contain compounds such as phenols,
flavonoids, lignans, steroids, triterpenoids and fatty acids [3]. For this reason, there are different studies
on the essential oils and extracts of Abies species growing in various geographical and ecological
conditions [2, 3, 6, 7]. Additionally, studies have found that Abies species have different biological
activities such as antibacterial, antifungal, antihypertensive, anti-inflammatory, anti-ulcerogenic,
antitussive, antitumor, and activity on the central nervous system [3]. Therefore, in this study, the
antibacterial and antifungal activity of A. nordmanniana subsp. equi-trojani cone spangle extracts were

investigated.
Materials and Method
Plant Material

Dried cones of Abies nordmanniana subsp. equi-trojani were obtained from a commercial phytotherapy

shop (Malatya Kuruyemis) in Canakkale Kiigiikkuyu, Tiirkiye, in May 2021.
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Preparation of Extracts

The extraction process of the Ida Mountain A. nordmanniana subsp. equi-trojani cone was carried out
using four different solvents: distilled water (DW), methanol (M) (Merck, Germany), ethanol (E)
(Isolab, Tiirkiye), and dimethyl sulfoxide (DMSO) (Merck, Germany). For the extraction of the cone, a
40 g spangle and a 10 g high-speed ground spangle (Figure 1) were mixed, and a 1:10 (w:v) solvent was
added. The mixture was then extracted with Soxhlet for 24 hours. After extraction, the extracts were

filtered using sterile filter papers, placed in sterile dark-colored bottles, and stored at +4°C.

Figure 1. Supplied Abies nordmanniana subsp equi-trojani cone spangles and ground powder

Cultures

In the study, standard cultures and clinical isolates from the collections of Dr. Giilgin OZCAN ATES
and Dr. Niikhet ZORBA in Canakkale Onsekiz Mart University Food Engineering Microbiology

Laboratory were used.
The Inoculum Suspension Preparation

The stock cultures were inoculated on Tryptic Soy Agar (TSA) (Merck, Germany) and revived overnight
at 37°C. After the incubation period, colonies selected from the petri dish were suspended in a

physiological saline solution (0.85% NaCl w/v) until the turbidity matched the 0.5 McFarland standard.

Agar Well Diffusion Method

The extracts were tested for their antibacterial and antifungal properties by creating wells on the surface
of the Mueller-Hinton Agar (MHA) (Merck, Germany) plates using a cork borer set, instead of using the
disk specified in EUCAST [8]. The inoculum suspension was prepared and inoculated onto the dried
surface of the MHA plate using a sterile swab, after which 20 pL of the extracted sample was added to
the 6mm diameter wells. The Petri dishes were incubated at 37°C for 24 hours, and the zone diameters

were measured using a digital calliper. Penicillin G (10 pg, Bioanalyse, Turkey) antibiotic and
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fluconazole (25 mcg, Himedia, India) antifungal disc were used as positive controls, while solvents were

used as negative control. The study was conducted in triplicate, and the results were presented as mean

(M) + standard deviation (sd).
Determination of Minimum Inhibitory Concentration (MIC)

The MIC value of the DMSO extract, which was found to possess antibacterial and antifungal properties
through agar well diffusion tests, was further determined using the microplate method with 96-well U-
bottom microplates by CLSI guidelines [9]. First, the extract concentrations were prepared in Muller
Hinton Broth (MHB) (Merck, Germany), containing double layers of medium. 100 pL of the prepared
concentrations was added to the wells of rows B-G of the microplates, followed by the addition of 100
uL of cell suspension. The final extract concentrations were 40, 20, 10, 5, 2.5 and 1 pL/mL. Row A of
the microplates was used as a negative (MHB containing 40 uL/mL extract) control, and row H was
used as a positive (MHB+culture) control. After the microplates were incubated for 18-48 hours at
36£1°C, 10 pL of 1% (w/v) 2,3,5 tetrazolium chloride (Merck, Germany) solution was dropped into
each well to observe the colour change. The first well with no colour change was determined as the MIC

value. The study was carried out in three parallels.
Results

The current study includes the antibacterial and antifungal activity results of distilled water, ethanol,
methanol and DMSO extracts of A. nordmanniana subsp. equi-trojani cone spangles against eight
clinical isolates, 14 standard bacteria and six standard yeast cultures. As seen in Tables 1, 2 and 3 it was
determined that DMSO extract exhibited antibacterial activity against the tested bacterial cultures.
Although it was found that extracts did not have any antifungal activity against the five Candida cultures
tested, it was recorded that ethanol, methanol, and DMSO extracts showed antifungal activity against

the C. neofermans ATCC 90112 yeast (Table 3).
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Table 1. Agar well diffusion results of Abies nordmanniana subsp. equi-trojani cone spangles extract against Gram-negative bacteria (in mm)

Microorganisms DW M E DMSO Penicillin G
Acinetobacter baumannii (clinical isolate 1048) 6.00+0.01 6.00+0.01 9.77+0.63 11.17+0.86 15.48+0.17
Acinetobacter baumannii (clinical isolate 1132) 6.00+0.01 6.00+0.01 10.06+0.73 11.56+0.97 6.43+1.48
Acinetobacter baumannii (clinical isolate 2685) 6.00+0.01 6.00+0.01 9.68+0.92 15.27+1.80 6.00+0.01
Escherichia coli ATCC 8739 6.00+0.01 6.00+0.01 6.00+0.01 11.04+2.47 21.45+1.77
Escherichia coli ATCC 25922 6.00+0.01 6.00+0.01 6.00+0.01 8.55+0.21 20.63+1.07
Escherichia coli NRRL B-3704 6.00+0.01 6.00+0.01 6.00+0.01 10.28+0.38 10.11=£1.11
Klebsiella quasipneumoniae ATCC 700603 6.00+0.01 7.89+0.69 7.71£2.57 9.91+1.57 6.55+1.90
Klebsiella pneumoniae (clinical isolate 1042) 6.00+0.01 6.00+0.01 6.00+0.01 6.00+0.01 7.26+0.21
Salmonella enterica subsp. enterica ATCC 13076 6.00+0.01 8.75+1.47 6.00+0.01 8.40+1.25 22.16+0.35
Pseudomonas aeruginosa ATCC 10145 6.00+0.01 6.00+0.01 6.00+0.01 8.61+£0.16 11.434£0.28
Pseudomonas aeruginosa ATCC 27853 6.00+0.01 6.00+0.01 6.00+0.01 10.42+1.03 6.00+0.01
Proteus vulgaris ATCC 13315 6.00+0.01 6.00+0.01 6.00+0.01 7.00+0.01 19.47+0.88
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Table 2. Agar well diffusion results of Abies nordmanniana subsp. equi-trojani cone spangles extract against Gram-positive bacteria (in mm)

Microorganisms DW M E DMSO Penicillin G
Basillus subtilis 6.00+0.01 6.00+0.01 6.00+0.01 10.62+0.55 21.47+0.77
Basillus subtilis subsp. spizizenii ATCC 6633 6.00+0.01 9.72+2.51 10.44+1.89 15.79+4.30 6.00+0.01
Enterococcus faecalis ATCC 29212 6.00+0.01 6.00+0.01 6.00+0.01 10.37+1.23 6.00+0.01
Enterococcus faecalis (clinical isolate 1075) 6.00+0.01 6.00+0.01 6.00+0.01 9.71+£0.52 8.98+0.40
Staphylococcus aureus ATCC 29213 6.00+0.01 8.52+1.24 6.00+0.01 11.00+1.14 23.42+2.20
Staphylococcus aureus ATCC 25923 6.00+0.01 6.00+0.01 6.00+0.01 10.06+1.59 11.524+0.59
Staphylococcus aureus ATCC 6538 6.00+0.01 6.00+0.01 6.00+0.01 9.31+0.31 22.55+0.36
Staphylococcus epidermidis (clinical isolate 2657) 6.00+0.01 12.03£1.20 6.00+0.01 13.12+1.83 6.00+0.01
Staphylococcus epidermidis (clinical isolate 2671) 6.00+0.01 6.00+0.01 12.55£1.35 11.88+2.46 6.00+0.01
Staphylococcus gallinarum (clinical isolate 1093) 6.00+0.01 12.88+3.16 11.99+1.45 13.69+1.34 28.63+1.91
Table 3. Agar well diffusion results of Abies nordmanniana subsp. equi-trojani cone spangles extract against yeast (in mm)
Microorganisms DW M E DMSO Fluconazol
Candida albicans ATCC 10231 6.00+0.01 6.00+0.01 6.00+0.01 6.00+£0.01 39.33+1.13
Candida albicans ATCC 24433 6.00+0.01 6.00+0.01 6.00+0.01 6.00+0.01 37.57+0.56
Candida albicans ATCC 90028 6.00+0.01 6.00+0.01 6.00+0.01 6.00+0.01 37.97+1.02
Candida tropicalis ATCC 1021 6.00+0.01 6.00+0.01 6.00+0.01 6.00+0.01 27.77+0.46
Candida parapsilosis ATCC 22019 6.00+0.01 6.00+0.01 6.00+0.01 6.00+0.01 36.25+0.94
Cryptococcus neofermans ATCC 90112 6.00+0.01 11.69£1.66 12.80+1.87 11.10«1.49 37.77+0.04
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Agar well diffusion results of DMSO extract showed that the inhibition zone diameter ranged from

7.00+0.01 to 15.27+1.80 mm. It was determined that the lowest inhibition zone diameter was against P.
vulgaris ATCC 13315, and the highest inhibition zone diameter was against the clinical isolate A.
baumannii (2685). The antifungal activity of DMSO extract against yeasts was detected only against C.
neofermans ATCC 90112, and the inhibition zone diameter was found to be 11.10=1.49 mm. The
ethanol extract has been detected, giving an inhibition zone between 7.71+£2.57 and 12.80+1.87 mm
against three A. baumanni clinical isolates, K. quasipneumoniae ATCC 700603, B. subtilis subsp.
spizizenii ATCC 6633 S. epidermidis (clinical isolate 2671), S. gallinarum (clinical isolate 1093), and
C. neofermans ATCC 90112. It was determined that the methanol extract showed antimicrobial activity
against K. quasipneumoniae ATCC 700603, S. enterica subsp. enterica ATCC 13076, B. subtilis subsp.
spizizenii ATCC 6633, S. aureus ATCC 29213, S. epidermidis (clinical isolate 2657), S. gallinarum
(clinical isolate 1093), and C. neofermans ATCC 90112 and gave an inhibition zone between 7.89+0.69
and 12.88+3.16 mm. It was found that the extract prepared with distilled water did not exhibit both
antibacterial and antifungal activity. Additionally, it was found that DMSO extracts had a smaller
inhibition zone against 12 bacteria (-178.14% to -14.51%) and a larger inhibition zone against 13
bacteria (1.65% to 62%). The MIC value of DMSO extract, which was found to have antibacterial and
antifungal activity, was determined. Figure 1 shows that the MIC value for most of the microorganisms
tested was 40 uL/mL. The lowest MIC value of the DMSO extract was determined to be 2.5 pL/mL
against the S. epidermidis (clinical isolate 2657) isolate, and the second lowest MIC value was 5 uL/mL
against the 4. baumannii (clinical isolate 1048) isolates. However, the MIC value against the cultures
of E. coli NRRL B-3704, P. aeruginosa ATCC 10145 and ATCC 27853, E. faecalis (clinical isolate
1075), S. aureus ATCC 25923 and 6538 was outside the tested concentrations, and the MIC value was
>40 pL/mL.
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Figure 1. MIC values of Abies nordmanniana subsp. equi-trojani cone spangles DMSO extract

Discussion

It was determined that the 4. nordmanniana subsp. equi-trojani cone spangle extracts used in this study
were not as effective as the positive control antibiotic and antifungal disks. Bagc1 and Digrak [10]
determined that the essential oil they extracted from the needle branches of A. equi-trojani by
hydrodistillation for three hours did not have antimicrobial activity against E. coli, S. aureus and S.
cerevisiae. Sakar et al. [11] reported that methanol, ethanol and chloroform extracts of 4. nordmanniana
subsp. equi-trojani cones collected from Ida Mountain Balikesir in 1991 gave a 9 mm inhibition zone
against B. subtilis ATCC 6633 at a 4000 pg/disc concentration. They found that chloroform and
methanol extract gave 7- and 10-mm inhibition zones against S. aureus. They found that it did not give
an inhibition zone against S. Typhimurium CMC 583, E. coli ATCC 11230 and Candida utilis. Eryilmaz
et al. [12] reported that the ether extract of Balikesir 4. nordmanniana subsp. equi-trojani cones gave a
7 mm inhibition zone against B. subtilis ATCC 6633 and P. aeruginosa ATCC 27853. They noted that it
did not show any inhibition against S. aureus ATCC 43300 (methicillin-resistant S. aureus), E. coli
ATCC 25922, K. pneumoniae RSKK 574, and C. albicans ATCC 10231. Oztiirk Pulatoglu et al. [7]

collected A. nordmanniana subsp. equi-trojani from Kastamonu in 2017. They determined that the
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essential oil obtained from A. nordmanniana subsp. equi-trojani cones by Clevenger hydrodistillation

had MIC values between 0.195 and 25 pg/ml against the gram-negative and gram-positive bacteria they
tested. It has been determined that 4. nordmanniana subsp. equi-trojani species collected at different
times and places in our country have different effects on bacteria and yeasts, and the results of this study

are parallel to the results in literature.
Conclusions

Over the last fifty years, the population of Fir trees has decreased significantly due to several factors,
including environmental conditions and wildfires, like the 2023 Canakkale forest fires. However, in
Canakkale districts, people still believe that the cones of the Kazdag: fir are good for respiratory
diseases, so they consume the cones by brewing them as tea. These cones are also sold commercially.
However, different studies found that Ida Mountain fir extracts were less effective than antibiotic
substances. Therefore, it is recommended to use herbal products with higher antimicrobial activity that
are abundant in our environment instead of this endemic species that is in danger of extinction.
Additionally, it is essential to raise public awareness about this issue to ensure the continuity of the

species.
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Introduction

The coast of Balochistan with a coastline of 645 km, stretches from the east of the Hub River to the mid
of the Gwatar Bay to the west. The coast is primarily deserted, with unusual landforms such as sandy
beaches, mudflats, rocky cliffs, headlands, bays, and deltas. The Balochistan coast is known for its rocky
shores and cliffs at Jiwani, Pishukan, Gwadar, Pasni and Ormara with magnificent headlands. The coast
of Makran is one of just a few coastlines in the world that experiences high rates of tectonic uplift and
manifests interesting interactions between active sedimentation, erosion and tectonics. Jiwani is situated
at Makran coast of Balochistan, in the extreme southwest, close to the border between Pakistan and Iran.
The region is a genuine delegate of a dry environment. It has freshwater, desert, marine, tropical thorn
forests, mangroves, and a scrub zone, among other habitats.

Over 12,000 species of polychaetes have been identified to far [1]. The family Hesionidae presently
contains about 175 species in 28 genera [2], whereas the family Eunicidae currently includes 460 species
and 33 genera that have been described 11 of which have been taxonomically recognised [3]. In the
previous studies, the family Hesionidae only had two genera and four species, while just 12 species
belonging to five genera of the Eunicidae were known to reside in Pakistan [4]. Information on the
polychaete fauna of the Makran coast was lacking until when Ali et al. [5, 6] reported the distribution
of polychaete worms from several rocky areas at the Makran coast. Polychaetes due to their extra
ordinary resilience are referred as predominant metazoans in the marine benthic environment and are
important representatives of the benthic macrofauna. These versatile creatures can be found in nearly
all marine and estuarine sediment types [7]. They frequently dominate the macrobenthos community in
terms of both species diversity and population numbers [8, 9]. Due to their diverse presence and
abundance, polychaetes have frequently been employed in environmental monitoring programs to assess
potential disturbances in the environment [10]. Eunicidae family stands out as one of the larger groups
within Polychaeta, and its members are known to inhabit various types of substrates, including hard
structures like reefs and rocks, as well as softer materials like sand [2]. Within marine benthic
environments, these species primarily exhibit carnivorous or omnivorous tendencies and are equipped
with well-developed jaws [11]. Their feeding habits encompass predation on different invertebrates,
scavenging, and herbivorous behaviour [2]. Eunicids, in their ecological role, serve as significant
contributors to coral block destruction and are instrumental in bioerosion processes. They are renowned
for their ability to bore into the calcareous skeletons of hard corals using their implicated and
exceptionally durable apparatus of jaws [12]. Some species within this family have been observed in
association with other non-stalked invertebrates, particularly soft corals, and sponges [13], while others

have specialized in the excavation of seagrass fronds [14]. Hesionids are benthic polychaetes known for
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their distinctive cephalization and typically possess several anterior segments bearing long tentacular

and dorsal cirri. They can vary greatly in size, with some species having small bodies, while larger ones
can reach up to 55 mm in length and possess up to 80 segments. However, due to their delicate nature
and diminutive size, many species of hesionids lack comprehensive descriptions [15]. Hesionidae
species are commonly found in a wide range of habitats, including rocky or sandy bottoms, spanning
from subtidal areas, which encompass both solid substrates and pliable sediments, to the depths of the
deep sea. They are less frequently encountered in intertidal zones, except in the form of interstitial
individuals [16]. They are predominantly free-living and are generally considered carnivorous or
microphagous, particularly in the case of a few symbiotic formations. However, most species have
limited data available [11]. Hesione species feature striking patterns of colour that may be sufficient to
distinguish between species; however, since the pigments in these species rapidly become paler when
kept in ethanol as early indicated by Grube [17], pigmentation is not a characteristic utilized for
diagnosis. The present study reports two new records of Polychaeta species for the coast of Pakistan
belonging to the families Eunicidae and Hesionidae collected from Garyan and Bandari beaches at
Jiwani, along the Makran coast.

Materials and Methods

Polychaetes were randomly and qualitatively collected at low tide from the intertidal zones at two
stations of Jiwani, along the Makran coast [Garyan (25°00°57°’N, 61°46°40°’E) and Bandari beach
(25°03°09°°N 61°44°36°’E)] (Figure 1) on 30.01.2022. Samples were obtained from study areas under
rocks using forceps. After sorting benthic material, the samples were preserved with 5% formaldehyde
in the field. In the laboratory, the samples were rinsed with water, and transferred into the tubes
containing 70% ethanol for taxonomic studies. Measurements were recorded and photographs were
taken. The samples were dissected and examined at a magnification of 10x50 using a stereo-zoom
microscope (Wild 181300, Switzerland). Temporary mounts of parapodia were prepared and examined
using an upright microscope (Nikon LABOPHOT-2) at 10x4and 10x10 magnifications. The specimens
were identified up to the species level with the help of available literatures [18, 19, 20]. The specimens
were catalogued (MRC&RC-UOK-ANNE-27; MRC&RC-UOK-ANNE-28) and deposited in the

University of Karachi's Marine Reference Collection and Resource Centre repository.
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Figure 1. Map showing study areas: [Garyan (25°00°57 ’N, 61°46°40°'E) and Bandari Beach
(25°03°09°N 61°44°36"’E).

Results

Taxonomic Account

Class: Polychaeta (Grube, 1850)

Subclass: Errantia (Audouin & H Milne-Edwards, 1832)
Order: Eunicida

Family: Eunicidae (Berthold, 1827)

Genus: Eunice (Cuvier, 1817)

Species: Eunice petersi Fauchald, 1992 (Figures 2 & 3)

Material Examined: 2 specimens, Garyan, (25°01°57°’N, 61°46’38’E), intertidal rocky shores,
30.01.2022, Catalogue no: (MRC&RC-UOK-ANNE-27)
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2.5 mm

2.5 mm

Figure 2. A. Eunice petersi; B. Anterior end, doréal view, C. Posterior end, dorsal view, D.
Parapodium (chaetiger 17), E. Compound falciger and limbate chaetae.
Description: Body small and cylindrical, measuring 1.5-2 cm in total length with 72-85 segments
(Figures 2A, 2C) and colour creamish yellow in ethanol. Prostomium (Figures 2B, 3A) is notably shorter
than peristomium and approximately as wide. Prostomial lobes frontally rounded, dorsally overstated,
middle sulcus profound. Antennae in a straight line, alike in width and consistently spaced. Branchiae
pectinate, clearly longer than notopodial cirri, and preliminary from chaetigerl5 to chaetiger 65.
Parapodium 17 (Figures 2D, 3B) with digitate chaetal lobes in anterior chaetiger, narrowing in the
middle segments. Cirro style bases cylindrical, connected completely; dorsal cirri with tips mislaid,
smaller than body breadth. Ventral cirri flat at the base and often ridged, medially, and distally

frequently, extending further than chaetal lobes. Limbate chaeta slender, faintly flattened. Pectinate
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chaeta narrowing flatly (Figure 3E). One marginal tooth longer than other teeth (Figures 2E, 3C) clearly

inflates, slightly ragged or flat. Pseudo-composite falcigers and compound spinigers not present.
Aciculae single, with brown cores and clear sheaths, slender, straight, and tapering with a round cross-
section. Subacicular hooks (Figure 3D) with brown cores and noticeable sheaths, bidentate hooks
slender, narrow, with diminutive heads. Proximal teeth bigger than distal teeth, narrowing, across
directed. Distal teeth slender, distally intended obliquely.

Type locality: Indian Ocean, Mozambique.

Habitat: Rocky shores, found in crevices and areas under the rocks.

Distribution: Indo-West Pacific: Mozambique and New Caledonia; Red Sea.

Remarks: Eunice petersi is a new addition to the polychaete fauna of Pakistan. The present species was
synonymized as E. afra punctata Peters, 1854 and was particularly found in the Indian Ocean. The
descriptions of the species agreed with Fauchald [19].

A B
5mm 0.5mm
D E
C
C-F F
0.1mm

Figure 3. Eunice petersi A. Anterior end, dorsal view, B. Parapodium (chaetiger 17), C. Compound
falciger, D. Subacicular hooks, E. Pectinate chaeta, F. Limbate chaeta.
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Order: Phyllodocida
Family: Hesionidae Grube, 1850
Genus: Hesione Lamarck, 1818

Species: Hesione intertexta Grube, 1878 (Figures 4, 5).

Material Examined: 2 specimens, Bandari (25°03°09°’N 61°44°36°’E) collected from intertidal rocky
shore on 30-1-2022, Catalogue no: (MRC&RC-UOK-ANNE-28)

Description: Body slightly bent ventrally, subcylindrical, slightly tapered posteriorly measuring 5.5 and
6.0 cm in total body length, with 16 chaetigers (Figures 4A, 4D). Living specimens brownish to reddish-
brown; creamish in ethanol. Pigmentation pattern with sub-continuous elongated lateral bands, along
with smaller, lightly darker mid-dorsal bands intermittent by erratically oval, pale areas of equal length
and width. Prostomium (Figures 4B-C, 5A) wide, with anterior margin projecting forward, rounded
lateral margins, and exposed posterior margin. Antennae digitate, measuring 3-4 times their width.
Frontal eyes black and brownish posteriorly; frontal eyes faintly bigger than posterior ones. Tentacular
cirri entire, varying in contraction, with the longest one reaching chaetiger 5. Parapodium 8 (Figures 4E,
5B) with digitate chaetal lobes in anterior chaetiger, tapering in median segments. Cirro style bases
cylindrical, expressed completely, dorsal cirri with lost tips, smaller than body width. Ventral
cirriusually ridged, have a flat base, reach more distally and medially than chaetal lobes. Two
neuraciculae per neuropodium; whitish in anterior chaetigers and blackish in median and posterior ones.
Single, digitate to tapering acicular lobe. Neurochaetal blades bidentate (Figures 4F-H, 5C-F), with
longer chaetal blades in anterior parapodia, 5-6 times their width, and shorter blades in median
chaetigers, 3-4 times their width. While some anterior chaetigers' upper neurochaetae with lateral teeth
and a slighter subdistal denticle that guards the distal tooth, others with lateral teeth and a lesser subdistal
denticle. The posterior region tapered, narrowed into a blunt tube, with a distended pygidium, terminal
anus and 12 slight anal papillae (Figure 4D).

Type locality: Western Pacific, Philippines.

Habitat: Rocky shores, found under rocks.

Distribution: New Caledonia; Philippine Islands; Australia; Arabian Sea, Indian Ocean [18].
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Figure 4. A. Hesione intertexta, Live specimen, B-C. Anterior end, dorsal view, D. Posterior end,
dorsal view, E. Parapodium (chaetiger 8), F-G. Neurochaetal bundle, H.Tip of neurochaetal blade.
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Figure 5. A. Hesione intertexta; Anterior end, dorsal view, B. Parapodium (chaetiger 8), C, E, F. Tip
of neurochaetal blades, D. Neurochaeta.
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Discussion

The research paper presents a detailed study based on inclusive assessment of the morphological and
taxonomical descriptions of Eunice petersi and Hesione intertexta belonging to the families Eunicidae
and Hesionidae, respectively, collected for the first time from Garyan and Bandari beach of Jiwani,
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along Makran coast, Balochistan (Northern Arabian Sea). There have been several reports of the genus

Eunice worldwide. Only two species of genus Eunice (Eunice manorae Aziz, 1938 and Eunice indica
Kinberg, 1865) have been reported from Pakistan [21]. According to the World Register of Marine
Species (WoRMS) [22] E. petersi is now valid name for the E. afra punctata. In 1957, Day [23]
categorized E. punctata as a subspecies of E. afra (Peters, 1854). However, Fauchald, [19] renamed E.
punctata to E. petersi due to its status as a junior secondary homonym to E. punctata (Risso, 1826) and
recognized it as a valid species. Eunice petersi pays tribute to the scientist who described a highly
valuable and early collection from its type locality Mozambique. Eunice afra punctata was also
comparatively examined by many scientists [21-24]. Based on Fauchald's holotype, the specimens of
Arabian Sea agree well with the descriptions of E. petersi [19]. The specimen's branchial distribution
reported by Day, [23] from South Africa started from the 15th-17th chaetigers, Miura [25, 26] from
Ishigaki Island and Veeramuthu et al. [27] from Great Nicobar Islands discussed that the first branchia
occurs on chaetiger 16 whereas Fauchald [19] reported branchia from chaetiger 13 to chaetiger 200. The
present studied specimens correspond to Day, [23] in terms of branchial distribution starting from
chaetiger 15. According to Fauchald [19] and Veeramuthu et al. [27] the specimens had distally rounded
guards on the bidentate compound falcigers which are similar the present observations. The genus
Hesione has several nominal species found all over the world, the first of which is Hesione splendid
Lamarck, 1818 from the Red Sea [28]. Only two species of the genus Hesione have been documented
from Pakistan, including H. splendida and H. pantherina Risso, 1826 [21]. The type locality of H.
intertexta is Philippines, Western Pacific and it was also recorded from Gulf of Mannar, Arabian Sea
[18]. Hesione intertexta was comparatively examined by [17, 18, 20, 29, 30]. Species from similar
forms, including H. splendida, H. pantherina, H. intertexta and H. ceylonica Grube, 1874 involve the
colour pattern on the dorsal surface. Hesione pantherina and H. intertexta have longitudinal lines,
whereas bright greyish in H. splendida, transverse bands, as in Hesione genetta Grube, 1866 long and
wide pale patches, as in H. ceylonica, and middorsal oval to foliose. Hesione pantherina and H.
intertexta differ in the size of the neurochaetal guards in relation to the teeth of blades, which gets close
to H. intertexta apical tooth and H. pantherina subapical tooth. The examined specimen matches the
descriptions of H. intertexta based on the holotype by [17, 18, 20]. Grube [17] highlighted how the
original description and images combined longitudinal pigment lines with transverse annulations or
striae. Usually connected to dorsal surfaces, these characteristics do not extend to lateral cushions; yet,
in the original description of H. intertexta, even the lateral cushions appear to be granular in texture as
opposed to smooth texture. Recent illustrations by Lee and Ong [30] established to each of these
characteristics.

Documenting new records of Eunicidae and Hesionidae polychaete inhabiting unexplored locations
along the Makran coast was the main goal of this research endeavour. This comprehensive investigation

has produced an invaluable compilation of information about the distribution and character of the
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polychaete fauna on the Makran coastal areas, which is a noteworthy accomplishment. These results

emphasize the necessity of more research and the possibility of identifying new species in the area.

Acknowledgement The authors gratefully acknowledge to The Marine Reference collecting and
Resource Centre at the University of Karachi provided laboratory and field research facilities. We
appreciate the assistance of Mr. Kashif Jameel, and Mr. Umer as field assistant, who helped in sample

collection. Mr. Abrar Ali provided valuable support with scientific illustrations and photography.

Funding/Financial Disclosure The authors have no received any financial support for the research,

authorship, or publication of this study.

Ethics Committee Approval and Permissions The study does not require ethics committee approval or

any special permission.

Conflicts of Interest The authors state that there is no conflict of interest related to this article.
Authors Contribution All authors read and approved the final manuscript.

References

[1] Read, G., & Fauchald, K. (2021, 20 February). World Polychaeta Database.
http://www.marinespecies.org/polychaeta

[2] Rouse, G. W., Carvajal, J. I., & Pleijel, F. (2018). Phylogeny of Hesionidae (Aciculata, Annelida),
with four new species from deep-sea eastern Pacific methane seeps, and resolution of the affinity
of Hesiolyra. Invertebrate Systematics, 32(5), 1050-1068.

[3] Zanol, J., Carrera-Parra, L. F., Steiner, T. M., Amaral, A. C. Z., Wiklund, H., Ravara, A. & Budaeva,
N. (2021). The current state of Eunicida (Annelida) systematics and biodiversity. Diversity, 13, 74.
https://doi.org/10.3390/d13020074

[4] Kazmi, Q. B. (2022). Marine faunal diversity of Pakistan inventory and taxonomic resources (AR
Shakoori Ed.). Zoological Society of Pakistan.

[5] Ali, Q. M., Ahmed, Q., Kurt, G., Bat, L., Mubarak, S., Qazi, H., Baloch A., Shaikh I., Baloch A,
Aziz, N., Ahmed, S., Ali, A., Ahmed, I., & Ghalib, A. (2023). First report on distribution of
polychaetes (Annelida: Polychaeta) along the Makran coast of Pakistan, northern Arabian Sea.
Journal of Materials and Environmental Science, 14 (3), 277, 292.

[6] Ali, Q., Ahmed, Q., Mubarak, S., Baloch, A., Bat, L., Qazi, H., & Shaikh, I. (2023). Two new records
of Eunicidae (Annelida, Errantia) along the Makran coast of Pakistan, northern Arabian Sea.
Natural and Engineering Sciences, 8(3), 168-182. https://doi.org/10.28978/nesciences.1405169

[7] Fauchald, K. (1977). The polychaete worms. Definitions and keys to the orders, families and genera.
Natural History Museum of Los Angeles County, Science Series, 28, 1-190.

[8] Grassle, J. F., & Maciolek, N. J. (1992). Deep-sea species richness: regional and local diversity
estimates from quantitative bottom samples. The American Naturalist, 139(2), 313-341.

[9] Ward, T. J., & Hutchings, P. A. (1996). Effects of trace metals on infaunal species composition in
polluted intertidal and subtidal marine sediments near a lead smelter, Spencer Gulf, South Australia.
Marine Ecology Progress Series., 135, 123-135.

204



Ali et al. Sinop Uni J Nat Sci 9(1): 194-206 (2024)
E-ISSN: 2564-7873
[10] Bat, L., & Kurt, G. (2020). Use of Polychaeta species as bioindicator for heavy metal pollution in

marine environments. (In): Bayram T, Zayachuk Y, Gupta DK. (Eds.) Environmental radioactivity
in Turkish environment. Sivas Cumhuriyet Universitesi Matbaast, 259-281.

[11] Jumars, P. A., Dorgan, K. M., & Lindsay, S. M. (2015). Diet of worms emended: an update of
polychaete feeding guilds. Annual Review of Marine Science, 7, 497-520.

[12] Hutchings, P.A. (1986). Biological destruction of coral reefs: a review. Coral Reefs, 4, 239-252.

[13] Hartmann-Schroder, G., & Zibrowius, H. (1998). Polychaeta associated with Antipatharia
(Cnidaria: Anthozoa): description of Polynoidae and Eunicidae. Mitteilungen aus dem
Hamburgischen Zoologischen Museum und Institute, 95, 29-44.

[14] Gambi, M. C., Van, B. I., & Brearley, A. (2003). Mesofaunal borers in seagrasses: world-wide
occurrence and a new record of boring polychaetes in the Mexican Caribbean. Aquatic Botany,
76(1), 65-77.

[15] Blake, J. A. (1985). Polychaeta from the vicinity of deep-sea geothermal vents in the eastern Pacific.
I: Euphrosinidae, Phyllodocidae, Hesionidae, Nereididae, Glyceridae, Dorvilleidae, Orbiniidae and
Maldanidae. Bulletin of the Biological Society of Washington, 6, 67-101.

[16] Beesley, P. L., Glashy, C. J., & Ross, G. J. (Eds.). (2000). Fauna of Australia 4 A, Polychaetes
&Allies: The southern synthesis. CSIRO publishing.

[17] Grube A. E. (1880). Mittheilungeniiber die Famile der Phyllodoceen und Hesioneen. Jahresbericht
der Schlesischen Gesellschaft fiirvaterlindische Cultur, 57, 204-228.

[18] Fauvel, P. (1953). The fauna of India including Pakistan, Ceylon, Burma and Malaysia-Annelida
Polychaeta. India: The Indian Press, Ltd..

[19] Fauchald, K. (1992). A review of the genus Eunice (Polychaeta: Eunicidae) based upon type
material. Smithsonian Institution Press Washington D.C..

[20] Salazar-Vallejo, S. I. (2018). Revision of Hesione Savigny in Lamarck, 1818 (Annelida, Errantia,
Hesionidae). Zoosystema, 40(3), 227-325.

[21] Aziz, N. D. (1938). Fauna of Karachi, 2 Polychaetes. Memoirs of Department of Zoology, Punjab
University, Lahore, 1: 19-52.

[22] World Register of Marine Species (WoRMS) (2024, 05, January). https://www.marinespecies.org

[23] Day, J. H. (1957). The polychaete fauna of South Africa. Part 4. New species and records from
Natal and Mozambique. Bulletin of the British Museum (Natural History), 14, 59-129.

[24] Sekar, V., Rajasekaran, R., Balakrishnan, S., & Raguraman, R. (2019). Taxonomical Keys for
Morphological Identification of Coral-Associated Polychaetes from Great Nicobar Islands. Natural
Resources Management and Biological Sciences, 1-33.

[25] Miura, T. (1979). Eunicid polychaetous annelids from Japan-Il1. 1bid., 17, 33-42.

[26] Miura, T. (1986). Japanese polychaetes of the genera Eunice and Euniphysa: Taxonomy and
branchial distribution patterns. Publications of the Seto Marine Biological Laboratory, 31(3-6),
269-325.

[27] Veeramuthu, S., Ramadoss, R., Subramaniyan, B., Jeyaram, S., & Fernando, O. J. (2012).
Abundance of the Boring Polychaetes of Eunicidae (Annelida) in Great Nicobar Islands. Our
Nature, 10, 76-88.

205



Ali et al. Sinop Uni J Nat Sci 9(1): 194-206 (2024)

E-1SSN: 2564-7873
[28] Costa, D. D. A., & Christoffersen, M. L. (2016). Revision and global distribution of Hesiones

plendida (Annelida, Polychaeta, Hesionidae) (Annelida, Polychaeta, Hesionidae). Gaia Scientia,
10 (4), 1-30.

[29] Wu, B., Shen, S., & Chen, M. (1975). Preliminary report of polychaetous annelids from Xisha
Islands, Guangdong Province, China. Studia. Marina Sinica, 10, 65-104.

[30] Lee, Y., & Ong, R. (2015). New records of two hesionid polychaetes from the Singapore Strait.
Singapore Biodiversity Records, 201-204.

206



Sinopfbd, 2024; 9(1): 207-216 https://doi.org/10.33484/sinopfbd.1437668

Sinop Universitesi Fen Bilimleri Dergisi

. . . E-ISSN: 2564-7873
Sinop Uni J Nat Sci

https://dergipark.org.tr/tr/pub/sinopfbd

A new Alien Fish from the Southern Black Sea (Sinop, Tiirkiye): Sebastes
schlegelii Hilgendorf, 1880 (Scorpaeniformes, Sebastidae)

Or¢in UYGUN''"', Hasan Can OZTEKIN?'"', Aysah OZTEKIN*"® and Levent BAT*

How to cite: Uygun, O., Oztekin, H.C., Oztekin, A., & Bat, L. (2024). A new alien fish from the southern black
sea (Sinop, Tiirkiye): Sebastes schlegelii Hilgendorf, 1880 (Scorpaeniformes, Sebastidae). Sinop Universitesi
Fen Bilimleri Dergisi, 9(1), 207-216. https://doi.org/10.33484/sinopfhd.1437668

Abstract

Research Article Sebastes schlegelii Hilgendorf, 1880 is an Indo-Pacific species with a
widespread distribution in the coastal waters of the Far Eastern region.

Corresponding Author This study represents the first documentation of S. schlegelii off Sinop
Or¢in UYGUN coast from the Southern Black Sea. The four specimens collected on 28
orcin.uygun@ege.edu.tr May 2023 and 18 June 2023 from rocky habitat at a depth of about 6
meters off Sinop coast had a total length range of 226 to 237 mm and

ORCID of the Authors weights ranging from 197.57 to 254.98 g. The spread of this species to the

0.U: 0000-0001-7778-5211 southern Black Sea coast is attributed to the transportation of early life
H.C.O: 0000-0001-8213-1490 stage individuals from the northern coast of the Black Sea to the southern
A.0O: 0000-0002-3726-7134 coast via the cyclonic Rim Current.

L..B: 0000-0002-2289-6691 Keywords: Black rockfish, exotic species, new record, Black Sea

Received: 16.02.2024
Accepted: 24.06.2024

Giiney Karadeniz'de (Sinop, Tiirkiye) Yeni Bir Yabanci Balhk Tiirii: Sebastes
schlegelii Hilgendorf, 1880 (Scorpaeniformes, Sebastidae)

!Department of Hydrobiology, 0Oz
Faculty of Fisheries, Sinop Sebastes schlegelii Hilgendorf, 1880, Uzak Dogu bolgesinin kiy1 sularinda
University, 57000, Sinop Tiirkiye  yaygin bir dagilima sahip indo-Pasifik bir balik tiiriidiir. Bu ¢alisma, S.
schlegelii'nin  Sinop'un Karadeniz kiyilarindan ilk kaydin1 temsil
etmektedir. Sinop agiklarinda yaklasik 6 metre derinlikteki kayalik
2 Sinop Municipality, 57000, habitattan 28 Mayis 2023 ve 18 Haziran 2023 tarihlerinde toplanan dort
Sinop Tiirkiye ornegin total boylar1 226 ila 237 mm, agirliklari ise 197.57 ile 254.98 g
arasinda degismektedir. Bu tiiriin Giiney Karadeniz kiyilarma
yayilmasinin, erken yasam evresindeki bireylerin Karadeniz'in kuzey
kiyilarindan giiney kryilarma siklonik Rim Akintis1 araciligryla
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Introduction

Introduction of alien, or non-indigenous species into different habitats has been recognised as one of the

major problems [1]. A non-indigenous species is considered to be any species whose historical
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translocation into an environment outside of its native geographic habitat has been either intentionally

or accidentally man-mediated or an action of active dispersal via natural pathways [2, 3]. Several major
categories make up the global vectors for alien marine species and include canals, aquaculture fisheries,
and commercial shipping operations [1, 3]. The Black Sea is one of the unique seas in the world, with a
423,000 km? area, 547,000 km? volume, a maximum depth of 2212 m representing a semi-closed sea,
connected with the Kerch Strait to the Sea of Azov, and with the Bosphorus and Dardanelles Straits to
the Marmara and Mediterranean Seas and covered with a oxygen-poor water layer [4-7]. The Black Sea
with its low species diversity creates a favourable environment for introduction of alien species. This
leads to less competition, diverse habitats, and humerous available niches, and some of these species
can become invasive, disrupting ecosystem stability, and functionality, and threatening native species
[8, 9]. The Mediterranization of the Black Sea is one of the factors that affect the introduction and
distribution of alien species in the Black Sea. The ecosystem and fish populations in the Black Sea are
significantly impacted by climate change, pollution, overfishing, and illegal fishing, as well as by
invasive species [10]. The black rockfish, Sebastes schlegelii, falls under the order Scorpaeniformes,
and the family Sebastidae [11]. It is an economically significant species in aquaculture in various Asian
countries, including South Korea, Japan, and China due to its rich nutritional composition, high market
demand, rapid growth rate, and ability to withstand low water temperatures [12, 13]. This study presents
the initial record of the black rockfish along the Sinop coast of the Black Sea. The primary aim of this
investigation is to perform a comprehensive examination and documentation of the morphological
characteristics of black rockfish specimens, while concurrently evaluating the present status of this

species within the Black Sea ecosystem.
Materials and Methods

Four specimens were collected on 28/05/2023 and 18/06/2023 from rocky habitat at a depth of
approximately 6 meters off the Sinop coast (41.927°N, 35.090°W) (Figure 1).
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Figure 1. Map of the region where the black rockfish species was recorded
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Fish samples were collected using a fishing line by H. C. Oztekin and K. A. Usta and identified by O.

Uygun. The four samples exhibited total lengths ranging from 226 to 237 mm, standard lengths ranging
from 198 to 201 mm, and weights ranging from 197.57 to 254.98 g (Figure 2). Precise morphometric
measurements, including length (+0.1 mm), weight (£0.01 g), and meristic counts, were meticulously
recorded. Subsequently, the fish were photographed and preserved in a 4% buffered formaldehyde-borax
solution. The preserved specimen was then deposited at the Biology Laboratory of the Fisheries Faculty,
Sinop University (Sinop, Tiirkiye) serving as a reference sample. Although it is currently unnumbered,
it will be an essential resource for future reference and research purposes. Morphometric measurements
and meristic counts of all captured specimens were conducted using the traditional method as described

by Takécs et al. [14]. The map was created using Ocean Data View v5.6 software [15].

Figure 2. Sebastes schlegelii caught at Sinop, Southern Black Sea, Tiirkiye. The standard length is
199 mm.

Results
Descriptions

The morphological characteristics of S. schlegelii include dorsal fin rays XI111+13, anal fin rays I11+8,
pectoral fin rays 18, ventral fin rays 1+5, caudal fin rays 15-16, and the lateral line containing 45-47
pores. The anterior portion of the body is moderately narrow and gradually tapers towards the posterior
region. The head of individuals in this species exhibit notable anatomical features, including the
presence of three lacrimal spines, five preopercular spines (the second preopercular spine is the longest,
while the lengths of the lower spines progressively decrease), and two opercular spines. The occipital
region exhibits two flat bony projections, with the upper extremity resembling a spine in shape. Mouth
large, protractile, and slightly oblique. The snout is devoid of scales. The mandible is positioned slightly
anterior to the maxilla. The maxilla and mandible exhibit a continuous series of villiform teeth, while
the presence of teeth on the vomer bone is evident, and no palatines are present. The tips of both the
upper and lower lips display a distinct black colouration. Additionally, two oblique dark bands on the
preoperculum serve as characteristic features of this species. The lateral line follows a parallel course
to the dorsal profile of the body, extending from the posterior edge of the opercule to the base of the
caudal fin. The pectoral fin base is positioned slightly anterior to the pelvic fin base, while the caudal
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fin has a round shape. Notably, there is a prominent papilla protrusion in the urogenital opening. The

colouration of this species is characterised by a dark grey and brown hue, adorned with a marbled pattern
consisting of small, indistinct dark spots scattered across the body. Detailed morphometric

measurements and body proportions as percentages are given in Table 1.

Table 1. The morphometric characteristics of the Sinop specimens of Sebastes schlegelii in the Black
Sea (x Standard Error)

Present study [20] [21] [22] [23] [43] [42]
L\'p‘g’;gfgn‘g) 4 5 1 1 6 1 1
TL (mm) 226-237 325-391 349.6 245 230 275 311
SL (mm) 191-201 277 299.3 206 200 240 264
W (9) 197.6-255.0 710.0-1151.2 282.1 227 459.2
Meristic counts
Dorsal-fin rays XII- 13 XII-13 XI11-13 XI-11 XIH-13  X11-13  X111-13
Pectoral-fin rays 18 18 18 18 18 18 18
Pelvic-fin rays I-5 I-5 I-5 I-5 1-5 1-5 I-5
Anal-fin rays 11-8 11-8 -8 111-8 111-8 111-6 -8
Caudal-fin rays 15-16 16 15-16 15-16 15
Pored lateral line 45-47 47-49 47 44 47 46
scales
Morphometric measurements % of SL
Predorsal length 28.7 £0.54 34.4 31.7 27.1 27.5 33.3 29.4
Prepectoral length 32.240.45 34.6 29.8 34 37.1 335
Preanal length 62.3 +£0.28 68.5 66.7 64 68.8 67.8
Prepelvic length 36.9 +£0,21 38.2 34.7 39 38 225 39.3
Length of dorsal fin 14.0 £0,12 16.1 11.5
Length of pectoral fin  23.1 +0.24 22.1 20.6 25.2 22.5 24.2 22.5
Length of pelvic fin 18.8 £0.26 20.5 34.7 22.7 19.5 18.7
Length of anal fin 14.8 £0.39 16 18.1 15.9 16.6
Length of caudal fin 17.2 £0.21 21.2 17.3 134 20.8
Length of caudal 14.5 £0.30 10.4 10.4 9.7 9 9.2 9.8
peduncle
Dorsal fin base length  59.4 +0.52 62.6 60.8 56 63.8 58.8
Anal fin base length 19.4 £0.31 15.9 15.9 16.5 20.4 16.6
Maximum body depth  36.3 £0.64 36.5 32 38.3 34.2
Minimum body depth  10.8 £0.33
Head length (HL) 35.0 £0.46 37.8 31.1 34 36.5 36.7 34.3
Morphometric measurements % of HL
Preorbital length 21.9+0.42 30.9 30.6 19.8
Postorbital length 54.8 £0.53 52.5 61.5 62.6
Eye diameter 20.6 +£0.32 19.7 18.9 18.7 17.1
Interorbital distance 24.0 £0.68 27.1 30.9
Maxilla length 45.3 £0.62 45.1 45.5 35.7
Mandible length 46.7 £0.59 46.6

2lKarpova et al., (2021), Pyaghoglu et al., (2023), ?2Bilecenoglu et al., (2023), #lvanova et al., (2024),
3K aradurmus et al., (2024), “AUzer et al., (2024)
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Discussion and Conclusions

This article presents an additional record of S. schlegelii in the Black Sea and a new record for the Sinop
coastline. The Black rockfish, commonly known as the black rockfish, is a widely recognised sedentary
species that inhabits nearshore rocky bottoms within a depth range of 10 to 100 meters [16]. The black
rockfish is a species with a widespread distribution in the Pacific Northwest waters, including regions
such as South Korea, Japan, and China [17]. The initial documented occurrence of the species outside
its native habitat was observed along the Dutch coast in the North Sea [18]. Black rockfish in the Black
Sea was first described as Ephinephelus caninus Valenciennes, 1834 off the coast of Crimea in May
2013 [19]. However, Karpova et al. [20] stated in their study that the description made by Boltachev &
Karpova [19] was incorrect and revealed that this species was S. schlegelii by morphometric
measurements and descriptions. Karpova et al. [20] reported this species from the west coast of Crimea
in April 2019 and gave morphometric characteristics of the species. The study by Yaglioglu et al. [21],
which includes the morphological and genetic record of the species detected in May 2022, is the first
record from the Turkish coast in the southern Black Sea. Ivanova et al. [23] provided the first
morphological and genetic record of the species from the VVarna and Burgas coast in the western Black
Sea, detected in May 2022 and August 2023. Bilecenoglu et al. [22] provided morphological and genetic
record of the species from the Ordu/Unye coasts in the southern Black Sea, detected in August 2023.
Uzer et al. [42] reported the species from the Sile/Istanbul coast at the south of Black Sea in December
2023, along with its morphometric characteristics. Karadurmus et al. [43] gave its first record from the
Sea of Marmara, the Gulf of izmit in January 2024, and stated that the geographical spread of the species
is rapidly expanding. This study represents the last record of the species in the Black Sea (Sinop coast
of the southern Black Sea) found in May and June 2023 (Figure 3). The morphometric measurements
and meristic counts in our study seem to match with literature [17, 20-23, 42, 43]. It has been emphasised
that the Pacific oyster Crassostrea gigas which can come from farms or ships via ballast waters is the
reason for the presence of this species in areas different from its natural habitat [18, 20]. Karpova et al.
stated that the black rockfish juveniles may have entered the Black Sea ecosystem along with the
shipments of the giant Pacific oyster Crassostrea gigas, which are regularly imported live to the southern
coast of Crimea [20]. However, there are no C. gigas farms around Sinop. For this reason, the presence
of this species on the coasts of Sinop may be due to several reasons. It is possible that the early life
stages of this species arrived through the ballast water of ships. Therefore, it is known that this species
has a resident population in the Crimea region [20]. Sinop is situated approximately 150 nautical miles
south of Crimea. However, Sebastes spp. are demersal and sedentary species, typically distributed at a
maximum depth of 100 meters [16, 17]. As the depth along this path is greater, it is thought that the

population is unlikely to migrate from this area.
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Figure 3. Chronological distribution of Sebastes schlegelii in the Black Sea and the Sea of Marmara
(Red dot indicates the current study. Gray dots denote other studies, with reference numbers of studies
provided within gray dots.)
The black rockfish is a viviparous fish with a pelagic larval stage. Following spawning, the larvae inhabit
the upper water layer. The larvae and juveniles exhibit a propensity for seeking shelter amidst floating
algae, proximity to logs, buoys, and various objects, or forming dense assemblages [20, 24-27]. The
existing circulation pattern of the Black Sea is defined by a cyclonic rim current [28, 29]. In this context,
the hypothesis posits that early life stage individuals of the black rockfish were transported from the
western coast of the Black Sea to the coast of Sinop via the cyclonic current, leading to the establishment
of a population. This proposition gains support from the fact that records of the black rockfish in the
western Black Sea were identified in May 2022, reinforcing this assumption [21, 23]. The black rockfish,
being a piscivorous predator, primarily prey on fish and shrimp species [30]. Its diet predominantly
consists of small fish, including anchovies [31]. In the Turkish waters of the Black Sea, known for its
abundant fish populations, particularly small pelagic species like anchovy, sprat, and horse mackerel
[32], the black rockfish may find favourable feeding conditions. Furthermore, the presence of shrimp
species such as Crangon crangon, Palaemon adspersus, and Palaemon elegans in the waters of Sinop
[33] suggests that this area may serve as a favourable feeding habitat for black rockfish. It has been
determined that the most effective environmental condition for the distribution of S. schlegelii is the
bottom temperature, and it has been stated that the most suitable temperature for the species is between
3-20 °C [34]. It was determined that the optimum temperature for this species is between 5-28 °C in the
experimental investigations made under aquaculture conditions [35, 36]. Despite the customary salinity
protocol of approximately 30 psu for black rockfish in aquaculture settings [16, 37], a comparative study
investigating the growth of juvenile black rockfish under diverse environmental conditions unveiled that
optimal growth and survival outcomes were attained in brackish water environments [38]. Sinop waters,
exhibit characteristics of brackish water, with an average salinity of 18 psu and annual temperature
fluctuations ranging from 8 to 26°C [39, 40]. Consequently, considering the available literature, it is
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believed to serve as a favourable environment for the feeding and growth of black rockfish. The alien

species pose a threat to the biodiversity of native species in the ecosystem and lead to significant changes
in native ecosystems on a global scale [41]. Therefore, competition between S. schlegelii and local
species sharing the same habitat and having similar trophic levels is inevitable. However, S. schlegelii
holds significant economic value in Asian countries, primarily due to its desirable attributes that make
it well-suited for aquaculture. The commercial importance of the species may create the potential for
aquaculture and local fisheries in the Black Sea. The Black Sea coasts are postulated to provide a
conducive ecological environment for the black rockfish, considering its ecological requirements and
habitat preferences. Therefore, we posit that monitoring the present status of this species in the Black
Sea and tracking the population dynamics of indigenous species occupying the same trophic level is

imperative for a comprehensive understanding of the ecological implications.
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Abstract

Research Article Obesity is a serious and chronic disease with genetic and environmental
interactions. It is defined as an excessive amount of fat tissue in the body
that is harmful to health. The main risk factors for obesity include social,
psychological, and eating habits. Obesity is a significant health problem
for all age groups in the world. Currently, more than 2 billion people
worldwide are obese or overweight. Research has shown that obesity can
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Kisilerin Sosyal ve Fiziksel Aktivitelerine Gore Obezite Durumunun Analizi icin
Yapay Zeka Tekniklerinin Kullanimi

! Technical Science Vocational Oz
High School, Konya Technical Obezite, genetik ve cevresel etkilesimlere sahip ciddi ve kronik bir
University, Konya, Tiirkiye hastaliktir. Saghiga zararh olan viicuttaki agiri miktardaki yag dokusu
olarak tanimlanir. Obezitenin baslica risk faktorleri, sosyal, psikolojik ve
beslenme aligkanliklarini igerir. Obezite, diinya genelinde tiim yas gruplari
2 Ahmet Kelesoglu Educational i¢in 6nemli bir saglik sorunudur. Su anda diinya genelinde 2 milyardan
Faculty, Necmettin Erbakan fazla insan obez veya asir1 kilolu durumdadir. Arastirmalar, obezitenin
University, Konya, Tiirkiye onlenebilecegini gostermektedir. Bu calismada, obezite riski tasiyan
bireyleri tanimlamak i¢in yapay zeka yontemleri kullanildi. Obezite veri
setini olusturmak i¢in 1610 birey lizerinde ¢evrimici bir anket yapildi.
Anket verilerini analiz etmek i¢in literatiirde yaygin olarak kullanilan dort
yapay zeka yontemi olan Yapay Sinir Ag1, K En Yakin Komsu, Rastgele
Orman ve Destek Vektor Makinesi, kullanildi. Bu analizin sonucunda,
obezite simiflari sirasiyla %74.96, %74.03, %74.03 ve %87.82 basari
oranlartyla dogru bir sekilde tahmin edildi. Rastgele Orman, bu veri seti
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icin en basarili yapay zeka yontemi oldu ve obeziteyi %87.82 basari
orantyla dogru bir sekilde siniflandirdi.
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ag1, destek vektor makinesi, k- en yakin komsu, rastgele orman

Introduction

Nutrition is a behavior that should be done consciously to protect human health and increase the quality
of life to take the nutrients needed by the body in sufficient quantities and at appropriate times. Adequate
and balanced nutrition is one of the basic conditions for an individual to live healthily, develop
economically and socially, and increase the level of welfare [1]. While scientific, technological, and
economic developments cause a decrease in health problems related to malnutrition, they also cause
problems related to overnutrition and excess energy intake [2]. Obesity refers to the accumulation of an
excessive amount of adipose tissue in specific areas of the body, which may pose health risks [3]. This
rise presents a risk to the typical health development in individuals of all ages. Many adults complain
weight gain caused by factors associated with high-calorie food, sedentary lifestyles, and modes of
transportation [4]. Obesity is caused by the fact that the energy taken by the body with food is more than
the energy spent. It is crucial not only to manage the intake of energy but also ensure a balance in energy
expenditure to prevent obesity [5]. Obesity is a significant health issue affecting individuals of all ages
worldwide [6, 7]. Defined by the World Health Organization (WHO) as a significant determinant of
death and disability, obesity stands out as the fourth most common risk factor in terms of non-
communicable diseases, following high blood pressure, dietary risks, and tobacco [8, 9]. The issue of
obesity has transformed into a global health challenge and is progressively escalating in numerous
nations, starting from childhood and adolescence [10, 11]. It is prevalent among individuals with middle
and low incomes in developed countries, while in developing nations, it is more prevalent among
individuals with middle to high incomes [12]. Over the years, the prevalence of obesity has multiplied
several times. As of 2016, 39% of adults were overweight and 13% were obese. Moreover, over 340
million children aged between 5-18 years were either overweight or obese [13]. Today, more than two
billion people worldwide are overweight or obese [14]. Many studies have stated that obesity can be
prevented [15]. Studies on the spread of diseases have recognized a high body mass index as a risk
element for an increasing number of long-term illnesses [16]. Obesity can occur due to hereditary
reasons. It can be leptin, monogenic, syndromic, and polygenic [17]. Additional contributing factors to
obesity include social, psychological, and eating habits. The risk of obesity is affected by the
environmental factor in early life [18]. Obesity can be caused by a combination of environmental,
biological, and cultural factors [19, 20]. The incorporation of physical activity into daily life is
considered the first step towards a healthy lifestyle and is also recognized as a crucial factor in preventing
obesity [21]. Around 25-50% of the energy expended by humans is due to physical activity. As body

mass increases, so does the energy used because moving a heavier object requires more energy
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expenditure [22]. According to a study, the number of overweight adults exceeds one billion, and body

mass increases across all regions of the world when considering the entire population distribution [23].
In addition, obesity has adverse effects not only on physical health but also on psychosocial and
emotional health [24]. The prejudice and negative social perspective of society against obesity can lead
to psychosocial problems such as decreased self-esteem, low body image, difficulty in finding a job, and
working with lower wages in individuals who have this problem [25]. Factors such as age, gender,
dietary habits, sociocultural factors, and physical inactivity have a significant role in the development
of obesity [26]. Research shows that children with low physical activity are more likely to be obese as
observed in adults [27]. School interventions involving physical activity have been found to have a
greater impact on body weight compared to interventions that do not include physical activity [28, 29].
Therefore, emphasis should be placed on physical activity during school age [30, 31]. Determining the
factors affecting the prevalence of obesity is important for solving possible health problems and taking
necessary precautions [32]. The primary factors responsible for the development of obesity are: a high-
fat diet (HF diet), positive energy imbalances determined as genetic factors, and environmental factors
[33]. Deep learning is a machine learning class. Deep learning methods have been used in many
problems that are being solved with artificial intelligence and many deep learning approaches have been
revealed [34]. In recent years, deep learning techniques have been used in many studies in the field of
obesity. In particular, deep learning models have been developed to predict obesity and their
performance has been evaluated with various metrics. For example, in the study conducted by [35], the
relationships between obesity and the environment and physical activities were investigated using deep
learning techniques. Similarly, in another study conducted by Alkhalaf and colleagues, a model was
developed for determining and classifying the risk of obesity using deep learning methods [36]. These
studies demonstrate the potential of deep learning techniques in predicting and classifying obesity.

As the prevalence of overweight and obesity continues to rise, there is an increasing need to develop
new methods to predict who will benefit from dietary interventions. Al has the potential to solve
problems using computer systems integrated with large data sources. In the field of nutrition, Al
applications can offer benefits such as effective nutrition planning, interpretation, diet analysis, quality
nutrition counseling, and providing in-depth knowledge about the effects of nutrition on health [37, 38].
Apart from the success metric, the data collection method should also be taken into account. Data mining
is a field of computer science that investigates algorithms designed to learn from data, and it has been
applied to various problems, including examining the efficacy of interventions [4]. With current
advancements in technology, there are potentially alternative methods to provide better forecasting.
Researchers and experts in this field have employed diverse data mining techniques [39, 40]. Nowadays,
data mining is utilized in numerous industries, including the field of medicine, where it is used to
enhance decision-making in medical affairs [41]. The surge of data in the medical field has resulted in

greater levels of uncertainty, highlighting the growing significance of data mining in managing such
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uncertainties [42, 43]. The vast number of datasets present in biomedicine leads to a multitude of

potential patterns that cannot be easily predicted, but data mining techniques offer a valuable tool for
uncovering such patterns [44]. Utilizing data mining techniques can assist medical professionals in
shifting their focus from population-based to individual-based approaches [45]. Considering the studies
in literature, 4 different artificial intelligence methods were used in this study to determine 4 different
obesity states based on 14 features. Concerning literature, this study provides the following
contributions.

o Researchers working in this field will have access to a numerical dataset obtained from 1610
individuals.

o Fourteen (14) different variables were examined to determine whether individuals had obesity
or not.

e Instead of statistical prediction methods, four different artificial intelligence methods were used:
Artificial Neural Network (ANN), K Nearest Neighbor (KNN) Support Vector Machine (SVM),
and Random Forest (RF).

e Detailed performance analyses of ANN, SVM, KNN, and RF methods were conducted.

The rest of the article is organized in the following manner: Part two presents an overview of the dataset,
methods employed, and the metrics used to assess performance. Part three presents the experimental

results. Finally, in part four, the study's findings and recommendations are presented.
Methods and Techniques

This section offers a comprehensive overview of the dataset employed in the study, the artificial
intelligence techniques utilized, and the performance criteria used to evaluate these models. The
application was developed by applying the programming language Python and its accompanying

libraries. The study's general structure and operation are illustrated in Figure 1 through a flowchart.
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Figure 1. Flow chart of the study

Development of Modelling

Obesity Dataset

To create the Obesity Dataset, first of all, the variables affecting obesity were determined by examining
literature. The generated dataset has 14 variables required to determine obesity. The Obesity Dataset
was obtained through internet by a questionnaire applied to a total of 1610 people living in Tiirkiye. The
data distributions of the features in the obesity dataset are given in Table 1.
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Table 1. Features and class distribution in the obesity dataset

Attributes Features Values
1. Male 712
Sex
2. Female 898
Age Values in integers
Height Values in integers (cm)
. - 1.Yes 266
Overweight/Obese Families
2. No 1344
. 1. Yes 436
Consumption of Fast Food
2. No 1174
1. Rarely 400
Frequency of Consuming Vegetables 2. Sometimes 708
3. Always 502
1.1-2 444
Number of Main Meals Daily 2.3 928
3.3+ 238
1. Rarely 346
2. Sometimes 564
Food Intake Between Meals
3. Usually 417
4. Always 283
. 1. Yes 492
Smoking
2. No 118
1. Amount smaller than one liter 456
Liquid Intake Daily 2. Within the range of 1 to 2 liters 523
3. In excess of 2 liters 631
. i 1. Yes 286
Calculation Of Calorie Intake
2. No 1324
1. No physical activity 206
2. In the range of 1-2 days 290
Physical Exercise 3. In the range of 3-4 days 370
4. In the range of 5-6 days 358
5. 6+ days 386
1. Between 0 and 2 hours 382
Schedule Dedicated to Technology 2. Between 3 and 5 hours 826
3. Exceeding five hours 402
1. Automobile 660
2. Motorbike 94
Type of Transportation Used 3. Bike 116
4. Public transportation 602
5. Walking 138
1. Underweight 73
2. Normal 658
Class .
3. Overweight 592
4. Obesity 287
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A visualized form of how data is dispersed within the Obesity dataset is described in Figure 2. As seen

in Figure 2, the obesity dataset consists of a total of 1610 individuals. Among these, 898 are female and
712 are male. The youngest participant in the dataset is 18 years old, and the oldest participant is 54
years old.

=)o

O 898

woman

18 age 54 age
712 (min) ! (max)
man
Gender Age Range

Figure 2. Information about the study group that created the obesity dataset

Confusion Matrix and Performance Metrics

A confusion matrix is a tabular representation implemented for evaluating the accuracy of classification
in artificial intelligence methods. The table contains four distinct values, and based on these values, the
performance indicators of the artificial intelligence model can be processed. Table 2 illustrates a two-

class confusion matrix with its corresponding definitions.

Table 2. Two-class confusion matrix

Evaluation Definition
Criteria

True positive The number of specimens that are predicted as well as actually classified as
(TP) positive.

False positive ~ The number of specimens that are predicted as positive but actually fall under the
(FP) negative category.

True negative The number of specimens that are classified as negative as well as predicted as
(TN) negative.

False negative  The number of specimens that are predicted as negative but actually belong to the
(EN) positive category.

Artificial intelligence models can be evaluated using a variety of metrics to assess their performance
[46, 47]. In this study, commonly used metrics such as Precision (P), Recall (R), F-measure (F), and
Accuracy (AC) were utilized to evaluate the performance of artificial intelligence models. The

computation of these metrics for a two-class confusion matrix is as follows; Accuracy (AC): refers to
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the total number of correctly classified records by a classifier. It is measured as the percentage of

correctly classified test sets based on the model, defining how accurate the classifier is [48].

TP + TN

—X
TP+FP+FN+ TN 100

Accuracy (%) = )

Precision (P): The proportion of true positive samples to all samples that are classified as positive [48,
49].

x 100 2

e TP
Sensitivity (%) = =

Recall (R): As a measure of accurate identification of positive samples, it refers to the true positive rate
[48, 50].

x 100 3)

Recall (%) = TPT+PFN

F1-Score (F): F-measure is calculated by combining precision and recall metrics to evaluate the model's

performance [46].

2 XTP

— X
2XTP+FP + FN 100

(4)

F1 — Score =

A four-class confusion matrix was utilized in this study due to the presence of four classes in the dataset.

Table 3 depicts the definitions and values of the four-class confusion matrix.

Table 3. Obesity data confusion matrix

(4x4) Predicted Class
Multi-Class Underweight | Normal | Overweight | Obesity
I Underweight T1 Fi2 Fis Fi4
g Normal Fa T2 Fas Faa
‘_§ Overweight Fa1 Fa2 T3 Fas
< Obesity Far Faz e T

Table 4 illustrates the computation of TP, FP, TN, and FN values utilizing the data from a four-class

confusion matrix.

Table 4. Calculating TP, FP, TN, and FN values through a confusion matrix with four classes

CLASS TP N FP FN
Cl |TP;=1;|IN;=D)+ T3+t Iyt Fu t Foy t Foyy t Fay T Fp t Fys | FP; =Fyp + Fgp Y Fyy | FNj=Fpp +Fis t Fa
Cl TP, =0|IN; =13+t T3+t Ty+F;3tFyt Fsy TRyt Fsy T Fy | FPy=Fpp + Fyp Y Fyy | FN; =Fyp T Fos t Fog
C3 |TP:=T3|TN;=T;t ot Ty +FptFiytFyy T Foyy t Fy t Fy | FPs=Fj3 + Fos t Fy3 | FNy=F3; + F3 t Fag
C4 TP, =Ty |TNy=T, + Ty + T3t Fjy v Fi3s ¥ Foy v Fos v Fsp v F3y | FPy=Fjy T Foy T F3y| FNy=Fy Y Fyp T Fyg
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Cross Validation

One of the popular techniques for adjusting model parameters involves sampling data to detect errors in
the actual and predicted outcomes. Additionally, the cross-validation approach is utilized to enhance
classification reliability. This method randomly divides the dataset into equal clusters based on a
specified number, as illustrated in Figure 3. One cluster is designated as the test set while the rest are
used for training, and this process is repeated for each cluster, with the test set changing at each iteration.
Cross-validation is comparable to the repeated random subsampling method, except that the partitions
are created such that there is no overlap between the two test sets [51]. For this research, a cross-
validation value of 10 was established, which led to the partitioning of the dataset into 10 distinct
portions. The training and testing procedures were executed ten times, with nine portions designated for
training and one for testing in each iteration. To obtain the overall performance metrics, the results were

averaged arithmetically.

)
w )
)
) [] Train Data
Test Data

Figure 3. Cross validation scheme used in the study
Avrtificial Intelligence Models

Four distinct artificial intelligence techniques were utilized in this study, and a description of each

approach is provided in the subsequent sections.
Artificial neural networks (ANN)

Acrtificial neural networks (Al), in which basic functions such as the ability to generate new data from
data collected by the brain by learning, remembering, and generalizing by imitating the learning path of
the human brain, are performed by computer software [52]. The human brain is a sophisticated system
with the capacity to store and process information to solve problems. Neurons are the fundamental
building blocks of this intricate structure. In recent times, one of the benefits of artificial intelligence
(Al) applications is their ability to improve the accuracy and ease of using models for complex natural

systems with large inputs. From the past to the present, ANN has been used in many fields and
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applications [53]. Artificial Neural Networks (ANN) is a popular and effective model utilized in

problem-solving and machine learning [54, 55]. ANNs are composed of simple processing units called
neurons, which are extensively distributed in parallel and have the innate ability to store and retrieve
relevant experimental information. An artificial neuron or processing element is the fundamental unit
that constitutes the foundation of the system [56]. Artificial Neural Networks (ANNS) possess humerous
characteristics that make them a highly potent and favored tool for modeling, prediction, and
performance optimization of diverse systems. These features include high-speed information
processing, mapping capabilities, fault tolerance, generalization, and robustness [54]. Neural networks
have three primary types of layers: input, hidden, and output layers. When a neural network has multiple
hidden layers, it is referred to as a multilayer neural network or deep neural network.

In Figure 4, it can be seen that each input node is linked to all nodes in the subsequent hidden layer. The
neural network learns from examples through repeated connections in the subsequent steps, ultimately
generating the corresponding outputs [57].

(lekl=m Leger @ltpufayer

Feature 2 Underweight

Feature 3

Feature 4 Normal

Feature 11 Overweight

Feature 12

Feature 13 Obesity

Feature 14

Figure 4. The general working structure of the ANN model
Support Vector Machine (SVM)

Support Vector Machines (SVMs) are a widely employed and highly effective machine-learning
technique for data classification [56]. SVMs are supervised learning models based on statistical learning
theory, which involve learning algorithms that analyze the data for classification and regression analysis.
This method transforms the initial input space into a higher-dimensional feature space to enhance the
classification process. With SVM, limits can be defined for both linear and nonlinear datasets. Support
Vector Machines (SVM) have become widely favored due to their capability to identify optimal
hyperplanes that maximize the separation between classes in the feature space [58]. The fundamental
principle underlying SVM involves separating classes by drawing margins between them. As illustrated
in Figure 5, these margins are calculated in a manner that maximizes the distance between the margin

and the classes, thereby minimizing classification error [48, 59-61].
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Figure 5. The general working structure of the SVM model

Support Vector Machines (SVM) aim to pinpoint the optimal hyperplane that minimizes classification
errors while maximizing the margin, a crucial space between data points. This pursuit involves a cost
parameter, which balances the desire to maximize accuracy while minimizing misclassifications [62].
Ultimately, SVM strives to delineate a decision boundary that effectively separates different classes of
data, ensuring accurate classification of new, unseen data points while guarding against overfitting [63].
To achieve this, SVM employs kernel functions like linear, polynomial, or radial basis function (RBF)
to transform input data into higher-dimensional spaces. Within these transformed spaces, SVM
constructs a hyperplane that efficiently segregates data points into their respective classes, relying solely
on a subset of training data points known as support vectors [64]. This streamlined approach enhances
memory efficiency and effectiveness, especially in high-dimensional fields. One key advantage of SVM
lies in its adeptness at handling high-dimensional data, rendering it suitable for applications with
numerous features. Additionally, SVM boasts a solid theoretical foundation and demonstrates reduced
vulnerability to overfitting compared to alternative machine learning methods. However, the
performance of SVM hinges heavily on the selection of appropriate kernel functions and parameters,
necessitating careful tuning to achieve optimal results [65]. SVM emerges as a versatile and robust
technique widely applied across various domains such as text categorization, image recognition, and
bioinformatics, owing to its ability to efficiently tackle complex classification tasks while mitigating the

risk of overfitting.
K Nearest Neighbors (KNN)

K Nearest Neighbor (KNN) is a non-generalizing or sample-based learning algorithm, also referred to
as a "lazy learning" algorithm, that gained popularity in statistical data analysis during the early 1970s.
Unlike other algorithms, KNN does not concentrate on constructing an internal model by storing all
training data samples in n-dimensional space [66-68]. KNN classifies new data points according to
similarity measurements using the data. As seen in Figure 6, this algorithm calculates the classification
according to the k value given as a parameter by the vote of the simple majority of its nearest neighbors
and classifies accordingly. Noisy training data is also very effective, but the accuracy value varies

depending on the quality of the data [68].
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Figure 6. The general working structure of the KNN model
Random Forest (RF)

Random Forest is an ensemble learning approach proposed and developed by Breiman to solve
classification and regression problems [69]. This algorithm creates many decision trees in general
structure and combines them to get the best result [70]. The algorithm is extended by training each tree
with its unique randomly generated subset of the training data, utilizing only a subset of the variables
for that specific tree. Multiple classifiers are compared using ensemble return values to attain more
precise results than a single classifier. To classify a sample, each tree in the forest is provided with an
input vector, and a result is generated for each tree. The algorithm then branches each node using the
best variable, chosen randomly at each node. The decision trees are in their largest form and are
untrimmed. Data that is not utilized in training, known as out-of-bag data, can be used to provide an
independent estimate of the overall accuracy of classification [56, 71, 72]. The working scheme of the

Random Forest algorithm for the study is shown in Figure 7.

Majority Voting
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Figure 7. Random forest general study structure
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Receiver Operating Characteristic (ROC) Curve

Evaluating the performance of artificial intelligence methods is crucial. The ROC curve is a probability
curve, and the AUC-ROC curve is a commonly used metric nowadays. AUC stands for "area under the
ROC curve," and it measures the extent to which the model can differentiate between classes. The ROC
plot offers a means to visually represent, organize, and compare classifiers according to their
performance [50, 73] (Fawcett, 2006). Spackman was one of the pioneers in using ROC charts for
assessing and contrasting algorithms in machine learning [74]. The analysis of ROC curves is a common
method to evaluate and compare the accuracy of classifiers over a spectrum of sensitivity and specificity
values. Different parametric regression models have been suggested to model and predict ROC curves
[75-77]. It is preferable to have a high AUC value in ROC curve graphs. Figure 8 provides some
examples of ROC-AUC graphs. A higher AUC value indicates a better predictive ability of the machine
learning model [78] (Narkhede, 2018).
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Figure 8. ROC-AUC performance examples
Results

This section presents experimental results obtained by training and testing artificial intelligence methods
(ANN, SVM, KNN, and RF). In the subsequent section, the classification outcomes of the models

employed in the investigation are outlined.
ANN Architecture-Based Classification Results

Table 5 presents the classification values obtained from the confusion matrix of the ANN model. Based

on these values, the accuracy rates for the underweight, normal, overweight, and obesity categories were

229



Sinop Uni J Nat Sci 9(1): 217-239 (2024)
E-ISSN: 2564-7873
calculated. The results indicate an overall classification success of 74.96%, as shown in Figure 9.

Koklii and Sulak

However, the confusion matrix also reveals that the overweight and obesity categories were less

accurately differentiated.

Table 5. ANN confusion matrix

ANN Predicted Class
(4x4) Underweight Normal Overweight Obesity
I Underweight 40 28 2 3
§ Normal 15 536 89 18
‘_§ Overweight 2 86 445 59
< Obesity 2 15 84 186

When Table 5 is examined, it is seen that 40 data in the Underweight class, 536 in the Normal class, 445
in the Overweight class, and 186 in the Obesity class are correctly classified. When TP, TN, FP, and FN
data are examined, the most successful class is observed to be Underweight. It has been determined that
the Normal, Overweight, and Obesity classes are highly mixed with each other. The reason is that, the
training of the models is not fully realized due to the data imbalance between the classes. Classes are

confused with each other since the data of the classes are very close to each other.
SVM Architecture-Based Classification Results

The classification results for the SVM model are presented in this section, with the corresponding
confusion matrix given in Table 6. The accuracy rates of the underweight, normal, overweight, and
obesity classes were calculated using this matrix, and it was found that the model achieved a
classification success rate of 74.03%, as shown in Figure 9. However, the confusion matrix in Table 6

indicates that the SVM model had difficulty differentiating between the overweight and obesity classes.

Table 6. SVM Confusion matrix

SVM Predicted Class

(4x4) Underweight Normal Overweight Obesity
I Underweight 30 37 4 2
g Normal 6 563 78 11
E Overweight 0 98 426 68
< Obesity 4 15 95 173

Upon analyzing Table 6, it is observed that the SVM model accurately classified 30 instances of the
Underweight class, 563 instances of the Normal class, 426 instances of the Overweight class, and 173
instances of the Obesity class. A closer look at the TP, TN, FP, and FN data indicates that the Normal
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class had the highest classification performance. However, due to limited data availability, the

Underweight class demonstrated the lowest classification success.
KNN Architecture-Based Classification Results

Upon analyzing the classification values in Table 7, the accuracy rates of the underweight, normal,
overweight, and obesity classes were computed for the KNN model. Figure 9 demonstrates a
classification success of 74.03%. However, it is evident from the confusion matrix in Table 7 that the

differentiation performance of the overweight and obesity classes is inadequate.

Table 7. KNN confusion matrix

KNN Predicted Class
(4x4) Underweight Normal Overweight Obesity
o Underweight 55 17 1 0
g Normal 15 551 84 8
j_g Overweight 3 90 459 40
< Obesity 0 3 51 233

Upon examining Table 7, it can be observed that the number of correctly classified data is 55 in the
Underweight class, 551 in the Normal class, 459 in the Overweight class, and 233 in the Obesity class
for the KNN model. Analysis of the TP, TN, FP, and FN data reveals that the most successful class is
Obesity. However, it is evident that the classification success of the Underweight class is the lowest due

to the scarcity of data.
RF Architecture-Based Classification Results

After analyzing the classification results of the ANN model, as shown in Table 8, the accuracy rates of
underweight, normal, overweight, and obesity classes were calculated. Figure 9 illustrates that the ANN
model achieved the highest classification success rate of 87.82% accuracy. However, the confusion
matrix in Table 8 indicates that the normal and overweight classes had low performance in terms of
differentiation. Upon reviewing Table 8, it can be observed that 49 data in the Underweight class, 607
in the Normal class, 520 in the Overweight class, and 238 in the Obesity class are classified accurately.
Upon analyzing the TP, TN, FP, and FN data, it can be deduced that the Normal class has the highest
classification success. Due to the limited amount of data, the Underweight class has the lowest

classification success.
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RF Predicted Class
(4x4) Underweight Normal Overweight Obesity
- Underweight 49 20 3 1
g Normal 2 607 46 3
‘_3“ Overweight 0 57 520 15
< Obesity 0 3 46 238

Results of All Classification Models

The accuracy, precision, recall, and F1 Score values of each model were obtained using the confusion

matrix data, and the results and graph for all models are shown in Figure 9.

Performance Metrics

(%)
91,00

88,00
85,00
82,00
79,00

76,00

70,00
ANN

M Accuracy (%) 74,96

Figure 9. Performance metrics were obtained for ANN, SVM, KNN, and RF

Upon analyzing the outcomes presented in Figure 9, it was revealed that the RF model has the highest
classification success rate (87.12%), whereas the SVM model has the lowest (74.03%). In a similar vein,
the RF model exhibits the highest metric values beyond classification success, whereas the SVM model

displays the lowest values. ROC curves were obtained to conduct a thorough analysis of the model's

Precision (%) 74,90
Recall (%) 75,00
F1 Score (%) 74,90

- Hlm

SVM

74,03 80,62
73,80 80,60
74,00 80,60
73,60 80,60

performance, and their results are shown in Figure 10 for all models.
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Figure 10. ROC curves of all models

Upon examining the ROC curves presented in Figure 10, it can be observed that the RF model achieved
the most successful learning performance while the SVM model had the least successful learning

performance.
Conclusions and Discussion

Obesity has recently become a rapidly increasing disease on all continents. Many diseases can occur in
humans due to obesity. For this reason, it is necessary to determine the risk of obesity with regular
controls and take the necessary precautions. The need for artificial intelligence methods has recently
increased to accurately and quickly perform these operations. In this study, various machine learning
techniques were employed to determine the obesity status of individuals using a dataset consisting of 14
features and four classes. The classification processes were conducted using ANN, SVM, KNN, and RF
methods on data collected from 1610 individuals. Cross-validation was used for training and testing
purposes. The RF model yielded the highest classification accuracy of 87.82%, while the SVM model
had the lowest accuracy of 74.03%. The ANN model achieved a classification success of 74.96%, while
the KNN model achieved a classification success of 80.62%. To achieve higher classification success,
the amount of data in the dataset should be increased. In addition, equal distribution of data between
classes will increase the success of classification. Classification success can be increased by using
different machine learning methods. In addition, the selection of features that are effective in
classification can be determined by optimization or feature selection methods, which can increase

classification success and speed.
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Abstract

Carbon fiber is often preferred in composite production as it is a light and
strong material. Traditionally, it is produced based on Polyacrylonitrile
(PAN) and Pitch. Today, biomass-based carbon fiber production has
studied as an alternative to these petroleum-based initiators. Accordingly,
cotton, wood, and cellulose are the most commonly used biomass types.
However, environment-friendly carbon fiber does not yet possess as good
tensile strength as petroleum-based ones. So, researchers added PAN
during the production of bio-based carbon fiber. Carbon fiber can be
produced as a composite with many materials like polymers, metals,
ceramics, and cement. It has a wide range of uses. Nowadays, researchers
try to improve the interface between epoxy and carbon fiber to increase
the functional properties of the composite. By preparing carbon fiber-
reinforced metal, it can be possible to use composite as a catalyst. Carbon
fiber is used as filler in concrete production to avoid crack formation and
thus, carbon fiber composites are crucial in preventing earthquake
disasters. In brief, one can enable comprehensive and contemporary
information about the synthesis and applications of all types of carbon
fibers (PAN, Pitch, bio-based) and their composites (polymer, metal,
ceramic, concrete, carbon nanotube, and graphene).

Keywords: PAN, pitch, carbon fiber, carbon fiber reinforced composite

Karbon Fiber ve Karbon Fiber Kompozitler: Sentezi, Ozellikleri, Uygulama Alanlar

Bilecik Seyh Edebali University,
Faculty of Engineering,
Department of Chemical

Engineering, Bilecik, Tirkiye

Oz

Karbon fiber hafif ve saglam bir malzeme oldugundan kompozit
tiretiminde siklikla tercih edilmektedir. Geleneksel olarak Poliakrilonitril
(PAN) ve Zift temelinde {iretilir. Gilinimizde bu petrol temelli
baslaticilara alternatif olarak biyokiitle-temelli karbon fiber iiretimi
iizerinde calisilmaktadir. Bu amagla pamuk, odun ve seliiloz en ¢ok
kullanilan biyokiitle tiirleridir. Ancak g¢evre dostu karbon fiber heniiz
petrol temelli olanlar kadar iyi bir cekme mukavemetine sahip degildir.
Bu nedenle, arastirmacilar biyo temelli karbon fiber iiretimini PAN
esliginde gerceklestirmektedirler. Karbon fiber, polimerler, metaller,
seramikler ve ¢imento gibi birgok malzemeyle kompozit olarak
gelistirilebilmektedir. Genis bir kullanim alanina sahiptir. Giiniimiizde
arastirmacilar, kompozitin fonksiyonel 6zelliklerini arttirmak i¢in epoksi
ve karbon fiber arasindaki arayiizii iyilestirmeye ¢aligmaktadir. Karbon
fiber takviyeli metal hazirlanarak kompozitin katalizor olarak kullanilmasi
miimkiin olabilir. Beton iiretiminde ¢atlak olusumunu 6nlemek amaciyla
dolgu maddesi olarak karbon fiber kullanilmaktadir. Deprem felaketlerini
onlemekte karbon fiber kompozitler 6nem tasir. Kisacasi, bu calisma ile
tiim karbon fiber tiirleri (PAN, Zift, biyo temelli) ve kompozitlerinin
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(polimer, metal, seramik, beton, karbon nanotiip ve grafen) sentezi ve

This work is licensed under a uygulamalar1 hakkinda giincel ve kapsaml bilgi saglanabilir.

Creative Commons Attribution Anahtar Kelimeler: PAN, zift, karbon fiber, karbon fiber destekli
4.0 International License kompozitler

Introduction

Carbon fiber is defined as fiber that is at least 92% carbon by weight [1]. The most crucial feature of
carbon fiber is that it is a light and strong material [2]. Because of their high strength, they are preferred
in the production of composite materials [3]. Figure 1 shows the material types which can be used to
make composite involving carbon fiber. The figure covered Scanning Electron Microscope (SEM)
images of composite materials. As shown in Figure 1, carbon fiber is a so thin and long filament-like
material. It can be used by cutting it upon request. The need for carbon fiber has been increasing since
2010. This year, 51 thousand tons of carbon fiber were produced. For 2023, this amount is expected to
reach 200 thousand tons. In addition, the amount of waste carbon fiber in Europe isabout 3 thousand
tons in 2020 [4].

The top 5 countries which have share in carbon fiber importation are USA, Germany, Italy, China, and
United Kingdom based on 2022 data. Hence, the United States of America was the first country in
ranking concerning the import of nearly 250 thousand tons of carbon fiber derivatives [5]. However, the
top 5 countries for carbon fiber exportation worldwide were China, Japan, Germany, USA and France
in 2022. China has a giant share of about 580 thousand tons among the other countries in the top 5 [6].
Introducing carbon fiber into the scientific literature was carried out by Thomas Edison. Edison
produced carbon fiber from cotton and bamboo fibers while researching materials for use as lamp
filaments. Commercialization of carbon fiber was made after the invention of the Polyacrylonitrile
(PAN) process. The PAN process is an economically high carbon yield process. The PAN process is a
process that still maintains its importance today. Later, a pitch-based process of carbon fiber emerged.
Pitch is an inexpensive initiator which is able to be produced from petroleum, asphalt, coal tar, and
polyvinyl chloride. However, the properties of pitch-based carbon fibers are not as good as PAN-based
carbon fibers [3]. The wet spinning technique is generally used for PAN-based carbon fiber synthesis.
However, hazardous solvents are utilized in wet spinning. Besides that, during its carbonization, toxic
gaseous occurs because of nitrile groups in the PAN precursor. Because of these reasons, researchers
find new precursors to obtain carbon fibers. Biomass, lignin, and cellulose are the main bio-based
precursors for this approach [7]. Today, biomass-based carbon fibers have been synthesized for
composites and found several applications. Huang et al. (2024) synthesized polar poplar carbon fiber
and suggested that the carbon fiber can be used for the production of fire warning sensors [8]. Liu et al.
(2023) improved a solvent-free method to synthesize easily down cluster-based carbon fiber aerogel.
They suggested using this carbon fiber in solar steam generation [9]. Wang et al. (2022) synthesized

cotton-based carbon fiber and then used it to produce a carbon fiber/metal-organic framework
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composite. They used this composite as an electrode for the electro-Fenton process [10]. Carbon fiber

generally is used as composites. The Matrix of the composite can be polymer, ceramic, metal, and
carbon. Matrix protects the structure against high temperatures and humidity. Carbon fiber-reinforced
polymer is produced for aviation and space applications. They have high strength, low weight, and
fatigue behavior [11]. Today, the main research topics of carbon fiber-reinforced polymers are
manufacturing heat exchangers [12] and heat pumps [13]. Besides that, recycling of waste carbon fiber
reinforced polymer is a hot research topic regarding environmental concerns [14]. Carbon fiber-metal
composites are used as anode material for microbial fuel cells [15], laminate production [16], hydrogen
evolution [17], and benzene oxidation [18] reactions. Matrices of carbon fiber composites can be also
carbon nanotubes [19] and graphene [20]. Carbon fiber is combined with ceramics to prevent crashes.
Carbon fiber-reinforced ceramics have thermal stability, low density, high mechanical strength, and
resistance against corrosion and oxidation. Due to these eminent properties, they can be utilized in
aerospace, aviation, electronics, chemical, and medical fields [21]. To increase the tensile strength and
toughness of concrete, carbon fiber reinforcement can be applied [22]. Nowadays waste carbon sources
are utilized to obtain carbon fiber-reinforced concrete such as preg carbon cloth [23].

The study aimed to present the synthesis, properties, and applications of carbon fiber and its composites.
Carbon fiber was investigated as PAN, Pitch, and bio-based. All composite matrices were taken into
consideration which were polymer, concrete, metal, ceramic, and carbon. In literature, review articles
about carbon fiber are based only on one property its mechanical characteristic [24, 25], and just one
type of composite the polymer-carbon fiber [26]. This study enables us to gain comprehensive and

contemporary information contributing to current review studies in literature.

Pure Carbon Fiber Metal-Organic Concrete Plastic Metal

Framework
(MOF)
Figure 1. Several materials for Carbon fiber composites [27-30]

Types of Carbon Fibers
PAN based Carbon Fiber
Synthesis

PAN-based carbon fibers can quickly be synthesized. The manufacturing processes involve several steps

shown in Figure 2.
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rbonization
t 1200-1600

oC

Figure 2. PAN-based carbon fiber synthesis [31]

The polymerization of acrylonitrile is crucial as it is highly effective in the subsequent synthesis steps
of PAN-based Carbon Fiber [31]. Salts of Persulfate (S:0s%) and Iron (Fe**, Fe?*) ions can be utilized
as polymerization initiators [32-34]. However, since transition metals such as iron cause impurities,
modifications have currently been studied [35]. Acrylonitrile (AN) can be polymerized in bulk,
suspension, solution, or emulsion. Solution and suspension polymerization are the most widely used
methods for the synthesis of PAN-based copolymers [31]. Solution polymerization is carried out using
Dimethylacetamide (DMAC), Dimethylformamide (DMF), Dimethylsulfoxide (DMSO), or aqueous
Sodium Thiocyanate solutions as solvents [36]. Since the produced copolymers have high molecular
weight, diluted solutions should be used in polymerization reactions. With solution polymerization, it is
possible to quickly obtain a fiber-spinning solution. However, solution polymerization has a significant
disadvantage. The conversion value for obtaining PAN from acrylonitrile by this method is around 50-
70%. Acrylonitrile is known to be carcinogenic. Therefore, unreacted acrylonitrile must be removed
from the fiber-spinning solution. On the other hand, no by-product formed in suspension polymerization.
Besides, the polymer can easily be separated by filtration and drying. The molecular weight and particle
size of the polymer can be adjusted as desired and, 90% efficiency can be achieved with this method
[31]. For PAN-based polymers to spin, it is necessary to work at temperatures below the melting point
of the polymer. In this case, the application of molten spinning a traditional spinning method is nearly
impossible. Because this method can be applied to the PAN polymer only with the addition of high
amounts of solvent additives and plasticizers. So, wet spinning is preferred for spinning PAN polymer.
In wet spinning, selecting a solvent in which the PAN polymer can dissolve is so crucial. For this
purpose, ionic liquid, DMAc, DMF, DMSO, Zinc Chloride, and Sodium Thiocyanate solutions can be
used as solvents [31]. In the wet spinning method, the polymer spinning solution is squeezed into the
spin tube and it enters into the coagulation bath. The coagulation bath contains coagulants, that is, non-

solvent liquids. The coagulant penetrates the extruded polymer and turns it into fiber [37]. The two
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controllable variables in wet spinning are the spinning bath and the temperature and concentration of

the spinning solution. At this point, generally increasing the solvent content and decreasing the bath
temperature reduces diffusion. In this case, the solvent released from the polymer and the coagulant flow
into the polymer decrease. The post-spinning procedure is the same for all spinning methods: washing,
drawing, drying, relaxing phase, and collecting. Washing is done with water or steam. The drawing
process is carried out in the environment of ethylene or glycerol in the range of 120-180 °C. Before
drying, the fibers are soaked in aqueous emulsions of esters such as polyoxyethylene derivatives. Drying
and relaxation steps are crucial in removing water [31].

The oxidation is carried out at 200-300 °C in an oxidizing atmosphere. In the oxidation stage, the density
of the PAN fiber increases. Its mass composition is usually around: 70% carbon, 20% nitrogen, 10%
oxygen, and a small amount of hydrogen [31]. As an alternative to oxidation in the oven, this
stabilization step can be performed with plasma treatment or microwave-assisted lower energy and time
[38,39]. PAN fibers stabilized in the carbonization stage are converted into carbon fibers by thermal
pyrolysis in an inert atmosphere at high temperatures. The volatile components are removed. So, the
carbon yield can reach around 50% by mass, depending on the PAN initiator [40]. The carbon fiber
forms after carbonization and contains approximately 95% carbon and 4% nitrogen. Concerning not to
damage the fiber, the heating rate is selected low. Most volatile components are removed from the
structure in the range of 200-1000 °C. The gas formed as a result of pyrolysis may contain HCN, H,O,
H, CO, NHs, and CH4 [41]. Graphite fibers form after heating above 2000 °C [40]. Carbonization is
applied to improve the adhesion of carbon fiber in the composite [42]. At surface treatment stage, fiber

can be protected from high-temperature degradation. The tensile strength of carbon fiber increases [43].
Properties

The most prominent feature of PAN-based carbon fiber is its high tensile strength. Reductions in tensile
strength are due to defects that occur during the synthesis process of the material. These defects occur
since the PAN polymer loses about half its weight before it converts into carbon fiber. As a result of
defects, various mechanical, electrical and thermal properties of carbon fiber, especially tensile strength,
are affected. It is known that surface defects are more effective on tensile strength than defects that occur
inside the material. Surface defects can be caused by oxidation and carbonization, as well as thermal
processes used in surface treatments [2].

The thermal conductivity of PAN-based carbon fiber can be increased by using carbon nanotubes. It can
be known that carbon nanotubes have high thermal conductivity. They can be grafted on PAN-based
carbon fiber [44].

Application Area

Especially in the field of energy, the application areas of PAN-based Carbon Fiber are wide. It is known

that successful results are obtained when integrated into carbon fibers in hydrogen storage. In addition,
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researchers have obtained successful results in the use of PAN-based carbon fibers as anode material in

lithium-ion batteries [45]. Besides that, PAN-based carbon fiber reinforced concrete is important for the
construction industry. An environmentally friendly process can be achieved by replacing heavy and
corrosive steel with carbon fiber in concrete production [46]. Table 1 displays some of the PAN-based

carbon fibers in current literature.
Pitch Based Carbon Fiber
Properties

Pitch-based carbon fibers are divided into two as isotropic and anisotropic mesophase [47]. Anisotropy
is a property in which the properties of the material change depending on the direction. In isotropy, the
material has homogeneous properties in all directions [48]. Mesophase pitch is a liquid crystal material.
It consists of various types of aromatic hydrocarbons. These hydrocarbons are stacked planarly in the
structure and optical anisotropy is provided. It is known that mesophase pitch-based carbon fiber is a
very light material with a tensile strength up to 4GPa, a thermal conductivity of 1000 W/mK, and a
density of around 2 g/cm? [49]. Isotropic pitch-based carbon fibers are inexpensive but have low tensile

strength (approximately 500-1000 MPa pressure) [50].
Synthesis

Carbon fiber synthesis is similarly done for both isotropic and anisotropic pitch sources. For this
purpose, the synthesis procedure includes the following steps as shown in Figure 3. The raw materials
of both pitch types are the same. These can be pure chemicals (aromatic compounds and polymers),
petroleum, and mixtures of polyaromatic hydrocarbons, which are by-products in the production of coal.
Tar initiators are pre-treated to remove impurities (coke, inorganic substances, heavy components, etc.).
For this purpose, cheap and practical methods are applied in industrial production. These can be

distillation, pressure use, extraction, or centrifugation [47].

Figure 3. Pitch-based carbon fiber synthesis [47]
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The preparation of pitch from the raw material is done under controlled conditions. Temperature,

pressure, heating rate, atmosphere, and mixing speed affect pitch production [47]. The pitch is then melt-
spinned and fibers are formed. For this purpose, pitch is first melted in an inert atmosphere. The melted
pitch is taken from the spinning tube as fibers as a result of increased pressure [47]. The purpose of
stabilization is to provide the transition of pitch fibers from thermoplastic to thermoset by oxidation.
Thus, the structure and shape of the pitch fibers do not change during carbonization. The softening
temperature for both pitch fibers is approximately the same (around 250 °C). Temperature and heating
rate are important in the oxidation stage. The reason is that, if the temperature is chosen lower than the
softening point, there will be little change in the weight of the pitch fibers, indicating that oxidation is
not taking place effectively. If the temperature is chosen too high than the softening temperature, the
pitch fiber oxidizes quickly and starts to burn. On the other hand, at high heating rates, oxidation cannot
be completed and the fibers stick together [47].

By carbonization, non-carbon atoms (oxygen and hydrogen) and side chains of the aromatic ring are
removed. Thus, the carbon aromaticity is increased. As a result of carbonization, with increasing
temperature, aromatic groups are cross-linked, condensed, and polymerized, respectively. The
carbonization temperature is selected according to the characteristics of the initiating pitch. Generally,
the range of 300-500 °C is the pre-carbonization range, the main carbonization takes place in the range
of 500-1400 °C. The precise mechanical, physical, and chemical properties of carbon fiber are formed

after carbonization [47].

Table 1. PAN-based carbon fibers in current researches

Application Reference

Cathode material for electrochemical production H,O- Xia et al. (2020) [51]

Sensor for detection of electric field in ocean
Separator in Li||LiFePO4 battery
Electromagnetic wave absorption material
Adsorbent for CO,

Adsorbent for Phosphate lons

Adsorbent for Acetone

Hydrogen Storage

Catalyst for selective hydrogenation of pyrolysis
Gasoline

Adsorbent for p-nitrophenol

Reinforced material for concrete

Zai et al. (2020) [52]

Deng et al. (2023) [53]

Li et al. (2023) [54]

Ma et al. (2022) [55]
Matsuzawa et al. (2022) [56]
Shi et al. (2022) [57]

Hwang et al. (2021) [58]
Wau et al. (2021) [59]

Yue et al. (2021) [60]

Patchen et al. (2023) [61]
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Application Area

It has been proven that mesophase pitch-based carbon fiber can be used as a heat management material
in composite with aluminum as a material with high thermal conductivity and low thermal expansion
coefficient [62]. In another application, pitch-based carbon fiber was loaded on the carbon nanotube in
the cement and increased the electrical conductivity by acting as a bridge between the nanotube particles
[63]. Pitch-based carbon fiber is simultaneously used with graphite at the anode and cathode in
bidirectional batteries. Thus, a lithium-ion electrolyte bidirectional battery with high local capacity and
stability was produced [64]. Table 2 shows some of the PAN-based carbon fibers in current literature.

Alternative Bio-Based Carbon Fiber Resources

Lignocellulosic biomass (containing lignin and cellulose) is naturally abundant, renewable, inexpensive,
and has a low environmental impact. Therefore, optimizing the carbon fiber production method from
this material is important to commercialize it to replace petroleum-based carbon fiber [65].

Table 2. Pitch-based carbon fibers in current researches

Application Reference

Cement reinforcement material to cool pavement Wei et al. (2023) [66]

Adsorbent for iodine, methylene blue and cadmium ions Wang et al. (2022) [67]
Adsorbent for formaldehyde Ryu et al. (2019) [68]

Adsorbent for CO; Sugiyama and Hattori (2020) [69]
Adsorbent for chloroform Yoshikawa et al. (2021) [70]
Anode material for potassium-ion batteries Wei et al. (2021) [71]

The production of short-length carbon fiber from sustainable biomass is important because of its low
environmental impact and the cheapness of its initiators compared to PAN and petroleum-based pitch.
In addition, if cellulosic materials are used for this purpose, the CO, that plants take from the atmosphere
can be stored in the form of carbon. Bamboo with high cellulosic content can be used for this purpose.
The electrical conductivity of bamboo-based carbon fiber has been proven to be high [72]. There are
studies using lignin-based carbon fiber in terms of environmental improvement. In one of them, the
removal of methylene blue textile dye from water was studied [73]. However, the production of high-
performance carbon fiber in this way is not yet possible due to the following obstacles: 1) Carbon fiber
has a high ash content. 2) It does not have high strength. Mixing PAN and other polymer initiators with
lignocellulosic biomass can remedy this situation. However, in this case, the process would not be

environmentally friendly. Therefore, mixing lignin with other biomass may be a more effective strategy.
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3) Sensitive to the spinning process [65]. Table 3 shows several materials which can be used for biomass

based carbon fiber.

Table 3. Lignin-based carbon fibers in current researches

Biomass Type Application Reference

Cotton Adsorbent for methylene blue Chiu et al. (2012) [74]
Wood Electrode material for supercapacitor Jinetal. (2014) [75]
Sisal plant Adsorbent for phosphate Hu et al. (2018) [76]
Cotton Electrode material for water-splitting Hong et al. (2022) [77]
Cellulose Adsorbent for fliioride Zhang et al. (2019) [78]
Waste rabbit hair Photocatalyst for methylene blue degradation Chen et al. (2022) [79]
Cotton Electrode for electro-Fenton degradation of Wang et al. (2022) [10]

Tetrabromobisphenol A

Carbon Fiber Composites
Properties

A composite is formed by the combination of two or more materials with different physical and chemical
properties. It is possible to physically separate the materials in the composite from each other. Generally,
it consists of a composite matrix and supporter. The matrix is a soft and weak material that is embedded
in the support material. The support material, on the other hand, is a strong and hard material that is
distributed throughout the matrix. The main purpose of composite production is to obtain a material with
strong mechanical properties by combining individual components with low mechanical properties. In
addition, the composite is expected to be a lightweight material [11].

The surface of carbon fiber is smooth, chemically inert, and non-polar naturally. Therefore, it is crucial
to treat the carbon fiber surface to reach good interfacial adhesion between the matrix and carbon fiber
and low cohesion behavior in the matrix of the composite. This can be ensured by forming chemical or
physical bonds between two components of the composite such as Van der Waals attraction, hydrogen
bond, and mechanical interlocking [80, 81]. For interfacial treatment of carbon fiber in the composite,
three methods can be followed three methods which are wet, dry, and multi-scale. In a multi-scale
approach, carbon fiber is coated with some materials. The material used at the interface of a composite
is so crucial. Since the material used at the interface has a great effect on the formation and propagation
of cracks and the distribution of stresses in the composite. In addition, this material affects the strength,
toughness, moisture, and heat resistance of the composite. If there is poor adhesion between the fiber
and the matrix, there are deficiencies in the interface material and the performance of the composite will

be poor. Rare earth nanoparticles and carbon nanotubes have been the most studied interface materials
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for carbon fiber composites [81]. Another choice is wet or chemical treatment. These are liquid-phase

oxidation, electrochemical oxidation, and catalytic oxidation [82]. Amine groups can help to improve
the surface polarity and wettability of carbon fiber. Correspondingly, amino groups connect to
carboxylic groups to reach good adhesion between carbon fiber and epoxy, after oxidation treatment
with acids [80]. The last route is dry or gaseous treatments such as plasma surface modification [81].

The matrices of carbon fiber composites can be very diverse. These are 1) thermoset (cyanate ester,
epoxy, phenolic, polyester, polyimide, and vinyl ester) or thermoplastic (acrylonitrile butadiene styrene,
polyamide, polycarbonate, polyethersulfone, polyethylene, polypropylene, and so on) polymers, 2)

carbon (C-C composites), 3) metals such as nickel, 4) ceramics, 5) cement can be used [83].
Synthesis and Application Area

Discovered in 1960, this type of composite is used in automotive, civil, mechanical engineering,
aerospace, shipbuilding, and wind turbine applications. Since carbon fiber is a durable and light material,
it is preferred as a polymer composite material. In addition, the cost is low compared to other fibers used
for filling purposes. It is preferred since it improves the thermal, mechanical, and electrical properties
of the polymer [83]. Today, research on carbon fiber-polymer composites is mostly aimed at
strengthening the physicochemical interaction between these two materials. This interaction is mostly
made possible by Van der Walls and hydrogen bonds. The researchers aimed to improve the properties
of the composite by reaching bonding energy that exceeds the cohesion forces of the polymer and carbon
fiber. In addition, increasing the amount of carbon fiber in the composite can lead to brittleness in the
composite [83]. Often used with thermoset matrix, especially epoxy, and carbon fiber. Furfuryl and
phenolic resins form other types of thermoset matrix. Today, thermoplastic matrices (polyethersulfone
(PES), polyphenyl sulfide (PPS), polyetherimide (PEI), and polyimide (PI)) have also been used. The
properties of thermoplastics are that they have high ductility, withstand high temperatures, and can be
produced in a shorter time [83]. The production of Carbon Fiber-Polymer composites can be in
traditional ways such as extrusion, compression molding, injection molding, resin transfer molding, and
vacuum transfer molding [83]. There are many types of research in the current literature about carbon
fiber-polymer composites. Tam et al. (2023) investigated the effect of moisture on carbon fiber-epoxy
composite interface via computational ways [84]. Chauhan et al. (2023) assessed the effect of chemical
surface functionality on carbon fiber regarding its thermal conductivity effect in carbon fiber-epoxy
composites [85]. Daricik et al. (2023) used carbon nanotubes to develop the electroconductivity of
carbon fiber-epoxy composites [86]. Figure 4 shows the general structure of carbon fiber-polymer

composites.
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Figure 4. General scheme for carbon fiber reinforced polymer composites [87]

Carbon Fiber-Carbon

Various methods can be used for their synthesis. These are vacuum filtration, pressure filtration, dry
synthesis, and powder molding [88]. They are used as a thermal insulator by NASA in space vehicles.
It can withstand up to 2800 °C in airless conditions. It can also be used as a thermal insulator in vacuum
electric furnaces. In addition to this application area, carbon fiber-carbon composites can be used for
gas adsorption and separation and as cathode material in batteries. Its density is low and its porosity is
high (70-90%). The disadvantages are that their mechanical properties are low and they have the
potential to undergo oxidation. For this purpose, in recent years, researchers have tried coating with
pyrolytic carbon, ceramics, aerogel, and nanostructures. Among these, coating with aerogels has come
to the fore and is under development [88]. There are many kinds of research in literature about carbon
fiber-carbon composites. Wang et al. (2023) synthesized the composite to use as a thermal insulator for
electromagnetic heating furnaces. They utilized the vacuum filtration method to synthesize the
composite [89]. Ding et al. (2023) developed the composite by growing carbon nanotubes on carbon
fibers. They used the composite as an additive to cement. They aimed to increase the mechanical and
electrical performance of the material. Besides that, this material had the property of sensing crack
formation [90]. Wu et al. (2022) also investigated carbon fiber-carbon nanotube composite. They used
polydopamine between interlayers of these materials. In this way, they achieved higher mechanical

stability and homogenous distribution of carbon nanotubes on the surface of carbon fiber [91].
Carbon Fiber-Metal

Various metallic matrices can be composited with carbon fiber. Studies with Aluminum (Al), Titanium
(Ti), Magnesium (Mg), Copper (Cu), Nickel (Ni), Tin (Sn), and Zinc (Zn) matrices are available in the
literature [92-98]. To composite the carbon fiber and the metallic matrix, the surface of the carbon fiber
is first treated. This process is important to strengthen the bond between the carbon fiber and the matrix.
Surface treatment can be carried out by oxidative or non-oxidative means. Composite synthesis can
proceed using three routes: the solid or liquid state process and the precipitation process [30]. Today,
carbon fiber-metal composites can be used in the automobiles, aerospace, and petrochemical industries
where metal and metal alloys are used. These materials are strong composites, have high mechanical

resistance, can be easily produced, have advanced thermal and electrical properties, and have a low
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friction coefficient. Researchers continue their studies to make the carbon fiber distribution in the

composite more regular. In addition, mathematical modeling techniques such as fuzzy logic and neural

networks can be used to examine the mechanical properties of the composite [30].
Carbon Fiber-Ceramic

Silicon carbide (SiC) composite reinforced with carbon fiber is a material developed especially for use
in aerospace applications and incorporates the properties of high-temperature resistance, fracture
toughness, abrasion, and thermal shock resistance. It is therefore a composite being investigated for use
in rocket engines. The properties that the researchers are trying to develop for this composite are to
increase the oxidation and mechanical strength of the material at ultra-high temperatures (above 3000
°C) [99]. Apart from SiC, ZrC, ZrB,—ZrC -SiC, ZrB,-SiC, SiC-TaC ceramics can be used as a matrix
[100-103]. Currently, chemical vapor infiltration/deposition is considered as the best method for
composite synthesis [99].

Carbon Fiber-Concrete

Concrete is a composite material used in building applications. Concrete contains cement, pebbly sand,
water, and some additives [104]. Various types of concrete are used in large quantities throughout the
world. For this reason, researchers are currently conducting research on improving the engineering
properties of concrete. Developing concrete with especially high strength, toughness, and durability is
the main goal of researchers. For this purpose, the prominent ones among the new types of concrete
developed by researchers in literature are high-performance concrete and high-performance fiber-
reinforced concrete. High-performance concrete has superior mechanical properties and durability
compared to conventional concrete. In addition, high-performance concrete can be produced by mixing
various mineral-containing materials to further improve its mechanical, physical, and durability
properties. These materials are silica fume, ground blast furnace, and fly ash. It is possible to obtain
concrete except for cement. The use of these materials in the production of high-performance concrete
has several advantages. These are as follows: 1) Additional materials increase the fullness of the cement
mixture due to their small size, 2) Additional materials increase the final compressive strength of the
concrete, and 3) Additional materials increase the durability of the concrete. On the other hand, these
additional materials have advantages as well as disadvantages. They increase the brittleness of concrete,
so cracks occur over time. The formation of cracks reduces the water resistance of the cement. And as
a result, the interior of the cement is exposed to moisture, bromine, and acid sulfates [105]. Different
factors such as shrinkage, overloading, and adverse environmental conditions due to thermal factors
may also be effective in the formation of cracks in concrete, and it is not possible to escape from the
crack formation. Over time, the cracks expand in size and increase in number. Cracks can be large (over
200 microns wide) or small. Due to large cracks, water and other impurities such as sulfate, chloride

ions can penetrate the concrete. In addition, microcracks, which are considered insignificant in
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conventional concrete, actually disrupt the structural integrity. Microcracks have an opening between

0.1-0.3 mm. In general, researchers recommend that the maximum surface crack opening should not
exceed 2 mm. Various strategies have been developed to prevent crack formation. The first of these is
the manual repair of cracks. In this traditional method, cracks are filled. In this way, the penetration of
corrosive substances into the concrete is prevented and the tensile strength is restored. Another strategy
is to modify the concrete composition. To this end, researchers intervene during the concrete production
phase to reduce the cost of repairing cracks. Fibers are additives used for this purpose. Self-healing
concrete is another way of preventing crack formation [106]. Fibers can also be used for self-healing of
concrete. Healing agents can be added to the concrete mix by encapsulation, vascular, or immobilization
methods. In encapsulation, the capsules withstand the mechanical stress in the concrete and release their
healing agents into the cracks in the concrete [107]. The crack width can be controlled by the use of
fibers in concrete. In this way, the durability and tensile strength of concrete can be increased. Fibers
frequently used in cement-based concrete are as follows: steel, glass, polypropylene (PP), polyvinyl
alcohol (PVA), and carbon [105]. It is known that the fiber type used affects the concrete properties.
Accordingly, since steel fibers have higher strength compared to PVA and PP fibers, they can reduce
shrinkage in concrete and have higher resistance to cracking [108]. Glass fiber has higher chemical
resistance and is lighter than steel fiber. In addition, glass fiber has a higher resistance to water and gas
permeability than steel fiber [109]. Besides, it is known that steel fiber is susceptible to thermal
expansion and corrosion problems [110]. The coefficient of elasticity of carbon and steel fiber reinforced
concrete has proven to be higher than that of glass fiber reinforced concrete. In addition, it has been seen
from previous studies that the compressive strength of carbon fiber-reinforced concrete is higher than
that of glass and steel-reinforced concrete. In addition, studies have shown that the durability of carbon
fiber-reinforced concrete is higher than that of steel fiber-reinforced concrete [109]. It is possible to use
carbon fiber-reinforced concrete composites in columns, floors, and beams in structural applications.
An example of a carbon fiber concrete composite is presented in Figure 5. Carbon fiber is not directly
composited with concrete, usually, polymer additives are also used [111-113]. There are various studies
on carbon fiber-reinforced concrete composites in the literature. In this review, a literature analysis was
conducted in terms of the importance of the effects of these composites on the crack resistance of
concrete. Liu et al. (2019) stated that the addition of polymer to carbon fiber-reinforced concrete has
positive effects on the static strength of the composite. To reach this conclusion, they tested mixtures
containing polymer: cement in different ratios by mass. The best results were obtained with the
composite with a polymer: cement ratio of 8% by mass. In this case, they found the tensile strength for
bending and splitting to be 36% and 61%, respectively. The compressive strength remains low in this
case. They also observed with Scanning Electron Microscopy (SEM) images that the polymer emulsion
acts as a bond between the matrix and the fiber interface. In this way, the resistance of the composite to

crack formation has been increased [114]. Liu et al. (2020) investigated the effect of polymer: cement
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mass ratio (0-12%) on mechanical properties at different deformation rates (45-150 s™) in carbon fiber

reinforced polymer concrete. Accordingly, at the same deformation rate, with the increase of polymer
content, the compressive strength first increased and then decreased. When they plotted the stress versus
deformation, they found that only micro-cracks formed at low stress. The reason for this is that the
elastic modulus of concrete and polymer film is approximately the same. Therefore, the polymer additive
did not affect the cement behavior. However, when the peak point was exceeded, it was observed that
the cracks widened. The reason for this is that the researchers showed an increase in the toughness of
the composite as a result of the increase in the bond strength of the polymer and the resistance of the
carbon fiber against cracking. The researchers found that 8% by mass polymer: cement ratio was optimal
when considering compressive strength, toughness, and deformation [115]. Wang et al. (2021)
commercially purchased PAN-based carbon fiber (tensile strength: 3530 MPa, density: 1.78 g/mL).
Then they put the carbon fiber into the cement mixture in different proportions by volume. The formed
sludge was molded in the presence of polycarboxylic acid and beams were produced. As a result of the
impact resistance tests, the tensile and compressive strengths of the beam against time were recorded at
the endurance speed of 3 m/s. Accordingly, with the increase in the carbon fiber volume in concrete, the
time to reach the surface, that is, the propagation of the crack, did not change much and remained around
0.6 ms. However, with the increase in the fiber amount, the vertical displacement increased and reached
0.45 mm. This is desirable because the ductility of the beam increases with increasing vertical
displacement [116]. Huang et al. (2022) wrapped the carbon fiber-reinforced polymer in fiber-reinforced
concrete and examined the splitting behavior by impact test. Crack propagation in unwrapped concrete
continued throughout compression. In the case of wrapping with carbon fiber composite, cracks were
found during compression, but the crack width and number were less. They also investigated the effects
of deformation rate and wrapping ratio on crack formation. Accordingly, at low deformation rates, the
main crack was formed narrower in the carbon fiber-wrapped concrete than in the unsupported concrete,
and as expected, a decrease in the main crack width was observed with the increase in the jacket ratio.
As a result, they observed that the resistance to separation of concrete with carbon fiber reinforced
polymer increased. However, at high deformation rates, fragmentation of the concrete was observed and
the location of the main crack became undetectable. In addition, the increase in the carbon fiber ratio at
high speeds greatly increased the deformation [117]. Farooq and Banthia (2022) investigated the effect
of PVA, glass, steel, and carbon fiber additives on polymer cement. Besides the different fibers, the
effect of the curing condition of the composite (room temperature or an oven at 80 °C) and the resin
ratio (15 or 18) were also investigated. They stated that keeping the resin ratio low is economically
important. They kept the fiber amounts constant at 2% by volume in all composites. Among these fibers,
the highest compression strength was obtained with the carbon fiber reinforced composite containing
18% resin (74%). They observed that the effect of composite curing at thermal or room temperature was
negligible [118].
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Figure 5. Carbon fibe?'fabric-'cBncr.etglcomlposite [119]
It is known that there is no escape from the formation of cracks in reinforced concrete structures.
Thermal factors and overloading are among the factors that cause crack formation in concrete structures.
Tensile strength of concrete, steel, glass, polymer and carbon fibers are the materials preferred during
the production phase of concrete or for later reinforcement. Among these, carbon fiber reinforced
concrete stands out due to its high compressive strength and elasticity coefficient. In addition, compared
to the widely used steel fiber, its corrosion resistance, light weight and ability to be produced from
biomass-based sources make carbon fiber a good alternative. When the literature is examined, it has
been seen that polymer-added carbon fiber-concrete composites come to the forefront in terms of
reducing the crack width and number of concrete as a result of strength tests. As seen in literature,
researchers are trying to reduce the amount of polymer additives used in carbon fiber-concrete
composites and to synthesize carbon fiber from lignin-derived biomass, which is a more environmentally
friendly procedure. In addition, studies are continuing to improve the mechanical properties of the

composite at high deformation rates.
Conclusions

This study aims to display the features, synthesis, and applications of carbon fibers and their composites.
Besides general information, one can reach current literature about carbon fibers. The most important
property of carbon fiber is that it is a light and strong material. Because of their high strength, they are
utilized in the production of composite materials. Carbon fiber can be the matrix for polymer, concrete,
metal, and ceramic composites. Among them, carbon fiber-reinforced polymer is the hottest study topic
of today. Nowadays, researchers try to develop properties of these composites to improve the interface
between the materials. This improvement aims to increase carbon fiber surface energy. Increasing

surface energy means good adhesion of carbon fiber to the matrix. It can be expected that carbon fiber
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has higher surface energy than matrix [120]. Carbon fiber can be based on biomass (lignin, cellulose),

PAN, and Pitch. In general, carbon fiber synthesis covers five steps: precursor preparation, spinning,
oxidation, carbonization, and surface treatment. Researchers heavily have studied PAN-based carbon
fiber. However, the PAN-based synthesis procedure has a risk because of the emission of toxic gaseous.
So, waste carbon sources such as used clothes have been alternative fiber materials. PAN, Pitch, and
lignin-based carbon fibers have been mostly synthesized for use in electrochemical applications,
adsorption, and concrete production. Among the other fibers which are glass and steel, carbon fibers are
especially important materials for construction applications to prevent concrete deformation. However,

it can not be used directly without any addition of polymer in the production of concrete.
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