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Abstract: We calculate the differential and total cross section for the process e e~ — vy assuming that the
neutrino has an anomalous magnetic moment in the extended Standard Model. Using the LEP results on the

total cross-section, we obtain a limit of x = 8.4 x 10°® Mg for the neutrino magnetic moment.

Keywords: Neutrino, Magnetic Moment, Standard Model.

e"e” — vvy Siirecinde Notrino Magnetik Momentinin Arastirilmasi

Ozet: Bu calismada, e* e~ — vi'y siirecinin diferansiyel ve toplam tesir kesiti ndtrinonun anomal ¢iftlenimleri

g0z Oniine alinarak genisletilmis Standart Modelde hesaplanip, LEP deneysel sonuglarini kullanarak, nétrino

magnetic momenti igin £ ~ 8.4x107 s siir degeri elde edildi.

Anahtar Kelimeler: Notrino, Magnetik Moment, Standart Model.

1. INTRODUCTION

The question of whether the neutrinos are Dirac or Majorana particles is one of the most important
issues in particle physics, astrophysics and cosmology. The properties of neutrinos have become the
research area increasing interest in recent years. The searches for the neutrino mass, magnetic moment,
dipole moment and anapole moment are of utmost important for the theory of elementary particles and
for understanding the phenomena such as supernova dynamics, stellar evolution and the production of
neutrino by the sun [1].

The Standard Model (SM) describes many processes in the range of energies which has been reached
up to now. Neutrinos are the least known particles of the SM and they are treated as massless in the
SM. Neutrinos seem to be one of the probable candidates of carrying on the future of physics beyond
the SM. The purpose of some extended theories is to explain some fundamental aspects; for example,
the neutrino mass, neutrino oscillations, neutrino magnetic moment, etc which are not clarified within
the frame of SM. In many extensions of the Standard Model neutrino acquires nonzero mass and they
are named as Dirac or Majorana neutrinos. These neutrinos have different electromagnetic properties.
Dirac neutrino has three form factors which are the charge, magnetic moment and anapole moment
since the electric dipole moment is zero for CP conserving theory. If there is no neutrino mixing,
Majorana neutrino has only one form factor which is the anapole moment. If neutrino mixing is taken
into account, then there are magnetic and electric transition moments as well. In this respect, as
aforementioned, the neutrinos seem to be likely candidates of extending the physics beyond the

* Corresponding author. Email address: coskun@ktu.edu.tr
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Standard Model. The electromagnetic properties of the neutrinos were calculated by many authors
using various models [2,3].

The magnetic moment of the neutrino was also discussed intensively in the framework of SM and its
various extensions. For example, SM predicts that if the neutrino has mass of ~30eV then

w1075z, but the left-right symmetric model predicts u & 107**u; [2]. Modern Laboratories
announced [4] that the neutrino magnetic moment are close to 107 %ug; in fact, some published
values are:

plv) <4 1072,
p(v,) < 1x10 g (1)
ulvy) < 4x 10 %ug .

The upper bound for light neutrinos deduced from cosmological and astrophysical researches is given
as [5]:

A% 107 2, (2)

In the present research, we study the effects of the neutrino magnetic moment in a model dependent
approach. For this purpose, we consider the process e¥e™ — vy, Note that, this process has been
already discussed in various models by many researchers (see [6, 7, 8] and reference therein). The
relevant Feymann diagrams are shown in Fig. 1. Assuming that the (¥v¥) vertex has only the
anomalous magnetic moment (see [9] and reference therein), Forgion et al [10] calculated the
differential cross sections of this process. But in their work the Zv¥ vertex anomalous coupling is not

investigated. In this work, we assume that the Zv¥ vertex has anomalous coupling &@,.,.(1 —¥s)g"
[11].
2. CALCULATION

The Feymann diagrams considered in this study are displayed in Figure 1.

Z "01.1
/ "
E+ v
a) b)
e\-\‘,‘w"’ﬁ N
14
_ A
7 v y A
c) d)
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Figure 1. Feynman diagrams for the process e~ &* — vify |

The expressions for the Feynman amplitude of this process are given in the following equations as;

1
(> =M?+iM,T,) (p, —k)* —m

x 0(p,)y, (@+by)( g — K +m) zu(p,)

M, =iee’ 2 a(ql){iVﬂ (L-y5) + k0™ (1_75)qv:|0(q2)

4c,

(3)
M, —iee’ 1 L u(@)| 274 (1= y.) + ko™ (1= 7.)a. |0(a,)
b — (qZ_MZZ_'_iMZl—wZ)'(pz_k)Z_mZ ql 4C97 75 }/5 qv qZ
x v(p,) & (— B, + K +m)y, (a+bys)u(p,)
(4)
M, =ieg—2 L L u(a,)r* @—7,)(p, — K +m) e u(p,)
8 (@°-M,”) (p,—k)*-m’
x 0(p,)7, (L= 75)0(a,) (5)
M. =i g_2 1 _ ! u “1-
g =1e 8 (@ —M.2) (p, —K)? —m? u(a,) 7" @-rs)u(p,) (6)
x v(p,) & (g, + K +m)y, (L-75)v(d,)
M, = iezx-q—i.mG(ql)a*‘”qvu(qz)B( 0.7, (B~ K +m) 2u(p) ™
M = iez’('q_lz'mG(ql)a““qvu(qz)B( P)(—pi+ K +m)y, #u(p,) ®)
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9° _G.M; g _GM:
(4c,) 242 ’ 8 2
1, e

a=sin 6?—— b=—¢'=————
4 4 sing, cosd,

M=M,+M,+M_ +M,+M,+M, 9

and, €, is the photon four-polarization vector, k is photon momenta, p,, p,,q, andq,are the 4-

momenta of e*, ™, and v describe by spinors o(p,),u(p,).u(g,), v(g,), respectively and
g=0, +0,. In order to obtain the unpolarized differential cross section, we take an average over the

initial electron and the positron spins and a sum over the spins of final neutrinos and photon
polarization.

The terms which are linear with x are negligible since they are proportional to m, (the neutrino

mass). Also we have assumed that x'=x/(M,I’,).

The squared matrix elements with & is written (by omitting the other contributions) as

[ e? e?(a® +h? e'ea
|M(K)|2:e2K2 1t (22 )2 >t 2 2 }
9 (@ -M;)+MT; q°(q°-M; +M,I,)

1 1
X AAY ccCr+——— CA" + AC”
P LM T 20 plk)(z oy 2 A )ﬂ

| (2pk)

(10)
where
A=0(p,)7,(p,— K +m) e u(pu(g,)o*,0(d,) (12)
C=0(p,) (-, + K +m)y, e u(p,)u(q)c"q,0(a,) (12)

The differential cross section e'e” — uz;y/ iS written as

m’m?> 1 d°q d’q, d’k

—_e M

inp, @ E E E 5'(a-9,-9,) > ZI F.

(13)

Using the same notation as in [13, 14] and also neglecting the electron mass m, after a long and
straightforward calculations, we can obtain the result for the differential cross section K’ as
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do ek’
dxdy 32(27)°M?7T2

{ ! {sx(l—x)(1+ y)—1{452x{1—1x(1+ y)}—4szx(1—x)(1+ y)
1-y 3 2
232[1—%x(1+ y)} —232(1—x)—252H
1 { 1{ ) { 1 } )
+—— sXL-X)L-y)—=| 25°X|1—-=x({1-Yy) |- 25" X(L-Xx)[1—Y)
1+y 3 2

+2s° [1—%x(1+ y)} +25°(1-X)(A+y) —25*(L—X) +s°x(L+ y) — 232}

S 2 1 1 ,
+m_8(1—x) +§|:4X|:1—EX(1_y):|_4(1—X)+8(1—X) +8(1—X)_4:|}
(14)

where x:2Ey /\/g, Eyis the photon energy, y =cosé,, 6, is the angle between Eland k and
\/g is the center of mass energy.

In order to obtain the total cross-section, equation (14) should be integrated for the variables x and y
(photon energy and scattering angle). However, in the general form, these integrals cannot be
calculated analytically due to the term & which depends on the transfer momentum square (the photon

energy). Therefore, the integrations are calculated numerically.

In the calculations, the parameters are chosen asE = +/s/2,+/s = 90 GeV, photon energy is considered
to be in the region 15GeV = E, =44 Gel |, and —0.9 =y = 0.9, which correspond to LEP

experiments condition [12]. Previously single photon production at LEP was also performed by L3
collaborations experimentally. Under these conditions (i.e. 45 3> m and in the integration we neglect
the mass of the electron), for the total cross-section from (7) we obtained the result:
o & 8.2x107 1%y, (15)
If one expresses the anomalous magnetic moment via Bohr magneton, i.e. x = u = Sug, where
e

g =— , Using the experimental results as V5 =90GeV (L =48 N = 14 ) from [4,6,12] we then

’
I

obtained the result:

B ~84x10°®
(16)

Finally, the neutrino magnetic moment was obtained as:

1 =84x10"° u,
(17)
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3. CONCLUSION
Comparing the obtained result with the minimal Standard Model (SM) prediction p,, & 3 x 107z

[2], it can be seen that the obtained value for the neutrino magnetic moment has an 10! times order
difference of the minimal SM value.

From the equation (1), it is already known that10™%ug = u,, = 10~ %ug. If this value is compared

with the obtained result, it is seen that, the muon neutrino magnetic moment is in a very good
agreement with the values given in [4]. For the case Fig.1 e) and f) (this models corresponds to the

magnetic model), we obtain x = 4x10‘6,uB. This upper bound can be used in analysis of data of
reactor neutrino experiments as well as stellar physics.
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Abstract. The solution of the Schrédinger equation for a physical system in quantum mechanics is of great
importance, because the knowledge of wave- function and energy spectrum contain all possible information
about the physical properties of a system. In this paper, we have give solution of the Schrodinger equation in
three dimensional curved space with Hulthen potential on the positive constant curvature. Then we achieve the
wave-function and energy spectrum for the Hulthen potential. In order to solve the corresponding Schrédinger
equation, we use of Nikiforov-Uvarov (N.U) method [1]. The N.U method is based on solving the second- order
linear differential equations by reducing to a generalized equation of hypergeometric type.

Keywords: Hulthen potential, Schrédinger equation, (N.U) method

Egik uzayda Hulthen potansiyelli diferansiyel denklem ¢6ziimii

Ozet. Kuantum mekaniginde fiziksel bir sistem icin Schrodinger denkleminin ¢dziimii biiyiik 6nem tasir ciinkii dalga
fonksiyonu ve enerji spektrumu bilgisi, bir sistemin fiziksel 6zellikleri hakkinda miimkiin olan tiim bilgileri icerir. Bu
makalede, pozitif sabit egrilik {izerinde Hulthen potansiyeli ile {i¢ boyutlu kavisli uzayda Schrodinger denkleminin ¢dziimiinii
veriyoruz. Daha sonra Hulthen potansiyeli i¢in dalga fonksiyonu ve enerji spektrumu elde ediyoruz. Karsilik gelen Schrodinger
denklemini ¢6zmek icin, Nikiforov-Uvarov (N.U) yontemini kullaniriz [1]. N.U yontemi, hipergeometrik tipteki
genellestirilmis bir denklemi indirgeyerek ikinci mertebeden lineer diferansiyel denklemlerin ¢dziilmesine dayanmaktadir.

Anahtar Kelimeler: Hulthen potansiyeli, Schrodinger denklemi, (N.U) metodu

1. INTRODUCTION

One of the interesting problems of the nonrelativistic quantum mechanics is to find exact solutions to
the Schrodinger equation for certain potentials of the physical interest. In recent years, considerable
efforts have been done to obtain the analytical solution of non-central problems. The notion of the
constant curvature and the accidental degeneracy first began with Schrodinger[2]. Essential advances of
these systems with accidental degeneracy have been made by Nishino[4], Higgs[5] and Leemon[6]. At
the same time, some papers on curved spherical spaces are concerned with some applications of physics
such as linear and non-linear optics[7] and quantum dots[8, 9]. Furthermore, in[3], the authors studied
Lie Algebraic Extensions of the Mie-type interactions with Positive Constant Curvature. This paper is
organized as follows. Firstly, we take advantage from curvature space and make the Hulthen potential
in spherical coordinates with spaces of constant curvature. Then by using the Laplace-Beltrami operator
and N.U method, we solve the above pointed corresponding Schrodinger. In that case we achieve the
wave-function and energy spectrum for the Hulthen potential.

* Corresponding author. Email address: Behzadi@umz.ac.ir
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The solution of differential equation

2. PRELIMINARIES

As we know the three-dimensional space of constant positive curvature can also be realized
geometrically on the three-dimensional sphere S* of the radius R , embedded into the four-dimensional
Euclidean space when the equation of S* has a form,

S*={(4y4) eR 1 2442 =R, (1)

where the tangent space Xi (i =1,2,3) are the coordinates and /1i is,

ﬂ’i = L, (2)
r.2
1+?
and
R
/10 = T (3)
1+r—2
R

In order to write the Schrédinger like equation in curved space-time, we have to change the
corresponding potential in flat space-time to curved space-time. So, in that case we try to write the

Sy . 2 2 2
general form of Hulthen potential in constant curvature space. We define r’= X +X,”+X; and
following potential,

= (4)

where Vo is the constant and O is screening parameter. By inserting the above new coordinate r into

A , one can obtain the corresponding potential as,

— ®)

1-e V' ”
On the other hand, the spherical coordinates lead us to have following equations,

A, = Rsin y sin & cos g, (6)

A, = Rsin ysin @sin ¢, (7
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A, = Rsin y cosé, (8)
A, = Rcosy, 9)

where 0<y <z ,0<6 <7 and 0< ¢ < 27 . Here also we will obtain the metric background
for the above corresponding system. The form of metric help us to write the second order equation. By
using the variation with respect to angles ¥ , ¢ and 4 (R is constant curvature) one can obtain the
metric background in four dimension, which is given by,

ds® = R*(dy’ +sin* (6’ +sin” &g*)). (10)

The above information help us to calculate the Hulthen potential in form of angle, so the V (y)
will be as,

—-dRtan
e 4

V)= ~No (11)

Now we are ready to arrange the general form of Schrodinger like equation for (11) on the
constant curvature,

h2
(——ﬂA +V)P = (12)

where A is Laplace-Beltrami operator which is a restriction of the Laplace operator on the
sphere. So, the Laplace-Beltrami operator will be following,

=13 2 (Jgg*

(13)
g ik=1 aX

o
As we see in Laplace-Beltrami operator correspond to the metric of space time, in flat space
time we have just usual Laplace. We can define the general form of metric for the arbitrary space-time

which is given by following expression,

ds? = gikdx‘dxk, (14)

where § =det| g, | and by the chain rule 9™ = (g, ). Thus, using (6), (7), (8), (9) and (13),

Schrodinger equation takes the form,

1 0 21R? h> m(m+1) g R
[E_ -V —zﬁRtany/]

¥ =0, 15
'//81// h? UR? sin’y  Cl-e )

Using a transformation of the wave-function in (15),

161



The solution of differential equation

¢(v)
Y(y)=- , 16
(v) Sin () (16)
2UR?

Cl = T E, (17)

24R* h’m(m+1)
C,=- , 18
2 h2 ( 2#R2 ) ( )

24R?
Cs = _%Vo’ (19)
C, = -3R, (20)
(15) turns into
2¢ , eC4tanz//

5 + (Cl +C2 CSC /4 +C3 m)¢ = O (21)

3. THE SOLUTION WITH THE NIKIFOROV-UVAROV METHOD

The main equation which is closely associated whit the method is given in folloing form (Nikiforov-
Uvarov , 1988)

d’p  2(s) d¢ , o(9)
ds®* o(s) ds  o(s)

#(s) =0, (22)

where &(s) and o(S) are polynomials at most second-degree and 7(S) is a first-degree
polynomial and y/(s) is a function of the hypergepmetric-type.

We turn (22) to

d2¢+ a4 — QS d_¢+_§152+§25_§3

dSZ S(l—a3S) dS [S(l—(ISS)]Z ¢ = 0 (23)

The above equation have the recursive equation as follows:

a.
(o p——23)

#(s) = g“2 (1-a,s) a3 pn(aloflvf;*“m*l) (1-2a,8), (24)

and eigenvalue for (23) is as:

aN—(2n+1)a; + (N +1)(Jay + e ) +n(N+1)a, + @ + 20,05 + 2( 2z, ) = 0, (25)
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where @; (i =1,2,3,...,13) are special functions and we define as follows:

@ =2 (1-a), 29)
1
s = > (a, —2a3), (27)
;= ()" +&, (28)
a, =2a,a; —¢,, (29)
ay = (a,)" +&;, (30)
- 2
Qg = 0 + 0, + (), (31)
o =0y +20,+ 2,0, (32)
o, =a, 20, + 2(\/079+a3\/078), (33)
o, = o, +4/ag, (34)

O3 = U5 — (\/079 + Qg \/078) (35)

Now we assume,

C, =1, (36)
tan y/;sin vy, (37)
(21) turn to,
2 v
99 e Gve gm0 @)
dy 7 1-¢”

With using of equivalence, we have,

-1 1
e’ l+y > pe” _1—>;;1_ew ) (39)
and so
1 1
y ey o0
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We put (40) in (38) as:

d’¢ 1 ev .
e +[C,+C, o) +C31—e‘/’]¢_0' (41)
Moreover let us substitute,
s=e’, (42)
hence we have,
d d
Lo @3
4
and also
d? d
df e @rer @Y (@4)
Using (43),(44) and substituting into (41), we obtain,
, 1 e’ . _
(¢ ¢)+eV( ¢)+[c +Co e‘/’)2+C31—e"’]¢_o’ (45)
and with substituting (42) into (45), we have,
2
d? (1 S) d¢ [s? (C,-C))+s(C,—-2C))+(C, +C)]¢:O. (46)
ds® s(l-5s) ds [s(1-3)])
(46)is Similar to(23) where 04 = &, = Q3 =1 ang,
& =C -G, (47)
& =C;-2C, (48)
& =C +C,, (49)
a, =0, (50)
==, (51)
a6=%+Cl—C3, (52)
a,=2C,-C, (53)

164



BEHZADI, HAJIMIRGHASEMI

oy =%+4cl+c:2 ~2C,, (55)

o, =1+2({/C,+C,), (56)

o, = 2(1+\/%+4Cl +C,-2C, +,/C,+C,), (57)
a, =+/C,+C,, (58)

1 1
als_—E—( Z+4C1+C2—ZC3+1/01+C2)- (59)

Therefore with using (N.U)method and (24), the solution for(46)is as:
1 /1

#(s) = sV (1 S)E*\IZ*4°1*°2’2°3 Pn(2[”/(C1+c2)]'Z[H‘/%MC“CZ_ZCS D (1-2s), (60)

According to (42)we have,

s=e" s>y =s, (61)
then (60) turn to,
1+ l+4C +C,-2C 1

¢(‘//) - W(m)(l_v/)z R R Ra:] Pn(Z[ /(C1+C2)]v2[1+~/;+4C1+Cz—2‘33]) (1_2!//). (62)

Now according to (16), wave-function as follows:

1 1
( ) ) W(m)(l_v/)ih Z+4C1+CZ*2C3 Pn(z[\/WLZ[:H %+4C1+C272C3 D (1_ 2(//)

Wy - (63)
sin i
By using the above equation and (25), one can obtain the eigenvalue as,
n+%(2n +1)+(@2n+1)(M)+n(n—-1)+4C, +2C, -C,+2C, +2C, +2N =0, (64)
where
1
N = (Z+4C1+C2 -2C,)(C,+C,), (65)

and
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1
M :\/Z+4Cl+CZ_ZC3+1/Cl+CZ' (66)
So by using equations(18),(19),(64), we obtain C, and finally the energy spectrum will be as:

1. 1
2m(m+1)—-2N —(n+>)—=
(m+1) (n+2) 42

E :[ R2 h2

V,. (67)

In case of flat space R — oo ,one can achieve the energy spectrum as,

Ez_%ﬁw. (68)

So, we see the energy in curved space time depent to 1 and M as a quantum number. In flat space time,
the energy not depent to I and M . We note here, different potential in curved space time give very
interesting wave-function and eigenvalues. So, in future we can do different potential in three and four
dimension in curved space.

4. CONCLUSION

We know that the time-independent has the second-order differential equation in the Schrodinger picture
as well. Therefore, in this paper we confined our attention to this equation and its approximate solutions
for the Hulthen potential. We have studied the Hulthen potential in spherical curved spaces with constant
positive curvature through N.U method. It is seen that, Hulthen potential is transformed into other
potentials such as Harmonic Oscillator, Coulomb, Kratzer, Morse in spherical spaces. The solution
meant that we have obtained the energy spectrum and the corresponding wave-function of a particle
subject to one of these potentials.
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Ozet. Policter eter keton (PEEK) lifleri, kimyasallara, 1s1ya ve aleve dayaniklilik 6zellikleri ile yiiksek performansli lifler
arasinda 6ne ¢ikmaktadir. Asinma ve siirtiinme dayaniminin yani sira biyouyumlulugu ve zararli maddeler igermeyen yapisi
sayesinde baslica medikal tekstillerde, tagimacilik tekstillerinde ve endiistriyel tekstillerde genis bir kullanima sahiptir. Bu
calismada PEEK liflerinin yapisi, 6zellikleri ve kullanim uygulamalart incelenmistir.

Anahtar Kelimeler: Polieter eter keton lifi, yiiksek performansh lif, i1siya dayanikli lif, kimyasallara dayanikli lif,
biyouyumlu lif

Polyether Ether Ketone (Peek) Fibers

Abstract. Polyether ether ketone (PEEK) fibers become prominent amongst high performance fibers with their chemical, heat
and flame resistance properties. These fibers have a wide range of usage mainly in transportation textiles, industrial textiles,
medical textiles due to not only their wear and abrasion resistances but also their biocompatibility and nonhazardous structure.
In this study, structure, properties and end-use applications of PEEK fibers are examined.

Keywords: Polyether ether ketone fiber, high performance fiber, thermally resistant fiber, chemically resistant fiber,
biocompatible fiber

1. GIRIiS

Polieter eter keton (PEEK) polimeri, yar1 kristalin termoplastik polimer sinifinin 6ne ¢ikan
polimerlerinden biridir [1-7]. Miikemmel fiziksel 6zelliklere sahip bu organik polimer {izerine yapilan
arastirmalar 1960’11 yillara dayanmaktadir. Ancak bu polimer ilk olarak 1970’lerin sonlarinda
1980’lerin basinda ‘ICI Advanced Materials’ tarafindan iretilmistir ve yine aymi sirket tarafindan
“Victrex PEEK’ ad1 altinda ticarilestirilmistir [1,3,6-9]. PEEK polimeri baglarda enjeksiyon kaliplama
isleminde ve kompozit yapilarda giiclendirici olarak kullanilsa da, ICI ve Leeds Universitesi tarafindan
yapilan arastirmalar bu polimerin oldukga yiiksek performans 6zelliklerine sahip oldugunu ve daha ¢ok
yliksek performans ozelliklerinin arandigi teknik iriinlerin {iretiminde kullanima uygun oldugunu
gostermistir [1,10-13]. Bugiin lif, film, re¢ine, kumas, kablo, membran ve kompozit olmak {izere ¢esitli
formlarda bulunabilmektedir [6,7,9,11,12,14].

1980’1li yillarda bu polimerin yiiksek potansiyelinin fark edilmesi ile birlikte, diger iireticiler de bu
polimere rakip ozelliklere sahip polimer gelistirme c¢aligmalart baslatmistir. Bu ¢aligmalar arasindan
BASF tarafindan gelistirilen PEKEKK, DuPont tarafindan gelistirilen PEKK ve Hoechst tarafindan
gelistirilen PEEKK 6ne ¢iksa da PEEK bu lifler arasindan siyrilarak uygulama alanin1 1990’1 yillarda
daha da zenginlestirmeyi basarmstir [1] (Tablo 1). PEEK polimeri 1993’te resmi olarak ICI Advanced
Materials’dan ayrilan Victrex LTD. sirketi tarafindan tiretilmeye baslanmistir [1].

* Corresponding author. Email address: ekalayci@pau.edu.tr
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Tablo 1. PEEK polimerine rakip olarak iiretilen gesitli PEK polimerlerinin Camlagma Noktasi (Tg) ve Erime
Noktas1 (Tm) [1, 3, 5, 9, 15-18].

Polimer  Uretici Firma T4(C°) Tm(C°)
PEEK Victrex LTD  143-145 334-343

PEEKK Hoechst 150 365
PEKEKK BASF 170 381
PEKK DuPont 165 391

Bugiin PEEK polimerinin iiretiminde ve kullaniminda rol alan birgok sirket bulunmaktadir. Bu
sirketlerden; Victrex Plc. (Ingiltere), Zyex Ltd (ingiltere), Solvay Speciality Polymers (ABD), Panjin
Zhongrun High Performance Polymers (Cin) ve Jida Evonik High Performance Polymers (Cin) ilk akla
gelen isimlerdir [19]. Gelecegi parlak polimerlerden biri olarak goriilen PEEK polimerinin kullanim
alanlarinin her gecen giin daha da ¢ogalmasi, bu polimerin ve bu polimerden iiretilen liflerin pazardaki
yerini arttirmaktadir [19].

Polieter eter keton (PEEK) polimerinden lif {iretimi ise eriyikten lif ¢ekim teknigi kullanilarak
gerceklestirilmektedir [20,21]. Polietereter keton (PEEK) lifleri adi verilen bu lifler barindirdiklari iistiin
performans Ozellikleri sayesinde neredeyse tiim teknik tekstillerde oldukg¢a genis bir kullanim alanina
sahiptir [1,2,20,22]. Her gegen giin uluslararas1 6l¢ekte bu lifin bilinirligi artmakta ve biinyesinde
barmdirdig tistiin 6zellikler PEEK polimerinin ve PEEK liflerinin kullanim alanimi genigletmektedir.
PEEK lifleri her ne kadar pahali (kilogrami yaklasik 908) bir lif olsa da, 2018 yilinda PEEK pazarinin
381 milyon dolara ulasmasi beklenmektedir [3,19]. Bu derleme ¢alismasinda, yiiksek performansli lifler
arasinda one ¢ikan PEEK polimerinin ve PEEK liflerinin 6zelliklerine, kullanim alanlarina ve teknik
tekstiller endiistrisi icin onemine dikkat ¢ekmek ve bu liflerin bilinirliginin arttirtlmasini saglamak
hedeflenmistir.

2. PEEK POLIMERI ve OZELLIiKLERIi

Kimyasal olarak tekrar eden bir keton ve iki eter grubundan olusan polieter eter keton (PEEK) polimeri
sadece karbon, hidrojen ve oksijen atomlari bulunduran yapisi sayesinde tam aromatik, yiiksek
karalilikta, lineer bir yapiya sahiptir [1,2,11,23-25] (Sekil 1). Solgun amber renkte organik bir polimer
olan PEEK, mitkemmel fiziksel 6zelikleri ile yar1 kristalin, termoplastik bir polimer olarak bilinmektedir
[3,4,15,16,24,25] (Tablo 2). Bu polimerden iiretilen film yapilarda film ne kadar ince ise o kadar
transparan renktedir. Filmin kalinlig1 arttikga renk matlagmakta ve amber renk fark edilmektedir [25].

Polieter eter keton polimeri ticari olarak polieterifikasyon reaksiyonu ile iiretilmektedir [10]. PEEK
polimerinin sentezi sirasinda sentezin yontemi ve gerceklestirildigi sartlar biiyiik 6nem tagimaktadir.
Literatiirde PEEK polimerinin polikondenzasyon reaksiyonunda iki farkli yapi taginin kullanimina
rastlanmaktadir. Bunlardan biri 4,4'-diklorobenzofenon [5,24], digeri ise 4,4'-diflorobenzofenon
[24,26]’dur. Temel olarak 4,4'-diflorobenzofenon’un kullanildigi PEEK iretiminde, 4.,4'-
diflorobenzofenon hidrokinon anyonlar1 ile reaksiyona girerek kondenzasyon islemini
gerceklestirmektedir [5]. 4,4'-diflorobenzofenon, hidrokinonun anyonlar1 ile N-cyclohexyl-2-
pyrrolidone gibi yiiksek kaynama noktasina sahip organik ¢6zgenler igerisinde reaksiyona girmektedir

[5].

ﬁ 0
11
HKL'J@OK + ﬂ]*‘@’[?‘@’]i — AE'R'J@*U‘@*C‘@} + (2n—1) KF
"

Sekil 1. PEEK polimerinin polikondenzasyon reaksiyonu ve kimyasal yapis1 [1,5,10,14,27].
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PEEK polimeri, sira disi fiziksel 6zelliklere sahip olmasinin yaninda bu fiziksel 6zellikleri ekstrem
sartlar altinda dahi sergileyebilmektedir [5,12,16,28]. Isiya ve kimyasallara karsi oldukga iyi bir
dayanima sahip bu polimer, olduk¢a iyi alev ve termal dayanimi ile de bilinmektedir [9-
12,15,24,26,29,30]. Ayrica mitkkemmel bir biyouyumluluga sahip bu polimer 6zellikle medikal
uygulamalarda (dental, ortopedik, vb.) genis bir kullanima sahiptir [10,11,29,31]. Bu genis kullanim
alanini biyouyumlulugunun yani sira iistiin kimyasal ve fiziksel kararligina dolayli olarak da yaslanma
karsiti bir malzeme olusuna bor¢ludur. PEEK polimeri ayni zamanda rijit, tok ve siirtlinme-aginma
dayanimu yiiksek bir malzemedir [9,11,12,25]. Bu sayede sterilizasyon ve radyasyona karsi da direng
gosterebilmektedir [10,11,30,31]. PEEK polimeri termoplastik kompozit uygulamalari i¢in olduk¢a
onemli bir matris malzemesidir [7,21,29,30,32-36].

Tablo 2. PEEK polimerinin 6zelikleri [1,15,16,25,37,38].

Ozgiil agirlik 1,26-1,32 g/cm?
Baglangi¢c modiilii 3,6 GPa
Kopma mukavemeti 90-100 MPa
Kopma anindaki uzamasi1 % 50

Nem geri kazanimi % 0,1
Dielektrik kuvveti 190 kV/cm
Ozdireng 5.10' ohm.cm
Is1 sigasi 134 kJ/kgC®
Is1l iletkenligi 0,25 W/m/C°

Is1l genlesme katsayisi 72-8510°5(Ce) !

3. PEEK LIiF CEKIiMi ve LiF OZELLIKLERI

PEEK lifleri genellikle eriyikten lif ¢ekim yontemi kullanilarak iiretilmektedir [20,22]. Dogasindan
gelen soluk altin (amber) rengine sahip bu lifler yaklasik %50 oraninda kristalin yapidadir [1,2,15].
Termoplastik lifler olarak kabul edilen PEEK lifleri, hem kimyasallarin ¢ok biiyiik bir cogunluguna hem
de yiiksek sicakliklara kars1 oldukg¢a dayanikhidir [7,15,22,39]. PEEK liflerinin 6zelliklerini 6zetlemek
gerekirse [3,7,20,24];

o Kimyasallara kars1 oldukea yiiksek bir dayanima sahiptir.

e Termal Ozellikleri oldukea iyidir (-60C° ile 260C° sicakliklar1 arasinda 6zelliklerinde herhangi
bir kayip gozlenmeden kullanilabilmektedirler.).

e Yanma sirasinda alev ve duman iiretimi disiiktiir, ayn1 zamanda zehirli gaz tiretimi de oldukga

az seviyededir.

Iyi siirtinme ve asinma dayanimina sahiptir

Stirtlinme katsayis1 diigiiktiir, miikemmel siirtiinme 6zellikleri gosterir.

Biyouyumludur (biyolojik islevlere zehirli veya zararl etkisi yoktur.).

Coklu otoklav (basingli kap) sterilizasyonlarina ve radyasyona karst dayaniklidir.

Halojen icermez

3.1. Mukavemet Ozelikleri

PEEK lifleri tekstil endiistrisinde kullanilan ¢ok sayida lif ¢esidi arasindan sahip oldugu {istiin 6zelikler
sayesinde 6ne ¢ikmaktadir (Tablo 3). Uzun bir ¢calisma 6émriine sahip bu lifler siradisi zor sartlarda dahi
sahip oldugu iyi fiziksel 6zellikleri koruyabilmektedir [2,15]. Poliester ve Naylon gibi konvansiyonel
tekstil liflerine benzer mekanik ozellikler tasiyan PEEK lifleri bu sayede 6rme, dokuma gibi tekstil
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formlarinda kolaylikla kullamilabilmektedir [2]. Yogunlugu 1,3 g/cm?® [35,40] olan PEEK liflerinin
baslangi¢ modiilii 5-6,2 GPa [35,40] arasinda degismektedir.

Tablo 3. PEEK lifleri ile bazi liflerin dzelliklerinin karsilagtirilmasi [15,25,35,40,41].

o Kopma Kopma Baslangic

Lif Cinsi 2{75;2)1“ anindaki Mukavemeti  Modiili

g uzama (%)  (N/tex) (GPa)
Ipek 1,25 23 0,34 11
Yiin 1,30 22 0,12 3,5
Pamuk 1,54 7 0,35 12
Keten 1,48 1,6 0,57 30
Viskon 1,52 20 0,23 7,3
Polipropilen 0,91 20 0,65 1,52
Poliamid 1,14 20 80 6
Polietilen teraftalat (PET) 1,38 13 80 3,4-21
m-aramid 1,44 15-30 0,48 36
p-aramid 1,45 1-4 2,05 127
Polibenzimidazol (PBI) 1,3-1.43 28-30 0,28 56
Yiiksek Performansl Polietilen (HPPE) 0,97 2,9 3,29 171
Polibenzobisoksazol (PBO) 1,54-1,56 1-3,5 3,71 280
Polieter eter keton (PEEK) 1,3 30 0,6 5-6,2
Politetrafloretilen (PTFE) 2,2 35 0,18 0,3
Celik 7,86 11 0,96 200
Yiiksek mukavemetli (HS) Karbon 1,78 1,6 2,1 240
Yiiksek modiillii (HM) Karbon 1,85 0,7 1,32 400

3.2 Termal ozelikleri

Ustiin mukavemet dzeliklerine sahip PEEK liflerinin termal 6zellikleri de oldukga iyidir. Hem yiiksek
sicakliklarda hem de diisiik sicakliklarda rahatlikla kullanilabilen bu liflerin erime sicakligi 334-345C°
iken camlasma sicakligi 143-145C° olarak bilinmektedir [2,8,18,27,42]. PEEK liflerinin 1sil bozunma
sicakligi1 bazi kaynaklarda 350C® den yiiksek [35] olarak genellenirken, bazi kaynaklarda 500C° olarak
belirtilmektedir. Fakat bu liflerin uygulama sicakliklar1 islem siirelerine bagli olarak degisiklik

gostermektedir. Ornegin devamlilig1 olan uzun siireli uygulamalarda 260C°’e kadar olan sicakliklarda
sorunsuz sekilde kullanilabilen PEEK lifleri, islem siiresi kisa olmak sart1 ile 300C° sicakliga kadar
ortamlarda kullanilabilmektedirler (Sekil 2) [1,14,15,20,42]. Bu lifler yiiksek sicakliklara oldugu kadar
diisiik sicakliklara da dayaniklidir. -60C”e varan sicakliklarda yapisinda her hangi bir gevreklesme

yasanmadan yapisini ve 6zelliklerini koruyabilmektedir [1].
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Sicak hava ile muamele (28 giin) Buhar ile muamele (7 giin)
lgg “ lgg W
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S 30 - S 30 y
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Sekil 2. 28 giin boyunca hava ortaminda yiiksek sicakliga maruz birakilan PEEK ve ¢esitli liflerin
mukavemetlerinin kargilagtirilmasi; 7 giin boyunca basinglt su buharina maruz birakilan PEEK ve ¢esitli liflerin
kargilastirilmasi [1].

Literatiirde PEEK liflerinin termal 6zelliklerini inceleyen ve bu liflerin termal 6zelliklerini diger 1siya
ve aleve dayamikli lifler ile kiyaslayan birgok ¢alisma mevcuttur. Ornegin, Sekil 2° de PEEK, m-aramid,
PPS (polifenilsiilfon), PET liflerinin 7 giin boyunca buhara maruz birakildiginda ve 28 giin boyunca
sicak hava ile muamele edildiginde mukavemet degerlerindeki degisim gosterilmektedir. Bu iki
grafikten (Sekil 2) de goriilecegi gibi PEEK lifleri 300C°” e kadar sicakliklarda hem kuru hava ortaminda
hem de buharli hava ortaminda oksidasyona ve hidrolize dayaniklilik gdstererek iyi bir performans
sergileyebilmektedir [1,15].

PEEK liflerinin termal 6zelliklerinin arastirildig1 bir diger arastirmada da Polieterimid (PEI) lifleri ile
PEEK lifleri karsilastirilmaktadir. Bu ¢alismada her iki lif tiirii de 30 dakika boyunca 180C® den 240
C%¢ kadar farkli sicakliklarda isleme tabi tutulmus ve liflerin 1s1l biiziilmeleri % olarak
karsilastirilmigtir. 180C°*de PEI lifleri PEEK liflerinden daha az bir biiziisme yasarken sicaklik artigi ile
PEI liflerinin yasadig1 biiziisme yiizdesi PEEK liflerine gore daha hizli artmakta, 240C°” de PEI lifleri
%80 oraninda biiziistirken PEEK liflerinde sadece %15-18 oraninda biiziisme ger¢eklesmektedir [42].

Bir malzemenin gii¢ tutusurlugunun seviyelerini belirlemek i¢in farkli yontemler mevcuttur. Bu
yontemlerden en yaygin kullanilan1 malzemenin yanmasi i¢in gerekli oksijen miktarini belirleyen LOI
testidir. Bu test yonteminde LOI degeri 25’in iizerinde olan malzemeler gii¢ tutusur olarak nitelendirilir.
PEEK liflerinin yanmasi igin gerekli limit oksijen miktar1 (LOI) %35’dir [8,35] ve bu lifler ayni
zamanda kendi kendini sondiirebilme yetenegine sahiptir [43]. Ayrica duman (duman yogunlugu: 2,06)
ve zehirli gaz tiretimi ¢ok az seviyede olan PEEK lifleri iyi gii¢ tutusurluk 6zellikleri sergilemektedir
[1,44].

Materyallerin termal dayanimlarimin degerlendirildigi bir diger test yontemi de Konik kalorimetre
testidir. Bu testte daha ¢ok liflerin aleve karsi gosterdikleri dayanim degerlendirilmektedir. Belirli
oranlarda 1s1 akigina maruz birakilan liflerin 1s1 yayilim hizlari, tutugma siireleri gibi ozellikleri
belirlenerek aleve kars1 gosterdikleri davramslar incelenmektedir. PEEK lifli kumaglara 75 kW/m?*lik
1s1 akis1 verilerek konik kalorimetre testi uygulandiginda, 1s1 yayilm hizinin 183 kW/m? oldugu
kaydedilmektedir ki bu liflerin gii¢ tutusur bir lif tiirii oldugunun saglamasi niteligindedir [44].

PEEK lifleri iistiin termal ozelliklerini; kimyasallara, yiiksek sicakliklara, aleve karsi dayanikli diger
yiiksek performansli PBI (Polibenzimidazol), PI (Poliimid), PPS (Polifenilsiilfon) liflerinde de oldugu

172



KALAYCI, AVINC, YAVAS

gibi aromatik yapimin sonucu olusan yiiksek kararliliga sahip yapiya bor¢ludur [35]. Bu liflerin
maliyetlerinin yiiksek olmas1 termal dayaniklilik hedeflenen kumaslarda daha ucuz olan aramid lifleri
ile karigim halinde kullanilmalarina neden olmaktadir [35].

Farkl1 tekstil formlarinda genis bir kullamima sahip PEEK polimeri bir¢ok uygulamada termoplastik
regine olarak da kullanilabilmektedir [6,35,37]. Genellikle kimyasal dayanim, yiiksek 1s1 dayanimi,
diisik duman ¢ikisi, yanmaya dayanim gibi Ozelliklerin arandigi uygulamalarda tercih edilen
termoplastik regine formu yaygin bir kullanima sahip oldugundan, bu yapinin kullanilabilir sicaklig
biiyiik 6nem tagimaktadir [7,45,46]. Erime sicakligi 350-390C° arasinda degisen PEEK termoplastik
regine formunun maksimum islem sicakligi yaklagik 250C° civarindadir [47,48]. PEEK regine yapilar
riizgar tiirbinlerinin kanatlarinda, batarya (pil) kiliflarinda, gii¢ tutusur tekstillerde, robotik ve otonom
sistemlerde bulunan kompozit yapilarda kullanilmaktadir [49]. Ayrica bu yapilarin mithimmat (cephane)
koruyucu kiliflarinda ve depolama konteynirlarinda kullanimlarina da rastlamak mimkiindiir [49].

3.3. Kimyasallara kars1 dayanimi

Teknik tekstiller pazarinda yiiksek performans 6zelliklerine sahip bircok lif tiirii bulunmaktadir. Ancak
PEEK lifleri sahip oldugu yiiksek performans 6zelliklerini yiiksek sicakliklilarin yaninda asindirici
kimyasallarin bulundugu ortamlarda da siirdiirmeyi basardigindan diger yiiksek performans lifleri
arasindan siyrilmaktadir [40,43]. Kimyasal maddelerin birgoguna karsi olduk¢a yiiksek dayanim
sergileyen PEEK lifleri sadece bazi yiiksek konsantrasyonlu asitlerden (siilfuirik asit, nitrik asit gibi)
etkilenmektedir [6,20,24]. Nem ¢ekme 6zelliginin diger yiiksek performansh lifler ile kiyaslandiginda
daha az oldugu gozlemlenen PEEK liflerinin 20C® de % 65 bagil nem ortaminda nem ¢ekmesinin
%0,18’lerde oldugu bilinmektedir (Sekil 3) [35].
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Sekil 3. Cesitli liflerin nem ¢ekme yiizdelerinin karsilagtirilmasi (%65 bagil nem ve 20C° sicaklik ortaminda) [15].

Cesitli kimyasal maddeler kullanilarak yapilan uygulamalar sonrast PEEK lifleri ile poliester ve bazi
aramid liflerinin koruduklari mukavemet degerleri incelenmistir. Sekil 4-a’da %40 sodyum hidroksit ile
60C*de bir giin boyunca gergeklestirilen islem sonucunda PEEK, m-aramid, p-aramid ve poliester
liflerinin koruduklart mukavemet degerleri verilmistir. Bu degerlendirmelere gore sekilden de
goriildigii gibi PEEK liflerinin mukavemetlerinde herhangi bir kayip yasanmazken, p-aramid lifleri
yaklasik %20°lik bir mukavemet kayb1 yagamakta, m-aramid lifleri mukavemetlerinin sadece %29 unu
koruyabilmekte, poliester lifleri ise mukavemetlerini tamamen kaybetmektedir [15] .
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Sekil 4. PEEK, poliester, p-aramid ve m-aramid liflerinin alkali/asit ile muamalesi sonucunda korunan
mukavemetlerinin kiyaslanmasi [15]

PEEK liflerinin asitlere karsi da oldukc¢a dayanikli oldugu belirtilmektedir. Sekil 4-b> de %50°lik
stilfirik asit ile 40C°* de 100 saat boyunca islem géren PEEK, m-aramid, p-aramid ve poliester liflerinin
korunan mukavemet yilizdeleri verilmektedir. Bazlara karsi dayanikli olan p-aramid liflerinin asit ile
islemi sonrasinda mukavemetinin %49’unu koruyabildigi gézlenirken, PEEK liflerinin hem asidik hem
bazik ortamlarda mukavemet o6zelliklerinde kayip yasamadigi kaydedilmistir. PEEK liflerinin cesitli
kimyasallara kars1 gosterdigi dayanma kabiliyeti ve diger yiiksek performans o6zellikli lifler ile
karsilagtirilmas1 Tablo 4’de gosterilmistir.

Tablo 4. Cesitli yiiksek performansli liflerin kimyasallara karst davraniglarinin kiyaslanmasi [25].

Et%'r'elgon Polimid  Polieterimid ~ Polifenilsiilfon  Polictersiilfon  Poliamidimid

G (PEI) (PPS) (PES) (PAI)
Konsantrasyonu .. L.
yiiksek asitler Zayif Iyi - Orta Orta Iyi
Seyreltik asitler ~ lyi Iyi Iyi Iyi Iyi Iyi
Alkoller Iyi Iyi Iyi Iyi Iyi
Alkaliler Iyi Zayif Orta Iyi Iyi Zayif
Aromatik . .- .- - .
Hidrokarbonlar Iyi Iyi Iyi Iyi Orta Iyi
Gresler ve yaglar  lyi Iyi - Iyi Iyi Iyi
Halojenler Iyi Iyi - Orta Iyi Iyi
Ketonlar Iyi Iyi - Iyi Zayif Iyi

3.4. Asinma dayanimi

Asmma dayanimi oldukga iyi olan bu polimerin siirtinme katsayisi digiiktir (Sekil 5) [1]. Tok bir
polimer olan PEEK polimeri ozellikle yiiksek sicakliklarda ve kismen yiiksek yiizey hizlarinda iyi
asinma direncine sahiptir [1]. Miikkemmel dinamik geri doniis (toparlanma) 6zelligi ve esnek yorulma
performansina sahip PEEK polimeri &zellikle kendi camlasma sicaklign (Tg 143C°) altindaki
sicakliklarda diisiik siinme ve diisiik biiziilme 6zellikleri sergilemektedir [1].

174



KALAYCI, AVINC, YAVAS

400| PEEK - 4000 .
(Zyex) PET N 160°C . 120C
100C 20C
300 he 1500 —_
& PEEK i i
Fd Z 7
§ 200 5 000 § £o88
g - PA g PET
= g
100 500 -
I m-aramid I PTFE
PPS I
10 I 10 i)
Monofilament Multifilament

Sekil 5. PEEK ve bazi liflerin asinma dayanimlarinin karsilagtirilmasi [1,50].

3.5. Elektrik Ozellikleri

PEEK lifleri elektrik iletkenligine sahip liflerdir. Bu 0Ozellikleri sayesinde elektrik elektronik
endiistrisinde genis bir kullanim alanina sahiptirler. Sadece kablolarda degil ayn1 zamanda, elektrik
iletkenligin istendigi kompozit yapilarda ve yakit hiicrelerinde iletkenlik saplayan membran yapilarda
da elektriksel ozellikleri sayesinde kullanilabilirler. Tablo 5° de PEEK liflerinin ve bazi yiiksek
performansli liflerin elektriksel 6zellikleri karsilagtirilmustir.

Tablo 5. Cesitli yiiksek performansl liflerin elektriksel 6zelliklerinin karsilagtirilmasi [25].

Zt‘;';etlf;ton Polimid  Polieterimid  Polifenilensiilfid ~ Polietersiilfon  Poliamidimid
peek) PV (PEI) (PPS) (PES) (PAI)
Dielektrik
sabiti 3,2-3,3 3,4 3,1 3,8-4,2 3,7 5,4
(@1Mh2)
Dielektrik
Kuvveti 19 22 30 18 16 23
(kV.mm)
Glig  Kayb1 00013
katsayisi 0,003 0,00018 @lkHz 0,0013-0,004 0,003 0,042
(@1MHz)
Hacimsel
Ozdireng 1015-1016 1018 7.10% 1016 107 -
(ohm.cm)

3.6. Isinlara kars1 dayanimi

Yiiksek performansh lifler i¢in i1sinlara dayanim biiyilk 6nem tasimaktadir. Bir lifin performans
ozellikleri ne kadar yiiksek olursa olsun 1sinlara kars1 dayanimi diisiik oldugunda bu yiiksek performans
ozeliklerinde kayiplar yasanacak ve tiriiniin dmriinii olumsuz etkileyecektir. PEEK lifleri UV, alfa, beta
ve gamma 1sinlarina kars1 dayaniklidir [51]. Bu sayede bu 1sinlara maruz kalinan alanlarda rahatlikla
kullanilabilmektedirler [51]. Ozellikle medikal iiriinlerin ~sterilizasyonunda bu 1gmlar sik
kullanildigindan bu liflerin dayanikliligi ve biyouyumlulugu PEEK lifli {iriinleri medikal tekstiler igin
ideal bir malzeme haline getirmektedir. Tablo 6’da PEEK lifleri ve gesitli yiiksek performansh liflerin
farkli 1sinlara karsi dayanimi gosterilmektedir [25].
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Tablo 6. Cesitli yiiksek performansh liflerin 1ginlara kars1 dayanimi [25,51].

Polieter eter Poliimid Polieterimid Polietersiilfon  Poliamidimid

keton (PEEK)  (PI) (PEI) (PES) (PAI)
Radyasyon direnci (alfa) Iyi Iyi - Iyi Iyi
Radyasyon direnci (beta) - Iyi - - Iyi
Radyasyon direnci (gama) - Iyi - - Iyi
Kirilma indisi - 1,66 - 1,65 -
gilng isinlarma  gosterilen Orta iyi iyi Orta iyi

3.7. Diger ozellikleri

PEEK lifleri sira digt bir safliga sahiptir. Uretimi sirasinda stabilizasyon icin ilave kimyasallara ihtiyag
duyulmamaktadir. Bu sayede EEC (European Economic Commission) ve FDA (Food and Drug
Administration) tarafindan medikal ve yiyecekler ile temas haline kullanilmasina izin verilmistir. Ayrica
diisiik ylizey enerjisi sayesinde kendi kendini temizleme yetenegine sahip PEEK lifleri kullanimi
sirasinda kirlenmeyi de minimuma indirmektedir [1,43].

Elektronik aletlerde sik kullanilan bir malzeme olan PEEK ayni zamanda RoHS yonetmeliklerine de
uygundur. RoHS yoénetmelikleri yeni nesil elektrik-elektronik aletlerde kursun, kadminyum, polibromlu
bifenil (PBB), civa, hekzavalent krom bilesikleri, polibromlu difenileter (PBDE) gibi belirli maddelerin
kullanimi sinirlamakta ya da yasaklamaktadir. PEEK yapisinda bu tiir tehlikeli maddeler icermediginden
elektrik-elektronik aletlerde rahatlikla kullanilabilmektedir [52].

PEEK liflerinin yapisinda halojen gibi ilave kimyasallarin olmamasi bu liflerin geri doniisiimii igin
olduk¢a onemlidir [15]. PEEK lifleri bu sayede belirli sartlar altinda biinyesinde barindirdigi énemli
fiziksel 6zeliklerinden ¢ok az bir kayipla geri kazandirilabilmekte ve geri dontstiiriilebilmektedir [1,43].

4. KULLANIM ALANLARI

Polieter eter keton (PEEK) lifleri iyi fiziksel 6zellikleri ve dayanikliligi ile gliniimiizde bir¢ok endiistri
dalinin vazgecilmez hammaddesi haline gelmistir. Her gecen giin bilinirliginin artmasi bu lifin zaten
yaygin olan kullanim alanlarina bir yenisini daha eklemektedir. Monofilament, multifilament ya da
stapel lifler olarak ¢esitli formlarda ve yapilarda karsimiza ¢ikabilen PEEK lifleri; 6rme, dokuma,
dokusuz yiizey gibi temel tekstil formlarinin [15] yani sira ti¢ boyutlu 6rme/dokuma kumaslarda [53],
kompozit yapilarda [15,22,23,42,54-59] ve membran yapilarda da kullanilabilmektedir.

Neredeyse teknik tekstillerin tiim alanlarinda kullanima sahip PEEK lifleri, yarinin gelecek vaat eden
yiiksek performansli liflerinden biridir. Karbon lifleri [4,12,38,59], PBI lifleri [60], cam lifleri
[58,61,62] gibi ¢esitli lifler de karisim halinde de kullanilabilen bu lifler, ayrica igi bos lifler olarak da
tiretilebilmektedir [42,55,57,60]. PEEK polimeri ve PEEK lifleri yakit hiicrelerinde kullanilan membran
yapilar ya da ici bos lifli yapilarin kullanildig: filtreler gibi yeni nesil kullanim alanlarinin yani sira
koruyucu teknik tekstiller, tagimacilik teknik tekstilleri, endiistriyel teknik tekstiller gibi daha birgok
alanda genis bir kullanim potansiyeline sahiptir [8,50,60,63].

4.1 Koruyucu teknik tekstiller

PEEK liflerinin kimyasallar ile kolay kolay tepkimeye girmemesi ve yiiksek sicaklik ortamlarinda
kullanilabilirligi bu lifleri koruyucu teknik tekstiller icin iyi bir aday haline getirmektedir. Ozellikle
alevden koruma saglayan giysilerin iiretiminde tercih edilen bir yiiksek performansli lif tiiriidiir [64,65].
Sadece hammadde olarak degil ayn1 zamanda koruyucu teknik tekstil malzemelerinin iretiminde
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kullanilan dikis ipligi gibi yardimci1 malzemeler olarak da bu liflerin kullanimina rastlamak miimkiindiir

[1].
4.2. Spor ve serbest zaman teknik tekstilleri

PEEK liflerinin kullanildigi diger bir alan ise spor ve serbest zaman teknik tekstilleridir. Spor
malzemelerinde ve miizik aletlerinde kullanim Ornekleri bulunan PEEK lifleri, 6zellikle kullanim
sirasindaki yiiksek geri donme 6zelligi sayesinde tenis, squash ve racquet ball (squash a benzeyen fakat
daha biiyiik bir top ile oynanan spor) gibi sporlarda kullanilan raket tellerinde monofilament olarak
tercih edilebilmektedir [22]. Raket telleri pazarinda kullanimi artmaya devam eden PEEK lifleri ayrica
gitar, keman gibi birgok telli miizik aletlerinde de kullanilabilmektedir. Sira dis1 ses niteligi (tonal
kalitesi) ile telli miizik enstriimanlarinda genis bir kullanim potansiyeline sahiptir (Sekil 6).

Sekil 6. PEEK sicimli raketler, PEEK polimerinden iiretilen keman ve yayli enstriimanlarda kullanilan PEEK teller
[50,66] [67]

4.3. Tasimacilik teknik tekstilleri

Hava, kara, deniz tagima araglarinda ve uzay sanayinde kullanilan teknik tekstillerinin genel adi olarak
bilinen tagimacilik teknik tekstillerinin {iretiminde ve yardimei elemanlarinda kullanilan teknik tekstil
liflerinden biri de PEEK lifleridir [49,64]. Bu lifler tasimacilik teknik tekstillerinde hava, kara ve deniz
tasitlarinda cesitli tekstil formlarinda karsimiza ¢ikmaktadir [5].

PEEK lifleri 1s1l kararlilig1 sayesinde ugaklardaki, uzay araglarindaki ve motorlu tagitlardaki motor
parcalar1 ve bu pargalar ile ilgili olan elektrik kablolari i¢in ideal bir malzemedir [9,10,13,16,17,50].
Ayrica, Ustlin mekanik 6zellikleri, asir1 sicak ortamlarda kullanilabilirligi ve agirlik tasarrufu saglamasi
PEEK lifli malzemeleri uzay-havacilik uygulamalart i¢in 6nemli bir hammadde haline getirmistir
[3,11,13,15,37,50].

Ugaklarda genellikle kullanilan paslanmaz celik, titanyum, aliiminyum gibi metaller yerine PEEK
liflerinin kullanilmas1 %70’e varan oranda daha hafif malzemelerin iiretilmesini saglamaktadir. Ayrica
bu liflerin yorulma omiirleri ve 6zgiil mukavemetleri aliiminyum ile kiyaslandiginda PEEK liflerinin
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100 kat daha uzun bir yorulma omriiniin oldugu ayrica %20’e varan oranlarda daha yiiksek 6zgiil
mukavemete ve sertlige sahip oldugu gézlemlenmektedir [61]. Uzun menzilli ugus yapan bir ugagin
agirh@indan 45 kg azaltmak, yakit titketiminde y1llik yaklasik $10,000 kar edilmesini saglamaktadir. Bu
rakamin sadece bir ucak ve 45 kg i¢in oldugu diisiiniiliirse, PEEK liflerinin ugak, helikopter, uzay gemisi
gibi hava tagitlarinda kullaniminin 6nemi ortaya ¢ikmaktadir [16,50,61]. Bunun yaninda kimyasallara
karst dayanim da havacilik sektorii i¢in onemli bir kriter olarak kabul edildiginden PEEK liflerinin
kullanildig1 yapilar (govde [9,28,62], yakt filtresi [9,17,61], kablolar [50], uydu pargalar1 [28], motorda
baz1 kisimlar [9,13,17], vb.) bu sektor igin olduk¢a 6nemlidir [47].

PEEK polimeri lif, iplik, kumas (dokuma, 6rme, dokusuz yliizey), recine ve kompozit gibi ¢esitli
yapilarda bagta Boeing ve Airbus gibi 6nde gelen ugak iireticileri olmak iizere bir¢ok gemi ve otomobil
tireticisi sirket tarafindan da tercih edilen bir malzeme haline gelmistir [5,11,49,61].

PEEK liflerinin tagimacilik teknik tekstillerinde en yaygin kullanilan formu kompozit yapilardir. PEEK
lifleri bu kompozit yapilarda tek basina kullanilabildigi gibi bazi yiiksek performans 6zelliklerine sahip
lifler (basta karbon lifleri [33,36,68,69] olmak iizere PTFE lifleri [68,69], Polifenilsiilfon (PPS) lifleri
[68], grafit lifleri [34], cam lifleri [34,62]) ile birlikte de kullanilabilmektedir [38,42]. Ayrica,
cogunlukla kiitle boyama yontemi ile renklendirilmis monofilamentlerden elde edilen PEEK serit
bantlarinin uzay, havacilik, otomotiv ve endiistriyel uygulamalarindaki kullanimlar1 da her gegen giin
artmaktadir [5].

4.4. Endiistriyel teknik tekstiller

PEEK liflerinin sahip oldugu yiiksek performans 6zellikleri bu liflerin endiistriyel teknik tekstillerde
kullanimin1 da oldukga pozitif yonde etkilemektedir [21]. Bu sebeple endiistriyel alanlarda genis bir
yelpazede kullanima sahiptir. Kablolar, filtreler, yakit hiicreleri, fir¢alar, konveyor kayislari ve contalar
PEEK malzemesinin kullanildig1 baglica alanlardir.

PEEK polimerinin ve PEEK liflerinin elektrik iletkenliginin iyi olmasi ve yiiksek sicakliklara dayanikli
olmasi elektrik kablolar1 basta olmak iizere elektrik-elektronik endiistrisinde bir¢ok alanda bu liflerin
kullanimina ortam saglamaktadir [9,14,15,17,24]. PEEK liflerinin RoHs’e uyumlu olmasi PEEK lifli
kablolarin kullanim potansiyelini arttirirken, bu lifler Yiiksek derecede gamma 1sinlarinin bulundugu
niikleer tesislerde robotik cihazlarin kablolarinda dahi kullanilabilmektedir. PEEK lifleri sadece kablo
olarak degil aym zamanda elektrik iletkenliginin istendigi ¢esitli kompozit yapilarda da karsimiza
cikabilmektedir [17,70,71].

PEEK liflerinin bir diger yaygin tagima teknik tekstil kullanim alani ise konveyor kayislaridir [50,64].
Konveyor bantlar1 (kayislart), lirlinleri akan bir sistem iizerinde tagimak amaciyla kullanilir. Ancak
endiistriyel liretim alanlarinin gesitliligi g6z oniine alindiginda, bu bantlarin bazen oldukg¢a zorlu ortam
sartlarindan etkilenmemesi gerekmektedir. PEEK liflerinin sahip oldugu 6zellikler bu uygulama i¢in bu
lifi 6n plana c¢ikartmaktadir. Mesela dokusuz yilizey kumas tretiminde 300C®nin iizerindeki
sicakliklarda gergeklestirilen birgok islem basamagi olabilmekte ve hattin akis hizi dakikada 300 m’yi
bulabilmektedir. Bu iiretimin gergeklesebilmesi i¢in ortam sartlarina dayanikli bir konveydr bandin
kullanilmasi sarttir. Ayrica makaralar ve silindirlerle aktarimin saglandig1 bazi ortamlarda sicaklik ve
kimyasallara karsi dayanimin yaninda siirtiinmeye ve asinmaya karst dayanim da 6nem tasimaktadir.
PEEK liflerinden iiretilen konveydr bantlar1 bu ortamlarda diger yiliksek performansh lifli ya da ¢elik
konveyor bantlari ile kiyaslandiginda, diisiik siirtiinme katsayisi ve uzun kullanim 6mrii sayesinde daha
uygun bir maliyete sahiptir. PEEK monofilamentlerinden iiretilen konveyor bantlarin kullanildig:
baslica alanlar; tekstil endiistrisi [50] (dokusuz yilizey kumas iiretimi, baski ve boya islemleri, 1sil
islemler), kagit endiistrisi, gida endiistrisi (besinlerin kurutulmasi) olarak siralanabilmektedir [15].
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Diisiik agirlikli kompozit malzemeler i¢in oldukga ideal bir materyal olan PEEK lifleri ¢esitli yontemler
ile kompozit yapilar igerisinde kullanilmaktadir [22]. Yiiksek performansli PEEK lifler ile
giiglendirilmis termoplastik kompozitlerin genis bir kullanim alan1 bulunmaktadir [16,61]. Ornegin,
PEEK liflerinden elde edilmis ince bir kumas sentetik kauguk contalarin giiclendirilmesinde
kullanilabilmektedir [9]. PEEK lifleri, iyi esnek yorulma dayanimlari, kimyasallara ve yiiksek
sicakliklara kars1 gosterdikleri kararli yapilar sayesinde bu lifleri ihtiva eden malzemenin daha uzun
omirli olmasimi saglamaktadirlar. Bununla birlikte, agir kimyasallarin bulundugu ortamlarda
kullanilacak borularda giiglendirme amaglh kullanilabilen PEEK lifleri [15] ayn1 zamanda enjeksiyon
kaliplarinin ve piiskiirtme haddelerinin sicak-temizlenmesinde kullanilan endiistriyel fircalarda da
kullanilabilmektedir [50].

PEEK polimerinin ve PEEK polimerinden elde edilen lif basta olmak iizere ¢esitli tekstil formlarinin en
genis kullanim alanlarindan biri de filtrelerdir. PEEK polimerinin 6ne ¢ikan performans 6zellikleri
sayesinde oldukca zorlu ortamlarda (yiiksek sicaklik, agir kimyasallar, vs.) kullanilan filtreler
iiretilebilmektedir. PEEK lifli filtrelerin yapisinda, PEEK lifleri dokuma, dokusuz yiizey gibi kumasg
formlarinda da kullanilabildigi gibi i¢i bos PEEK liflerinden iiretilen membran yapilar seklinde de
bulunabilmektedir. PEEK lifli filtreler genellikle kimyasal madde tozlarinin suyunun
uzaklastirilmasinda, sicak gazlarin bulundugu ortamlarda [50,64] (Sekil 7), yiiksek basingli alanlarda
[50,64] ya da baski filtrelerinde kullanilabilmektedir [8,50].

Gaz girisi

; \ ‘-..“ CH,
H,0, H,S, CO,, C + / 2

Merkaptanlar e

Sekil 7. igin bos PEEK lifli membran yapilarin kullanildig1 gaz filtreleri [63].

PEEK liflerinin son yillardaki bir diger kullanim alan1 da yakat hiicreleridir. Yeni nesil gevre dostu enerji
iretim mekanizmasi1 olan yakit hiicreleri, yakit enerjisini elektrokimyasal reaksiyon ile dogrudan
elektrik enerjisine doniigtirme esasina dayanmaktadir. Bu yeni enerji iiretim ydntemi bir cep
telefonunun ihtiyaci karsilayacak kadar az ya da koskoca bir sehrin ihtiyaci kadar ¢ok giig iiretebilecek
bir kapasiteye sahiptir [60,72] (Sekil ). Siradis1 bir enerji iiretim potansiyeline sahip bu mekanizmada
kullanilan materyaller de yontemin kendisi gibi istiin performans o&zelliklerine sahiptir. PEEK
polimerinin popiiler kullanim alanlarindan biri yakit hiicreleridir. Tek basina ya da bazi yiiksek
performansh polimerler ile karistim halinde kullanimlar1 da bulunan PEEK polimerinin yakit
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hiicrelerinde proton degisim mebranlar olarak kullanilabilirligini arastiran ¢ok sayida ¢alisma mevcuttur
[73,74].

sien (O
Elektrik  Oksien (02

—

Anot (=) ~= Katot (+)

Hidrojen (H2)
== Su

b=

Is1

Proton Degigim Membram

Sekil 8. Yakit Hiicresi [60,75].

4.5. Medikal teknik tekstiller

PEEK polimeri ve PEEK liflerinin bir diger yaygin kullanim alan1 da medikal teknik tekstillerdir [76]
(Sekil ). Biyouyumlulugu oldukga iyi olan ve artarda yapilan basingli kap sterilizasyonlarina karsi
dayanikli olan PEEK polimerinin ve bu polimerden iiretilen PEEK liflerinin viicut i¢erisinde kullanilan
cesitli implantlar ve ameliyat aletleri gibi teknik tekstillerde kullanimina sikga rastlanmaktadir [8,77].
Bu lifler ayn1 zamanda beta ve x 1sinlarina kars1 da dayanikli oldugundan medikal teknik tekstiller i¢in
ideal bir hammadde haline gelmistir [15].

Genellikle omurilik tedavisinde kullanilan implantlarda [78], gili¢lendirme uygulamalarinda [79],
ameliyatlarda kullanilan bezlerde/ipliklerde [80], kafa kemiklerinin dikise benzer ek yerleri ve kemik
bag dokularinda kullanilan baglarda [81], sonda borularinda [82] ve pinomatik cihazlarda kullanilan
PEEK lifleri, bunlara ek olarak dis implantlarinda da yaygin bir kullanima sahiptir [43,83]. Ortopedik
implantlarda karbon lifleri ile giiclendirilmis PEEK kompozitler de kullanilabilmektedir [62,76]. Bazi
caligmalarda da PEEK liflerinin miikemmel biyouyumlulugundan faydalanmak amaci ile karbon lifli
malzemelerin iizerine PEEK lifli yapilarin kilif seklinde kaplanarak kullanilabildigi belirtilmektedir
[29]. PEEK kaplamanin herhangi bir nedenle bozunmasi ve karbon liflerinin yiizeyde belirmesi halinde
bu liflerin biyouyumlulugu olmadigindan dokuyu hemen etkileyecektir [29].

PEEK, Osseo-integrasyon kapasitesi (canl kemik ile yiiklenmis implant arasindaki yapisal ve islevsel
baglant1 [84]) sayesinde dis implantlarinda kullanim ig¢in olduk¢a elverisli bir materyaldir [83].
Yerlestirilmesi kolay olan PEEK implantlar1 ani yiiklemeler altinda olduk¢a iyi bir performans
sergilemektedir. Estetik alanda kullanimi hem hekim hem de hasta i¢in olduk¢a Onemli avantajlara
sahiptir [24]. Dis implantlar1 arasinda olduk¢a yaygin kullanilan bir bagka materyal olan titanyum ile
gerilim dagilimlan karsilastirildiginda iki malzemenin de bir biri iizerinde her hangi bir istiinliigliniin
olmadig1 gozlemlenmektedir. Ancak ulasilabilir boyutlarin sinirli olmasi ve azaltilmig radyo-opasitesi
(olusumlarin ve dokularin radyasyonu emme kapasitesi) kaygi yaratabilmektedir [83]. PEEK
implantlarin genellikle birlikte kullanildigi dokular kemik dokulardir ve kemik dokular viicut igerisinde
en radyo-opak doku tiirleridir. Kemik dokularin radyolojik yontemler ile goriintiilenmesi oldukga kolay
iken radyo-opaklig1 az olan materyallerin goriintiilenebilmesi i¢in kontrast madde kullanimi zorunlu
hale gelmektedir [85].
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Sekil 9. a) Viicut igerisinde kemik yerine kullanilan PEEK implantlar [81], b) Cozgiilii 6rme teknigi ile tiretilmis
PEEK lifli ameliyat malzemeleri [80,86], ¢) PEEK lifli kan damarlar1 [87], d) Omurlarin tedavisinde kullanilan
PEEK implantlar [88,89], e-f) Dig implantlar1 [90], g) Kas ve kemik dokulari sabitleyiciler [79], h) PEEK isitme
cihazlar1 [91], 1) PEEK lifli sonda borular1 [82].

5. PEEK LIFLERINE UYGULANAN TERBIYE iSLEMLERI

Yiiksek mukavemet 6zelliklerine ve {istiin termal 6zelliklere sahip yiiksek performansli lifler genellikle
kendi dogalarindan gelen orijinal renkleri ile kullanilmaktadirlar. Ciinkii cogunlukla bu liflerin kimyasal
yapist boyarmadde molekiilleri ile lif arasinda bag kurulmasina uygun degildir. Bu sebeple yiiksek
performansli liflerde renklendirme islemi 1if ¢ekimi Oncesinde polimer ¢ozeltisine pigment
boyarmaddelerin ilavesi ile gergeklestirilir. Yiiksek termal 6zelliklere ve mukavemete sahip yiiksek
performansh liflerden biri olan PEEK liflerinde de genellikle renklendirme islemi, kiitle boyama
yontemi ile organik ve inorganik pigmentler kullanilarak kolaylikla gergeklestirilebilmektedir [24].
PEEK liflerinin de aralarinda bulundugu aramid, PEN lifleri gibi 1s1l direnci yiiksek sentetik liflerin
boyanabilmesine yonelik bazi aragtirmalar mevcuttur [92]. Bu arastirmalara gore, PEEK lifleri yiiksek
basing ortamlarinda c¢alismaya uygun kapali sistem boyama makinalarinda 150C° ve daha yiiksek
sicakliklarda dispers boyarmaddeler ile boyanabilmektedirler [92].

PEEK lifleri sadece dogasindan gelen tokluk, islenebilirlik ve tekrar kullanilabilirlik gibi termoplastik
Ozelliklere degil ayn1 zamanda iyi bir termal dayanima, nem dayanimina ve ¢dzgenlere karsi disiik bir
hassasiyete sahiptir. Ancak erime noktasi yiiksek olan bu liflerin 1slanabilirligi stnirhidir [57]. Ozellikle
kompozit yapilarin iiretilmesi sirasinda liflerin 1slanabilirligi biiylik 6nem tasidigindan ya farkli lifler
(Karbon lifleri [4,12,57], vb.) ile birlikte kullanilmakta ya da liflerin 1slanabilirligini arttirmaya yonelik
bazi 6n islemler (plazma modifikasyonu [57]) uygulanmaktadir. Her iki yontemin kullanildig
uygulamalara rastlamak da miimkiindiir [57]. Bu yontemler sadece PEEK liflerinin islanabilirligini degil
ayn1 zamanda asinma direncini gelistirmek i¢in de uygulanabilmektedir. Mesela kompozit
malzemelerde PEEK liflerinin Karbon lifleri ile birlikte kullanilmas1, kompozit yapinin aginma direncini
ve darbe dayanimini arttirmaktadir [10,59]. Sekil 10’da N2/O; plazma uygulanmis PEEK lifli yapinin
su damlasi temas acgist degerleri verilmistir. Plazma islem siiresi ile temas agisi arasindaki degisim
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gosterilmektedir. 20 saniyelik islem sonrasinda PEEK lifli ylizeyin hidrofil bir karakter sergiledigi
gozlemlenmektedir [93,94].
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Sekil 10. N2/O; plazma uygulanmig PEEK lifli kompozit yapinin su damlasi temas agis1 [93,94].

6. SONUC

Tekstil endiistrisi diinya ekonomisinin 6nde gelen kaynaklarindan biridir. Sadece konvansiyonel tekstil
tiretimi ile degil son yillarin yiikselen degeri olan teknik tekstiller {iretimi ile de diinya ekonomisine
biiyiik katkilar saglamaktadir. Ayni zamanda her gecen y1l yeni tiretilen {istiin performans 6zelliklerine
sahip lifler ve bu liflerin 6zelliklerinden ilham alinarak gelistirilen yeni kullanim alanlar1 sayesinde
sadece tekstil degil birgok endiistriye de deger kazandirmaktadir. Hal bdyle iken {ilkemiz de basta olmak
iizere bircok konvansiyonel tekstil iireticisi, her gecen giin daralan kér pay1 ve artan rekabet ile iretimin
saglandig1 konvansiyonel iiretim yerine, katma degeri yiiksek iiriinler olan teknik tekstilleri {iretmeyi
tercih etmektedir. Bu noktada da arastirma ve gelistirme ¢aligmalari biiylik 6nem kazanmaktadir. Teknik
tekstillerin {iretiminde kullanilan materyallerin genellikle {istiin performans o6zelliklerine sahip
hammaddeler olmasi1 maliyeti de arttirmaktadir. Bu sebeple hedeflenen iiriin 6zelliklerine, en uygun
maliyetle ulagmak 6nemli bir parametre haline gelmektedir. Tiim bunlarin gerceklestirilebilmesi i¢in de
teknik tekstillerde kullanilabilecek hammaddelerin &zelliklerinin, iiretim yontemlerinin, kullanim
alanlarinin bilinmesi gerekmektedir.

Bu ¢aligmada yiiksek performansl lif pazarinin 6ne ¢ikan lif tiir tiirlerinden biri olan PEEK lifleri
kapsamli sekilde incelenmistir. Sadece tekstil 1ifi olarak degil film, regine, monofilament gibi farkli
formlarda karsimiza ¢ikan PEEK polimeri, iistiin performans 6zelliklerine sahiptir. Bu sayede, hem
teknik tekstillerde hem de birgok farkli endiistri alaninda genis bir kullanim bulmaktadir. Kimyasallara,
1stya ve aleve karst dayanikliliginin yami sira biyouyumlu bir materyal olmasi, yapisinda zararl
maddelerin bulunmamasi, asinmaya, siirtiinmeye ve radyosyona kars1 gosterdigi direng sayesinde bugiin
teknik tekstiller endiistrisinin en yaygin kullanilan liflerinden biri haline gelmistir ve gelecekteki
kullanimin1 da bugiinden garantilemektedir. Bu derleme c¢alismasinda hedeflenen; iistlin performans
ozelliklerine sahip bu PEEK liflerinin yapisinin, 6zelliklerinin ve kullamim alanlarinin bilinirliginin
artirilmasi, yiiksek performansli liflerin teknik tekstillerdeki 6nemi konusunda biling kazandirmak ve
Tiirkce literatiire katki saglamaktir.
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Abstract. Turfgrasses are an important component of the landscape adding social, physical, and economic value to our lives.
The demand for green space in densely populated urban areas continues to rise. However, the general public where turfgrass
exacerbate pressure on available water resources, are prone to develop a negative environmental perception for turfgrass. In
general, turf sites of urban cities cause considerable water consumption and therefore is not considered sustainable. But
many turfgrass species have the ability to survive for extended periods without water. There are many strategies to reduce
irrigation and other management inputs on turfgrasses and hence to alleviate pressure on fresh water resources caused by
landscaping. Using native and well adapted grass species may offer sustainable solution. Interest is in the rise among
landscape managers for native plants in urban landscaping in recent years. Because of dry summers, limited water, high
temperature stress and salinity, it is both expensive and challenging to maintain traditionally used cool-climate grasses not
well adapted to Mediterranean region. Therefore, several warm-climate turfgrass species/cultivars were compared for their
drought resistance and adaptability to the region. To develop native bermudagrass cultivars, bermudagrass genotypes were
collected from the Mediterranean region of Turkey and were characterized for drought tolerance and turf qualities. Results
from these studies indicated that several turfgrass species/cultivar and native germplasms offer great potential for use in
sustainable urban landscapes in semiarid climates.

Keywords: Native plants, warm-climate grass, Mediterranean, drought

Cim Bitkileriyle Siirdiiriilebilir Peyzajlar Olusturulmasi

Ozet. Cim alanlar, sagladiklar sosyal fiziksel ve ekonomik degerlerle peyzaj alanlarinin énemli bilesenlerindendir. Yogun
yerlesimlerin yasandig1 kentsel alanlarda yesil alanlara duyulan ihtiya¢ artmaya devam etmektedir. Ancak, ¢im alanlarin su
kaynaklar iizerinde baski olusturduguna dair genel bir kanmin varligi, ¢im bitkileri lizerinde de negative bir ¢evresel alginin
olugmasina neden olmaktadir. Cim bitkilerinin genellikle su kaybina neden oldugu kanisindan dolayr uygun olarak
nitelendirilmemektedir. Fakat birgok ¢im tiirii bu kaninin aksine uzun dénem susuz hayatta kalma yetenegine sahiptirler. Cim
alanlarin sulama ve diger yonetim girdilerinin azaltilmasi ve su kaynaklari {izerindeki baskinin hafifletilmesi i¢in bir¢ok strateji
mevcuttur. Yerel ve adaptasyon Kabiliyeti yiiksek ¢im tiirlerinin kullanilmasi uygun bir ¢6ziim yolu olarak goriilmektedir. Son
yillarda kentsel alanlarda dogal tiirlerin kullanilmasi konusunda artan bir ilginin varoldugu bilinmektedir. Sicak gegen yaz
mevsimi, kit su kaynaklari, kuraklik ve tuzluluktan kaynaklanan stres dolayisiyla serin-iklim ¢im tiirleri Akdeniz iklimine iyi
adapte olamamaktadir. Bu nedenle, Akdeniz bdlgesinde kuraga dayanimi ve adaptasyon kabiliyeti yiiksek sicak iklim ¢im
tiir/gesitleri tercih edilmelidir. Yerel Bermuda ¢imi gesitlerinin gelistirilmesi igin, Tiirkiye’nin Akdeniz Bdlgesi boyunca
Bermuda ¢imi genotipleri toplanmis ve kuraga dayanimlari, kaliteleri belirlenmistir. Bu c¢alismalardan elde edilen sonuglar
gostermektedir ki, yarikurak iklimlerde siirdiiriilebilir peyzajlar olugturmak icin ¢ok sayida ¢im bitkisi tiirii/cesidi ve gen
kaynaklarinin kullanilmasi biiyiik potansiyeller sunmaktadir.

Keywords: Yerel bitkiler, sicak iklim ¢im tiirleri, Akdeniz, kuraklik

INTRODUCTION

Turfgrasses have been used to enhance living environment by humans for centuries [1]. With the
functional, recreational and aesthetic contributions, turfgrasses have become an important component
of the urban landscapes. Some of the environmental and functional benefits of growing turfgrasses
include rain water entrapment and ground water recharge, protection against soil erosion, dust
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prevention, soil improvement and restoration, carbon dioxide sequestering, enhanced heat dissipation,
and reduction in noise and glare [2]. In addition, turfgrasses can enhance social harmony, work
productivity, physical health and mental wellbeing of people by providing a suitable environment for a
range of recreational and social activities [2-5]. A number of psychological, social and behavioral
research demonstrated that the availability of accessible and attractive green spaces is an integral part
of urban quality of life [6, 7]. As the demand for green space in densely populated urban areas continues
to rise, the benefits of turfgrasses are even more pronounced [8].

Despite these benefits, a negative environmental perception for using turfgrasses in urban environments
has developed over the past two decades by general public especially within the countries where drought
is an occasional or regular occurrence [9]. Claims that turfgrass utilizes excessive water and
contaminates the environment with chemical residues have led to this negative public perception and
replacement of turf area by alternative landscapes, such as xeriscaping, and replacement of natural turf
with artificial turf in some countries [10, 11]. The forms of landscaping with increased proportion of
hardscapes and semi-hardscapes may be aesthetically pleasing and require minimal inputs for
maintenance, such as water however, they fail to provide many positive environmental benefits of
turfgrass [12]. Besides, such designs by absorbing large amounts of energy and then radiating that heat
energy back into the surrounding area can create heat sinks [12]. The use of artificial turf in place of
natural turf has been proposed for sport fields to reduce management inputs. Despite the many
improvements, synthetic turf poses serious health problems for users due to rapid heat build up to
dangerous level on a hot summer day and the potential exposure to lead and other heavy metals [11, 13,
14].

Significant progress has been made both in water usage by turfgrass [15] and the management of
pesticide and nutrient leaching from turfgrass [16] over two decades. Thus, as indicated by Higginson
and McMaugh (2008), there is no justifiable scientific basis for the negative press inflicted on turgrasses
in the media [11]. Research on various land use types compared with turfgrass indicates that sediment
and nutrient losses from urban and turfgrass systems is considerably less than losses from agricultural
and forest systems [17]. It was also indicated that most pesticides currently used in turfgrass present
relatively low risk for groundwater contamination [15]. As stated by Beard and Kenna, (2008) a healthy
turfgrass system provides considerable protection against leaching due to high levels of organic matter
and associated microbial activity which serve to immobilize and degrade applied pesticides and nitrates
[15]. With respect to water consumption, turfgrass is often considered as wasting water in minds and
therefore is not considered sustainable [18]. However as indicated by Johnson (2008) turfgrass does not
require inordinate amounts of water and instead often requires less water than some agricultural crops,
even in arid regions [19]. A study undertaken in residential landscapes in Florida investigated the water
use rates of two contrasting residential landscapes, a monoculture of St. Augustine grass (Stenotaphrum
secundatum cv. ‘Floratam’) turfgrass lawn, and an alternative presumed resource-conservative
ornamental mixed-species landscape [20]. The authors found that in year four, the mature turfgrass
landscape required less than two-thirds of the irrigation that the mixed-species landscape required.

There are many strategies to reduce irrigation and other management inputs on turfgrass and hence to
overcome perceived negative environmental impacts. Using drought hardy native and well adapted grass
species for a given region is one of them [19, 21] which can lead to a significant reduction in the need
for watering, mowing and fertilizing [11]. Native grasses are better adapted to low maintenance
conditions especially in the semiarid and arid regions, can tolerate stressful conditions in a number of
ways and brings the serenity and beauty of native grassland communities closer to home [19]. Therefore,
the interest in the use of native plants in urban landscapes has been increasing among landscape
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managers. The use of alternative waters (municipal recycled, untreated household grey, or other low
quality water) for turfgrass irrigation is indicated as another way of conserving potable water especially
in dry regions and in highly populated metropolitan areas where water is limited [15].

Antalya province located along the Mediterranean coastal region of Turkey leads in humber of golf
courses; natural turfgrass sports fields (soccer fields), sod production, and other maintained turf areas.
For concerns over water availability, turf areas especially golf courses in Antalya are also receiving
serious negative environmental criticism recently. Sustainable turfgrass management approaches are
being investigated in Turkey. In the following sections such studies and progress made toward turf
sustainability in urban landscapes of coastal Mediterranean region of Turkey are highlighted.

Case Study 1: Adaptation and Drought Resistance Assessment of of Warm-season Turfgrasses

in the Mediterranean Region

Traditionally cool-climate turfgrasses such as perennial ryegrass (Lolium perenne) and tall fescue
(Festuca arundinaceae) are the dominant species used as turf in the Mediterranean region of Turkey
and similar regions of neighboring countries [22, 23]. The cool-climate species, like tall fescue, require
significant amounts of water and fertilizer for a green, dense stand [24]. However, due to dry summer,
limited water, high temperature stress, high soil pH and salinity, it is expensive and challenging to
maintain traditionally used cool-climate grasses not well adapted to Mediterranean region. Increasing
the adaptive range of warm-climate grasses has been reported as a strategy for water conservation [10].
Compared to cool-climate grasses, the warm-climate species require about 45% less water [25], exhibit
greater drought tolerance [26] and possess a higher nitrogen (N) use efficiency under a wide range of
adaptation to soil conditions depending on the species [27, 28]. Two separate studies were conducted to
assess the adaptation and drought resistance of six warm-climate turfgrass species and several of their
cultivars to Mediterranean growing conditions of Turkey during 2006 and 2007 [29, 30]. Information of
this nature was lacking and would be helpful to landscape managers working in the region. The warm
climate turfgrass species studied were bermudagrass (Cynodon dactylon), buffalograss (Buchloé
dactyloides), zoysiagrass (Zoysia japonica ), bahiagrass (Paspalum notatum ), seashore paspalum
(Paspalum vaginatum ), and centipedegrass (Eremochloa ophiurioides). Tall fescue was included as a
cool-climate turfgrass species for comparison. For the drought study the fully established turfs were
subjected to drought stress for 90 day, followed by resumption of irrigation for recovery of the turfs
[30]. Among the summary points of the adaptation study, bermudagrass, bahiagrass and seashore
paspalum established faster and extended growing season by retaining their green color 15 d or longer
than the rest of the warm-season in the fall [29]. Seashore paspalum, bermudagrass, buffalograss, and
zoysiagrass exhibited acceptable turfgrass quality for 7 months throughout the growing season. Tall
fescue, a cool-climate turfgrass species, did not survive summer heat stress necessitating reseeding each
year in fall. Results showed that warm-climate species have great potential for summer and fall
utilization in the Mediterranean region where they perform better than cool-climate species commonly
used in the region, especially when heat and water limitations exist.

Bermudagrass and buffalograss exhibited superior drought resistance as demonstrated by lower leaf
firing and better shoot recovery values, with an acceptable turfgrass quality up to 30 day under drought
stress that can be utilized for water-efficient turf management under the Mediterranean environment
[30]. Tall fescue was unable to recover from the drought stress in the same study. Short and Colmer
(2007) also demonstrated the opportunity for water conservation when warm-climate turfgrass species
were used under Mediterranean-like climate in Australia [31].
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Case Study 2: Making use of native turfgrass species

This project focused on collecting and evaluating Turkish Cynodon genotypes for turf quality and
drought tolerance. Mediterranean region was shown to be within the center of diversity for
bermudagrass. Results of the study showed that a large genetic variation in drought resistance exist
among bermudagrass genotypes native to the region. Some of these genotypes were found to be superior
to commercial bermudagrass cultivars for their drought resistance, quality and color, indicating a genetic
potential for the development of native bermudagrass cultivars. Thus, a follow up project has just been
initiated recently with the aim of developing turf type drought resistant bermudagrass cultivars for use
in water-efficient landscaping under Mediterranean environment.

In addition to drought resistance, there is a considerable need for the evaluation of grasses for their
suitability for salt tolerance for urban landscaping in salt-affected areas. Similar to the coastal regions
of the world, rapidly developing Mediterranean coastal areas of Turkey suffering the problem of
seawater contamination of freshwater wells due to overuse of freshwater aquifer. Many local and federal
governments encourage or require use of secondary, saline water sources such as reclaimed water,
brackish water, in addition to implementing restrictions and/or penalties on potable water use for
landscape irrigation [32, 33, 34]. Therefore, there is a need for salt-tolerant turfgrass cultivars. In light
of the need, native bermudagrass germplasms collected from the Mediterranean region will also be
screened for salt tolerance and promising ones will be used for development of salt tolerant
bermudagrass cultivars. The interest in using alternative water resources for irrigation of turf is also
increasing in Turkey. Some golf clubs began utilizing reclaimed water sources for irrigation. In addition,
some clubs converted their green on the course to seashore paspalum, a highly salt tolerant species.
Maintaining turfgrasses with poor quality water can provide benefits by filtering pollutants and reducing
the dependence on potable water resources [10]

In conjunction with the use of the drought tolerant native or well adapted cultivars for a given
environment, the use of improved irrigation systems can lead up to 40 % water savings compared with
conventional irrigation techniques [11]. Many golf courses in the Mediterranean region uses improved
irrigation systems that apply water only when it is required by use of in situ soil moisture monitoring
systems. Pathan et al.(2003), demonstrated that use of the soil moisture sensor-controlled turf irrigation
system saved 100 L of water from leaching per square meter during a summer period of 154 days in
Western Australia [35]. The study to determine irrigation schedule in the Mediterranean of Turkey
showed that bermudagrass can be sustained with watering rate of 50-75% of evaporation seasonally
[36]. Similar water efficiency was reported by Short and Colmer (1999) from Perth in Western Australia.
They reported that warm season grasses could maintain acceptable growth and color with only 50-60%
of available water [37].

Since water use by a turfgrass can be altered substantially by any changes in management practices [15],
it is important to identify optimal sustainable turfgrass management system which require less inputs
under Mediterranean conditions for various species and cultivars. Specific cultural practices can be used
to decrease water use in urban landscapes, including mowing height and frequency, turfgrass nutrition
and turfgrass irrigation. Secondary cultural practices, such as plant growth regulators also influence
potential water conservation [15]. The main objective of plant growth regulator (PGR) application to
turfgrasses is to restrict leaf growth and the subsequent need for frequent mowing and watering.
Severmutlu et al. (2012) showed that mowing can be reduced over 60 % for most warm-climate turfgrass
species with PGR application in summer under Mediterranean conditions. This in turn would reduce the
need for water and fertilizer [38].
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CONCLUSION

Demands for parks, sports fields, and other recreational space in urban areas continues to rise. To meet
increasing green space need without imposing pressure on limited water sources, it is crucial to develop
and to use water efficient native turfgrass cultivars and/or well adapted species for the region. In
conclusion, bermudagrass and buffalograss species/cultivars possess superior drought resistance with
higher turfgrass quality, which can be used for water-efficient landscaping under the Mediterranean
environment. In addition, seashore paspalum is recommended for their superior salt tolerance and
adaptability to the region. These results will be helpful to landscape managers seeking to manage and
recommend suitable warm-climate turfgrass species and cultivars for water conservation for the
Mediterranean region. Future research on the long-term performance of these species under different
fertilization, mowing height, and irrigation regimes including reclaimed water sources should also be
considered to develop specific maintenance recommendations for a given species under Mediterranean
environment. With the use of native and well adapted drought resistant species such as bermudagrass,
buffalograss in conjunction with the best management practices, improved irrigation technologies, it
may be possible to sustain turfgrasses in urban landscapes with full benefits under Mediterranean
climates.
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Ozet. Bu caligmada, fen bilgisi 6gretmen adaylarina beyaz yulafta (Avena sativa L.) bitkisel biiyiime
hormonlarindan oksinin (indol-3-asetik asit=IAA) 1sikla iligkisinin, TGA y6ntemiyle 6gretimi amaglanmustir.
Nitel arastirma yontemlerinden, durum ¢alismasi deseninin uygulandigi ¢caligmaya; 2014-2015 egitim-6gretim
yilmin bahar déneminde Uludag Universitesi Egitim Fakiiltesi’nin Fen Bilgisi Ogretmenligi Anabilim Dalinda
6grenim goren ve “Genel Biyoloji Laboratuvar1” dersini alan 32 dgretmen adayi katilmistir. Aragtirmada veri
toplama araci olarak “Mika ve Bir Yonlii Isik” baglikli TGA yontemine gore diizenlenmis bir ¢aligma yapragi
kullanilmustir. Verilerin analizinde, frekans (f) ve yiizde (%) dagilimlarindan yararlanilmistir. Sonug olarak
Ogretmen adaylarinin tamaminin tahminde bulunarak siirece etkin bigimde katildigi, %96,9’unun goézlem
yaparak gozlemlerine gerekce yazdiklar1 ve %84,4’linlin de agiklama asamasina katildig: tespit edilmistir. Bu
sonuglardan hareketle, 6gretmen adaylarinin bu tiir bir 6gretim yaklagiminin 6ne ¢ikarilmasi halinde, tim
asamalara etkin bicimde katilma egiliminde olduklar1 ortaya koyulmustur.

Anahtar Kelimeler: Fen bilgisi 6gretmen adaylari, Oksin (IAA), TGA y6ntemi.

A Study on Teaching the Auxin-Light Relationship in Plants Through
Predict-Observe-Explain (POE) Method

Abstract. The purpose of this study is to teach pre-service science teachers the relationship between auxin (indole-
3-acetic acid=IAA), which is a plant growth hormone, and light in Avena sativa L. through Predict-Observe-
Explain (POE) method. Case study design, which is a qualitative research method, was employed. The study
participants were 32 pre-service teachers studying at the Department of Science Teaching of Faculty of Education
at Uludag University in the spring semester of the 2014-2015 academic year and taking the “General Biology
Laboratory” course. A worksheet titled “Mica and One-Way Light” arranged based on the POE method was used
for data collection. Data were analyzed through frequency (f) and percentage (%) distribution. It was found out
that all the pre-service teachers actively participated in the process by making predictions; 96.9% engaged in
observation and wrote down justifications for their observations; and 84.4% participated in the explain stage. The
results of this study show that pre-service teachers tend to actively participate in all stages if this kind of a teaching
approach is adopted.

Keywords: Pre-service science teachers, Auxin (IAA), POE method.

1. GIRIS

Bitki biiyiime hormonlarindan oksin (indol-3-asetik asit=IAA), biitiin yiiksek bitkiler tarafindan
u¢ tomurcuklarim boliinebilir dokularinda, geng¢ yapraklarda, tohumun embriyosunda,
stirglinlerde, gelismekte olan tohum ve meyvelerde sentezlenerek ug¢ kisimdan kdke dogru tek
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yonlii (bazipetal tasinma) iletilmektedir. Bu iletim sirasinda kimyasal degisime ugramayan
oksinin (IAA), bitkinin giines 15181 gérmeyen yerlerdeki iiretimi daha hizlidir. Bitki karanlikta
tutulur ya da tiim yanlardan esit sekilde 1siklandirilirsa, koleoptil yukar1 dogru dik biiyiir. Eger
bliyliyen koleoptil tek yonden isiklandirilirsa, 1s18a dogru kivrilir. Bu yanit, koleoptilin 151k
almayan tarafindaki hiicrelerin farkli ve hizli biiylime gdstermesi sonucunda olusur. Isik
alamayan tarafin 1s1k alan taraftan daha hizli uzadig: bilinmektedir [1-3].

TGA yontemi, deneysel ve uygulamali derslerdeki bir kisim konu ve kavramlarin 6gretimi icin
uygundur. Ug¢ asamali olarak uygulanan bu yontemin, ilk asamasinda, belirlenen konu
ogrenciye oncelikle kuramsal olarak anlatilir ve 6grenciden konuya iliskin tahminde bulunmasi
istenir. ikinci asamada, etkinlik gergeklestirilirken &grenciden gozlem yapmasi beklenir.
Ucgiincii asamada ise 6grenciden, tahmini ile gdzlemleri arasindaki farklilik veya benzerlikleri
nedenleri ile birlikte agiklamasi istenir.

TGA yontemi Ogrencilerin, olaylarin agiklanmasinda basit bir bilimsel anlatim kullanarak
iletisim kurma aliskanliklarinin gelistirilmesini, bireysel ve grup etkinliklerinde dayanisma ve
sorumluluk bilinci ile hareket etmeyi, inceleme, arastirma, gézlem ve deney sonuglarini yazi,
cizim ve grafiklerle gosterebilmelerini, kavram yanilgilarinin ortaya ¢ikarilmasit ve
giderilmesini, baz1 temel kavramlar1 derinlemesine 6grenmelerini, bilimsel siire¢ becerilerini
ve Onbilgilerini etkin bir sekilde kullanabilmelerini, 6grenciye mevcut bilgisini ve
deneyimlerini giinliilk hayatta karsilastifi benzer olaylardan yararlanip bunlar1 tahminlerini
desteklemek i¢in kullanmasini saglar [4-7]. TGA yonteminin uygulamalari sirasinda, 6ne ¢ikan
bu nitelikler dikkate alindiginda, fen bilgisi 6gretmen adaylarinin bu yontemi etkin bigimde
kullanmalarimin 6nemi ortaya ¢ikmaktadir. Ciinkii fen bilgisi 6gretmenleri igin; laboratuar
ortaminda Ogretim yapabilme, fen kavramlarmin 6gretiminde deneylerden yararlanabilme,
ogrenci katilimlarmin saglandigr etkinlikleri planlayabilme becerileri, 6nemli mesleki
yeterliliklerdir. Ogretmen adaylarinin, bu becerileri kazanabilmeleri igin, lisans 6grenimleri
sirasinda  ilgili  konularda Ornek uygulamalar yapmis olmalarimin  yararli olacagi
diisiiniilmektedir. Ogretmenlerin bir konu ya da kavram oOgretirken kullandigi 6gretim
materyalleri, olusturdugu 6grenme ortami vb. 6grencilere bilgiye ulagsma ve olaylart yorumlama
yollarin1 gbérmeleri agisindan Onemli yarar saglar [7]. Bununla birlikte yontemin, tiim
asamalarinin sadece deney basamaklarindan ibaretmis gibi algilanmasi, TGA’nin 6gretim
yontemi olarak kullanilmasini sinirlandirmaktadir. Yonteme yonelik bir diger sikinti da
uygulama ve yapilacak deneylerin bir kisminda, varsayimlar dogrultusunda gézlem yapma
olanaginin bulunmamasidir.

Bitkilerde biiylime ve gelisme konusu ile ilgili yapilan arastirmalar [8-17] incelendiginde,
yontemin uygulandigi sinirlt sayida ¢alismaya rastlanmaktadir [14, 18, 19]. Biyolojide bitki
hormonlarinin 6gretimiyle ilgili az sayida calisma yapilmis olmasi TGA yontemiyle bu tiir konu
ve kavramlarin Ogretiminin uygulandigi bir arastirmaya rastlanmamasi, bu calismanin
yapilmasma gerekce olusturmustur. Ayrica TGA yonteminin, fen Ogretiminde 6grencinin
arastirmaci kimligini 6n plana ¢ikarip basarisimi arttirmasi, olumlu yonlerinin 6ne ¢ikmasi ve
uygulanabilirligi yiiksek ve kolay olmasi agisindan da tercih edilmekte oldugu
belirtilmektedir[4-6, 20-22].
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Calismada, fen bilgisi 6gretmen adaylarina, beyaz yulafta oksinin (IAA) 1sikla iligkisinin, TGA
yontemiyle Ogretimi amaglanmistir. Boylece deneysel etkinliklerle, 6gretmen adaylarinin
giinlik yasamlarinda karsilastiklar1 olgulara, olaylara veya problemlere bakis acilarinin
degisecegi, problem ¢ézme siirecinde, fen derslerindeki kavramlari 6grenme ve bilimsel
yontemi uygulamaya yonelik olumlu tutumlar gelistirecekleri diistiniilmektedir. Bu siireg
Ogretmen adaylarmin giinlik yasamlariyla, fen kavramlar arasindaki iliskiyi gérmelerini
saglayacak sekilde tasarlandiginda, anlamli ve derin 6grenmenin ger¢geklesmesine olumlu
etkileri olacagi kanisindayiz.

2. YONTEM

Arastirmada tek bir birimin (birey, kurum, program, okul, vb.) analiz edildigi biitlinciil tek
durum deseni kullanilmistir [23]. Calisma grubunu, 2014-2015 egitim-6gretim yilinda Uludag
Universitesi Egitim Fakiiltesi’nin Fen Bilgisi Ogretmenligi 2. sinifinda dgrenim goren ve
“Genel Biyoloji Laboratuar1” dersini alan 32 §gretmen adayi1 olusturmaktadir.

2.1. Veri Toplama Araci

Calismada veri toplama araci olarak, aragtirmacilar tarafindan hazirlanan; “Mika ve Bir Yonli
Isik” basliklt TGA yoOntemine gore diizenlenmis bir ¢alisma yapragir kullanilmistir. Egitim
Fakiiltesi Ilkogretim Béliimii Fen Bilgisi Egitimi programi ve 2013 Ortadgretim Biyoloji Dersi
Ogretim Programi’nda bitkisel hormonlar konusunda belirtilen kazanimlar esas almarak [24]
ve alan yazin taramasi yapilmis ve daha sonra hazirlanan ¢alisma yapraginda; tahmin, gézlem
ve aciklama olmak tizere ii¢ boliim ve bu boliimlerin altinda agik u¢lu sorular bulunmaktadir.
Calisma yapraginda yer alan sorularin; agik, anlasilir, goriiniis gecerliligi bakimindan uygun
olup olmadigini, arastirilan konuyu temsil etme giiciiniin ve igerik gecerliliginin artirilmasini,
gereksiz, diizeltilmesi gereken ya da anlasilmayan herhangi bir ifade olup olmadigini tespit ve
kapsam gegerliligini kontrol etmek i¢in alan uzmanlarinin goriisiine bagvurulmustur.

2.2. Uygulama

Ogretmen adaylarina etkinlik &ncesi, TGA ydntemine dayali olarak hazirlanmis calisma
yapragi, deneyin yapilist ve oksinin (IAA) etkileri, 6zellikleri, sentezlendigi yerler, tasinmasi
ve bu etkinlik i¢in neden seg¢ildigine iliskin bilgi ve agiklamalarin yer aldig ti¢ farkli 6gretim
materyali dagitilmigtir.

Calisma yapraginda yer alan tahmin asamasinda; 6gretmen adaylarindan deney yapilmadan
once, konuyla ilgili tahminlerini nedenleriyle birlikte yazmalari, gozlem asamasinda deneyi
yapmalari ve gézlem sonuglarini kaydetmeleri, agiklama asamasinda ise tahminleriyle gozlem
sonuglariin uyusup uyusmadigini nedenleriyle birlikte bireysel olarak agiklamalar istenmistir.

Ogrencilere, bir hafta 6nce karanlikta ¢imlendirilmis yulaflar hazir olarak verilmistir. Etkinligi
uygulayan 6grenciler bitki gelisimiyle ilgili her giin gozlem yapmis ve sonuglari kaydederek
gozlemlerine dayali c¢ikarimlarda bulunmustur. Tamaminda beyaz yulaf koleoptillerinin
kullanildig: etkinliklerin yapilis1 iki hafta siirmiistiir.
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Etkinlik: Mika ve Bir Yonlii Isik

Bu etkinlikte, ii¢ grup yulaf koleoptili kullanilmistir. Birinci gruptaki bitkiler, kontrol amagl
olarak biiyiimeye birakilmistir. ikinci grup igin koleoptilin sol tarafina, ii¢lincii grup igin
koleoptilin sag tarafina gelecek sekilde kiiglik bir mika parcgasi yerlestirilmistir (Sekil 1). Her
iic gruptaki koleoptiller sadece sag taraftan gelen tek yonlii bir 1s1kla aydinlatilmistir.

151k

I Qr.ub |

Sekil 1. Isiklandirilmis koleoptiller

2.3. Verilerin Analizi

Veri analizinde Oncelikle katilimcilarin  ¢aligma  yapraklari, 1°den 32’ye kadar
numaralandirilmistir. Calisma yapraklarinin tahmin ve agiklama asamalarindan elde edilen
veriler “dogru”, “kismen dogru” ve “yanlis” seklinde ii¢ kategori altinda degerlendirilerek
analizi uygulanmis, herhangi bir puanlama yapilmamistir. Gozlem basamaginda ise verilen
yanitlarin frekans ve yilizde degerlerine bakilmistir.

2.4. Gegerlik ve giivenirlik

Veri toplama araci bir fen egitimcisi ve biyoloji 6gretim tiyesinin goriisiine sunulmus ve olumlu
goriis alinmistir. Buna gore, calisma yapraklari gecerliliginin saglandig1 kanisina varilmistir.

Calisma yapraginda, verilecek yanitlarin her birinin, ayr1 bir satira yazilmasi saglanarak verilen
yanitin Onceki yanitlardan az etkilenmesi saglanarak giivenirligin yliksek tutulmasi
amaclanmustir.

Giivenirligin tespiti igin veriler iki arastirmaci tarafindan ayr1 ayr1 gruplandirilmis ve uyum
yiizdesi %88,3 olarak hesaplanmistir. Uzlagma ylizdesinin %70 ve {istiinde olmasi1 kabul
edilebilir deger sayilmaktadir [25]. Ayrica tahmin ve agiklama asamalarina iliskin 6gretmen
adaylarindan dogrudan alintilara yer verilmistir.

3. BULGULAR

(Calisma yapraginda yer alan tahmin, gézlem ve aciklama agamalari i¢in 6gretmen adaylarina
“Etkinlikte meydana gelecek degisimlere iligkin tahminlerinizi nedenleriyle birlikte yaziniz.”
seklinde soru yoneltilmis:
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L. grup i¢in (kontrol grubu);

“Hig¢ bir islem uygulanmayan kontrol grubundaki koleoptillere, sag taraftan isik
verilirse, oksin hormonunun wsik olan taraftan uzaklasacag, biriktigi yerde daha fazla hiicre
boliinmesi gercekleserek  koleoptilin isiga  yonelecegini  yani  asimetrik  biiyiime
gercgeklesecegini‘,

II. grup i¢in (sol tarafta mika);

“Sol taraftan yariya kadar kesilip araya mika yerlestirilen ve sag taraftan isik verilen
koleoptilin ucunda iiretilen oksinin isiktan uzaklagsarak mikanin tistiinde birikecegini,
koleoptilin alt kisimlarina iletilemeyeceginden sadece sag taraftaki isiktan dolayr ¢cok yavas

ilerleyen biiyiime ve yonelmenin gerceklesecegini®,

II1. grup icin (sag tarafta mika):;

“Sag taraftan yariya kadar kesilip araya mika yerlestirilen ve ayni taraftan 151k verilen
koleoptilin ucunda iiretilen oksinin isiktan uzaklagarak mikann iistiinde birikecegini, oksinin
mika ve 15181n olmadig tarafta alt kisimlara iletileceginden biiyiimenin koleoptilin daha ¢ok sol
tarafinda, yonelmenin ise 1s1ga dogru (sag tarafa) gerceklesecegini aciklamasi beklenir.”
seklinde cevap vermeleri beklenmistir.

Ogretmen adaylarindan alian cevaplari frekans ve yiizdeleri Tablo 1°de verilmistir. Ogretmen
adaylarinin tahmin ve agiklamalarinin nedenlerine iligkin cevaplart da ayrica sunulmustur.

Tablo 1. “Bir bitkinin 15182 yonelmesinin sebebi nedir?” baslikli etkinlige iliskin 6gretmen adaylarinin tahmin ve
aciklamalari

TAHMIN (N=32) ACIKLAMA (N=32)
Kisme
Dogru Kismen Dogru Yanlig Dogru n Yanlig
Dogru
f % f % f % f % f % f %
Beklenen Cevap 11 34,4 10 312 11 3:’ 17 Sf’ 7 291’ 3 9,4

Tablo 1°de goriildigii gibi 6gretmen adaylarinin tamaminin koleoptillerde meydana gelecek
degisimlere iliskin tahminde bulundugu, dogru tahmin oraninin %34,4, kismen dogru tahmin
oraninin %31,2 ve yanlis tahmin oraminin da %34,4 oldugu tespit edilmistir. Kontrol
grubundaki koleoptiller i¢in, 68retmen adaylarinin tiimii koleoptillerin biiyliyecegini dogru
tahmin etmis, ancak yonelmeden bahsetmedikleri i¢in, verdikleri yanitlar kismen dogru tahmin
kategorisinde degerlendirilmistir. Sag tarafa mika yerlestirilen koleoptiller i¢in kismen dogru
tahminde bulunan 6gretmen adaylar1 “Sag tarafa mika yerlestirilen koleoptiller biiyiir. ”, “Isik
sag taraftan verildigi icin koleoptil saga dogru yonelir.” seklinde agiklama yapmistir. Yanlis
tahminde bulunan 6gretmen adaylarinin ise “So/ tarafinda mika olan koleoptilde, sagdan 1sik

)

gelince oksin sag tarafta birikir ", “lkinci grupta mikanin oldugu tarafa dogru biiyiime olur.”,

“Ikinci grup koleoptilleri sagdan aldig1 giines 1sigiyla gelisir.”, “Uciincii grupta diiz bir
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biiyiime olur”, “Isigin oldugu tarafta biiyiime daha ¢ok olur.” seklinde tahminlerine gerekce
gosterdikleri belirlenmistir.

Etkinlige yonelik tahmin ve goézlem sonuglari arasindaki uyumu agiklayan Ogretmen
adaylarinin %53,1’inin dogru, %21,9 unun kismen dogru ve %9,4’liniin yanlis aciklama yaptigi
tespit edilmistir. Ogretmen adaylarmin %15,6’smin bu soruyu cevapsiz biraktig belirlenmistir.

Bu etkinlikle ilgili olarak dogru tahmin ve agiklamada bulunan 6gretmen adaylarindan
bazilarinin goriisleri asagida verilmistir.

A2: Higbir islem uygulanmayan koleoptilin biiyiimesi normaldir, ¢tinkii arada mika yok.

A7: Mika difiizyonu engelleyen bir madde oldugu icin hormon gegisi olmaz. Bitki tam
gelisemeyeceginden sararir (1. grup).

A10: Kontrol grubunda biiyiime ve ayni zamanda saga yonelim vardir.

A12: Sol tarafa mika ekledigimizde koleoptilin sag tarafinda hafif biiyiime gézlenebilir.

Al4: Isiktan dolayr kontrol grubundaki koleoptil sag tarafa dogru yonelir.

Al5: Oksin hormonu 1s1ksiz ortamda daha etkindir ve u¢ kisimdan salgilandigt icin her iki
koleoptil de (I1. ve 111. grup) farkl: yonde biiyiir.

A27: Bu etkinlikteki kontrol grubunda digerlerinden farkl olarak isik kullamilmistir. Oksin
5181n olmadig yerde daha ¢ok birikir. Bu yiizden de kontrol grubundaki koleoptillerde biiyiime
olur.

A28: Kontrol grubunda mika kullanilmadig: i¢in hormon gegisi vardir ancak 1siktan sebep
sol tarafta biiyiime daha ¢ok olur.

A29: Mika koydugumuz tarafin tersine yonelme olacagini diisiinmiistiik. Ancak mikayi
nere koyarsak orada biiyiime olmayacagin diger tarafta da 1s1ga bagl olarak biiyiime
ger¢eklesecegini (oksinden dolayi) ogrendik.

Gozlem agamasinda, 6gretmen adaylarinin gozlem sonuglarina ve gézleme dayali ¢ikarimlarina
yer verilmistir. Ogretmen adaylarinin cogu, gézlem asamasinda, gdzlenmesi gereken hususlari
islem basamaklari itibariyle dogru tespit etmistir. Tablo 2’ye gére baz1 6gretmen adaylarinin,
her bir etkinlige yonelik birden fazla gozlem sonucu kaydettikleri goriilmektedir.
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Tablo 2. Gozleme dayali olarak yulaf koleoptillerinde meydana gelecek degisimlere iliskin 6gretmen adaylarinin
cevaplart

Ogrenci Gézlem Sonuclar f %

Sag tarafina mika yerlestirilen koleoptilde biiyiime sol tarafta oldugu i¢in yonelme saga (1s18a) 29 90,6
dogru gerceklesti.

Kontrol grubunda biiyiime gozlendi. 24 75
Sol tarafina mika yerlestirilen koleoptilde biiyiime kismen gézlendi. 22 68,8
Sol tarafina mika yerlestirilen koleoptilde yonelme gozlendi. 14 4338
Bitki sarardigindan gézlem yapilamadi. 2 62

Sol tarafina mika yerlestirilen koleoptilde biiyiime sag tarafa dogru oldugu i¢in yonelme sola dogru 1 3,1
gerceklesti.

Sag ve sol tarafa mika yerlestirilen koleoptillerde biiylime gergeklesmedi. 1 31
Sag tarafa mika yerlestirilen koleoptilde sol tarafa dogru biiylime ger¢eklesirken yonelme 1 3,1
gozlenmedi.

Sag tarafa mika yerlestirilen koleoptilde biiylime gergeklesmedi. 1 31
Cevap yok. 1 31

Tablo 2’ye gore Ogretmen adaylarmin %96,9’unun etkinlige iliskin gozlem sonuglarini
kaydettigi tespit edilmistir. %90,6°s1 sag tarafina mika yerlestirilen koleoptilde biiyiimenin sol
tarafa dogru oldugu i¢in yonelmenin saga (1s18a) dogru gergeklestigini, %751 kontrol grubunda
biliylimenin gozlendigini, %68,81 sol tarafina mika yerlestirilen koleoptilde biiyiimenin kismen
gozlendigini, %43,8°1 bu koleoptilde yonelme gdzlendigini, %6,2°si bitki sarardigi i¢cin gdzlem
yapilamadigini, %3,1‘1 biliylimenin sag tarafa dogru oldugu i¢in ydnelmenin sola dogru
gerceklestigini, %3,11 sag ve sol tarafa mika yerlestirilen koleoptillerde biiyiime
gerceklesmedigini, %3,1°1 sag tarafa mika yerlestirilen koleoptilde sol tarafa dogru biiylime
gerceklesirken  yonelmenin  gozlenmedigini, %3,1°‘1  bu  koleoptilde  biiyiimenin
gerceklesmedigini belirtmis, %3,1°1 ise bu etkinlik i¢cin gdézlemlerine yonelik hi¢bir sonug
yazmamustir. Ogretmen adaylarmin  %6,2’si  “Sol tarafina mika yerlestirilen yulaf
koleoptillerine sag taraftan isik verilirse uglarda tiretilen oksin isiktan uzaklasir ve mikanin
uistiinde birikir. Oksin alt kisimlara tasinmadigindan biiyiime ve yonelme bu kisimda
gergeklesmez.”, %3,1’t “Mikamin oldugu tarafta difiizvon olamayacagi igin biiyiime
gergeklesmez.” seklinde gozlemlerine dayali dogru, %3,1°1 “Mika koyulan koleoptillerin hig
biri u¢ kissmdan biiytimemis, solmugstur.” seklinde de yanlis ¢ikarimda bulunmuslardir.

4. TARTISMA ve SONUC

Arastirmada 6gretmen adaylarinin TGA ydnteminin uygulanmasina, biiyiik dl¢lide katildiklar
belirlenmistir. Tahmin asamasinda, 6gretmen adaylarinin tamaminin bu siirece etkin bicimde
katildig1, %34,4iiniin de tahminlerini dogru yaptig1 tespit edilmistir. Alanyazinda 6gretmen
adaylarinin, dogru tahminde bulunmalar1 halinde mutlu olduklari, yanlis tahmin yaptiklarinda
ise {iziildiikleri, ancak tahmin ve gozlemlerini karsilagtirarak yanlis bilgilerinin farkina
vardiklarindan, kendilerini daha iyi hissettikleri ve bu nedenle de Ozgiivenlerinin arttig
belirtilmektedir [18, 26, 27].
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Tahmin yOnteminin birinci asamasinda Ogrencileri olaya iliskin tahminler yliriitmeye
zorlayarak, onlari iist diizey diistinmeye yoneltir. Ayrica tahmin agsamasi onlarin hayal giiglerini
kullanmalarina ve burada yapilandirdiklar1 diisiinceleri rahat¢a agiklamalarina olanak verir,
ogrencilerin ifade etme becerilerini gelistirir. Tim bunlar dikkate alindifinda tahmin
asamasinin, yontemin en énemli basamagi oldugu goriilmektedir.

Tahmin asamasinda Ogretmen adaylarinin %34,4’linlin yanlis tahminde bulundugu ve
tahminlerinin nedenlerini de yanlis agikladiklar1 belirlenmistir. Yanlis tahmin nedenlerinin;
yanlis ya da eksik on bilgi ve alternatif kavramlara sahip olmalarindan, bu bilgileri etkin
kullanmada yetersiz kalmalarindan, deney basamaklarini tam olarak anlama noktasinda sorun
yasamalarindan, islenen konuya ilgi duymamalarindan kaynaklandig: diistiniilmektedir.

Ogretmen adaylarinin biiyiik bir kisminin (%96,9) uygulamalarin izlenmesi sirasinda
gozlemlerini kaydettikleri ve gozlemlerine gerekgeler yazdiklari, %81,4’liniin ise dogru gézlem
ve gozleme dayali ¢ikarim yaptiklari belirlenmistir. Ogretmen adaylarmin %15,5’inin yanls
gozlem yaptigi ve bu sonucun 15181, oksinin (IAA) koleoptil ucundan asagiya taginarak
asimetrik olarak dagilmasina ve bunun sonucu olarak da 1s1k almayan taraftaki hiicrelerin 151k
alan taraftaki hiicrelerden daha hizli biiylimesine neden oldugunun ogretmen adaylari
tarafindan dogru anlasilamamasindan kaynaklandig: diisiiniilmektedir.

Arastirmada TGA yonteminin agiklama asamasina 6gretmen adaylarinin %84,4 oraninda
katildig1, tahmin ve gozlemlerin uyusup uyusmadigi noktasindaki diisiincelerini yazdiklari ve
tahmin ile gézlem sonuglari uyum gosteren 6gretmen adaylarinin %53,1 oldugu belirlenmistir.
Ogretmen adaylariin agiklama asamasindaki katilimi ve tahmin ile gdzlem arasinda uygunluk
orani, yontemin bu asamasinda da basarili oldugunu gostermektedir.

Aciklama basamaginda Ogrenciler, aslinda tiim olaylarin, onlarin tahmin ettigi gibi
gerceklesmeyebilecegini ve olaylarin her zaman beklenen sonuglar1 vermeyebilecegini 6grenir.
Boylelikle bu basamakta 6grenciler, ger¢egi ancak olaylari izlemek suretiyle anlayabileceginin
farkina varir ve yalnizca tahminleri ile kesin sonuglara gitmekten vazgeger. Sonug olarak
aciklama basamaginda 6grenciler, birden fazla ve bazi durumlarda birbiriyle celisen fikirlere
sahip olduklart durumlarda, bu fikirlerin uyumsuzlugundan uyumlu bir biitiin elde etmeyi
ogrenmis olur [28].

Tahmin ile gézlem sonuglari uyum gostermeyen 6gretmen adaylarinin %9,4 oraninda oldugu,
%15,6’sinmn ise herhangi bir agiklama yapmadig: tespit edilmistir. Ogretmen adaylarmin
aciklama yazmama nedenlerinin, bu agamada zorlanmalarindan, tahmin ile gozlem arasinda
iliski kurmada sorun yasamalarindan, yorum yapma, temel ve ist diizey bilimsel siire¢
becerilerinin yetersiz olmasindan kaynaklandig diistiniilmektedir. Bu sonuglar alan yazindaki
arastirma sonuglartyla da benzerlik gostermektedir [29-31].

Uygulama siirecinde 6gretmen adaylarinin TGA yOnteminin tiim basamaklarindaki ¢alisma
yapraklarindan elde edilen agiklamalar incelendiginde, bu etkinliklerden zevk aldiklari, yanlis
bilgilerini diizeltme imkani bulduklari, etkinliklerin bireyler arasi etkilesime olumlu katkisi
oldugu, anlagilmaktadir. Bu ag¢iklamalarin, 6gretmen adaylarinin 6grenmeleri hakkinda fikir
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verebilecegi de dikkate alinmalidir. Yildirim ve Maseroglu [28] da yaptiklari ¢alismada benzer
sonuclara ulagsmistir.

Alan yazinda, bitki hormonlarina yonelik olarak planli bir TGA uygulamasi olmadig igin,
aragtirma sonuglariyla daha ayrintili bir karsilastirma yapilamadigi, ancak yontemde ayni

bilginin tahmin, gézlem ve agiklama asamalarinda kullanildig1 ve dolayisiyla esasen agamalarin

birbirinden kopuk olmadigi ve bu nedenle de daha biitiinlesik yap1 kazandig1 anlagilmaktadir.
Ogretmen adaylarmin bu tiir bir 6gretim yaklasiminin uygulanmas1 halinde, tiim asamalara
etkin bigimde katilma egiliminde olduklar1 kanisindayiz.
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Abstract. In this paper, we deal with the inverse problems for Dirac operator with rationally eigenvalue dependent boundary
condition and linearly eigenvalue dependent jump conditions. We prove that when Q(X) is known on [} 1) then only
>’

one spectrum excluding a finite number of eigenvalues is sufficient to determine Q(X) on the interval (O,l) and the other
coefficients of the problem. Moreover, it is shown that Q(X) is uniquely determined by the classical spectral data, i.e.,
eigenvalues and normalising numbers.
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Herglotz-Nevanlinna Fonksiyonu Iceren Simir Kosullarina Sahip Dirac
Operatorii icin Ters Problemler

Ozet. Bu makalede, simir kosullar1 spektral parametreye rasyonel, siireksizlik kosullari ise lineer sekilde bagl olan
Dirac operatorii i¢in ters problem ele alimmustir. (Y5,1) araliginda Q(x) potansiyel fonksiyonu biliniyorken, tek
spektrumun sonlu sayida 6zdegerlerin disinda (0,1) araliginda Q(x) potansiyel fonksiyonunu ve problemin diger
katsayilarin1 tek olarak belirledigi ispatlanmaktadir. Ayrica, Q(x) fonksiyonunun klasik spektral veriler, yani
ozdegerler ve normallestirici sayilar yardimryla tek olarak belirlendigi gosterilmektedir.

Anahtar kelimeler: Ters problem, siireksiz Dirac operatér, sinir-deger problem

1. INTRODUCTION

We consider the boundary value problem L=L(Q, f,«,/,») generated by the system of Dirac
differential equation

fy=By +Q(X)y =1y, xel = (O%)u(%l} (1)

with B = (_01 3 Q(x) = (z((:)) _q;)(())()} y(x) = (yzg((;j subject to the boundary conditions
U(y)=y,(0)=0 ()
V)= y,D)+ Dy, (1) =0 3)
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and the jump conditions

Loy (A
y1(5+0)—ay1(2 O)

| 1 ()
Yo(7+0)=a7y,(Zz-0)+(BA+ 7)Y, (% -0)
2 2 2
Here p(x) and q(x) are real valued functions in L,(0,1); A is a spectral parameter; & , B and ¥
are real numbers, a >0, g >0; f(A) isarational function of Herglotz—Nevanlinna type such that

N fk

f(A)=ai+b->

k=1 /™ gk

where @, b, f., 0, are real numbers, a>0, f, >0, 9,<0,<..<0y. We shall note that if
f (1) = oo then the condition (3) will be as the condition y, (1) = 0.

Inverse problems for Dirac operator have been rather well studied and continued acceleratingly(see [14],
[15], [18], [24] and references therein)

When the spectrum of a differential operator and the potential on a half of the interval are known, one
can recover the differential operator on whole interval. Such problems are known as half-inverse
problems. The first study on the half-inverse problem for Sturm-Liouville operator was made by
Hochstadt and Lieberman in 1978 [21]. They proved that if the potential function q(x) of Sturm-

1
Liouville equation is given over the interval (E,lj , then one spectrum is enough to determine g(x) on

1
the interval (OEJ After that in 1984, Hald [20] showed that if the potential is known over half the

interval and if one boundary condition is given, then the eigenvalues uniquely determine the potential
and the other boundary condition. In 1994, T. N. Arutyunyan [3] proved that the potential Q(x) is

uniquely determined by the eigenvalues and normalising coefficients. Later, in [16] and in [25], it is
provided some results in inverse spectral analysis with partial data on the potential.

Spectral problems involving eigenvalue dependent boundary conditions arise in various problems of
mathematics as well as in applications. Firstly, in 1973, Walter [36] was interested in an expansion
theorem for the this kind of eigenvalue problem. In 1977, Fulton [13] also examined the Sturm-Liouville
eigenvalue problem. Inverse problems for some classes of differential operators linearly eigenvalue
dependent are analysed in diverse papers (see [1, 2, 9, 17, 22]). More general boundary conditions are
observed in [4-6, 10, 12, 26, 29, 30, 34,35]. On the other hand, when f (1) is a rational function of
Herglotz—Nevanlinna type, direct and inverse spectral problems for Sturm-Liouville operator were
investigated in [7, 8, 27].

Recently, also some new uniqueness results in inverse spectral analysis with partial information on the
potential for Sturm-Liouville and Dirac operator have been given (see , [28, 31-33]).

In the present paper, our research is connected to a Dirac equation with rationally eigenvalue dependent
boundary conditions and linearly eigenvalue dependent jump conditions. We prove that the potential in
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(0,1) and the remaining coefficients of the boundary value problem can be uniquely determined by the
potential in (% ,1) and one spectrum excluding finite eigenvalues. We also show that Q(x) is uniquely

determined by the sequences of eigenvalues and normalising numbers.
2. PRELIMINARIES

Firstly, we define an operator such that (1)-(4) can be regarded as an eigenvalue problem of it. See [8]
and [27] for a similar operator associated with the Sturm- Liouville problem.

Consider the space H= |_2 (0,1) ® |_2 (0,1) eCc"* with the inner product defined by

(v.z)=] [V, (0Z:(%) + ¥, (x) 22 (x) Jix + ZN_:kaZk + YNﬂj =+ “YWﬂZ e (5)

where Y :(yl(x), yz(X),Yl,Yg,---YN+2), Z :(Zl(X), Zz(X),Zl,Zz,---ZN+2). Define the operator T
with the domain

DMT)={YeH: y(x) and vy,(x) are absolutely continuous in 1, ¢yelL,(0,1),

y,(0) =0, yl(%+0)—ayl(%—0) =0, Yyu =-%(1), v, = pyl(%—O)} such that
T(Y)= Z = (Zl(x)’ Z2 (X)’ Zli ZZ"“ZN+2)’

where z(x) = [;li);))J =Ly(x)

Zi = giYi - fiyl(l)! for i =1LN

N
Zy., = Y,(1)+by, (1) + ZYk
k=1

and

1

1 _ 1
Ly, = yz(E"'O)_a 1y1(5_0)_7y1(§_0)

Theorem 1 Eigenvalues of the operator T coincide with eigenvalues of the problem L .
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Proof. The following equalities obtained from TY =AY are enough to see validity of this
theorem:

lel - b1y1 (1) = 2‘Y1

ngz - bz Y1 (1) = in
gyY; —by Yy, (1) = AY,

Y, (1) + by1 (1) + Z_‘Yk = _aﬁ“yl (1)

1 I 1 _ i_
yz(z"'o)_a yz(E_O)_Wl(E_O) = ﬂ’ﬂyl(z 0).

Let the function @(X,4) =(¢1(X,/1) goZ(X,/I))T be the solution of (1) under the initial
conditions

0.4)=| °
(0, )—(_J 6)

and under the jump conditions (4). ¢(x, A1) satisfies the following integral equations:

For x < l
2
@.(X, A) = sin z,x+jsin A(x-t)cp*(t,/1)dt+jcosz(x—t)q>*(t,z)dt
0 0

?,(X, 1) = —cos;tx—jcosz(x—t)q>+(t,/1)dt +jsin A(X—t)D (t, 1)dt
0 0

and for x >1
2

o, (x,A) =’ sin Ax+asin A(1-x)+

+lj‘2(oz+ sin A(x—t)+a sin A(1—X —t))cD+ (t,A)dt

0
1/2

+ [a cosa(x—1) + &~ cos A(1-x—1) Jb™(t, 2)dt

0
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+ j[sin A(X—t)d" (t, 1) + cos A(x—t)d (t, 4) [t

1/2

N (,3/7;r 7) {cos AX—c0s A(1-X) +lj2[cos A(x—t)—cos A(1—-x—t)]®* (t, A)dt

—T[Sin A(x—t)—sin A(1-x-t)]O(t, A)dt}

0,(X,A) =—a' cosAx+a” cos A(1-X)

1/2

- I(a* cosA(x—t)—a cosA(1—x —t))CD*(t, A)dt

Jrlj'z(oc+ sin A(x—t)—«a sin A(1—-x —t))CD* (t,)dt

0

- j[cos A(X—t)®" (t, 1) +sin A(x—t)D (t, /?,)]dt

1/2

+_(ﬁ/12+ /) {sin AX+sin A(1-Xx) +1J/‘2[sin A(X=t)+sin A(1-x-t)]D" (t, 1)dt

+1J/'2[cos A(x—t)+cosA(1- x—t)]cD‘(t,/I)dt}

where " (t,2) = ¢4 (1, 1) p(t) + o, (t, A)a(t), " (t,4) = ¢y (t, A)at) - ,(t, 2)p(t) and
a’ = E[oﬁrlJ
2\ e

Moreover, it is shown in [14] that, ¢(x, ) has a representation as follows:
#002) = (0 ) [K (1. 0. i, Torxce 0. @
0
where @y(X,4) = (sin Ax —cosAX), K(xt)= (Kij(x,t))i]j:l]2
K (x,.)€ L,(0,1) for each fixed X.

The following asymptotic relations can be proved easily;
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sin AX + o(exp ), X < 1

¢1(X,ﬂ,) = ﬂi 2
7[cos/”tx—cos}t(l—x)]+o(/‘texp x), x>=

1

— C0S AX + 0(exp 7X), X< =

0.0 A)=1 o) 2
> [sin Ax +sin A(1-x)]+o(Aexpx), x> >

where 7 = |Im/1|.
It is clear that f (1) can be written as follows:

(=2

where
N

a(4) = (a4 +b) (ﬂ’_gk)_ifklﬁ[(ﬂ_gj)’

k=1 k=1 ]
]

b()=]1(2-9.).

Let the function l//(X,/l)=(t//1(X,ﬂ,) l//z(X,/l))T be the solution of (1) under the initial
conditions

van=( ) ®
and under the jump conditions (4).
Consider the function
AA) =Wy, @] = 0, (x, i (%, 2) = 1 (X D (%, 2) 9)

=a()e (1, 4) +b(D)e,(1, 1) = -y, (0, A).
It is obvious that A(1) is entire function and the zeros, namely {ﬂh }neZ of A(A) are eigenvalues of
the problem (1)-(4). Additionally, the equality (X, 4,) = %,@(X,4) holds for all X and A , where

b(4,)
=y,(0,1,)= .
Zn =V, ( ) o (L)
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3. UNIQUENESS THEOREMS

3.1 According to the mixed given data

The first main result of this work is a generalized of Hochstadt and Lieberman theorem [21]. We prove
1
that when Q(x) is known on (E,lj then only one spectrum excluding a finite number of eigenvalues

is sufficient to determine Q(x) on the interval (0,1) and the coefficients & , g and . Together with
L, we consider the problem L of the same form but with a different coefficients

500 2(5@) a(x) J 5

~ a, ,3 and . It is assumed in what follows that if a certain symbol S
q(x) - p(x)

denotes an object related to L, then the corresponding symbol S with tilde denote the analogous object

related to L. Let us denote by (D(X,ﬂh), the eigenfunction which corresponds to /1n .

Let Z, be any subset with N —1 elements of Z. Denote o = {4, } and consider the

neZ\ZO

following representation:

A =RW[](A-4,)

neZ0

where R(1) = Cﬁ(l_%] C is a constant which depends only on /1,] (the case A(0)=0

Anea n

requires minor modifications).

Theorem2If o =c, f(1)= F(/i) and Q(x) = (5(X) on (%,1) then Q(X) = é(x)

almost everywhere on (0,1), « =« and B = and y =7 .

Before the proof of theorem, we need to prove the following lemma.

Lemma 1 i) The eigenvalues /In are real numbers.

dA(A)

TR 0,16, {/ﬁi,1 }neZ are simple zeros of A(1).

i)

A=,
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Proof. i) According to the Theorem 1, it is enough to show that eigenvalues of T are real. For
Y in D(T), we calculate that

TY, Y« TYNH\?NH . aTY,,,,Y na2
f a s

(TY,Y) J'Ey(x) y(X)dx + Z

= [POOy, (O =y 0 Jix-+ [2Rely, (05, () Ja ()

0

+yl(%—OJyz(%—OJ—vl(O)yz(O) y@+0jyz[l+0j

Y, — @)«
fk

+ ¥, 1)y, @) _[2 Re[y, (x) ¥, (x)]Jdx + i 9,
—[Vz (1) +by, (1) + 2 ¥, }91(1)

1 1 1 -1
+ Z+0)-aly,(=-0)-w,(=-0 —-0).
0{)’2(2 )= Y, -0)-MG )}yl(2 )
By using the structure of T , we obtain

(1Y,¥) = [P0y, 0O =]y, 0 bix-+ [2Re[y, (7,00 Ja(x)clx

—_[ZRe Y, (X) ¥, (%) dx+z 9 \0 | —ZZRe[yl(l)Yk]

k=1 k

1
- b| Y1(1X2 - aV{ Yi 5

We conclude that <TY,Y> are real for each Y in D(T). Thus, all eigenvalues of the operator T (or

problem L) are real numbers.

i) Assume 4, #0, . If A, =0,, the proof is similar.
Write the equation (1) for (D(X, ﬁn) and y(x, A1) respectively.

{ (/"2(Xv A) + p(x)(pl(x’ A )+ q(X)(p2 (Xv A ) = ﬂ’nwl(x7 A )v
— (% 4,) +A(x)es (%, 4, )= P(X)p, (%, 4, ) = 2,0,(%, 4,)
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{ wo (X, A) + PO (X, 2)+a(xw, (x, 1) = Ay (x, 1),
—u, (%, A) + A, (%, 4) = POy, (%, 1) = Ay, (x, )

After some operations, we obtain

1
2
o Tt

1
1
2

= (2= 2) [l (6 D (%, 20) + 172 (%, Ay (%, 2,

0, (X, 4w, (X, A) = 9, (X, 4, )y, (X, /1)[

Take into account of boundary and discontinuity conditions to get
1,0.2)~a(D)ey(L4,)-b()p,(1,2,)

_Q’l(é'ko’ﬂn)‘ﬂz(é"'oaﬂ)+¢2(§+0’ﬁ~n)l//1(§+01/1)
104 1_0,A)-p,(+-0,4 10,4
+(p1(2 n)‘//z(z ) (pz(z n)Wl(Z )

= (A= 2) [l (6 D) (%, 4,) + w2 (% A, (%, 4,) o
Using (4) and (9) we get

—A(2)-b(A)p, (L, 2,)(F(2)- T (4,)-aB(2 —An)(pl(% =02,y =0.2)
= (2= 2) [y (% )y (%, 2) + 72 (%, A, (X, 2, Jox
If we divide both side of this equality by (A—A4,) and take limit for 4 > 4,

o [l (0 200+ 92 (0 2, ) B 02 A) T )+ i (0 -0.2,) | = -0,

Since @ >0, A#>0and £/(1,)>0 forall 4,, A"(4,)=0.
Let us write the equation (1) for @ and ¢ ,

Bo'(x,2) + Q(X)@(x, 2) = A¢(X, A)
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B&'(X, 2) + Q)@ (%, 4) = Ap(x, 4)

Multiply these equalities by éT (X, ﬂ.) and (I)T (X, i) respectively from left hand side and subtract then
we get

@ ()5, (%, 2) — 5, (%, )y (X, )}

d N ~ (10)
=000 - Q0 lp(x ) (x, 2),
After integrating this equality on (0,1), taking into account the hypothesis
~ 1 '
Q(x) =Q(x) on (E,lj , we find
(0,0, 25,x,2) - 7 x,  (x D 224], )
! (11)
= [[p() = BOVKB(x, A)T 3,0(x, 4) )k
0
- 1 0
where <> denotes the classical inner product of C? and J = (O _J . Denote
H(1) = ¢, (1, )9, (1, 1) — ¢, (1, 1), (1, 2). (12)

One can calculate from (4) and (11) that

1

2, (L, )P (1,2) = 0, (1, 1), (1, 2) = [[p() = BOOKP(x, 2)T I, p(x, 2))dlx (13)

a 1 ~ 1 a 1 ~ 1
+ (1—5}01(5 -0,)p, (E -0,2) —(1—;}02 (E - 0,/1)%(5 -0,2)

+[@p—ap)+ ay —ailp, (% —0, )7, (% ~0,2).

It is obtained from f(4)= F(l) that @,(L,4,)0,(L,4,) - 0,1, 4,)0,(L,2,) = 0. Therefore,
H(ln):() for all ﬂn €0.
H(4)

Now, define F(4) = m which is an entire function on A. From asymptotic relations of

o, (x,2) and ¢@,(x, A1), it is valid that F(E)ZO[ ] Therefore, from Liouville’s Theorem,

Z
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F(1)=0 and SO H (/1) =0. One can calculate that

1

f[p(x)—5(x>]<<z(x,ﬂfJ,cp(x,mdx:%f [p(x) = B(x)]dx + (1), for 2 >0, A€R . Therefore

0
it can be written the following equality from (13),

%[@(&ﬂ _ aﬁ)+ ay—ay kl— cos A +0(1)) - %(é - gj[sin A+0(1)]

[p(x) = B()]dx = o(1) for 4 -0, 2€R.

I\JII—‘
O L N\ |

andso, a=a, y=y, B=P1,

I
=™
I

R

We obtain from the last relation that,

Q|
|
QR

[p(x) — P(x)]dx = 0. As a consequent,

O o |

[p(X) = BOYKB(x, 2)" J,9(x, A))dx = 0 holds on the whole A -plane.

O t—n |

On the other hand, the following equality is valid,

<&(x, AT, o(x, /’t)> = —C0S2AX + IKl (x,t) cos 2Atdt + _sz (x,t)sin 24tdt
0 0

where K;(X,), i =1,2, depend only on X and t. It follows from (13) that

P(x){cos 2/X— j K, (x,t)cos 2Atdt — jKZ (x,t)sin Z/Itdt}dx =0 (14)
0 0

oct— |

forall A, where P(x):= [p(x)— p(x)]. This can be rewritten as
1

2
cos2Az| P(r) + .[P(x) K, (x,t)dx |dt

Ct—

l

sin 24t j P(X)K, (x,t)dxdt=0 (15)

o!_.,\,\._‘
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. T
Therefore, we obtain from the completeness of the vector functions (COSZ/% sin 21’[) in

L, (O,%) DL, (0,%) that P(x) =0, i.e. p(x) = p(x) for x € (O, %) . This completes the proof.

3.2 According to the classical spectral data

In [23], it is proven that the coefficients of the problem L are uniquely determined by the Weyl
function. We aim to prove uniqueness of the coefficients according to the eigenvalues and normalising

PO G j

numbers, namely spectral data. Consider the problem L with the coefficient é(x) = (ﬁ(x) 5%

For an element Y =(y1(x)’ yz(x)’Ylinv-'sz) in H, the norm of Y is defined by
”Y”2 =(Y,Y). From (5), we get

1 2 2 2
M =l o e LBl ol
0 =i a p

Let 4, be an eigenvalue of T (or the problem L ) and Y (n) eigenvector for 4. Then the

numbers p, = Y (n)||2 are called as normalizing numbers.

Lemma 2 The equality

1

P = [lo? (%, 2,) + 92 (%, 24,) Jox

0

+ f‘(ﬂ’n)(glz(liin)+aﬂ¢12(d1_0’ﬂ“n)

is valid.

Proof. Let 4, #0,. Since 4, =0, is equivalent to (01(1,gk):0, this case requires minor
modification in the following proof.

Using the structure of T and the inner product in (5), a direct calculation yields

YO = [l (x, 2,) + 03 (. 2,) Jix

+ZN:|Yk|2 +|YN+1|2 +a|YN+2|2
= fu a B
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= ([p2 (% 24,) + @2 (x, A,) ix

O'—.H

+¢1(1ﬂ~)z[ +a¢1(ll)

g - /In]

= [lo2(x 2,) + 03 (x, 2, Jix

+o;(1,4,) {«HZ[ P }+aﬂ(a( )

n

= [lot 2+ g2 ) Bocs 1/ (2)02 (L 4) + et (-0.4,)

Take into account Lemma 1 and Lemma 2 to get the following relation

A(4,) = poy (17)
The Weyl function is defined as follows;

A ( /1) (18)

Theorem 3 [23] If m(1) = m(2) then L =L; i.e. the Weyl function m(.1) determines
uniquely the problem L .

Theorem 4 If {4, p, | = {Zn,ﬁn}then L =L; i.e. the spectral data {/In,pn} determine
uniquely the problem L .

~

Proof. Since A, = Zn, A(A)=A(A).  Therefore, from (17) X, =X, s0
v, ©, ﬂn) = &2 o, /1”)- Hence the function defined as

G(ﬂ) = vV, (01 ﬂ’) B &2 (0’ ﬂ“)
AQA)

is an entire on A. Moreover, one can obtained that G(1) =o(1) for |/1|—>OO. G(4)=0 and so

v, (0,1) =w,(0,4). From (18) we have m(4) = m(A1) . Consequently, from Theorem 3, L = L.
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Ozet. Calismada yalinayak ve ayakkab ile yiiriirken dogal tas zemin kaplamalarinda yayalarm kayma riskini
azaltmak i¢in en uygun ylizey isleme tekniklerini ve ¢evre kosullarmi belirlemeye calisilmigtir. Siirtiinme
katsayilar1 (COF) degerleri 15 farkli tiirde olusmus dogal tas, dort yiizey isleme teknikleri (cilali, honlu,
patinatolu ve eskitilmis) ve iki farkli test (egik diizlem ve pandiil) ile belirlenmistir. Dogal taglarin COF
degerlerini etkileyen parametrelerin ortam kosullari (yas, kuru ve yagli) ve uygulanan yiizey isleme teknikleri
oldugu tespit edilmistir. Dogal tasglarin istatistiksel sonuglara gore COF degerlerine bagli olarak giivenli
kullanim alanlarina gore siniflandirilmistir.

Anahtar Kelimeler: Dogal taslar, Egik diizlem testi, Pandiil testi, Siirtinme katsayisi, Zemin yiizeyi, Kayma
giivenligi

Slip Safety Risk Analysis of Surface Properties by Determining Coefficients
of Friction (COF) of Natural Stones

Abstract. The present work attempts to determine the most suitable surface processing techniques and environment
conditions to reduce the slipping risk of pedestrians while walking barefoot and wearing shoes on natural stone floor
coverings. Coefficients of friction (COF) values have been found by the natural stone formed in 15 different types,
four surface processing techniques (polished, honed, patinated and tumbled) and two different (ramp and pendulum)
tests. It was found that the parameters that affected COF values of the natural stones were environment conditions
(wet, dry and lubricated) and the applied surface processing techniques. The natural stones were then grouped
according to places for safe utilization depending on COF values and surface roughness, according to the statistical
results.

Keywords: Natural stones, Ramp test, Pendulum test, Coefficient of friction, Floor surface, Slip safety

1. GIiRiS

Giiniimiiz ingaat sektoriinde ve mimarisinde topluma agik ve kapali birgok alanda dogal taslar yaya
yiizey zemin kaplamasi olarak genis bir uygulama alanina sahiptir. Dogal taglarin yaya yiizey zemin
kaplamasi olarak kullaniminda dikkat edilecek 6zelliklerinden ve en onemlilerinden biri de kayma
risklerinin belirlenmesidir. [1-6]. Yaya yilizey zemin kaplamalarinda meydana gelen kayma vakalari;
ortam, kirleticiler (su, yag, donma, toz), cevresel faktorler, yetersiz zaman, sicaklik, aydinlatma,
ayakkabi, zeminin ylizey Ozellikleri, kisi ve kisinin ruh hali dahil bir ya da birden fazla sebepten
kaynaklanir [7].

Diger yazarlar birlesmis materyallerde zemin yilizeyi ve ayakkabi tiirlerini incelemistir [8-11].
Piiriizliligiin 6lgegi mikroskopik olabilmesine ragmen, her yilizeyin bir derece piriizliligi vardir [4].
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Iki piiriizlii yiizey arasindaki kayma direnci, iki tiir etkilesime neden olur: adhezyon ve kenetlenme.
Adhezyon iki yiizey arasindaki molekiiler ¢cekimden kaynaklanir ve her iki ylizey de olduke¢a piiriizsiiz
oldugundan bulunmaktadir. Kenetlenme mikroskobik olarak kiiciik olan girinti ve ¢ikinti igeren
mekanik bir etkilesimdir. Yagli ortam hem adhezyonu hem de bir dereceye kadar kenetlemeyi yenebilir.
Yiizyillar 6nce bilim adamlari, iki sert yiizey arasindaki harekete direng gdsteren siirtiinme kuvvetinin,
yiizeylerin birbirine basma kuvveti orantili oldugu fark edilmistir. "Siirtiinme katsayis1" COF, siirtiinme
kuvveti ile basma kuvveti arasindaki sabit oran i¢in kullanilan terimdir. Cekme veya kayma direncinin
su anki kadar basit olmadigi bilinmektedir; 6zellikle sulu veya yagh ylizeyleri birbirinden ayirdiginda,
ancak siirtiinme katsayisi kavrami hala kullanilmaktadir [12].

Literatiirde bir¢ok farkli test cihaz1 belirlenmistir [13-18]. Cikt1 miktar1 belki COF veya kuvvet, tork,
enerji kayb1 veya egim acisi olabilir. Bir yontemin kabul edilebilirligini belirlemek i¢in iki kriter 6ne
stiriilmiistiir: (a) 6l¢lim kosullar1 degismediginde belirli bir yontem kullanilarak elde edilen verilerin
dagilimi acisindan degerlendirilen tekrarlanabilirligi ve (b) gecerliligidir. Strandberg (1983), yiiriirken
gercek kayma direnci ile iliskili olan ilgili dl¢timleri saglayan gecerli bir yontemi tanimlamistir [19].

Bu c¢alismada zemin kaplamalarinda kullanilan on bes farkli dogal tas {izerinde, egik diizlem ve pandiil
test cihazi kullanilarak dogal taslarin kuru, 1slak ve yagli ortamda kayma risklerinin belirlenmesinde
etken olan kayma agilar1 ve kayma direncleri belirlenmistir. Elde edilen test sonuglari siirtiinme katsayisi
degerleri hesaplanarak karsilastirilmalari yapilmstir.

2. MATERYAL ve METOT
2.1 Materyal

Giiniimiizde dogal taslar (kirectasi, traverten ve beyaz mermer) topluma agik ve kapali alanlarda yaya
yiizey zemin kaplama malzemesi olarak insan yogunlugunun fazla oldugu bina, okul, hastahane, otogar,
metro ve alig veris merkezlerinde yaygin olarak kullanilmaktadir. Farkli bolgelerden se¢ilmis ve dort
farkli (cilali, honlu, eskitme ve patinato) yiizey isleminde 15 adet dogal tas 6rnegi kullanilmistir.

2.2 Metot
2.2.1 Egik Diizlem Test Cihaz

Egik diizlem test cihazi, DIN 51097 ve ISO 10545-17, DIN 51130 standartlarina [201-21] gére uygun
olarak tasarlanan ve zemin kaplamalarinin yiizeylerinin dinamik siirtinme katsayilarinin
belirlenmesinde kullanilan laboratuvar 6lg¢ekli bir test cihazidir (Sekil 1). Egik diizlem test cihazinda
elde edilen kayma agisinin tanjanti, ¢iplak ayak ile kaplama malzemesi ylizeyi arasindaki siirtiinme
katsayisin1 verir [22-23].
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Sekil 1. Egik Diizlem Test Cihazi1 [24].

a. DIN 51097 standardina gore yapilan ¢calismalar

Islak ve ciplak ayakla yiiriinen alanlardaki yer dosemelerinde kullanilan dogal tas 6rneklerinin, kaymay1
onleyici Ozelliklerinin saptanmasi ve degerlendirilmesi amaciyla, DIN 51097 standardi dikkate
alinmustir (Sekil 2).

Sekil 2. DIN 51097 standardina gore dl¢tim.

Buna gore, ciplak ayakla yiirlinen 1slak alanlar olarak; havuzlar, banyolar, soyunma odalari, saglik
merkezleri ve tuvalet gibi mekanlarda kullanilacak kaplama malzemelerinin kayma &zellikleri
belirlenmektedir. DIN 51097 standardina goére, kayma acilar1 A, B ve C olarak simiflanmakta olup, her
bir kodun ag1sal araliklar1 ve karsilik gelen kayma riski (potansiyelleri) Cizelge 1’de verilmektedir.
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Cizelge 1. Ciplak ayakla gezilen 1slak bolgelerin kaymay1 6nleme 6zelliginin belirlenme testi sonuglarinin
siniflandirilmasi [20].

Smiflama Kritik At Cof (n) Kayma Riski (Potansiyeli)

A >12° 0,21-0,31 Yiksek
B >18° 0,32-0,42 Orta
C >24° >0,45 Disiik

Test cihazi, 600 mm genisliginde ve 2000 mm uzunluguna sahip, egimi uzunlamasina 0° ile 45° arasinda
ayarlanabilen, diiz ve egilmeyen bir dosemeden olusmaktadir. Testin uygulanmasi esnasinda siirekli ve
esit olarak 6+1 litre/dakika test sivist egik diizlem test cihazi {izerinde bulunan delikli borudan 6rnek
yiizey iizerine dokiilerek 1slatilmistir. Ornek iizerinde yiiriiyecek kisi, elindeki kumanda ile test cihazin
hareketini baslatir. Dik durarak yarim adim boyunda adimlar atarak ileriye ve geriye dogru suyun aktig1
yonde, yatay diizlemden baglayarak egimi yaklagik 1°/s ile artan test edilecek dogal tas tizerinde hareket
eder. Kisinin yiirliyiisii sirasindaki egim artisina bagli olarak ve yiizey ozelligine gore kaydigi anda
cihazi durdurur. Yapilan yiirlime sonucunda kisinin giivenli yiiriiyiis sinirina ulastig1 egim acisi, egik
diizlem test cihaz1 iizerinde bulunan agi6lgerden kritik bolgede 10 kez tekrarlanarak ileri ve geri gidisi
ile tespit edilmigtir. Flde edilen 10 verinin aritmetik ortalamasi alinarak, kayma acis1 degerleri
kaydedilmektedir.

b. DIN 51130 standardina gore yapilan ¢alismalar

Ayakkab1 ile yiiriinen yerlerde kullanilan zemin kaplamalarinin kaymayi onleyici 6zelliklerinin
saptanmasi ve degerlendirilmesi amaciyla DIN 51130 ve ISO 10545-17 standardi dikkate alinarak testler
yapilmistir (Sekil 3). Bu test yontemi ile yiiksek kayma riski olan ve ayakkabiyla yiiriinen yerlerde
kullanilan yer kaplamalarinin kaymazlik 6zelliklerinin belirlenmesi amaglanmaktadir. Yiiksek kayma
riskli islerin ¢calisma odalar1 ve alanlari; iiretim veya islem asamasinda yag, su, yiyecek, yiyecek atiklari,

toz ve bitkisel maddeler gibi kayganlastirici maddelere maruz kalan ¢alisma odalar1 veya alanlari bu
kategoride incelenmistir. Test personeli deney esnasinda ST seklinde S1 tipinde, DIN 4843’¢ uygun
nitril kaucuk esasli olarak iiretilmis DIN 53505°e gore 73+5 shore-A sertligi olan ve DIN 51130°da
verilen taban sekline sahip koruyucu ayakkabilar1 giymektedir. Deneylere baglanmadan once, egik

diizlem test cihazinda test yiiriiylisiinde bulunacak test personelinin dlglimleme iglemi yapilmistir.
S [ - | 1

Sekil 3. DIN 51130 standardina gore 6lgiim.
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Test iglemine baglamadan Once deney odasi, ayakkabi, yaglayici ve taban yiizeyinin sicaklig
23°+5°C’de olmast saglanir ve Ornek dogal tas egik diizlem test platformuna yerlestirilir. Test
platformuna yerlestirilen dogal tas drneklerinin yiizeyleri, deneye baslamadan énce temizlenir. Ornek
yiizeyine siiriilmek iizere 200 ml makine yag1 hazirlanir. Ornek yiizeyine firga ile diizgiin bir sekilde
yayilir. Ayni sekilde standartlara uygun test ayakkabisinin tabanlar1 da firga ile yaglanmistir. Test
ayakkabilarini giyen test personeli test edilecek ylizey tizerinde dik pozisyonda ileri-geri dogru yatay
diizlemden baglayarak egimi yaklasik 1°/s ile artan egik diizlem test cihazi iizerinde bulunan 6rnek
tizerinde hareket eder. Kritik ag1 makine yag: siiriilmils ylizey lizerinde belirlenir. Kisinin, giivenli
yiirliyiis sinirina ulastigi egim agisi kritik bolgede 10 kez tekrarlanarak ileri-geri gidis ile tespit edilmis
ve elde edilen veriler kaydedilmektedir.

Egik diizlem test cihazi ile elde edilen kayma agilarinin diizeltilmis degerleri uygulama alanlarina gore
siniflandirilmigtir. DIN 51130 ve ISO 10545-17 standardina gore kayma agilar1 R9, R10, R11, R12 ve
R13 olarak kodlanmakta olup her bir kodun agisal araliklari ve karsilik gelen kullanim alanlar1 Cizelge
2’de verilmektedir.

Cizelge 2. Kuru bolgelerin yaglanmasiyla kaymay1 6nleme 6zelliginin belirlenmesi test sonuglarinin uygulama
alanina gore siniflandirilmasi [21].

Smiflama Kritik Aga  Cof (n) Kayma Riski
R9 6°-10,0°  0,11-0,18 Yiiksek
R10 10,1°-19,0° 0,18-0,34  Orta ve Yiiksek
R11 19,1°-27,0° 0,34-0,51  Orta ve Diisiik
R12 27,1°-35,0° 0,51-0,70 Diisiik
R13 >35,0° >0,70 Diistik

2.2.2 Pandiil Test Cihazi

Pandiil test cihazi, zemin kaplamalarinin kayma direncinin belirlenmesinde TS EN 14231 standardina
[25] gore calisan taginabilir 6lgekli bir test cihazi olup, kaydirict ve deney yiizeyi arasindaki siirtiinmeyi
Olecmek ve kayma direncine ait standart bir deger tayin etmek iizere tasarlanmistir (Sekil 4). Bu
caligmada WESSEX, S885 model tagmabilir pandiil test cihazi kullanilmis olup, ayakkabi altligi
temsilen 48 lastik kauguk pence 6l¢iimlerde kullanilmistir.
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Sekil 4. Pandiil test cihazi.

Test cihazi, kaydiricida déhil olmak iizere pandiil kolunun kiitlesi, (1.50 £+ 0.03) kg olmalidir, agirlik
merkezi aski ekseninden (410 = 5) mm mesafede kol ekseni {izerinde olmalidir. Kaydirici tertibat;
pandiil kolu, yaptif1 salinimm en alt noktasindayken, kaydiricinin kayma yapan kenari deney
numunesiyle temas halinde oldugu halde, kaydiric1 diizlemi, yatayla (26 + 3)° ag1 yapacak sekilde kol
ucuna monte edilmelidir. S6z konusu bu diizenekte, pandiil salimm yaptikca, numunenin yiizey
piiriizliiliigiiniin izlenmesi igin kaydirici kendi ekseni etrafinda engel olmadan donebilir.

Test asamasinda; deney numuneleri, mamuliin tamami veya birimin {ist ylizeyini ihtiva edecek 6zellikte
kesilmis bir pargast olmalidir. Her bir numune, 136 x 86 mm bir deney alani saglamalidir. Bu ¢aligsmada
deney numunelerinin nihai {iriinii olan 30,5%30,5x1,0 cm plaka boyutu kullanilmistir. Bu alan, C skalas1
iizerinde okumalarin yapilacagi, 126 mm’lik kayma uzunlugunda ve 76 mm genisliginde bir kaydiricinin
kullanimiyla deneye tabi tutulmalidir. Siirtlinme deney donanimi, kaydirici ve numuneler, deneyin
baglamasindan en az 2 saat 6nce (20 = 5)° C’lik oda sicakliginda laboratuvar dlglimleri i¢cin muhafaza
edilir. Numunenin biiyiikliigiine gére uygun kaydirict ve deney skalasi segilmelidir. Calisma yerlerinin
zeminlerinde yapilacak ol¢ilimlerde, deney igin belirlenmis yiizeylerde bulunan ince taneler firga ile
temizlenir ve suyla yikanarak uzaklastirilir. Deney yiizeyi ve kaydiricinin sicakligi 1 °C yaklagimla
Olciiltir. Yiizeyin sicakligr 5 °C ila 40 °C araliginin disinda ise, deney yapilmamalidir. Siirtiinme deney
cihazi, sert, diiz bir yiizey ilizerine yerlestirilir. Destek kolonu diisey olacak sekilde seviye ayar
vidalariyla ayarlanir. Sonra, pandiil kolunun serbestge salinim yapmasi i¢in pandiiliin aski ekseni
yiikseltilir.

Pandiil kolu ve ibre, sag yatay konumdan birakildiginda deney skalasinda sifir isaretinde duracak sekilde
ibre mekanizmasindaki siirtiinme ayarlanir. Deney numunesi, uzun tarafi pandiil hattinda olacak ve
lastik kaydiriciya ve pandiil siispansiyon eksenine gore merkezde bulunacak sekilde siki bigimde
yerlestirilerek, lastik kaydirict ve pandiil aski eksenine gore merkezlenir. Kaydirict hattinin, kayma
mesafesi boyunca numunenin uzun eksenine paralel olmasi saglanir. Belirli kayma uzunlugunda ve
lastik kaydiricinin tiim genisligi boyunca temas ettigi numunenin iizerinden gecen pandiil kolunun
yiiksekligi ayarlanir.
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Pandiil test degeri (PTV) asagidaki formiil kullanilarak siirtiinme katsayisina (Cof) ¢evrilebilmektedir.

[10 17"
H=1pTv 3

Bu formiil kullanilarak dogal taslar {izerinde kuru ve 1slak ortamda yapilan pandiil deney verilerinin,
stirtiinme katsayisi (Cof) degerleri bulunmaktadir.

Kuru Sartlarda Deney islemi

Dogal tas ornekleri, laboratuvar l¢iimleri igin deneyin yapilmasindan 6nce (105 + 5) °C sicaklikta
kurutulur. Pandiil cihazinda ibre baglangi¢ konumuna getirilir. Yiizeye yapilan islemler cihazin serbest
birakma diigmesine bastirilarak pandiil kolunun serbest olarak hareketi saglanir ve kaydiricinin deney
ylizeyine yeniden temas etmesinden Once geri doniis hareketinde tutulur. Skalada okunan deger
kaydedilir. Hazirlanmis mekanizmayla kaydirict ve ylizeyin temasini saglayacak sekilde, kol ve ibre
yeniden baslangi¢ konumuna getirilir. Aralarinda ii¢ birimden daha fazla bir farkin olmadigi art arda bes
okuma (C skalasi lizerinde) alinacak sekilde ayni iglemler tekrar edilir. F skalasi kullanilirsa, art arda
yapilan bes okuma arasinda 0,03'ten daha fazla fark olmamalidir. Laboratuvar dl¢limleri i¢in numune,
180° dondiiriildiikten sonra yeniden yerlestirilir ve biitlin islemler kontrol edilerek tekrarlanir.

Yas Sartlarda Deney Islemi

Dogal tas 6rnekleri, laboratuvar 6lgtimleri igin deneyin yapilmasindan 6nce (20 + 5) °C sicakliktaki su
icerisinde en az 2 saat siireyle bekletilir. Pandiiliin her kaymasindan 6nce deney yiizeyi ve kaydirici, (20
+ 5) °C sicakliktaki damitik veya deiyonize su ile devamli olarak 1slatilir. Yiizey tizerinde hareket eden
deney cihazinin basligi yukar1 kaldirilir ve sifir hata i¢in serbest kayma kontrol edilir. Laboratuvar
olgtimleri i¢in numune, 180° dondiirtildiikten sonra yeniden yerlestirilir ve biitiin iglemler tekrar kontrol
edilerek tekrarlanir. Her bir ylizey lizerinde kuru ve 1slak ortamda 6 farkli pozisyonda 6l¢iilmiis besli
grup halindeki okuma degerlerinin ortalamasi alinarak kayma direnci degerleri hesaplanmigtir. Elde
edilen pandiil test verileri kayma potansiyeline gore Cizelge 3’de verilen siniflama kullanilmaktadir.

Cizelge 3. Kayma direncinin kayma potansiyeline gére yorumlanmasi [26,27].

Smiflama  Pandiil Degeri Cof (n) Kayma Potansiyeli
Z <24 <0.25 Cok Yiiksek
Y 25-34 0.25-0.34 Yiiksek
X 35-44 0.36-0.46 Orta
w 45-54 0.47-0.59 Diisiik
v > 54 > 0.59 Cok Diisiik

3. BULGULAR ve DEGERLENDIiRMELER

3.1. Kuru ve Islak Ortamda Dogal Taslarin Egik Diizlem Test Yontemi (DIN 51097) ile COF
Analizi

Egik diizlem test (DIN 51097) yontemi deneylerinde kullanilan 15dogal tastiirii i¢in, 2 ortam ve 4 yiizey
isleme teknigi ile varyans (ANOVA) yontemi kullanarak istatistiksel olarak analiz edilmistir. Deneysel
caligmada her bir dogal tag numunesinin test yiizeyi 6l¢iimlerinde 75 veri alinmistir. Toplam (15 dogal
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tag tliri X 2 ortam X 4 yiizey isleme x 75 tekrarli veri) 9000 veri kullanilmistir. Dogal tas numunelerinde
COF degerleri ile kuru ve 1slak ortamin ve cilali, honlu, patinato ve eskitilmis yiizey islemenin p<0.001
anlamlilik diizeyinde etkili oldugu goriilmiistiir.
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Sekil 5. Islak ve kuru ortamda dogal taslarin egik diizlem test (DIN 51097) yontemi ile COF degerleri.

Tim 6rneklerde, egik diizlem test (DIN 51097) yonteminde 1slak ortam kuru ortamdan daha kiigiik bir
COF degeri vermistir. Beklendigi gibi, su ve benzeri malzemeler ¢iplak ayak ve dogal tas yiizeyi
arasindaki kayma riskini arttirir. Kuru ortamda cilali ylizeyde, B2 6rneginin aritmetik ortalamasi en
diisiik COF degere (0.40p) sahiptir. Eskitilmis yiizeylerde, M5 drneginin aritmetik ortalamasi en yiiksek
COF degere (0.81p) sahiptir. Islak ortamda, dogal tas Orneklerinde COF degerlerinin diistiigii
goriilmiistlir. Cilali yiizeyler i¢in, M1 ve B1 6rnegi en diisiik aritmetik ortalamaya (0.31 p) sahiptir.
Eskitilmis ylizeyler i¢in T3 Orneginin en yiiksek aritmetik ortalamaya (0.57 p) sahiptir. Eskitilmig
yiizeylerde, M2, M3, M4 ve M5 6rnekleri en yiiksek COF degerine sahip olduklarindan, bu dért dogal
tas insanlarin ¢iplak ayakla yiiriidiigii alanlarda tercih edilebilir. Eskitilmis yilizeylerde ¢iplak ayak i¢in
hem kuru hem de islak ortamlarda giivenli dogal tas yiizeyleri olmasi tercih edilebilir. Sekil 5
incelendiginde, ¢iplak ayakli cilali, honlu, patinato ve eskitilmis dogal taslarin COF degerlerinin 1slak
ortamdaki degerlerden daha diisiik oldugu anlasilmaktadir. Bu bulguya gore, 1slak ortamlarda cilal
dogal taslar ile kapli zeminler i¢in kayma riski 6nemli 6l¢iide artmaktadir.
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3.2. Kuru ve Islak Ortamda Dogal Taslarin Egik Diizlem Test Yontemi (DIN 51130) ile COF
Analizi

Egik diizlem test (DIN 51130) yontemi deneylerinde kullanilan 15 dogal tag tiirii icin, 2 ortam ve 4
yiizey isleme ile iligkisi varyans (ANOVA) yontemi kullanarak istatistiksel olarak analiz edilmistir.
Deneysel calismada her bir dogal tas numunesinin test yiizeyi 6lgiimlerinden 75 veri alinmigtir. Toplam
(15dogal tag tiirii x 2 ortam x 4 yiizey isleme x 75 tekrarl veri) 9000 veri kullanilmistir. Dogal tag
numunelerinde COF degerleri ile kuru ve 1slak ortamin ve cilali, honlu, patinato ve eskitilmis yiizey
islemenin p<0.001 anlamlilik diizeyinde etkili oldugu goriilmiistiir.
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Sekil 6. Islak ve kuru ortamda dogal taslarin egik diizlem test (DIN 51130) yontemi ile COF degerleri.

Ciplak ayaga gore kuru ortamda, cilali ylizeyler i¢in dogal tasdrneklerinde COF degerleri azalmistir
(Sekil 6). Cilalanmis yiizeylerde, M1 6rnegi en diisiik aritmetik ortalamaya (0.30p), T2 6rneginin en
yiiksek aritmetik ortalamasina (0.58 p) sahiptir. Honlu ylizeylerde, B1 6rnegi en diisiik aritmetik
ortalamaya (0.33), BS 6rneginin en yiiksek aritmetik ortalamasina (0.65) sahiptir. Eskitilmis yiizeyler,
tim oOrnekler i¢in en yiikksek COF degerlerine sahip oldugu i¢in kayma riski tasiyan zemin
kaplamalarinda tercih edilmelidir. Yaglh ortamlarda, cilali, honlu, patinato ve eskitilmis yiizeyler i¢in
tiim 6rneklerde COF degerleri belirgin sekilde azalmistir. Cilali yiizeyler igin tiim 6rneklerin ortalama
COF degerleri 0.01 ile 0.15p arasinda degisir. Eskitilmis yiizeylerde ortalama kayma ag1s1 0.01 ile 0.23p
arasinda degisir. Yagl ortamda bu kiiciik COF degerleri kayma riski agisindan degerlendirildiginde,
cilali, honlu, patinato ve eskitilmis dogal taslarin giivensiz oldugu sdylenebilir.
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3.3. Kuru ve Islak Ortamda Dogal Taslarin Pandiil Yontemi ile COF Analizi

Pandiil yontemi deneylerinde kullanilan 15dogal tastiirii igin, 2 ortam ve 4ylizey isleme ile iligkisi
varyans (ANOVA) yontemi kullanarak istatistiksel olarak analiz edilmistir. Deneysel ¢calismada her bir
dogal tas numunesinin test yiizeyi 6l¢iimlerinden 25 veri alinmistir. Toplam (15 dogal tas tiirii x 2 ortam
x 4 yiizey isleme x 25 tekrarli veri) 3000 veri kullanilmistir. Dogal tas numunelerinde COF degerleri ile
kuru ve 1slak ortamlarda cilali, honlu, patinato ve eskitilmis yiizey islemenin p<0.001 anlamlilik
diizeyinde etkili oldugu goriilmiistiir.

Kuru ortamlarda cilali yiizeylerin COF degerleri diisiik iken, eskitilmis yiizeylerin COF degerleri
artmistir (Sekil 7). Cilal yiizey icin B56rnegi en diisiik aritmetik ortalamaya (0.17p) sahipken, eskitilmis
yiizeyler i¢in BS numunesi COF i¢in en yiiksek aritmetik ortalamaya (0.414p) sahiptir. Yizeyleri
eskitilmis olan tiim ornekler, COF degerleri daha yiiksek oldugu icin tiim uygulamalarda tercih
edilebilir. Cilali yiizeyler i¢in B1-B5 6rnekleri 0.009u aritmetik ortalamasi ile en diisiikk degere sahiptir.
Eskitilmis yiizeyler i¢in TS5 numunesi, 0.511p aritmetik ortalama ile en yiiksek degere sahiptir. Kuru
ortamlarda cilali, honlu, patinato ve eskitilmis dogal taslarin COF degerlerin pandiil yonteminde 1slak
ortamdaki degerlerden daha yiiksek oldugu gozlenmistir (Sekil 7).Test sonuglarina gore, 1slak ortamda
cilali, honlu, patinato ve eskitilmis dogal taslarda kayma riski daha yiiksek oldugu icin zemin
kaplamalar1 ve diger kullanimlarda dikkatlice kullanilmalidir. Cilali, honlu, patinato ve eskitilmis
ylizeyler dedogal taslarin diisiik COF degerleri nedeniyle 1slak ortamlarda kullanilmasi 6nerilmemistir.

Islak Ortam
0,604 Bl Kuru Ortam

@]
E
= =] =] =]
] o [ 3] [=]
] w 13
@[22 =] ===
= [=] 0 =]
= =, ] = ]
= = = = =]

oy

Ortalama COF Degerleri

oEuREq

Supps

T1 T2 T3 T4 T5 M1 M2 M3 M4 M5

Dogal Tag Numuneler

Sekil 7. Islak ve kuru ortamda dogal taslarin pandiil yontemi ile COF degerleri.
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3.6. Dogal Taslarin COF Degerlerine Gore Simiflandiriimasi

Dogal taglar DIN 51097 standartlarina gore yapilan testler ile COF degerleri tespit edilmistir. Cizelge
4'de "Ciplak ayakla gezilen 1slak bolgelerin kaymayi 6nleme 6zelliginin belirlenmesi" standardina gore
dogal taslarin siniflandirilmas yapilmstir.

Bu ¢alismada kullanilan dogal tas 6rnekleri, patinatolu ve eskitilmis yiizeylerde kuru ortamda kayma
acist 0.45 p'dan biiyiik oldugu i¢in C sinifina dahil edilmistir. C sinifinda yer alan dogal taglar havuzlarin
kiy1 egimlerinde B siniflandirmasinda yer almayan su i¢indeki merdivenler kullanilabilir. Dogal taglar
cilali ve honlu ylizeylerde COF degeri 1slak ortamda 0,32-0,42u arasinda oldugu i¢in B sinifina dahil
edilir. B sinifinda yer alan dogal taglar ylizme havuzu ¢evresindeki alanlar, platformlar, ¢ocuk havuzlari,
yagmurlu alanlardaki merdivenler, yiizme havuzu disindaki merdiven basamaklarinda kullanilabilir.
Sadece cilali yiizeylerde 1slak ortamda M1 ve T1 dogal taslart COF degeri 1slak ortamda 0,21-0,31 u
arasinda oldugu icin A simifina dahil edilir. A siifinda yer alan dogal taslar genellikle kuru iken
yalinayak kullanilan koridorlar, tek ya da grup soyunma odalar1 (sporcular igin), tim yilizme
havuzlarinda derinligi 80 cm ge¢cmeyen s1g ylizme havuzlarinda kullanilabilir.

Cizelge 4. Dogal taslarin DIN 51097standardina gore siniflandirilmast.

Dogaltas Ortam | Yiizey T1 T2 T3 T4 T5
isleme | COF | Simf | COF | Simf | COF | Simuf | COF | Simf | COF | Simf
Traverten | Islak | Cilal 0,42 B 0,36 B 0,46 C 0,37 B 0,53 C
Honlu 0,51 C 0,43 C 0,47 C 0,38 B 0,53 C
Patinato | 0,54 C 0,51 C 0,54 C 0,52 C 0,54 C
Eskitme | 0,54 C 0,53 C 0,57 C 0,55 C 0,55 C
Kuru | Cilalh 0,60 C 0,42 B 0,56 C 0,60 C 0,56 C
Honlu 0,61 C 0,45 C 0,59 C 0,61 C 0,60 C
Patinato | 0,62 C 0,61 C 0,61 C 0,62 C 0,60 C
Eskitme | 0,62 C 0,66 C 0,61 C 0,62 C 0,61 C
M1 M2 M3 M4 M5
Mermer Islak | Cilal 0,31 A 0,39 B 0,41 B 0,35 B 0,40 B
Honlu 0,36 B 0,41 B 0,43 C 0,39 B 0,45 C
Patinato | 0,38 B 0,43 B 0,48 C 0,44 C 0,48 C
Eskitme | 0,39 B 0,47 C 0,48 C 0,49 C 0,50 C
Kuru | Cilah 0,47 C 0,60 C 0,59 C 0,69 C 0,70 C
Honlu 0,48 C 0,67 C 0,60 C 0,69 C 0,76 C
Patinato | 0,49 C 0,73 C 0,68 C 0,73 C 0,77 C
Eskitme | 0,53 C 0,75 C 0,69 C 0,73 C 0,81 C
B1 B2 B3 B4 B5
Kiregtas: Islak | Cilal 0,31 A 0,36 B 0,32 B 0,32 B 0,32 B
Honlu 0,32 B 0,42 B 0,35 B 0,47 C 0,43 C
Patinato | 0,44 B 0,43 C 0,48 C 0,47 C 0,43 C
Eskitme | 0,45 C 0,50 C 0,49 C 0,49 C 0,45 C
Kuru | Cilal 0,40 B 0,40 B 0,41 B 0,42 C 0,53 C
Honlu 0,42 B 0,42 B 0,42 B 0,43 C 0,54 C
Patinato | 0,50 C 0,43 C 0,45 C 0,45 C 0,54 C
Eskitme | 0,51 C 0,44 C 0,48 C 0,45 C 0,60 C

Dogal taglar DIN 51130 standartlarina gore yapilan testler ile COF degerleri tespit edilmistir. Cizelge
S'de "Ayakkabi ile gezilen kuru bolgelerin yaglanmasiyla kaymay1 onleme 6zelliginin belirlenmesi”
standardina gore dogal taglarin siniflandirilmasi yapilmistir.

Yagli ve kuru ortamlarda test edilen dogal taglar DIN 51130 standardi1 gore siniflandirilmigtir. Dogal
taslarin COF degerleri, yagh ortamlarda 0.11-0.18 p arasinda oldugu i¢in R9 sinifina dahil edilmistir.
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R9 smiflandirmasinda yer alan dogal taslar oturmaya ayrilmis alan, okullar, muayenchanelerde
kullanilabilir. Dogal taslarin COF degerleri kuru ortamlarda ve cilali ylizeylerde 0,18-0,34 p arasinda
oldugu icin R10 sinifina dahil edilmistir. R10 simifindaki dogal taslar banyo, depo ve restoran
mutfaklarinda kullanilabilir. Dogal taglar 1slak ortamlarda honlu, patinatolu ve eskitilmis ylizeylerde
0,34-0,51 p arasinda oldugu i¢in R11 smifina dahil edilmistir. R11 smifindaki dogal taglar sogutma
odalari, siit tiretim alanlari, ¢amasirhanelerde kullanilabilir. Dogal taslar islak ortamlarda honlu,
patinatolu ve eskitilmis yiizeylerde 0,51-0,70 p arasinda oldugu i¢in R12 sinifina dahil edilmistir. R12
sinifindaki dogal taglar et {iretim tesisleri, endiistriyel mutfaklar ve seker iiretim alanlarinda
kullanilabilir.

Cizelge 5. Dogal taslarin DIN 51130standardina gore siniflandirilmast.

Dogaltas Ortam | Yiizey T1 T2 T3 T4 T5
isleme COF | Simf | COF | Smf | COF | Smf | COF | Simif | COF | Simf
Traverten | Yagh Cilal1 0,04 R9 0,15 R9 0,09 R9 0,07 R9 0,12 R9
Honlu 0,11 R9 0,20 | R10 | 0,22 | R10 | 0,10 R9 0,14 R9
Patinato | 0,13 R9 0,20 | R10 | 0,23 | R10 | 0,12 R9 0,19 | R10
Eskitme | 0,19 | R10 | 0,27 | R10 | 0,23 | R10 | 0,17 R9 0,21 | R10
Kuru Cilali 037 | R11 | 058 | R12 | 0,49 | R11 | 045 | R11 | 0,52 | R12
Honlu 050 | R11 | 0,65 | R12 | 0,60 | R12 | 0,48 | R11 | 0,59 | R12
Patinato | 0,51 | R12 | 0,66 | R12 | 0,62 | R12 | 0,50 | R11 | 0,62 | R12
Eskitme | 0,59 | R12 | 0,66 | R12 | 0,62 | R12 | 0,59 | R12 | 0,62 | R12
M1 M2 M3 M4 M5
Mermer Yagh Cilal1 0,04 R9 0,05 R9 0,05 R9 0,04 R9 0,05 R9
Honlu 0,07 R9 0,09 R9 0,07 R9 0,04 R9 0,09 R9
Patinato | 0,08 R9 0,10 R9 0,09 R9 0,05 R9 0,11 R9
Eskitme | 0,09 R9 0,10 R9 0,10 R9 0,10 R9 0,08 R9
Kuru Cilali 0,30 | R10 | 0,32 | R10 | 0,35 | R11 | 0,33 | R10 | 0,32 | R10
Honlu 044 | R11 | 043 | R11 | 0,46 | R11 | 0,41 | R11 | 0,41 | R11
Patinato | 0,44 | R11 | 0,44 | R11 | 049 | R11 | 0,42 | R11 | 0,42 | R11
Eskitme | 0,48 | R11 | 0,46 | R11 | 0,51 | R11 | 045 | R11 | 0,44 | R11
B1 B2 B3 B4 B5
Kirectasi | Yagh Cilalt 0,01 R9 0,01 R9 0,01 R9 0,01 R9 0,01 R9
Honlu 0,01 R9 0,01 R9 0,01 R9 0,01 R9 0,01 R9
Patinato | 0,01 R9 0,01 R9 0,01 R9 0,01 R9 0,01 R9
Eskitme | 0,01 R9 0,01 R9 0,01 R9 0,01 R9 0,01 R9
Kuru Cilalt 0,30 | R10 | 0,30 | R10 | 0,32 | R10 | 0,35 | R11 | 0,31 | R10
Honlu 033 | R0 | 0,39 | R11 | 044 | R11 | 0,36 | R11 | 0,36 | R11
Patinato | 0,33 | R10 | 0,47 | R11 | 0,47 | R11 | 0,38 | R11 | 0,39 | R11
Eskitme | 0,35 | R11 | 0,52 | R12 | 0,47 | R11 | 051 | R12 | 0,40 | R11

Dogal taslarda TS EN 14231 standartlarina gore yapilan testler ile COF degerleri tespit edilmistir.
Cizelge 6'da "Pandiil deney donanmimiyla kayma direncinin tayini” standardina gore dogal taslarin
siniflandirilmasi yapilmstir.

Islak ve kuru ortamlarda test edilen dogal taslar TS EN 14231 standardi gore siiflandirilmistir. Islak
ortamda cilali, honlu, patinatolu ve eskitilmis yiizeyler dogal tas 6rnekleri 0.25 p'dan kiigiik oldugu igin
Z sinifi iginde yer almaktadir. Z sinifinda yer alan dogal taglar aligveris merkezlerinde kullanilabilir.
Kuru ortamda, COF degerleri 0.25-0.34 p arasinda oldugu i¢in Y smifi i¢inde yer almaktadir. Y sinifinda
yer alan dogal taglar banyo, depo, camasirhanelerde kullanilabilir. Kuru ortamda, COF degerleri 0.36-
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0.46  arasinda oldugu i¢in X smufi i¢cinde yer almaktadir. X sinifinda yer alan dogal taslar alisveris
merkezleri yemek alanlari, otel giris salonlar1, ortak soyunma odalar1 ve i¢ mekan basamaklarinda
kullanilabilir. Kuru ortamda, COF degerleri 0.47-0.59 p arasinda oldugu i¢in W sinifi i¢inde yer
almaktadir. W sinifinda yer alan dogal taslar dis mekan yiiriiyiis yollar1, ylizme havuzu gevresi, dis
mekan basamaklarda kullanilabilir. Kuru ortamda, COF degerleri 0.59 p'dan biiyiik oldugu i¢in V sinifi
icinde yer almaktadir. V siifinda yer alan dogal taslar dis mekan egimli alanlarda kullanilabilir.

Cizelge 6. Dogal taslarin TS EN 14231 standardina gore siniflandirilmasi.

Dogaltas Ortam | Yiizey T1 T2 T3 T4 T5
fsleme | COF | Simf | COF | Simf | COF | Siuf | COF | Simf | COF | Simf
Traverten | Islak Cilal 0,08 z 0,10 Z, 0,06 z 0,07 z 0,10 z
Honlu | 0,13 Z 0,20 z 0,13 z 0,11 z 0,37 X
Patinato | 0,14 Z 0,36 X 0,27 Y 0,23 z 0,37 X
Eskitme | 0,14 Z 0,39 X 0,40 X 0,32 Y 0,51 w
Kuru Cilali 0,33 Y 0,41 X 0,30 Y 0,33 Y 0,40 X
Honlu | 0,36 X 0,50 w 0,33 Y 0,39 X 0,54 w
Patinato | 0,40 X 0,55 w 0,39 X 0,40 X 0,56 w
Eskitme | 0,56 W 0,57 w 0,55 w 0,44 w 0,61 \%
M1 M2 M3 M4 M5
Mermer Islak Cilaln 0,01 Z 0,01 Z 0,01 Z 0,01 z 0,01 Z
Honlu | 0,07 Z 0,09 z 0,13 z 0,04 z 0,05 z
Patinato | 0,09 Z 0,27 Y 0,23 z 0,12 z 0,07 z
Eskitme | 0,12 Z 0,33 Y 0,38 X 0,32 Y 0,33 Y
Kuru Cilali 0,32 Y 0,36 X 0,39 X 0,38 X 0,39 X
Honlu | 0,36 X 0,36 X 0,46 X 0,44 X 0,40 X
Patinato | 0,39 X 0,57 w 0,47 w 0,44 X 0,40 X
Eskitme | 0,50 W 0,60 \Y 0,60 \ 0,57 w 0,69 \%
B1 B2 B3 B4 B5
Kirectasi Islak Cilali 0,01 z 0,03 z 0,01 z 0,03 z 0,01 z
Honlu | 0,01 z 0,26 Y 0,05 z 0,08 z 0,02 z
Patinato | 0,04 z 0,26 Y 0,24 z 0,19 z 0,04 z
Eskitme | 0,01 z 0,05 z 0,29 Y 0,36 X 0,05 z
Kuru Cilal 0,23 z 0,20 z 0,24 z 0,22 z 0,17 z
Honlu | 0,23 z 0,27 Y 0,26 Y 0,25 z 0,18 z
Patinato | 0,28 Y 0,35 Y 0,30 Y 0,40 X 0,20 z
Eskitme | 0,35 Y 0,41 X 0,38 X 0,51 w 0,23 z
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4. SONUCLAR

Dogal tas drnekleri DIN 51097, DIN 51130 ve TS EN 14231 standartlarina gore yapilan testler ile COF
degerleri belirlenmis ve siniflandirmalari yapilmistir.

Deneysel calismaan sonuglari asagida 6zetlenmistir;

Islak ortamda, dogal taglarin COF degerleri azaldigi icin 6zellikle cilalanmis yilizeylerde kayma
riski yiiksektir. Islak ortamda ¢iplak ayakla yiiriinen alanlarda eskitilmis yilizeylerde kullanimi
daha giivenli oldugu belirlenmistir.

Kuru ortamda, dogal taglar tiim yiizeylerde ayakkab1 ile yiiriinen alanlarda, COF degerleri
yiiksek oldugu icin kayma riski diisiiktiir. Dogal taslar yagli ortamlarda ayakkabi ile yiiriinen
alanlarda, COF degerinin disiik olmasindan dolayi, kayma riski tim ylizeyler i¢in daha
yiiksektir. Buna gore, kuru ortamlarda ayakkabi ile yiiriinen alanlarda dogal taslarin kullanimi
daha giivenlidir. Bununla birlikte, bu konuda gelistirilen ve yaymlanan standartlar kuru
ortamlar dikkate almamaktadir. Bu ¢alismada kuru ortamlarda farkli yiizey isleme yontemleri
ile dogal taglarin kayma riski belirlenmistir.

Pandiil yonteminde kuru ortamlarda dogal taslarin COF degeri tiim ylizeylerde yiikseldigi i¢in kayma
riski diistiktiir. Pandiil yontemi ile 1slak ortamlarda COF degeri diistiigiinden, tiim yiizeyler i¢in kayma

riski daha diisiiktiir. Buna gore zemin kaplamalarinda dogal taglarin kullanimi kuru ortamlarda daha

giivenli olabilir. Pandiil yonteminden elde edilen sonuglara gore, 1slak ortamlarda, dogal taglarin zorunlu
oldugu durumlarda eskitilmis plakalar kullanmak daha uygun olacaktir.
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Ozet: Calismada yariiletken yiizeyler Monte Carlo yontemi ile biiyiitiilmiis, belirli bir kaplama oranina
eristikten sonra yiizeye gelen pargacik akisi durdurularak yiizeyin denge sekline ulagmasi beklenmistir. Daha
sonra ylizey lizerinde olusan bir atom yiiksekligindeki 6beklerin istatistiki dagilimi incelenmistir. Caligma farkl
sicakliklar, farkli aki degerleri ve farkli kaplama oranlar i¢in tekrarlanmis, bunlarin 6bek istatistigi tizerindeki
etkisi aragtirilmigtir. Ayrica 6bek olusumu ve bunlarin istatistigi ile problemin enerji parametreleri arasindaki
baglantilar1 aragtirilmistir. Caligmada 60, 80, 100, 130K sicaklik degerleri kullanilmistir. Simiilasyon yiizeyi
olarak 200x200 atomdan olusan kare bir 6rgii secilmistir. Yiizey kaplama orani %5, %10 ve %15 degerlerine
ulagildiginda biiyiitme durdurulmus ve dengeye ulagsmasi beklenmistir. Yiizeyde olusan 6beklerin istatistikleri
incelendiginde yiizey sicakligi, aki ve kaplama oraninin dbeklerin istatistiklerini etkiledikleri goriilmiistiir.

Anahtar Kelimeler: Monte Carlo, Aki, Biiyiitme, Obek, Istatistik

Cluster Formation on Semiconductor surface and Statistics

Abstract: In the present study semiconductor surfaces are grown by Monte Carlo technique where particle flux
coming to the surface is stopped after the particle coverage of the surface has reached a predetermined value and
thereafter the simulation is continued untill the surface reached its equilibrium shape. Then the statistical
distribution of monolayer clusters is examined. The study is carried out for different growth temperatures, different
particle flux values to the surface and different coverage values and their effect on the statistics of clusters is
investigated. Furthermore the relation between the energy parameters of the problem and cluster formation and
their statistics are studied. In this study 60, 80, 100 and 130 K temperature values are used. The simulation area is
chosen as a 200x200 square grid. When the coverage reached a value of 5%, %10 and 15%, the growth is stopped
and the surface is allowed to equilibrate. When the statistical distribution of clusters is investigated, it is observed
that the distribution is affected by temperature, particle flux to the surface and the coverage of the surface.

Keywords: Monte Carlo, Flux, Growth, Cluster, Statistics

1. GIRIS

Yiizeylerin olusumu hakkinda deneysel ve teorik calismalar, yaygin sekilde yapilmistir ve etmektedir
[1-13]. Yariletken yiizeylerin yilizey yapisini incelemek, yariiletken yiizeylerin cihaz yapimindaki
teknolojinin gelisiminde 6ncii bir rol oynar. Deneysel caligmalarda biiyiitme, ve 6lgme deneysel siiregler
olup biiyiitme siirecinin seyrini gozlemlemek igin biiylitme siireci durdurulup O6l¢me yapmak
gerektiginden, biiylitme siirecinin siirekliligi devamlilik arz etmez ve nihai yiizey sekillerinde
farklilagmalar olusabilir. Bu noktada teorik incelemelerin 6nemi artmaktadir. Teorik yiizey biiyiitme
sirasinda tiim parametreler kontroliimiiz altinda olmakta ve teorik ¢alismada analizin, tersi istenmedigi
stirece biiylime yapisinin degisimine etkisi olmaz. Kristal yariiletken yiizey biiyiitme tercihleri amaca
gore degisebilmektedir, ani ve yliksek aki ile biiylitme, diisiik aki ile katmanlar tamamlanarak biiyiitme,
basamaklar halinde biiyiitme gibi yontemler kullanilmaktadir. Yariletken yiizey biiyiitme
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tekniklerinden biri de sinirli bir aki gonderilerek ylizeyin kismi olarak kaplanmasi ve olusabilecek
basamaklar, adaciklar, tek/ikili/liclii atom Obekleri gibi yapilarin, aki kesilerek, belirli bir siire
aktivasyonlarimi aym kinetik ve termal sartlar saglanarak belirli bir zaman siirdiirmektir. Biiyiitme ve
dinlendirme siiregleri sirasinda yiizeyin nasil degisecegi ve bilylimenin nasil siirecegini o ana kadar
olusmus yiizey yapisi, termal parametreler, ylizey enerji parametreleri, aki miktar1 gibi parametreler
etkiler. Yiizeyin smirli kaplanmasi sirasinda pargaciklarin yiizey {izerinde serbest difiizyonu,
basamak/6bek kenar1 boyunca difiizyonu, basamak kenarina birlesme/ayrilma siirecleri, basamak/6bek
tizerinden alt terasa ge¢me gibi siiregler ylizey dinamigini belirleyen siireclerdir ve yiizeyin nihai
seklinin olusmasinda etkilidir. Bahsedilen siirecler icerisinden Schwoebel bariyer etkisi; yani iist
terastan alt terasa enerji bariyerini gecerek inme igin gegerli olan bariyer enerjisi sifir (0) kabul
edilmistir, boylelikle teras iizerinde yeni teras olusumu engellenmistir. Bu nedenle bu ¢aligmada sadece
bir atom yiiksekliginde obeklerin olusumu ve onlarin istatistigi aragtirilmistir. Deneysel ¢aligmalarda
gbzlenen yiizeye aki gelmesi ve yiizeyden atom buharlagsmasi olaylarindan, ylizeyden atom
buharlagsmasi (desorbtion) olay1 simiilasyona katilmamistir. Yiizey obeklerinin olusumu, &beklerin
difiizyonu konular iki boyutlu sistemler i¢in incelenmis olup olusan 6beklerin 6lgeklenerek hetorojen
bir dagilima sahip olduklar1 gozlenmistir. Benzeri ¢aligmalar 2ve 3 boyutlu sistemler i¢in yapilmigtir [8-
9].

2. TEORIK ALTYAPI

Simiilasyon sirasinda Kinetik Monte Carlo ( KMC) algoritmas: kullanilmigtir. Yiizeyde bulunan
atomlarin hareket edebilme olasiliklar1 yonlere bagl olarak hesaplanmig ve olusabilme olasiligina bagli
olarak, rasgele bir say1 yardim ile olayin olusmasi saglanmistir. Zamanin 6telenmesi de rasgele bir say1
secilerek ve pargaciklarin toplam gegis oranlari kullanilarak yapilmaktadir[10]. Simiilasyonlar sirasinda
biiyliyen yilizeyde bulunan atomlarin basamaga baglanma veya basamaktan ayrilma olasiliklari, iist
terastan asag1 inme olasiliklar1 Scwhobel bariyer etkisi, yiizey iizerinde serbest difiizyon, basmak kenar1
boyunca diflizyon olaylart KMC algoritmasina dahil edilen yiizey olaylaridir[11,12]. Yiizeyde bulunan
bir atom kare orgii lizerinde bos olan komsu bir konuma gececegi sirada

E = Eq + nE, (1)

kadarlik bir enerji bariyerini asmak zorunda kalmaktadir. Burada E4 yilizeydeki serbest, bagi
bulunmayan bir atomun yiizeydeki difuzyon bariyer enerjisidir. Ej, ise iki birbirine bagli atomlarin bag
enerjisidir, n ise bir atomun bag yaptigr komsu atom sayisim gostermektedir. n = 1,2,3,4 degerlerini
alabilir. n = 4 oldugu durumda atomun hareket etme olasilig sifir (0) kabul edilmistir. Basamak/6bek
boyunca hareket i¢in asilmasi gerekli enerji Eg4g dir. Bu enerji bariyerleri (E4 harig) Sekil 1'de sembolik
olarak gosterilmistir. Bir atomun komsu bos bir noktaya ge¢cme olasiligi,

w(T) = v exp(—E/kgT) (2)

ile verilir. Burada v bir atomun/pargacigin yiizeye dik olarak yaptigi salinimlarin frekansi, kg Boltzmann
sabiti, T ortamin mutlak sicakligidir. Atomun titresim frekanst v, 102713571 civarindadir ve
simiilasyon i¢in 10*3s™1 degeri kullanilmustir, kullanilan metot hakkinda detay icin [13] calismasina
bakilabilir. Simiilasyon sirasinda enerji parametreleri meV cinsinden olmak tlzere E, = 125,E; =
150,E; = 0 ve E;; = 100 olarak sec¢ilmistir. Burada 6nemli olan enerji bariyer degerlerinin mutlak
degerinden ziyade onlarin birbirlerine gore degeridir. Simiilasyon T = 60 — 130 K sicaklik degerleri
icin ylizeye gonderilen farkli parcacik aki degerleri i¢in yapilmistir.
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Yiizeyde olusan tiim olaylarin olusabilme olasiliklar sicakliga bagli olarak artmaktadir ¢linkii Denklem
(2)'de goriilebilecegi gibi sicaklik yiizey aktifligini arttirmaktadir ve 6zellikle tek atomlarin yiizey
tizerinde diflizyonunu arttirmaktadir. Simiilasyon sirasinda uzunluklari a cinsinden 200x200 boyutunda
bir simiilasyon yiizeyi kullanilmistir. Yiizey %5 (yani 2000 atom), %10 (4000 atom) ve %15 (6000
atom) oranlarinda kaplanmustir.

Yiizeyin kaplanmasi Monte Carlo (MC) yontemi ile yiizey tizerinde rastgele secilen bos bir noktaya bir
parcacik yerlestirilmesi seklinde yapilmistir. Yiizeye gonderilen parcacik akisi bagka tiirlii
belirtilmediyse yiizey saniyede 0.18 pm mertebesinde biiyiiyecek sekilde secilmistir. Akinin goreli
olarak yiiksek secilmesinin sebebi M C simiilasyonlarini hizlandirmak i¢indir. Kaplama oranlariin
sinirli tutulmasi deneysel c¢alismalarda sik uygulanan bir yontemdir ve ylizeydeki atomlara olasi en
diizgiin sekilleri olugturmasina zaman ve olanak tanimaktadir. Bu kaplama oranlar1 ve sicaklik
degistirilerek yiizeyde olusan adacik (6bek) istatistikleri incelenmistir. Yiizeyde olusan adaciklarin
sekillerinin, aki miktar1 ve sicaklik parametrelerinden daha fazla etkilendigi goriilmistiir. Diisiik aki
miktar1 ve diisiik sicakliklarda olusan adaciklar kareye yakin paketlenmis sekillerde bulunmustur. Fakat
cok diisiik sicakliklarda ise ak1 miktari diisiik dahi olsa olusan adaciklar sagaklanarak olusmus ve kapali
paketlenmis formu olusmamaktadir. Cok yiiksek sicakliklarla ilgili sonuglar burada gdsterilmemistir
fakat bu durumda adacik olugsmamakta veya olusmus adaciklar dagilarak yiizeyde tekli atom halinde
rastgele difiizyona ugramaktadir.

3. BULGULAR ve TARTISMA

Yapilan caligmada 200x200 kare bir 1zgara iizerine gonderilen belirli bir parcacik akisi altinda yiizeye
gonderilen parcaciklarin dagilimi ve olusan yapilarin sekilleri incelenmistir. Yiizey tizerinde bulunan
bir parcacik kare 6rgii nedeniyle sadece dort yonde ilerleme olasiligina sahiptir. Parcaciklarin bir
konumdan bagka komsu bir konuma gegme olasiliklan yiizeydeki biitiin pargaciklar i¢cin Denklem (2)
kullanilarak hesaplanmistir. Pargaciklarin hareketi Kinetik Monte Carlo yontemi[10, 13] kullanilarak
yapilmstir. Calisma ylizeyin belirli kaplama oranlari i¢in gerceklestirilmistir, kaplama oranlari sirasi ile
%S5, %10 ve %15 olarak secilmistir. Bunlara karsilik gelen yiizey morfolojileri sirasi ile Sekil 2, 4 ve
6'da ve bu ylizeylere karsilik gelen yiizey iizerindeki 6beklerin istatistigi ise sirasi ile Sekil 3,5 ve 7'de
gosterilmistir. Verilen bir sicaklikta yiizeye gelen parcacik akisi rastgele sayilar segilerek kontrol edilmis
ve istenen oranda kaplama sayisina erisilince yiizeye gelen pargacik akisi durdurulmustur. Bundan sonra
yiizeyin dinamigi Monte Carlo yontemi ile incelenmeye devam edilmis ylizey dengeye ulasana kadar
simiilasyon siirdiiriilmiigtiir. Simiilasyon sirasinda yiizeyde olusan obeklerin istatistigi takip edilmis
onemli bir degisikligin artik olusmadig1 ana kadar simiilasyona devam edilmistir. Ug ve daha fazla
parcacigin olusturdugu gruplar 6bek olarak kabul edilmis, digerleri istatistige dahil edilmemistir.
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Sekil 1. Bir yiizey tizerinde atomlarin hareketleri sirasinda agsmak zorunda olduklar1 potansiyel enerji engelleri. Eq
ylizey iizerinde serbestce hareket eden bir pargacigin agmasi gereken enerji engeli, Ep bir 6bek kenarinda bag
yapmis bir atomun, en yakin komsu atomuyla yaptig1 bag enerjisidir. Ek bir pargacigin bir basmak veya 6bek
kanarindan asag1 inerken agmasi gereken ilave enerji engelidir ve Schwoebel bariyeri olarak bilinir bu ¢aligmada
0 kabul edilmistir ¢linkii sadece tek katmandan olusan yapilar incelenmistir.

T=60K

(a) | (b)

T=100K T=130K

(d)

Sekil 2. %5(2000atom) doluluk orani ve 4.0e-8 ylizey akisi ile bilyiitiilmiis farkli sicakliklardaki yiizeylerin
dengeye ulagtiktan sonraki goriiniimleri.
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Sekil 3. %5 doluluk orani ve farkl sicakliklar igin dengeye ulasmis yiizeylerdeki 6bek sayilarinin istatistikleri.
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T=60K

(d)

Sekil 4. %10(4000atom) doluluk oranmi ve 4.0e-8 yiizey akisi ile biiyltiilmis farkli sicakliklardaki yiizeylerin
dengeye ulagtiktan sonraki goriiniimleri.

Yiizey sekilleri incelendiginde %5, %10, %15 kaplama oranlar igin, Sekil 2(a), 4(a) ve 6(a)'da
goriildiigli gibi 60K sicakligina karsilik gelen ylizeylerde bir 6bek olusumu yok denecek kadar azdir.
Bunun sebebi sicakligin diisiik olmasi ve bu nedenle yiizeye gelen atomlarin hareket kabiliyetlerinin ¢ok
az olmasi sebebiyle ilk geldikleri yerlerden yiizey ilizerinde hareket edememeleridir. Bu durumun
olugmasinin sebebi (2) nolu denklemle agiklanabilir. Yiizey iizerinde serbestce hareket edecek bir
pargacigin Eq enerji engelini asmas1 gerekir (Sekil 1). Sicaklik diisiik oldugunda exp(—E;/kg T)
teriminin argliimani biiyiidiigiinden parcacigin ylizey iizerinde hareket olasiligi da azalmaktadir. Bu
durumda yiizeye gelen her parcacik yiizeye kondugu noktadan hemen hemen hi¢ uzaklasamamakta ve
boylece obek olusumu meydana gelmemektedir. Fakat yiizey kaplama orani arttiginda pargaciklar
arsindaki mesafe azaldigindan Sekil 6(a)'da goriildiigi gibi ¢ok nadir de olsa kiiciik boyutlu dbeklerin
olusmast meydana gelmektedir. Bu durum 6bek istatistigini veren Sekil 3,5 ve 7'nin T=60K sicakligina
karsilik gelen grafiklerine bakildiginda agik¢a goriilmektedir. Ornegin Sekil 7'de goriilebilecegi gibi
yiiksek kaplama oranlarinda ¢ok az da olsa 10-50 atomlu birka¢ 6bek mevcuttur.
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Sekil 5. %10 doluluk oran1 ve farkli sicakliklar i¢in dengeye ulasmis yilizeylerdeki 6bek sayilarmin istatistikleri.
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(d)

Sekil 6. %15(6000atom) doluluk orani ve 4.0e-8 yiizey akisi ile biiyiitiilmiis farkli sicakliklardaki yiizeylerin
dengeye ulagtiktan sonraki goriiniimleri.
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Sekil 7. %15 doluluk orani ve farkli sicakliklar i¢in dengeye ulasmis yilizeylerdeki 6bek sayilarmin istatistikleri.
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Her kaplama oram i¢in Sekil 2,4 ve 6'da verilen yiizeyler (a)-(d) siras1 ile incelendiginde, sicaklik
arttikca yiizey aktifliginin arttigi ve bdylelikle difiizyon olaylarimin olusma olasiligiin arttig
gozlenebilir. Diflizyon olaylarimin artmasi neticesinde atomlarin yan yana gelme olasiliklar artmis ve
komsu olan atomlar Ey enerjisi ile aralarinda bag yaparak dbeklesmeler olusmustur. Her aki miktar1 igin
sicakligin artmasi 6beklesmeyi arttirmistir.

Yukaridaki tartismadan da anlasilabilecegi gibi 6bek olusumu hem sicaklik hem de yilizeye gelen
pargacik akisimin kontrolii altindadir. Sicaklik parcaciklarin ylizey iizerindeki hareket kabiliyetlerini
arttirdifindan pargaciklar yiizey iizerinde daha genis bir alanda gezinmekte bdylece birbirleri ile
karsilasarak bag yapma olasiliklar1 artmaktadir. Ug veya daha fazla parcacigin bir araya gelerek dbek
olusturmasi, Obegin bulundugu bdlgede serbest gezinen parcaciklar icin yiiksek enerji ile
baglanabilecekleri bir merkez olusturmaktadir. Bir 6bek kenarina yapisan bir parcacik bir veya daha
fazla bag yaptigindan, 6bek kenarlar pargaciklarin baglanabilecekleri ve kararli kalabilecekleri
merkezlerden olusmaktadir. Obek alan1 ne kadar biiyiikse bu merkezlerin sayis1 da o kadar fazladir.
Aslinda 6bek kenar uzunlugu 6begin alaninin kokii ile orantilidir.

Obeklerin baslangicta olusmaya basladigi noktalarin nasil dagildigi detayli olarak incelenmemistir, fakat
bir 6bek bir kez olustuktan sonra etrafindaki serbest atomlar i¢in bir tuzak gorevi gordiigiinden, bir
obegin yakin cevresinde baska bir 6begin olusma olasiligi oldukea diisiiktiir. Obekler arasindaki
ortalama mesafe yiizeye gelen parcacik akisina bagli olacaktir fakat bu durum detayl: incelenmemistir.

Sekil 2,4 ve 6'da gosterilen yiizeyler incelendiginde dbeklerin sekillerinin hemen hemen kare seklinde
oldugu goriilecektir. Bunun bir sebebi segilen orgiliniin kare olmasidir. Bir diger sebebi ise sicakligin
yeterince yiiksek olmamasidir. Obek kenarindaki bir pargacik ii¢ bag yaptigindan baglarmi koparma
olasilig1 oldukca diisiiktiir. Obek kenarinda hareket eden tek atomlar ise bek kosesindeki bosluklari
doldurarak obekleri daha kararli hale getirmektedirler. Bu nedenle sicakligin ¢ok yiiksek olmadigi
durumlarda en kararli 6bek sekli kare veya dikdortgen seklidir. Obekler aslinda siirekli bir parcacik alis
verisi igerisindedir. Bir Obekten pargacik kopmasi en biiyiik olasilikla koselerden olabilir, ¢iinkii
digerlerine nazaran en az sayida bag yapan parcaciklar bunlardir. Bu ¢alismada gosterilmemistir fakat
sicaklik arttirilirsa dbekler koselerden parcacik salmaya baslayacak ve 6bek koseleri yuvarlanacaktir.
Ayrica bagka bir ¢aligmada detayli incelendiginden burada géz oniine alinmamistir fakat 6beklerin her
biri yiizey lizerinde bir biitiin halinde gezinmektedir. Bu konunun detaylar1 igin [14] ¢aligmasina
bakilabilir.

Yiizey lizerinde olusan Obekleri olusturan parcacik sayilar1 ve Obek sayilari agisindan yiizey
morfolojisinin istatistiginin detaylar1 Sekil 3,5 ve 7'de goriilebilir. Genel kural olarak diisiik sicakliklarda
¢ok sayida ama kiigiik boyutlu 6bekler mevcuttur. Sicaklik arttikca kii¢iik 6beklerin birlesmesi sonucu
daha biiyiik 6bekler meydana gelmekte bdylece az sayida fakat biiyiik boyutlu 6bekler meydana
gelmektedir. Obeklerin sayis1 ve boyutu ayrica yiizeyin kaplanma oranina da bagldir. Ornegin diisiik
sicakliklardaki dagilima 6rnek olarak T = 80 K i¢in kaplanma oram diisiik ise 6bek sayis1 ve obekleri
olusturan parcacik sayis1 da diigiiktiir. Ayni sicaklik i¢in kaplama orani arttiginda hem &bek sayis1 hem
de dbekleri olusturan pargacik sayisi artmaktadir (Sekil 3, 5 ve 7).

4. SONUC

200x200 boyutunda secilen diiz bir yilizey iizerine parcacik akisi gonderildiginde yiizeyde olusan
adaciklarin (Obeklerin) olusmasit ve bunlarin dagilimi sicaklifin ve yiizey kaplama oraninin bir
fonksiyonu olarak Kinetik Monte Carlo yontemi ile incelenmistir. Obek olusum diisiik sicaklik ve diisiik
kaplama orani degerlerinde ¢ok azdir. Bunun sebebi hem diisiik sicaklik nedeniyle parcaciklarin hareket
kabiliyetlerinin az olmas1 hem de pargaciklar arasindaki ortalama mesafenin biilyiik olmasi1 nedeniyle
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parcaciklarin bir araya gelerek adacik olusturmasinin zor olmasidir. Sicaklik arttiginda adacik olusma
orani ve yeterince parcacik varsa (kaplama orani yiiksekse) adaciklari olusturan pargacik sayisi da
artmaktadir. Yiizey sekilleri ve Obek istatistikleri farkli sicaklik ve yilizey kaplanma oranlart igin
sunulmusgtur. Sicaklik ¢ok yiiksek oldugunda 6bekler dagilmaktadir fakat bu calismada bu konu detayli
incelenmemistir.
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Abstract. In prosthodontics, to increase the bonding of metals with porcelain by several means including laser
surface treatments is still an important research topic. The current study was undertaken to evaluate the influence
of surface treatment with Ho:YAG, Er:YAG, and Nd:YAG lasers on the shear bond strength (SBS) of low
fusion dental porcelain to titanium and zirconium oxide substructures. Titanium (n=70) and zirconium oxide
(n=70) specimens were categorized into 7 study groups (n=10): sandblasting, Er:-YAG 1.5W and 2.5W,
Nd:YAG 1.5W and 2.5W, and Ho:YAG 4W and 10W. Their surface morphology was examined with under
scanning electron microscopy (SEM) after surface treatment. After application of low fusion dental porcelain,
the SBS test was performed applying a universal testing machine. In the titanium specimens, the SBSs of the
Nd:YAG laser 2.5W and 1.5W were significantly higher than those of the sandblasting and other lasers,
respectively (p<0.05); In the zirconium oxide specimens, the SBSs of the sandblasting, Nd:YAG 1.5W and
Nd:YAG 2.5W lasers were significantly higher than those of the other lasers, respectively (p<0.05); In the
titanium specimens, Er:YAG 1.5W, Nd:YAG 2.5W, and Ho:YAG 10W lasers provided significantly higher
SBSs compared to those in the zirconium oxide specimens (p<0.05). To increase SBS of low fusion porcelain
with titanium and zirconium oxide substructures, Nd:YAG laser is more successful compared to Er:YAG and
Ho:YAG lasers. The laser applications provide different SBS results although there are no obvious differences
among their surfaces by SEM; this requires further research in order to clarify the mechanism of these
differences.

Keywords: Ho:YAG laser, Nd:YAG laser, Er:YAG laser, shear bond strength, titanium, zirconium, low-fusion
dental porcelain, CAD/CAM

Zirkonyum OKksit ve Titanyum Metal Alt Yapilarin SBS Uzerine Farkh
Lazer Yiizey Uygulamalarimin Etkisi

Ozet: Protetik dis tedavisinde lazer yiizey uygulamalarini da iceren birgok yontem, porselen alt yapr ile metalin
baglantisini arttirmak i¢in halen 6nemli bir arastirma konusudur. Caligma; titanyum ve zirkonyum oksit alt yapilara
uygulanan diisiik 1s1 porseleninin makaslama baglanti dayanimina (SBS); Ho:YAG, Er:YAG ve Nd:YAG lazer ile
yiizey sartlandirmalariin etkisini gelistirmeyi amaglamstir. Titanyum (n=70) ve zirkonyum oksit (n=70) 6rnekler
7 ¢alisma grubuna ayrilmistir (n=10): Kumlama, Er:YAG 1.5 W ve 2.5 W, Nd:YAG 1.5 W ve Er:YAG 2.5 W, ve
Ho:YAG 4W VE 10 W. Yiizey morfolojileri, sartlandirma sonrasinda taramali elektron mikroskobu (SEM) altinda
incelenmistir. Dental diisiik 1s1 porseleninin uygulanmasindan sonra SBS testi universal test makinesi kullanilarak
yapilmistir. Titanyum 6rneklerde Nd:YAG lazer 2.5 W ve 1.5 W SBS sirasiyla kumlama ve diger lazerlerden
onemli 6lgiide yiiksektir (p<0.05). Zirkonyum oksit 6rneklerde Kumlama, Nd:YAG 1.5W and Nd:YAG 2.5W
lazerler sirastyla diger lazerlerden 6nemli l¢iide yiiksektir. Titanyum 6rneklerde Er:YAG 1.5W, Nd:YAG 2.5W,
ve Ho:YAG 10W lazer zirkonyum oksit drnekler ile karsilastirildigi zaman SBS 6nemli derecede iistiinliik
saglamistir (p<0.05). Titanyum ve zirkonyum oksit alt yapilar ile diisiik 1s1 porseleninin SBS artirmak icin
Nd:YAG lazer Er:YAG ve Ho.YAG ile karsilastirildig1 zaman daha basarilidir. SEM vasitasiyla yilizeyleri arasinda
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belirgin bir fark olmamasina ragmen lazer uygulamalar farklt SBS sonuglar1 saglamistir ; bu durum bu farklarin
isleyisini aciklamak i¢in daha fazla arastirmay1 gerektirmektedir.

Anahtar Kelimeler: Ho: YAG Lazer, Nd: YAG Lazer, Er:YAG Lazer, Makaslama Baglanti Dayanimi, Titanyum, Zirkonyum
Oksit, Dental Diisiik Is1 Porseleni , CAD/CAM

1. INTRODUCTION

Metal-ceramic restorations are recently preferred in prosthodontics since they harmonize the esthetic
properties of dental ceramic materials with the high strength of metals to increase the long-term
satisfaction of patients [1-3]. In this context, titanium and zirconium oxide are the leading metals which
were introduced for dental applications as a core materials suitable for veneering with dental porcelain
in combination with CAD/CAM techniques [4]. The most common clinical failures of dental prostheses
is fracture of porcelain material at the interface between metal and porcelain [5, 6]. Sufficient bond
strength among the veneering dental porcelain and the framework materials is therefore the main factor
determining their long-term clinical success of fixed dental prostheses.

Although several methods had been introduced to improve the mechanical bonding between metal and
ceramic, bonding in zirconium- and titanium- porcelain systems compared to the conventional metal-
porcelain systems is not still as expected for the successful performance of veneer/framework bilayered
restorations [6-9]. The bonding of ceramic to a metal substructure is developed by many factors between
porcelain and metal. The quality of mechanical bonding is related to the degree of roughness in the metal
surface. Therefore, interfacial bond strength can to be optimized by the surface pretreatment of the metal
substracture to increase the surface roughness of metal before the ceramic application [6, 10]. To
improve the surface roughness effect of titanium and zirconium, many methods had been introduced,
including sandblasting with Al,Os particles [11], and laser applications [11, 12].

The emergence of lasers with variable wavelength and their ability to be used for various purposes make
their applications an important reseach topic [11, 12] Among those surface treatments, laser etching has
a potential to produce a controlled micro-topography of metal surface [13] There is a need for a
standardized and optimized method of laser surface treatment for increasing the shear bond strength
(SBS) of metal surfaces. Among the lasers used in dentistry, Ho:YAG, Nd:YAG, and Er:YAG lasers
have a wavelength of 2940, 1064, and 2100 nm, respectively [14]. We aimed to determine the SBSs of
the low-fusion dental porcelain bonded to the CAD/CAM-fabricated titanium and zirconium
substructures after surface modifications with Ho:YAG, Er:YAG, and Nd:YAG lasers in vitro settings.
The null hypothesis was that the laser treatment modalities would not change the SBSs of the low-fusion
dental porcelain bonded to the CAD/CAM-fabricated titanium and zirconium substructures after surface
modifications with Ho:YAG, Nd:YAG, and Er:YAG and lasers.

2. MATERIALS AND METHODS
Preparation of samples

In this study, the SBS values of low temperature porcelain with zirconium oxide and titanium metal
substructure applications were examined.

By choosing the SBS as the main numeric variable of the study and assuming a difference of 18.5 MPa
with 14.9 MPa standard deviation of experimental data, based on the findings from similar studies
published in the literature, the number of samples (i.e. sample size=10) tested for each group was
computed with the “Sample Size for Analysis of Variance Program” module of the online Computer
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Program to Calculate Sample Size Requirement in the Analysis of Variance
(http://www.statstodo.com/SSizAOV_Pgm.php) after setting of desired statistical power at 90% (1-p =
0.90) at a significance level of 1% (a< 0.01).

140 samples in total were milled. Zirconium oxide (Alliance ring block) and Titanium (Copra-Ti ring
block) substructures were prepared in the final dimensions of 7 mm in diameter and 3 mm in thickness
in line with 1SO 11405 standard in CAD/CAM (Yenadent DC-40, Turkey) device, and surface
sandblasting (Mikrotek MKK-975 pen sandblasting device) was applied to all samples. Then the laser
process was applied in two different output powers for 20 seconds in the presence of water (Table 1).

Table 1. Settings of applied laser modalities.

Lasers ErYAG Nd:YAG Ho:YAG
Power (W) 15 2.5 15 2.5 4 10
Pulse energy (mJ) 150 | 250 | 150 | 250 | 500 | 1000
Repetition rate (Hz) 10 10 10 10 8 10
Duration (sec) 20 20 20 20 20 20
Table 2. Distribution of samples according to the groups (SB: Sandblasted).
Groups SB SB+ SB+ SB+ SB+ SB+ SB+
No Er-YAG ErYAG Nd:YAG Nd:YAG Ho:YAG Ho:YAG
Laser 1.5W 2.5W 1.5W 2.5W 4W 10W
ZrO; 10 10 10 10 10 10 10
Ti 10 10 10 10 10 10 10

e EnYAG (Deka Laser, Smart 2940D Plus, Florence, Italy)
e Nd:YAG (Deka Laser, Smarty A10, Florence, ltaly)
e Ho:YAG (Holmium Laser StoneLight, AMS Inc., Minnetonka, MN)

140 samples were divided randomly into titanium and zirconium oxide groups (n=70) and both titanium
and zirconium oxide samples were divided into 7 subgroups according to applied laser surface treatment
(Table 2). In all the subgroups, low temperature porcelain (Ti-22 Kuraray-Noritake) was applied to
sintered zirconium oxide and titanium metal substructures after the application of surface treatments.

Metal substructures were soaked in 37+£1°C distilled water for 24 hours after embedding in acrylic
blocks.

Veneer porcelain was applied on the substructures of all groups as 5 mm in diameter and 3 mm in height
in line with ISO/TR 11405 standards. After the porcelain application, the samples were placed in the
porcelain furnace with a metal mould and the porcelains were fired in the furnace. The firing process
was performed in a programmable vacuum porcelain furnace.

Porcelain applied zirconium oxide and titanium substructure samples prepared for the study were
embedded in acrylic resin in aluminium moulds with a diameter of 14 mm and height of 12 mm. All
samples were soaked in distilled water at 37+1°C for 24 hours before the test (Niive BM 302, Niive San.
M. I TAS, Ankara, Turkey).
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The samples taken out of the distilled water were exposed to shear bond test at 0.5 mm/min head speed
in Universal test device (Lloyd instruments LF Plus Segensworth Fareham/England) in Cumhuriyet
University Faculty of Dentistry Research Laboratory. The blade tip to perform the cutting was prepared
at a thickness of 1 mm and bluntly as specified in ISO TR 11405 specification (Figure 1). The blade tip
was positioned in a way that it is at an angle of 90° at the point where the samples met the substructure
and substructure material. The forces were measured as Newton (N) and Newton (N) values were turned
into Megapascal (MPa) value in order to be able to determine the amount of load per unit area.

A;glcakte [ Porcelain
Substructures

FIG.1

Loading

Figure 1. Representative drawing of study specimens, including titanium and zirconium oxide substructure and
porcelain, used in the experiments.

Statistical analysis

Data were presented as the mean + SD and analyzed with ANOVA followed by the Student-Newman-
Keuls test for post hoc pairwise comparisons. The difference was considered significant when the P
value was <0.05.
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Figure 2. presents the SBS values of titanium and zirconium oxide substructures to low fusion-dental porcelain in
the sandblasting, and Er:YAG 1.5W, Er:-YAG 2.5W, Nd:YAG 1.5W, Nd:YAG 2.5W, Ho:YAG 4W and Ho:YAG
10W laser groups. In the titanium specimens, the SBS values of the Nd:YAG laser 2.5W and 1.5W groups were
significantly higher than those of the control and other laser groups, respectively (p<0.05); the SBS values of
control, Er:YAG 2.5W and Er:YAG 1.5W groups were significantly higher than those of the Ho:YAG 4W and
Ho:YAG 10W groups (p<0.05). Of the SBS values, we found no significant differences among the Nd:YAG laser
2.5W and 1.5W groups; among the control, Er:YAG 2.5W and Er:YAG 1.5W groups; and between the Ho:YAG
4W and Ho:YAG 10W groups (p>0.05).

In the zirconium oxide specimens, the SBS values of the control, Nd:YAG 1.5W and Nd:YAG 2.5W
groups were significantly higher than those of the other laser groups, respectively (p<0.05); the SBS
values of Er:YAG 2.5W, Ho:YAG 4W, and Er:YAG 1.5W groups were significantly higher than the
Ho:YAG 10W laser group, respectively (p<0.05). Of the SBS values, we found no significant
differences among the control, Nd:YAG laser 1.5W and 2.5W groups; among the control, Er:YAG
2.5W, Ho:YAG 4W, and Er:YAG 1.5W groups (p>0.05).

On the titanium specimens, ErYAG 1.5W, Nd:YAG 2.5W, and Ho:YAG 10W laser applications
provided significantly higher SBS values compared to those of zirconium oxide specimens (p<0.05). In
the other laser applications, the titanium and zirconium oxide specimens had comparable SBS values
(p>0.05).

SEM images revealed that the laser surface treatments showed in irregularities, abrasion, and many
cavities on the outer surface of titanium and zirconium oxide substructures. Sandblasting caused more
roughening on the surfaces of titanium samples compared to zirconium oxide ones. Er:YAG laser caused
micro porosity on the surface of titanium samples but deep defects on the surface of zirconium oxide
samples. Nd:YAG laser caused more homogeneous surface roughness on both titanium and zirconium
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oxide samples compared to the other laser modalities. Ho:YAG laser caused shallow and more
heterogeneous surface roughness on both titanium and zirconium oxide samples compared to the other

laser modalities, although on the surface of titanium samples, there were deep laser penetration areas
(Figure 3).

= o 0KE B Spaari) WOr them | it

Figure 3. Representative scanning electron microscopic images of laser treated surfaces of titanium and zirconium
oxide metal substructures. 10k magnification of titanium placemens; a. sandblasting, b. Er:YAG 1.5W, c. Er:YAG
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2.5W, d. Nd:YAG 1.5W, e. Nd:YAG 2.5W, f. HO:YAG 4W, g. Ho:YAG 10W; 10k magnification of zirconium
oxide placemens: h. sandblasting, i. Er:YAG 1.5W, j. Er:YAG 2.5W, k. Nd:YAG 1.5W, I. Nd:YAG 2.5W, m.
Ho:YAG 4W, n. Ho:YAG 10W. SEM images revealed that the surface treatment resulted in irregularities, many
small pits, and scratches on the surface of the metal substructures; however, there was no meaningful differences
among the surface changes of samples due to the applied laser type and power.

3. DISCUSSION

In the literature, there are studies investigated the effect of Er:YAG and Nd:YAG lasers for the surface
treatment of titanium and zirconium oxide with the following ranges of power:1-5W [37-41]. In a recent
study of our research group, Ho:YAG laser was used similarly with a power setting of 4W[39].

The SBS values of low fusion dental porcelain and sandblasting applied titanium and zirconium oxide
substructures were found similar. Certain significant differences were detected between SBS values after
the laser application to sandblasted titanium substructures. Nd:YAG laser applications increased the
SBS values when compared to the sandblasting, Er:YAG and Ho:YAG laser applications. Er:YAG laser
applications had a similar effect on SBS values with the sandblasting application. Ho:YAG laser
applications reduced the SBS values when compared to the application of sandblasting. SBS values
obtained after low and high power laser applications chosen for the research were found similar. In the
light of these findings; Nd:YAG, Er:YAG and Ho:YAG laser applications had a similar effect on
sandblasted titanium substructure’s SBS values, while Nd:YAG had a laser increasing effect, Er:YAG
provided a similar effect with laser sandblasting, and Ho:YAG laser showed a decreasing effect.

Certain significant differences were detected between SBS values after the laser applications on
sandblasted zirconium oxide substructures. Nd:YAG laser sandblasting applications increased the SBS
values when compared to Er:YAG and Ho:YAG laser applications. Nd:YAG laser applications had a
similar effect on SBS values with sandblasting. Ho:YAG laser applications decreased the SBS values
when compared to the sandblasting application. SBS values obtained after the laser applications of low
and high power chosen for the research were found similar. In the light of these findings; Nd:YAG,
Er:YAG and Ho:YAG laser applications of low and high power had a similar effect on the SBS values
of sandblasted zirconium substructures. While Nd:YAG laser had an increasing effect, it provided a
similar effect with sandblasting, and Er:YAG laser and Ho:YAG laser showed a decreasing effect.

Considering the titanium and zirconium oxide substructures, after applications of Er:YAG 1.5W,
Nd:YAG 2.5W, and Ho:YAG 10W laser modalities, the SBS values were higher in the titanium
substructures, and after applications of other laser modalities, the SBS values were found similar.
Overall, while Nd:YAG laser increased the SBS value of titanium substructures and low fusion dental
porcelain when compared to sandblasting, Er:YAG did not change it, but Ho:YAG decreased it. While
Nd:YAG laser did not change the SBS value of zirconium oxide substructures and low fusion dental
porcelain when compared to sandblasting, Er:YAG and Ho:YAG decreased it. Upon viewing the laser
modalities applied for the research, it was seen that Nd:YAG laser was more successful when compared
to other laser applications and Ho:YAG laser was unsuccessful.

SBS test is considerably applied in dental literature to assess the primary mechanical characterizations
of dissimilar forms of dental metalloceramic applications [14]. This test provide a controlled
environment offering controlled conditions to choose the specimen properties and the loading forces.
The fracture form's mechanics enable enhance knowledge of the failure mechanism [15, 16]. The
bonding strength of metalloceramic restorations is determined by several factors: especially the grade
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of compressive stress in the veneering ceramic and titanium or zirconium frameworks [17-20]. Between
those factors, the mechanical bonding is primarily linked on the surface irregularity of titanium and
zirconium oxide [21, 22]. In metalloceramic restorations, a bond strength greater than 25 MPa between
the layering porcelain and metal is believed to be adequate according to the International Standards
Organization (1ISO) Bond strength tests evaluate resistance to exercised stress and similar residual stress
[23].

Metaloceramic restorations already indicate the generality of most dependable dental restorations
particularly if a good bonding among the two materials is accomplished [24]. Actually, the good bonding
among materials is of perfect essential since, considering the long durability of metaloceramic
restorations, failures yet arise primarily by reason interfacial fealure of the metaloceramic bond [25].
Computer aided design and computer aided manufacturing (CAD/CAM) technologies contributed
considerably to the prosthodontics by improving the manufacturing methods and materials [26]. The
success of CAD/CAM technologies was demonstrated by recent studies investigated the ceramic
bonding to metal structures provided by these technologies compared to conventional techniques [27].

Titanium preferred for dental prostheses due to its considerable useful mechanical properties and
excellent biocompatibility [28-30]. These type of prostheses were evaluated in several clinical studies
with promising clinical results [31-33].

The fabrication of titanium prostheses was improved after the application of dental CAD/CAM system
and this provided high precision and this improved clinical outcomes [34, 35]. As stated in a recent
review, In vitro efficiency of ceramic-titanium restorations is considerably satisfactory to suggest as a
treatment option [35], although there are limited data currently available on the clinical outcome of
CAD/CAM-fabricated ceramic-titanium prostheses [39]. In a study by Walter et al. [32] the clinical
outcome of titanium and high-gold porcelain-fused-to-metal fixed partial dentures fabricated from
CAD/CAM-milled titanium.

Murray et al. [40] examined the effect of laser application on the surface of Ni-Cr alloy on the tensile
bond strength of composite resin compared to the traditional sandblasting technique. It was point out
that laser treatment might be a pertinent option to other surface pretreatments for increasing the bond
strength of dental materials. In this study, metal substructures surfaces were irradiated with Er: YAG,
Nd:YAG and Ho:YAG lasers as surface treatments. Additionally, the output power of the Er:YAG,
Nd:YAG and Ho:YAG lasers affected the bond between the titanium and zirconium oxide substructure
surfaces.

Lietal. [41] suggested that SBS would clearly decrease if laser energy was 0.6 W and lower parameters.
Compatible, in our study, we used higher parameters than 0.6W.

Oskoee et al. [42] studied that was to compare the effect of surface treatment with Er; Cr:YSSG,
Nd:YAG, and CO; lasers. They found effective that lasers on repair SBS of a Sloane-based composite
resin. Er; Cr:YSSG was found more effective compared to other lasers. In our study, we found that
Nd:YAG laser more effective on zirconium oxide and titanium metal substructure surfaces.

Long-term evaluation of the clinical performance of the metalloceramic restorations requires long-term
follow-up periods. In the era of continuous addition of new materials for clinical use, it is difficult to
interpret the results of previous materials for the prediction of performance of new materials. For this
reason, there is inevitably a need to improve and use in vitro test for the metalloceramic restorations. In
this study, CAD/CAM system and low-fusion dental porcelain were used. Therefore, clinical
implications should not be drawn from results of this study.
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4. CONCLUSIONS

Effective surface treatment is considered essential for successful metalloceramic restorations. Within
the restriction of this study, the following conclusions can be drawn. Considering the power settings of
Ho:YAG, Er:YAG, and Nd:YAG laser applications, this study demonstrated that not all titanium and
zirconium oxide specimens display the expected quality of surface roughness after studied laser
applications and the expected SBS to veneering porcelain. For increasing SBS between low fusion
porcelain and titanium and zirconium oxide substructures, among the studied laser modalities, Nd:YAG
laser is more successful compared to Er:YAG and Ho:YAG lasers. That the laser applications used in
the research exhibited different experimental results although there are no obvious differences between
the surface images of titanium and zirconium oxide substructures through SEM imaging requires further
research in order to illuminate this subject. Particularly, assessing the substructure surfaces that are
exposed to separation after SBS measurement may put forth whether there is a difference between
separation mechanisms through assessment with SEM investigations. These findings may initiate the
development of the laser applications of suitable properties in terms of developing successful laser
surface treatments.
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Abstract: Measurements of bones give us information about the individual and the population it belongs to.
In these studies, in addition to head and pelvis skeleton, calcaneus bone is also one of the other studied body
bones as it can be preserved well. In the present study, 65 (35 right-30 left) well-preserved calcaneus bones
were evaluated in Anatomy Laboratories of Cumhuriyet University and Mugla Sitki Kocman University. With
these bones, 10 linear measurements were made and Boehler’s angle was measured. In calcaneus
measurements, right-left side difference was determined in body height (BH) of the bone (P<0.05). Boehler’s
angle was found 20-40°, and a significant correlation was found between Boehler’s angle and minimum width
(MINW) of the bone (P<0.01). A significant correlation was detected between all other linear bone
measurements except for anteroposterior maximum length (MAXL) of calcaneus and width of calcaneal
sulcus(WSC)(P<0.01). By regression of calcaneus measurements, anteroposterior length of the bone can be
calculated up to Imm.Calcaneus is one of the bones commonly used by anthropologists and forensic scientists
as it is preserved well. Morphometric values of calcaneus and the analyses made shall contribute to anatomy
science, orthopedic surgery, kinesiology and forensic sciences.

Keywords: Calcaneus, measurement, Boehler’sangle, osteology

Kalcaneus’un Morfometrik Ol¢iimleri;Boehler Acis1 ve Kemik Boyunun
Hesaplanmasi

Ozet: Kemiklerden elde edilen 6lgiimler bize birey ve ait oldugu populasyona ait bilgiler verir.Bu ¢alismalarda
ozellikle tercih edilen kafa ve pelvis iskeleti yaninda calcaneus kemigi de iyi korunabilmesi nedeni ile ¢alisilan
viicudun diger kemiklerinden biridir.Calisjmamizda Cumhuriyet Universitesi ve Mugla Sitki Kogman
Universitesi, Anatomi Laboratuvarlarinda bulunan iyi korunmus 65 (35 sag-30 sol) calcaneus degerlendirildi.
Kemiklerden 10 linear 6l¢iim ve Boehler’s agist 6l¢iildii.Calcaneus 6l¢iimlerinde kemigin viicut yiiksekliginde
(BH) sag-sol taraf farklihg: belirlendi (P<0.05). Boehler’s agis1 20-40° arasinda bulundu ve Boehler’s agisi ile
kemigin mimumum genisligi (MINW) arasinda anlaml1 bir korelasyon oldugu bulundu (P<0.01). Calcaneusun
anteroposterior maksimum uzunlugu (MAXL)ile calcaneal sulcus genisligi (WSC) haricinde diger tiim linear
kemik Olglimleri arasinda anlamli bir korelasyon belirlendi (P<0.01).Calcaneus o6l¢iimlerinin regresyonu ile
kemigin anteroposterior uzunlugu 1mm yakinliga kadar hesaplanabilir.Calcaneus iyi korundugu antropologlar ve
adli bilimciler tarafindan siklikla kullanilan kemiklerdendir.Calcaneus morfometrik degerleri ve yapilan analizler
anatomi bilimi, ortopedik cerrahi, kinesyoloji, antropoloji ve adli bilimlere katki saglayacaktir.

Anahtar Kelimeler: Kalkaneus, 6l¢iim, Boehler agisi, osteoloji
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1. INTRODUCTION

The standardized measurements from bones enable us to obtain information such as population
affinity, gender, age, history of the individual before death and time of death [1].

Use of cranio-facial morphology is still the most determinant in evaluation of population affinity.
However, complexity of this method is a disadvantage and requires the researches to be experienced
for several years [2].Pelvis measurements are the other skeletal parts used by the researchers to
determine differences [2,3]. When the head and pelvis skeleton is ill-preserved, it may be possible that
these bones have been broken or even lost, or they may not show all of the analyses for the purpose of
research. In such cases, use of other bones is required to evaluate the research. The researchers made
gender, age, stature and measurement analyses from the bones other than the head and pelvis skeleton.
They determined length of humerus in association with depth and width of intertubercular sulcus[4].
They studied gender differences on femur [5]. They calculated length of talus with other
measurements of the bone [6].

Calcaneus is the biggest tarsal bone among all other tarsal bones. It makes up talocalcaneal/subtalar
joint with talus. This joint allows for eversion and inversion movements of the foot. Morphometric
values of calcaneus are important for anatomy science, diagnosis procedure and treatment in
orthopedic surgery, kinesiology, anthropology and forensic sciences. The differences in anatomical
structure of calcaneusplay an important role in dynamic, kinetic and static of the foot [7].Calcaneus is
one of the bones used in determination of gender and calculation of stature [8,9]. Furthermore, it is one
of the bones used in forensic sciences as it is preserved well and abundant [7].

2. MATERIAL AND METHOD

In our study, totally 65 well-preserved calcaneus bones (35 right, 30 left) - 53 calcaneus in Laboratory
of Anatomy Department of Cumhuriyet University and 12 calcaneus in Laboratory of Anatomy
Department in Mugla Sitki Kogman University — were used. In calcaneus analyses, 10 distances were
measured and 11 measurements were made including Boehler’s angle (Figure 1). These measurements
are Maximum anteroposterior length (MAXL),maximum height (MAXH), cuboidalfacet height
(CFH), body height (BH), loadarm length (LAL), minimum transverse width (MINW), maximum
transverse width (MAXW), dorsal articular facet breadth (DAFB), dorsal articular facet length
(DAFL),width of the sulcus calcanei (WSC) and Boehler’s angle (BA): Theselines are;1-superior
magrin of posterior to facet superior magrin on anterior process 2-superior magrin of posterior facet to
superior magrin of tuberosity
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Morphometric Measurements of Calcaneus

Figure 1. Measurement points used in calcaneus bone; MAXL;Maximum anteroroposterior length MAXH;
maximum height CFH; cuboidalfacet height BH; body height LAL;loadarm length MINW;minimum transverse
width MAXW;maximum transverse width DAFB;dorsal articular facet breadth DAFL;dorsal articular facet

length WSC; width of the sulcus calcanei
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Figure 2. Boehler’sangle: Theselines are;1-superior magrin of posterior facet to superior magrin on anterior
process 2-superior magrin of posterior facet to superior magrin of tuberosity

A sliding caliper with sensitivity of 0.1 mm was used in linear measurements and a goniometer was
used in measurement of Boehler’s angle. All calcaneus data was analyzed in order to determine right-
left differences. Correlation of Boehler’s angle and MAXL data with other measurements of the bone
was examined. Regression of MAXL measurement of calcaneus with other bone measurements was
evaluated. In statistical analyses, SPSS (version 14) was used.

3. RESULTS

When right-left difference was evaluated from calcaneus data, BH shows a statistically significant
difference between right and left calcaneus (P<0.05). There is no significant difference between right
and left side in terms of other measurements of calcaneus except for BH (P>0.05) (Table 1). Boehler’s
angle was found between 20 and 40 degrees in our study.
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Table 1. Measurement values of calcaneus.

Parameter Side | N | Mean | SD | SEM
MAXL (mm) | R 35| 76.21 | 5.68 | 0.96
L 30| 76.14 | 5.53 | 1.00
MAXH (mm) | R 35|44.05|4.73 | 0.80
L 30 | 45.83 | 3.33 | 0.60
CFH (mm) R 35| 24.48 | 2.19 | 0.37
L 30| 24.94 | 3.10 | 0.56
BH*(mm) R 35| 49.00 | 3.70 | 0.62
L 30| 51.60 | 5.44 | 0.99
LAL (mm) R 35| 47.09 | 3.27 | 0.55
L 30 | 47.63 | 3.58 | 0.65
MINW (mm) | R 35| 25.19 | 3.08 | 0.52
L 30| 26.22 | 240|043
MAXW (mm) | R 35| 4297 | 3.75 | 0.63
L 30| 43.51 | 3.34| 0.60
DAFB (mm) |R 35| 21.19 | 2.47 | 0.41
L 30 |21.89| 224|041
DAFL (mm) |R 352952 |264|044
L 30| 30.01 | 2.56 | 0.46
WSC (mm) R 351496 | 148 0.25
L 30528 |1.16]|0.21
BA (°) R 35(29.97 | 5.22 | 0.88
L 30| 28.50 | 5.00 | 0.91
*P< 0.05

When relationship of Boehler’s angle with other measurements of calcaneus was examined, a
significant correlation was found between Boehler’s angle and MINW(P<0.01) (Table 2).

Table 2. Correlation of Boehler’s angle with calcaneus measurements.

Parametre

BA MAXL | 0.34
MAXH | 0.12
CFH 0.58
BH 0.78
LAL 0.53
MINW* | 0.00
MAXW | 0.58
DAFB 0.06
DAFL 0.40
WSC 0.51

*P< (0.01

When correlation of MAXL measurement with other calcaneus measurements, a significant
correlation was detected with MAXH, CFH, BH, LAL, MINW, MAXW, DAFB and DAFL
(P<0.01).There was no statistically significant correlation between MAXL and WSC and BA (Table
3).
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Table 3. Correlation of antero-posterior length of calcaneus with other bone measurements

Parametre

MAXL MAXH* 0.000
CFH* 0.002
BH* 0.000
LAL* 0.000
MINW* 0.000
MAXW* 0.000
DAFB* 0.000
DAFL* 0.000
WSC 0.440
BA 0.344

*P<0.01

In simple regression analysis, a significant regression of MAXL measurement was determined with
MAXH, CFH, BH, LAL, MINW, MAXW,DAFB and DAFL measurements (Table 4).

Table 4. Simple regression of maximum antero-posterior length of calcaneus with other measurements

Parametre Costant+SE | B+SE R? | SEE | P

MAXL MAXH | 37.6+5.7 |0.85+0.12]0.42|4.2 |0.000
CFH 56.1+£6.0 |0.81+0.24|0.14|5.1 | 0.002
BH 31.2+4.8 |0.89+0.09 | 0.57 | 3.6 | 0.000
LAL 20.7 + 6.8 1.17+0.14 | 051 | 3.9 | 0.000
MINW | 48.8+54 1.06+0.21 | 0.29 | 4.7 | 0.000
MAXW | 419+73 0.79+0.17 | 0.25 | 4.8 | 0.000
DAFB |53.2+5.6 1.06+0.26 | 0.20 | 4.9 | 0.000
DAFL |30.7+5.6 1.52+0.18 | 0.50 | 3.9 | 0.000

SE:StandardError, SEE: StandardError of theEstimate

4. DISCUSSION

Osteotomy, anatomic reduction and soft tissue relaxation to determine normal dimensions are among
treatment options for complex foot disabilities. During making some structural treatment plans, it is
useful to know pathology and anatomy of the deformed foot. Many foot diseases such as
talocalcanealartritis and coalition, intra-articular breaks, flatfoot relate to talus or calcaneus and other
bones of the foot [10]. Detailed knowledge about calcaneus anatomy can facilitate alternative
treatment procedures. Furthermore, calcaneus measurements are necessary for osteotomy [11,12].

In the present study, we made morphometrical measurements on well-preserved calcaneus bones from
skeleton remains. When we evaluated these measurements, we determined that right-left difference of
calcaneus existed statistically significantly only in BH measurements (P<0.05). In their study, Ar1 and
Kafa stated that right-left difference of calcaneus was significant in DAFB and DAFL measurements
[13], Koshy et al stated that there was a significant difference in MAXW measurement [6] and Gualdi-
Russo stated that there was no significant difference [14]. It is observed that right-left difference of
calcaneus measurements is limited.
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A foot is divided into three parts: forefoot, midfoot and hindfoot. The joint between inferior surface of
talus and superior surface of calcaneus is known as subtalar joint and inversion and eversion
movements of hindfoot occur here.Calcaneus breaks are the most common tarsal breaks. Many breaks
are obviously distinct. However, the breaks which are diagnosed hardly can only be diagnosed with
low Boehler’s angle [15].Boehler’s angle is composed of the line combining posterior tuberosity of
calcaneus and peak of posterior surface and the line between the peak of posterior surface and anterior
process of calcaneus [16].Boehler’s angle shows the strongest relationship for walking dynamic and
produces clinical information for the researched issues. The main aim of treatment of calcaneal breaks
reconstruction of Boehler’s angle and restoration of calcaneus shape together with convenience of
joint surface [17]. Especially for calcaneus breaks, Boehler’s angle is used in diagnosis and treatment
in orthopedic surgery. Decrease of Boehler’s angle is important for breaks. If the Boehler’s angle
belonging to the populations cannot be determined, many variations can be observed in angle
measurement after operation [18]. In our study, we found Boehler’s angle between 20-40°.Boehler’s
angle was found between 25-40° in the study performed in Caucasia region [19], between 28-38°in
Nigeria [20] and between 20-50° in Uganda [21]. It is seen that Boehler’s angle varies among
populations.We researched relationship of Boehler’s angle with other measurements of calcaneus bone
(Table 2). Boehler’s angle displays a significant relationship only with MINW among calcaneus
measurements. There is no statistically significant correlation with other calcaneus measurements.

When correlation of antero-posterior maximum length of calcaneus with other measurements of the
bone is examined, we determined that it had a significant relationship with other calcaneus
measurements except for calcaneal sulcus width and Boehler’s angle (Table 3). This relationship
between calcaneus measurements shows that the bone preserves is general morphology in spite of the
variations in its morphological measurements of the bone.

In simple regression analysis, it was determined that antero-posterior length of calcaneus bone had a
significant regression with  MAXH, CFH, BH, LAL, MINW, MAXW, DAFB and DAFL
measurements (Table 4). These findings show that antero-posterior length of calcaneus bone can
sometimes be calculated with a difference of 1 mm from other measurements of the bone.

We are in the opinion that our morphometrical studies and evaluations on calcaneus bone among
skeleton remains provide useful information for anthropologists and forensic scientists in Anatolia
region as well as contributing to the researchers in anatomic literature and clinical field.
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Ozet: Bu calismada 14 adet kiral yapida yeni dialkil (2-0kso-2-{[(1S)-1-feniletilJamino}etil)
ditiyoimidokarbonat ve (2-okso-2-{[(1R)-1-feniletil]amino}etil)ditiyoimidokarbonat bilesigi (4a-n) glisin
tuzlarindan (1) baglanilarak sentezlenmistir. Bu bilesikler 1,3-dipolar siklokatilma tepkimelerinde 1,3-dipol
reaktifi olarak kullanilan azometin yiliir ¢ekirdegi icermektedir. Ayrica sentezlenen azometin yiliir bilesikleri
substituent olarak kiral bir amit fonksiyonu da igermektedir. Bu bilesiklerin yapilar1 farkli spektroskopik
yontemler (IR, *H NMR, 3C NMR ve COSY NMR) kullanilarak karakterize edilmistir.

Anahtar Kelimeler: amit fonksiyonu, azometin yiliir, 1,3-dipolar siklokatilma, glisin tuzu, kiral.

Synthesis and Identification of New Chiral Compounds Containing
Azomethine Ylide Core

Abstract: In the present study, 14 new dialkyl (2-oxo-2-{[(1S)-1-phenylethyl]amino}ethyl)dithioimidocarbonate
and dialkyl (2-oxo-2-{[(1SR)-1-phenylethyl]lamino}ethyl)dithioimidocarbonate (4a-n) chiral compuonds were
synthesized starting from glycine salts (1). These compounds contain the azomethine ylide core, which is used as
1,3-dipole reactant in 1,3-dipolar cycloaddition reactions. Furthermore, the synthesized azomethine compounds
contain a chiral amide function as a substituent. These compounds were characterized by different spectroscopic
techniques (IR, *H NMR, 3C NMR ve COSY NMR).

Keywords: amide function, azomethine ylide, chiral, 1,3-dipolar cycloaddition, glycine salt.

1. GIRIS

Bu ¢aligmada 1,3-dipolar siklokatilma tepkimelerinde 1,3-dipol reaktifi olarak kullanilan azometin yiliir ¢ekirdegi
iceren 14 adet yeni kiral bilesik (4a-n) sentezlenmistir (Sekil 1).

RS O
PSS
RS H
R: Me, Et, Pr, iPr, Bu, 'Bu, Bn

Sekil 1. Sentezlenen 14 adet yiliir bilesiginin genel formiilii
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Azot igeren, bes iiyeli heterohalkal1 bilesiklerin insasi i¢in, bu gibi azometin yiliir’lerin kullanilmasi
basit ve etkili bir yontemdir [1-3]. Yiliir'lere dipolarofil atagi ardindan pirolidin veya pirolin tiirevi
bilesikler olusur [4].

Glisin tiirevlerinden elde edilen azometin yiliir’lerin 1,3-dipolar siklokatilma reaksiyonlari ile olusan
pirolidin tiirevleri {lizerine bir¢ok calisma yapilmistir, yillirlerden Lewis asidi varliginda pirolidin
tiirevleri eldesi Dogan ve arkadaslar tarafindan gerceklestirilmistir [5]. Ayrica Elemes ve arkadaglari
glisin tiirevlerinden elde edilen alkilsulfanil susbtientli imin-ester yapili yiliirler ile N-fenilmaleimit’ler
[6-8] ve karbon[60]fulleren’lerin [9,10] 1,3-dipolar siklokatilma reaksiyonlari ile olusan pirolidin veya
pirolin tiirevlerinin sentezi, biyoljik ve kimyasal 6zelliklerini incelemislerdir.

Bunun yaninda sentezlenen azometin yiliir bilesikleri substituent olarak kiral bir amit fonksiyonu
icermektedir. Amitler, organik kimyada R-CO-NHR fonksiyonel grubu igeren karboksilik asit tlirevi
bilesiklerdir. Diger bir deyisle amitler, amonyak veya primer aminlerin acil tlirevleri olarak da
tanimlanabilir. Amitler genel olarak karboksilik asidin bir aminle tepkimesi ile olusurlar. Amino asitler
arasinda peptit baglarini olusturan bu tepkimedir. Giiniimiizde amit tiirevleri sentetik, endiistriyel ve
farmokolojik agidan genis kullanim alanlarina sahiptirler. Benzil amid substituenti igeren aminoasit
tiirevleri nérolojik aktiviteleri bakimindan oldukca ilgi cekmektedir. Ozellikle Kohn ve arkadaslar
tarafindan 1993 de N-benzilasetamit tlirevlerinin antikonvulsant etkinlikleri ¢alismalarinin tizerinden 24
y1l gegmesine ragmen giiniimiizde halen bu tip ¢alismalara ilgi artarak devam etmektedir [11]. Kohn ve
arkadaslar1 2015 de N-benzilamid substitue 2-(agilamido) asetik asit tiirevleri i¢in gii¢lii nérolojik ajan
etkilerinden dolay1 patent almiglardir [12]. N-benzilamid substitue bilesikler {izerine King ve arkadaslari
sodyum kanal inaktivasyonu, antikonvulsan ve ndropatik agr1 azaltma aktivitelerileri iizerine ga-lismalar

yapmiglardir [13]. Park ve arkadaslar1 kiral a-aminobenzilamit tiirevlerini kimerik ajan olarak anti-

seizure and antinosiseptif aktivitelerini incelemislerdir [14].
2. MATERYAL ve YONTEM

Calismadaki sentezlerde kullanilan tiim ¢ikis maddeleri, ¢oziiciiler ve diger kimyasallar Sigma-Aldrich,
Merck ve Alfa-Aesar gibi ticari tedarikgilerden satin alinmustir. Cikis maddeleri ileri saflastirma
yapilmadan alindiklar1 halleriyle kullanilmistir.

Kolon kromatografisinde “Merck Silikajel 60” (70-230 mesh), fluoresans indikatorlii Merck 5554
silikajel tabakalar ile “Camag 254 / 366 nm” UV lamba kullanilmistir.

14 adet yeni bilesigin (4a-n) Infrared spektrumlar1 (FTIR) NaCl hiicre ile “Perkin-Elmer GX, FT-IR”
spektrofotometresinde, niikleer magnetik rezonans spektrumlari (*H NMR, *C NMR, DEPT-90 ve
DEPT-135) “Bruker-Spectrospin” cihazi ile kloroform-d (CDCls)’de alinmustir. Ayrica 4i bilesigi i¢in
iki boyutlu COSY NMR (HSQC, HMBC ve NOESY) deneyleri yapilarak bilesigin yapisi tamamen
aydinlatilmstir.

3. DENEYSEL KISIM

Ug asama halinde gerceklestirilen calismanin birinci basamaginda, reaksiyonlarda substrat olarak
kullanilacak olan alkilkarboditiyoat substitue ester bilesikleri (2a-g) glisin metil ester hidrokloriir (1),
trietilamin ve karbon disiilfiir kullanilarak sentezlenmistir (Sekil 2). Ikinci asamada imin yapili metil 2-
[bis (alkilsulfanil) metilenamino] asetat bilesikleri (3a-g) ise ilk asamada elde edilen alkilkarboditiyoat
substitue ester bilesikleri (2a-g) ve uygun alkil halojeniirler kullanilarak elde edilmistir (Sekil 3) [15].
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Calismanin esas hedefi olan iiglincii boliimde ise, metil 2-[bis (alkilsulfanil) metilenamino] asetat
bilesikleri (3a-g) sirasi ile kiral yapidaki (R)-(+)-a-metilbenzilamin ve (S)-(—)-a-metilbenzilamin ile
reaksiyona sokularak, substituent olarak kiral bir amit fonksiyonu ve azometin yiliir ¢cekirdegi igeren 14
adet yeni bilesik (4a-n) sentezlenmistir (Tablo 1).

Birinci asama:

H (@] H 0]
@) o | RX |
CHCI S N —2 . RS N
HCIHZNQJ\OM;- Et3N + CSZ 3 \n/ QJ\OME \n/ ¢J\OM€
S S -
1 2a-g

R: Me, Et, Pr, 'Pr, Bu, 'Bu, Bn

Sekil 2. Bilesik 2a-g sentezi

Manyetik karistirici tizerindeki Azot (N2) atmosferi ve geri sogutucu altinda damlatma hunisi takilmis
ve ti¢ boyunlu, yuvarlak dipli bir deney kabina 60 mL kuru CHCl;z iginde 0.06 mol glisin tuzu ve 0.084
mol CS; ilave edilir. Karisim, dikkatli bir sekilde, bir buz banyosu iginde sogutulur, N2 atmosfer altinda
damlatma hunisinde kuru 10 mL CHCls i¢inde ¢6ziinmiis 0.127 mol kuru EtsN, karistirilarak ilave edilir.
EtsN ilavesi damlalar halinde yavas yavas yapilir. Karigim 1 saat i¢in oda sicakliginda karigtirmaya
birakilir. Daha sonra, karisim bir buz banyosu i¢inde sogutulur, diger damlatma hunisinde bulunan 0.066
mol alkil halojeniir ihtiva eden 5 mL kuru CHCl; ¢6zelti damla damla ilave edilir. Alkil halojeniir ihtiva
eden damlatma hunisi 2 mL ilave kuru CHCI; ile yikanir ve bu karisgim 2 saat boyunca 60-70 °C
karigtirma altinda 1sitilir. Karisim oda sicakligina geldikten sonra, bir ayirma hunisine aktarilir 50 mL
H20 ile iki kez ekstrakte edilir. Coziicii bir doner buharlastirici ile uzaklastirilir. Geriye kalan sivi
tortuya, 60 mL Et,O ilave edilir ve organik faz, 25 mL HO ile iki kez ekstrakte edilir. Organik faz
kurutulur, siiziliir ve doner buharlastirict ile ¢oziicii alinir. Daha sonra, bir vakum pompasi ile son
¢oziicii kalintilarinin uzaklagmasi saglanir. Yiiksek saflikta ester bilesikleri (2a-g) olusur.

Ikinci asama:

'T' o RX RS O
RS\H/NQKOMJ K,COs RS>: NJJ\OMe
S 2a-g 3a-g

R: Me, Et, Pr, 'Pr, Bu, 'Bu, Bn

Sekil 3. Bilesik 3a-g sentezi

Manyetik karistiricr tizerindeki N» atmosferi ve geri sogutucu altinda damlatma hunisi takilmis iki
boyunlu, yuvarlak dipli bir deney kabina 10 mL kuru aseton 0.050 mol ester bilesigi (2a-g) ve 0.075
mol K>COs ilave edilir. Daha sonra 100 °C'de 2 saat boyunca kaynatilir. Karisim oda sicakligina
geldikten sonra, damlatma hunisi ile 0.058 mol alkil halojeniir ilave edilir. Biitiin islem oda sicakliginda
yapilir ve sonra karisim tekrar 60-70 °C 2 saat boyunca 1sitma ile karistirilarak devam eder. Karisim oda
sicakligina getirilir ve Goch krozesi ile vakum altinda siiziiliir. Cokelti tekrar 20 mL aseton ile iki kez
yikanir. Karigimdaki ¢oziicii doner buharlastirict ile uzaklastirilir ve kalinti, 60 mL Et,O i¢inde ¢6ziiliir.
Bir ayirma hunisine aktarilir ve 50 mL H2O ile iki kez ekstrakte edilir. Organik faz kurutulur, siiziiliir
ve doner buharlagtirici ile ¢oziicii alinir. Hekzan/etil asetat (16:1) ¢oziicii karigimi kullanilarak kolon
kromatografisiyle saflastirilir. Yiiksek verimlerle imin bilesikleri (3a-g) elde edilir.
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Uciincii asama:

Vidali kapakli cam tiipe 5 mL kuru THF 0.02 mol imin bilesigi (3a-g) ve 0.02 mol kiral amin bilesigi
ilave edilir. Tiip kapatilir ve 120 °C'da 1s1tilir. Reaksiyon TLC kontrolii ardindan 4 saat sonra durdurulur.
Coziicli bir doner buharlastiric1 ve yiiksek vakumlu pompayla alinir. Hekzan/etil asetat (4:1) ¢oziicii
karigimi kullanilarak kolon kromatografisiyle saflastirilir. Yiiksek verimlerle amit bilesikleri (4a-n) elde
edilir.

Tablo 1. Bilesik 4a-n sentezi ve formiilleri

CHs
RS o PN
Rs>: NJJ\OMe Ph™ "NH, RS>: . \Hok £|<CH3

o]
38 120°C THF, 4h RS il N “ph
a
R: Me, Et, Pr, PPr, Bu, 'Bu, Bn 4a-n
4a 4h
- O H
HaC— s /<CH3 HoC S>:i\] ?Ph
HyC— s HC-S o1 N CHs
Hp' 3 Hy'y  H
a
4b HiC 4i | HiC
O Hoen sl 0 Mg
>_ N;f< 3 >:N\‘)LN’>'<
/_S H\H H P /S Hy'py  H CHs
H H3C a
4c | HiC 4j | HsC
_\_ ? Hen s R
VR L
ch H4C H,
4d 3c 4k | HC
s cpCH s oL 9 Hogy
H3C >—N 3 H5C >:N 9}<
H3C ph H3C7_S J N cH,
Hb H, H Hp' Hy H
HsC H,C a
\g o H \s o H
T «=,CH .. +2,Ph
=N s =N 2
I N ‘pn I N ‘cH
S H\‘ H S H\‘ H 3
/_// b H, /_/( b H,
HsC H,C
4f CH, 4m CH3
H3C4<\ HsC
o H O H
* CH3 Ph
)= N/<Ph =N N/<CH
S H\ H S H\ H 3
b H b
H3C4</ a H3C4( a
CHs CHs
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4q Ph 4n Ph
':ﬁ? S . */'?'<<:H3 ':ﬁ? SR
b b T
Hy Hy H Ha HY H 3
Ph Ph

Dimetil (2-okso-2-{[(1S)-1-feniletil]Jamino}etil)ditiyoimidokarbonat (4a):

Verim 92.4%, agik sar1 yag, IR (NaCl hiicre, vmax, cM™): 3666, 3369 (N-H), 3061, 3028, 2972, 2923,
2869, 1667 (C=0), 1578 (C=N), 1510, 1451, 1427, 1400, 1375, 1314, 1245, 1210, 1067, 1041, 1022,
1005, 963, 914, 845, 763, 700, 613, 570, 543. *H NMR spektrum (CDCls, 250 MHz), &, ppm: 7.62 (d,
1H, N-H, J=5.00 Hz, D;O ile 85 °C ye 1sitilarak degistirildi), 7.33-7.27 (m, 5H, aromatik), 5.20 (quintet,
1H, benzilik, J=7.50 Hz), 3.99 (d, 1H, -CH.-, J=18.76 Hz), 3.91 (d, 1H, -CHy-, J=18.76 Hz), 2.56 (s,
3H, -SCHjs, syn), 2.37 (s, 3H, -SCHs, anti), 1.53 (d, 3H, -C*-CHs, J=7.50 Hz). 3C NMR spektrum
(CDClIs;, 62.9 MHz, & (ppm): 169.2 (C=0), 162.7 (C=N), 143.3, 128.6(2C), 127.2, 125.9(2C),
(aromatik), 55.0 (-CH-), 48.3 (-CH-, benzilik), 22.3 (-C*-CHj3), 14.7 (2x -SCH).

Dietil (2-okso-2-{[(1S)-1-feniletil]Jamino}etil)ditiyoimidokarbonat (4b):

Verim 92.6%, acik sar1 yag, IR (NaCl hiicre, vmax, cm™): 3376 (N-H), 3061, 3028, 2969, 2927, 2870,
1685 (C=0), 1578 (C=N), 1508, 1450, 1401, 1375, 1311, 1265, 1210, 1128, 1057, 1022, 973, 926, 761,
700, 611, 570, 543. *H NMR spektrum (CDCls, 250 MHz), 5, ppm: 7.58 (d, 1H, N-H, J=7.50 Hz, D,O
ile 85 °C ye 1sitilarak degistirildi), 7.37-7.27 (m, 5H, aromatik), 5.19 (quintet, 1H, benzilik, J=7.50 Hz),
4.01 (d, 1H, -CHa-, J=18.76 Hz), 3.92 (d, 1H, -CHy-, J=18.76 Hz), 3.10 (g, 2H, -SCH2-, J=7.50 Hz, syn),
2.96 (g, 2H, -SCH,-, J=7.50 Hz, anti), 1.53 (d, 3H, -C*-CHs, J=5.00 Hz), 1.36 (t, 3H, -CHs, J=7.50 Hz,
syn), 1.27 (t, 3H, -CHs, J=7.50 Hz, anti). **C NMR spektrum (CDCls, 62.9 MHz, § (ppm): 169.3 (C=0),
161.4 (C=N), 143.3, 128.6(2C), 127.3, 125.9(2C) (aromatik), 55.2 (-CH-), 48.4 (-CH-, benzilik), 26.5
(-SCH2-, syn), 25.8 (-SCHo-, anti), 22.3 (-C*-CHs), 15.0 (-CHs, syn), 13.9 (-CHs, anti).

Dipropil (2-okso-2-{[(1S)-1-feniletilJamino}etil)ditiyoimidokarbonat (4c):

Verim 86.6%, acik sar1 yag, IR (NaCl hiicre, vmax, cm™): 3375 (N-H), 3061, 3028, 2964, 2930, 2871,
1676 (C=0), 1578 (C=N), 1508, 1458, 1400, 1376, 1311, 1240, 1210, 1127, 1067, 1022, 987, 929, 762,
699, 613, 542. *H NMR spektrum (CDCls, 250 MHz), §, ppm: 7.56 (d, 1H, N-H, J=7.50 Hz, DO ile
85 °C ye 1sitilarak degistirildi), 7.37-7.23 (m, 5H, aromatik), 5.20 (quintet, 1H, benzilik, J=7.50 Hz),
4.01 (d, 1H, -CH.-, J=20.01 Hz), 3.93 (d, 1H, -CHp-, J=20.01 Hz), 3.05 (t, 2H, -SCH>-, J=7.50 Hz, syn),
2.91 (t, 2H, -SCH>-, J=7.50 Hz, anti), 1.74 (sextet, 2H, -CH,-, J=7.50 Hz, syn), 1.64 (sextet, 2H, -CH,-
, J=7.50 Hz, anti), 1.53 (d, 3H, -C*-CHjs, J=7.50 Hz), 1.02 (t, 3H, -CHs, J=7.50 Hz, syn), 0.93 (t, 3H, -
CHs, J=7.50 Hz, anti). **C NMR spektrum (CDCls, 62.9 MHz, & (ppm): 169.4 (C=0), 161.7 (C=N),
143.3, 128.7(2C), 127.3, 126.0(2C) (aromatik), 55.2 (-CH-), 48.4 (-CH-, benzilik), 34.1 (-SCH>-, syn),
33.5 (-SCH_2-, anti), 23.4 (-CHz-, syn), 22.2 (-CH,-, anti), 22.2 (-C*-CHj3), 13.6 (-CHjs, syn), 13.3 (-CHg,
anti).

Diisopropil (2-okso-2-{[(1S)-1-feniletillamino}etil)ditiyoimidokarbonat (4d):

Verim 90.6%, agik sar1 yag, IR (NaCl hiicre, vmax, cm™): 3379 (N-H), 3062, 3030, 2966, 2927, 2866,
1677 (C=0), 1576 (C=N), 1509, 1452, 1402, 1384, 1366, 1306, 1244, 1211, 1155, 1129, 1056, 1022,
987, 927, 762, 700, 650, 610, 569, 542. 'H NMR spektrum (CDCls, 250 MHz), 5, ppm: 7.56 (d, 1H, N-
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H, J=7.50 Hz, D0 ile 85 °C ye isitilarak degistirildi), 7.37-7.23 (m, 5H, aromatik), 5.18 (quintet, 1H,
benzilik, J=7.50 Hz), 4.02 (d, 1H, -CH,-, J=20.01 Hz), 3.94 (d, 1H, -CH,-, J=20.01 Hz), 3.76 (septet,
1H, -SCH<, J=7.50 Hz, syn), 3.69 (septet,1H, -SCH<, J=7.50 Hz, anti), 1.52 (d, 3H, -C*-CHjs, J=5.00
Hz), 1.39 (d, 3H, -CHs, J=7.50 Hz, syn), 1.38 (d, 3H, -CHs, J=7.50 Hz, syn), 1.35 (d, 3H, -CHj3, J=7.50
Hz, anti), 1.27 (d, 3H, -CHs, J=7.50 Hz, anti). *C NMR spektrum (CDCls, 62.9 MHz, § (ppm): 169.4
(C=0), 161.2 (C=N), 143.3, 128.7(2C), 127.3, 126.0(2C) (aromatik), 55.5 (-CH-), 48.5 (-CH-,
benzilik), 37.9 (-SCH<, syn), 36.7 (-SCH<, anti), 24.1 (2x -CHs, syn), 22.4 (2x -CHs, anti), 22.3 (C*-
CHj).

Dibutil (2-okso-2-{[(1S)-1-feniletillamino}etil)ditiyoimidokarbonat (4e):

Verim 81.4%, agik sar1 yag, IR (NaCl hiicre, vmax, cm™): 3379 (N-H), 3062, 3030, 2958, 2930, 2872,
1677 (C=0), 1577 (C=N), 1508, 1457, 1401, 1378, 1310, 1277, 1211, 1128, 1068, 1036, 1022, 988,
933, 903, 784, 761, 699, 613, 568, 542. 'H NMR spektrum (CDCls, 250 MHz), 5, ppm: 7.56 (d, 1H, N-
H, J=10.01 Hz, D,0O ile 85 °C ye 1sitilarak degistirildi), 7.37-7.22 (m, 5H, aromatik), 5.20 (quintet, 1H,
benzilik, J=7.50 Hz), 4.01 (d, 1H, -CH.-, J=20.01 Hz), 3.92 (d, 1H, -CHy-, J=20.01 Hz), 3.07 (t, 2H, -
SCH»-, J=7.50 Hz, syn), 2.93 (t, 2H, -SCH»-, J=7.50 Hz, anti), 1.68 (quintet, 2H, -CH>-, J=7.50 Hz,
syn), 1.59 (quitet, 2H, -CH,-, J=7.50 Hz, anti), 1.53 (d, 3H, -C*-CHjs, J=7.50 Hz), 1.44 (sextet, 2H, -
CHa-, J=7.50 Hz, syn), 1.34 (sextet, 2H, -CH,-, J=7.50 Hz, anti), 0.93 (t, 3H, -CHs;, J=7.50 Hz, syn),
0.87 (t, 3H, -CHs, J=7.50 Hz, anti). *C NMR spektrum (CDCls, 62.9 MHz, & (ppm): 169.4 (C=0),
161.9 (C=N), 143.3, 128.7(2C), 127.3, 126.0(2C) (aromatik), 55.2 (-CH»-), 48.3 (-CH-, benzilik), 31.9
(2x -SCHy-), 31.3 (-CH>-, syn), 30.8 (-CHz-, anti), 22.2 (-C*-CHs), 21.8 (2x -CH>-), 13.7 (-CHj3, syn),
13.5 (-CHg, anti).

Diisobutil (2-okso-2-{[(1S)-1-feniletil]Jamino}etil)ditiyoimidokarbonat (4f):

Verim 85.5%, acik sar1 yag, IR (NaCl hiicre, vmax, cm™?): 3381 (N-H), 3062, 3030, 2964, 2926, 2869,
1677 (C=0), 1574 (C=N), 1505, 1463, 1401, 1383, 1366, 1312, 1247, 1210, 1168, 1128, 1068, 1036,
1022, 988, 929, 847, 800, 784, 761, 699, 615, 567, 542. 'H NMR spektrum (CDCls, 250 MHz), §, ppm:
7.53(d, 1H, N-H, J=7.50 Hz, DO ile 85 °C ye 1sitilarak degistirildi), 7.34-7.23 (m, 5H, aromatik), 5.21
(quintet, 1H, benzilik, J=7.50 Hz), 4.03 (d, 1H, -CHa-, J=20.01 Hz), 3.94 (d, 1H, -CHy-, J=20.01 Hz),
2.98 (d, 2H, -SCH,-, J=7.50 Hz, syn), 2.83 (d, 2H, -SCH>-, J=7.50 Hz, anti), 1.94 (ninetet, 1H, -CH<,
J=7.50 Hz, syn), 1.86 (ninetet, 1H, -CH<, J=7.50 Hz, anti), 1.53 (d, 3H, -C*-CHj3, J=5.00 Hz), 1.03 (d,
6H, 2x-CHs, J=7.50 Hz, syn), 0.95 (d, 3H, -CHs, J=7.50 Hz, anti), 0.92 (d, 3H, -CH3s, J=7.50 Hz, anti).
13C NMR spektrum (CDCls, 62.9 MHz, & (ppm): 169.4 (C=0), 162.0 (C=N), 143.3, 128.7(2C), 127.3,
126.0(2C) (aromatik), 55.3 (-CHa-), 48.3 (-CH-, benzilik), 40.7 (-SCH>-, syn), 40.1 (-SCH.-, anti), 29.2
(-CHK<, syn), 28.0 (-CH<, anti), 22.2 (C*-CHa), 22.1 (2x-CHjs, syn), 21.8 (2x-CHjs, anti).

Dibenzil (2-okso-2-{[(1S)-1-feniletil]amino}etil)ditiyoimidokarbonat (4g):

Verim 75.5%, agik sar1 yag, IR (NaCl hiicre, vmax, cm™): 3371 (N-H), 3085, 3061, 3028, 2973, 2929,
2871, 1667 (C=0), 1574 (C=N), 1502, 1453, 1400, 1376, 1313, 1242, 1211, 1157, 1129, 1071, 1030,
987, 933, 914, 846, 803, 763, 699, 613, 563, 542. *H NMR spektrum (CDCls, 250 MHz), 5, ppm: 7.32-
7.20 (m, 15H, aromatik +1H, N-H, DO ile 85 °C ye 1sitilarak degistirildi), 5.16 (quintet, 1H, benzilik,
J=7.50 Hz), 4.33 (s, 2H, -CHy-), 4.25 (d, 2H, -SCHoasyn-, J=15.01 Hz), 4.19 (d, 2H, -SCHpsyn-, J=15.01
Hz, syn), 4.02 (d, 2H, -SCHaani-, J=20.01 Hz), 3.93 (d, 2H, -SCHpani-, J=20.01 Hz), 1.41 (d, 3H, -C*-
CHs, J=7.50 Hz). **C NMR spektrum (CDCls, 62.9 MHz, § (ppm): 168.9 (C=0), 160.6 (C=N), 143.2,
136.2, 135.5, 129.0(2C), 128.8(2C), 128.7(2C), 128.6(2C), 128.4(2C), 127.8, 127.5,127.2, 126.0(2C)
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(18xC aromatik), 55.4 (-CH>-), 48.2 (-CH-, benzilik), 36.8 (-SCH,-, syn), 36.0 (-SCH>-, anti), 22.0 (-
C*-CHs).

Dimetil (2-okso-2-{[(1R)-1-feniletilJamino}etil)ditiyoimidokarbonat (4h):

Verim 92.5%, agik sar1 yag, IR (NaCl hiicre, vmax, cm™): 3666, 3369 (N-H), 3061, 3028, 2972, 2923,
2869, 1667 (C=0), 1578 (C=N), 1510, 1451, 1427, 1400, 1375, 1314, 1245, 1210, 1067, 1041, 1022,
1005, 963, 914, 845, 763, 700, 613, 570, 543. 'H NMR spektrum (CDCls, 250 MHz), 8, ppm: 7.64 (d,
1 H, N-H, J=7.50 Hz, D-O ile 85 °C ye 1sitilarak degistirildi), 7.38-7.26 (m, 5 H, aromatik), 5.21
(quintet, 1 H, benzilik, J=7.50 Hz), 3.99 (d, 1H, -CH,-, J=18.75 Hz), 3.91 (d, 1H, -CH,-, J=18.75 Hz),
2.57 (s, 3H, -SCHs, syn), 2.37 (s, 3H, -SCHs, anti), 1.53 (d, 3H, -C*-CHs, J=7.50 Hz). *C NMR
spektrum (CDCls, 62.9 MHz, 5 (ppm): 169.2 (C=0), 162.7 (C=N), 143.3, 128.7(2C), 127.3, 125.9(2C)
(aromatik), 55.0 (-CH>.), 48.3 (-CH-, benzilik), 22.4 (-C*-CHj3), 14.7 (2x -SCH).

Dietil (2-okso-2-{[(1R)-1-feniletil]Jamino}etil)ditiyoimidokarbonat (4i):

Verim 89.1%, agik sar1 yag, IR (NaCl hiicre, vmax, cm™): 3376 (N-H), 3061, 3028, 2969, 2927, 2870,
1685 (C=0), 1578 (C=N), 1508, 1450, 1401, 1375, 1311, 1265, 1210, 1128, 1057, 1022, 973, 926, 761,
700, 611, 570, 543. *H NMR spektrum (CDCls, 250 MHz), 8, ppm: 7.60 (d, 1 H, N-H, J=7.50 Hz, D,O
ile 85 °C ye sitilarak degistirildi), 7.37-7.26 (m, 5 H, aromatik), 5.19 (quintet, 1 H, benzilik, J=7.50
Hz), 4.00 (d, 1H, -CH.-, J=20.01 Hz), 3.92 (d, 1H, -CH,-, J=20.01 Hz), 3.10 (g, 2H, -SCH.-, J=7.50 Hz,
syn), 2.96 (q, 2H, -SCH>-, J=7.50 Hz, anti), 1.53 (d, 3H, -C*-CHs, J=5.00 Hz), 1.37 (t, 3H, - CH3, J=7.50
Hz, syn), 1.27 (t, 3H, - CH3, J=7.50 Hz, anti). *C NMR spektrum (CDCls, 62.9 MHz, & (ppm): 169.3
(C=0),161.5(C=N), 143.3,128.7(2C), 127.3, 126.0(2C) (aromatik), 55.2 (-CH>.), 48.4 (-CH-, benzilik),
26.5 (-SCH>-, syn), 25.9 (-SCH>-, anti), 22.3 (-C*-CHj3), 15.1 (-CHjs, syn), 13.9 (-CHs, anti).

Dipropil (2-okso-2-{[(1R)-1-feniletilJamino}etil)ditiyoimidokarbonat (4j):

Verim 92.8%, acik sar1 yag, IR (NaCl hiicre, vmax, cm™?): 3375 (N-H), 3061, 3028, 2964, 2930, 2871,
1676 (C=0), 1578 (C=N), 1508, 1458, 1400, 1376, 1311, 1240, 1210, 1127, 1067, 1022, 987, 929, 762,
699, 613, 542. *H NMR spektrum (CDCls, 250 MHz), 8, ppm: 7.56 (d, 1 H, N-H, J=7.50 Hz, D0 ile
85 °C ye 1sitilarak degistirildi), 7.37-7.22 (m, 5 H, aromatik), 5.20 (quintet, 1 H, benzilik, J=7.50 Hz),
4.01 (d, 1H, -CH.-, J=20.01 Hz), 3.93 (d, 1H, -CHp-, J=20.01 Hz), 3.05 (t, 2H, -SCH-, J=7.50 Hz, syn),
2.91 (t, 2H, -SCH>-, J=7.50 Hz, anti), 1.74 (sextet, 2H, -CH»-, J=7.50 Hz, syn), 1.64 (sextet, 2H, -CH,-
, J=7.50 Hz, anti), 1.53 (d, 3H, -C*-CHjs, J=7.50 Hz), 1.02 (t, 3H, -CHs, J=7.50 Hz, syn), 0.93 (t, 3H, -
CHs, J=7.50 Hz, anti). *C NMR spektrum (CDCls, 62.9 MHz, 5 (ppm): 169.4 (C=0), 161.7 (C=N),
143.3, 128.7(2C), 127.3, 126.0(2C) (aromatik), 55.2 (-CH>.), 48.3 (-CH-, benzilik), 34.1 (-SCH-, syn),
33.5 (-SCHz-, anti), 23.4 (-CH.-, syn), 22.2 (-CH.-, anti), 22.2 (-C*-CHj3), 13.6 (-CHjs, syn), 13.3 (-CHs,
anti).

Diisopropil (2-okso-2-{[(1R)-1-feniletilJamino}etil)ditiyoimidokarbonat (4k):

Verim 88.4%, acik sar1 yag, IR (NaCl hiicre, vmax, cm™): 3379 (N-H), 3062, 3030, 2966, 2927, 2866,
1677 (C=0), 1576 (C=N), 1509, 1452, 1402, 1384, 1366, 1306, 1244, 1211, 1155, 1129, 1056, 1022,
987, 927, 762, 700, 650, 610, 569, 542. 'H NMR spektrum (CDCls, 250 MHz), 5, ppm: 7.56 (d, 1H, N-
H, J=7.50 Hz, D0 ile 85 °C ye 1sitilarak degistirildi), 7.37-7.23 (m, 5H, aromatik), 5.18 (quintet, 1H,
benzilik, J=7.50 Hz), 4.02 (d, 1H, -CHa-, J=20.01 Hz), 3.94 (d, 1H, -CHy-, J=20.01 Hz), 3.76 (septet,
1H, -SCH<, J=7.50 Hz, syn), 3.69 (septet,1H, -SCH<, J=7.50 Hz, anti), 1.52 (d, 3H, -C*-CHjs, J=5.00
Hz), 1.40 (d, 3H, -CHs, J=2.50 Hz, syn), 1.37 (d, 3H, -CHs, J=2.50 Hz, syn), 1.35 (d, 3H, -CHjs, J=5.00
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Hz, anti), 1.27 (d, 3H, -CHs, J=5.00 Hz, anti). **C NMR spektrum (CDCls, 62.9 MHz, § (ppm): 169.4
(C=0),161.2 (C=N), 143.3,128.7(2C), 127.3, 126.0(2C) (aromatik), 55.5 (-CHz.), 48.4 (-CH-, benzilik),
37.9 (-SCH<, syn), 36.7 (-SCH<, anti), 24.1 (2x - CHs, syn), 22.4 (2x - CHg, anti), 22.4 (C*-CHj).

Dibutil (2-okso-2-{[(1R)-1-feniletillamino}etil)ditiyoimidokarbonat (4l):

Verim 86.3%, agik sar1 yag, IR (NaCl hiicre, vmax, cm™): 3379 (N-H), 3062, 3030, 2958, 2930, 2872,
1677 (C=0), 1577 (C=N), 1508, 1457, 1401, 1378, 1310, 1277, 1211, 1128, 1068, 1036, 1022, 988,
933, 903, 784, 761, 699, 613, 568, 542. 'H NMR spektrum (CDCls, 250 MHz), §, ppm: 7.56 (d, 1H, N-
H, J=7.50 Hz, D0 ile 85 °C ye 1sitilarak degistirildi), 7.37-7.22 (m, 5H, aromatik), 5.20 (quintet, 1H,
benzilik, J=7.50 Hz), 4.01 (d, 1H, -CH.-, J=20.01 Hz), 3.92 (d, 1H, -CHy-, J=20.01 Hz), 3.07 (t, 2H, -
SCH,-, J=7.50 Hz, syn), 2.93 (t, 2H, -SCH,-, J=7.50 Hz, anti), 1.68 (quintet, 2H, -CH»-, J=7.50 Hz,
syn), 1.59 (quitet, 2H, -CH»-, J=7.50 Hz, anti), 1.53 (d, 3H, -C*-CHjs, J=7.50 Hz), 1.44 (sextet, 2H, -
CHa-, J=7.50 Hz, syn), 1.34 (sextet, 2H, -CH,-, J=7.50 Hz, anti), 0.93 (t, 3H, -CHs;, J=7.50 Hz, syn),
0.87 (t, 3H, -CHs, J=7.50 Hz, anti). *C NMR spektrum (CDCls, 62.9 MHz, & (ppm): 169.4 (C=0),
161.9 (C=N), 143.3, 128.7(2C), 127.3, 126.0(2C) (aromatik), 55.2 (-CH,-), 48.3 (-CH-, benzilik), 31.9
(2x-SCHy-), 31.3 (-CHy-, syn), 30.8 (-CH2-, anti), 22.2 (-C*-CHj3), 21.8 (2x-CH,-), 13.7 (-CHg, syn),
13.5 (-CHg, anti).

Diisobutil (2-okso-2-{[(1R)-1-feniletilJamino}etil)ditiyoimidokarbonat (4m): Verim 88.6%, acik
sar1 yag, IR (NaCl hiicre, vmax, cm™?): 3381 (N-H), 3062, 3030, 2964, 2926, 2869, 1677 (C=0), 1574
(C=N), 1505, 1463, 1401, 1383, 1366, 1312, 1247, 1210, 1168, 1128, 1068, 1036, 1022, 988, 929, 847,
800, 784, 761, 699, 615, 567, 542. *H NMR spektrum (CDCls, 250 MHz), §, ppm: 7.53 (d, 1H, N-H,
J=7.50 Hz, D0 ile 85 °C ye sitilarak degistirildi), 7.34-7.23 (m, 5H, aromatik), 5.21 (quintet, 1H,
benzilik, J=7.50 Hz), 4.03 (d, 1H, -CH.-, J=20.01 Hz), 3.94 (d, 1H, -CH,-, J=20.01 Hz), 2.98 (d, 2H, -
SCH»-, J=7.50 Hz, syn), 2.83 (d, 2H, -SCH»-, J=7.50 Hz, anti), 1.91 (ninetet, 1H, -CH<, J=7.50 Hz,
syn), 1.89 (ninetet, 1H, -CH<, J=7.50 Hz, anti), 1.53 (d, 3H, -C*-CHs;, J=5.00 Hz), 1.03 (d, 6H, 2x-CHs,
J=7.50 Hz), 0.95 (d, 3H, -CHas, J=7.50 Hz, syn), 0.92 (d, 3H, -CHs, J=7.50 Hz, anti). *C NMR spektrum
(CDCls, 62.9 MHz, 6 (ppm): 169.4 (C=0), 162.0 (C=N), 143.3, 128.7(2C), 127.3, 126.0(2C) (aromatik),
55.3 (-CH2-), 48.3 (-CH-, benzilik), 40.7 (-SCH.-, syn), 40.1 (-SCH>-, anti), 29.2 (-CH<, syn), 28.0 (-
CH<, anti), 22.1 (-C*-CHjs), 21.8 (4x-CHj).

Dibenzil (2-okso-2-{[(1R)-1-feniletillamino}etil)ditiyoimidokarbonat (4n):

Verim 63.6%, acik sar1 yag, IR (NaCl hiicre, vmax, cm™?): 3371 (N-H), 3085, 3061, 3028, 2973, 2929,
2871, 1667 (C=0), 1574 (C=N), 1502, 1453, 1400, 1376, 1313, 1242, 1211, 1157, 1129, 1071, 1030,
987, 933, 914, 846, 803, 763, 699, 613, 563, 542. *H NMR spektrum (CDCls, 250 MHz), 5, ppm: 7.32-
7.20 (m, 15H, aromatik +1H, N-H, DO ile 85 °C ye 1sitilarak degistirildi), 5.16 (quintet, 1H, benzilik,
J=7.50 Hz), 4.33 (s, 2H, -CHy-), 4.24 (d, 2H, -SCHoasyn-, J=15.01 Hz), 4.18 (d, 2H, -SCHpsyn-, J=15.01
Hz, syn), 4.02 (d, 2H, -SCHaani-, J=20.01 Hz), 3.93 (d, 2H, -SCHpani-, J=20.01 Hz), 1.40 (d, 3H, -C*-
CHs, J=7.50 Hz). 3C NMR spektrum (CDCls, 62.9 MHz, § (ppm): 168.9 (C=0), 160.6 (C=N), 143.2,
136.2, 135.5, 129.0(2C), 128.8(2C), 128.7(2C), 128.6(2C), 128.4(2C), 127.8, 127.5, 127.2, 126.0(2C)
(18xC aromatik), 55.4 (-CH>-), 48.2 (-CH-, benzilik), 36.8 (-SCH,-, syn), 36.0 (-SCH>-, anti), 22.0 (-
C*-CHs).

4. SONUC

Bu c¢aligmada 14 adet kiral yapida yeni dialkil (2-okso-2-{[(1S)-1-feniletil]Jamino}etil
)ditiyoimidokarbonat ve (2-okso-2-{[(1R)-1-feniletil]Jamino}etil) ditiyoimidokarbonat bilesigi (4a-n)
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sentezlenmistir. Bu bilesiklerin yapilar1 farkli spektroskopik yontemle (IR, 'H NMR, BC NMR ve
COSY NMR) kullanilarak karakterize edilmistir. Sentezlenen bilesiklerin (4a-n) *H NMR ve *C NMR
spektrum verileri Tablo 2 de irdelenmistir.

Tablo 2. Bilesik 4a-n *H NMR ve 3C NMR spektrum verileri
RS O
NP
)= A N~ Ph
RS H

R: Me, Et, Pr, 'Pr, Bu, 'Bu, Bn

TH NMR 13C NMR

BT Bz, (o CHy- c=0 | c=N Ezgrlz) -CHy-
AR R R
e R
B R
e [T | ||
BEAE IR
SE IR
AR R R
AR R
| | D | e e | e |
= S | | e | |
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Bu bilesikler 1,3-dipolar siklokatilma tepkimelerinde 1,3-dipol reaktifi olarak kullanilan azometin yiliir
cekirdegi icermektedir. Ayrica sentezlenen azometin yiliir bilesikleri substituent olarak kiral bir amit
fonksiyonu da igermektedir. Bu c¢aligmada glisin tuzlarindan (1) baslayarak sentezlenen amit
tiirevlerinin (4a-n) kiral yapida olmasi onlarin biyolojik aktivite potansiyellerini artirmaktadir. Ayrica
sentezlenen bilesiklerin yapilar1 karbon ve hidrojenin yaninda kiikiirt, oksijen ve azot’tan olugan 5 adet
farkl1 atomu igermesi, bu bilesiklerin heteroatom igeren yeni bilesikleri olusturma potansiyelini
yiikseltmektedir.

Ayrica sentezin liglincli agsamasinda uygun reaksiyon kosullari ve ¢oziiciisiini belirlemek amaciyla bir
dizi demene yapilmistir. Buna gore bu denemeler arasinda bu reaksiyon i¢in en uygun c¢oziicii
Tetrahidrofuran (THF) ve en uygun sicaklik 120 °C olarak belirlenmistir.

Tablo 3. Reaksiyon kosullarinin belirlenmesi.

Deney | Coziicii | Sicaklik (°C) | Verim (%)
1 THF 100 80
2 Hekzan 100 25
3 Toluen 100 47
4 AcCN 100 62
5 THF 120 92
6 Hekzan 120 32
7 Toluen 120 55
8 AcCN 120 67
9 THF 150 85

10 Hekzan 150 35
11 Toluen 150 65
12 AcCN 150 72

Tesekkiir

Yunanistan devleti State Scholarships Foundation (IKY) bursu ile 2010-2011 yilinda Ioannina
Universitesi Kimya Béliimiinde doktora sonrasi deneysel galigmalar yaptigim danisman hocam Dr.
Yiannis Elemes 2014 yilinda geng yasta vefat etmistir. Bu ¢alisma Profesor Yiannis Elemes'in anisina
ithaf edilmistir. Bu calismada laboratuvar olanaklarindan dolayr Artvin Coruh Universitesi Bilim-
Teknoloji Uygulama ve Arastirma Merkezine ve maddi destekleri nedeniyle Artvin Coruh Universitesi
Bilimsel Arastirma Projeleri (ACU-BAP) Koordinatorliigiine tesekkiir ederim. Calisma 2012.F19.02.23
numarali proje kapsaminda desteklenmistir.

Kaynaklar

[1]. Carruthers, W. Cycloaddition Reactions in Organic Synthesis (\Vol. 8). Pergamon: Oxford, 1990;
274-284.

[2]. Gothelf, K. V. Asymmetric metal-catalyzed 1,3-dipolar cycloaddition reactions. Cycloaddition
reactions in organic synthesis. John Wiley & Sons, New York, 2001; 211-245.

[3]. Huisgen, R. 1,3-Dipolar Cycloadditions. Past and Future, Angewandte Chemie International
Edition, 1963; 2(10), 565-598.

[4]. Harwood, L. M., & Vickers, R. J. Azomethine ylides. Synthetic Applications of 1,3-Dipolar
Cycloaddition Chemistry Toward Heterocycles and Natural Products, Wiley: New York,
Chichester. 2002; 169-253.

273



[5].
[6].

[7].

[8].

[9].

[10].

[11].

[12].

[13].

[14].

[15].

Azometin Yiliir Cekirdegi Igeren Yeni Kiral Bilesiklerin

Dogan, O., Koyuncu, H., & Kaniskan, U. Lewis acid catalyzed 1,3-dipolar cycloadditon reactions
of stabilized azomethine ylides. Turkish Journal of Chemistry, 2001; 25(3), 365-371.

Georgiou, D., Toutountzoglou, V., Muir, K. W., Hadjipavlou-Litina, D., & Elemes, Y. Synthesis
of sulfur containing dihydropyrrolo derivatives and their biological evaluation as
antioxidants. Bioorganic & Medicinal Chemistry, 2012; 20(17), 5103-5109.

Oikonomou, K., Georgiou, D., Katsamakas, S., Hadjipavlou Litina, D., & Elemes, Y. Sulfanyl
5H-dihydropyrrole derivatives via 1,3-dipolar cycloaddition, their further chemical manipulation
and antioxidant activity. Arkivoc, 2015; 16, 214-231.

Boukouvala, M. C., Kavallieratos, N. G., Athanassiou, C. G., Losic, D., Hadjiarapoglou, L. P., &
Elemes, Y. Laboratory evaluation of five novel pyrrole derivatives as grain protectants against
Tribolium confusum and Ephestia kuehniella larvae. Journal of Pest Science, 2017, Volume 90,
Issue 2, pp 569-585.

loannou, E., Hirsch, A., & Elemes, Y. Sulfur-containing dihydro-pyrrolo [60] fullerene
derivatives via 1,3-dipolar cycloadditions of glycine imine esters to C60. Tetrahedron,
2007; 63(30), 7070-7076.

Naxakis, G., Sofou, P., & Elemes, Y. Synthesis of Novel 3, 4-Dihydro-2 H-pyrrolo[60]fullerene
Derivatives Bearing an Alkylsulfanyl Substituent. Fullerenes, Nanotubes and Carbon
Nanostructures, Taylor & Francis; 2004; Vol. 12, No. 4, pp. 781-788.

Kohn, H., Sawhney, K. N., Bardel, P., Robertson, D. W., & Leander, J. D. Synthesis and
anticonvulsant  activities  of  alpha-heterocyclic  alpha-acetamido-N-benzylacetamide
derivatives. Journal of Medicinal Chemistry, 1993; 36(22), 3350-3360.

Kohn, H. L., Salomé, C., Park, K. D., & Salomé-Grosjean, E. N-benzylamide substituted
derivatives of 2-(acylamido)acetic acid and 2-(acylamido)propionic acids: potent neurological
agents. U.S. Patent and Trademark Office, Washington, DC; 2015; U.S. Patent No. 8,933,065.
King, A. M., Yang, X. F., Wang, Y. Y., Dustrude, E. T., Barbosa, C., Due, M. R., Piekarz, A. D.,
Wilson, S. M., White, F. A., Salome, C., Cummins, T. R., Khanna, R., Kohn, H., Identification
of the Benzyloxyphenyl Pharmacophore: A Structural Unit That Promotes Sodium Channel Slow
Inactivation. ACS Chemical Neuroscience 2012; 3 (12), 1037-1049.

Park, K. D., Yang, X. F., Dustrude, E. T., Wang, Y., Ripsch, M. S., White, F. A., & Kohn, H.
Chimeric Agents Derived from the Functionalized Amino Acid, Lacosamide, and the a-
Aminoamide, Safinamide: Evaluation of Their Inhibitory Actions on Voltage-Gated Sodium
Channels, and Antiseizure and Antinociception Activities and Comparison with Lacosamide and
Safinamide. ACS Chemical Neuroscience, 2014; 6(2), 316-330.

Hoppe, D., Beckmann, L. Selective Monoalkylation and Dialkylation of N-
[Bis(Alkylthio)Methylene]Glycine Ethyl-Ester for Synthesis of Higher and Alpha-Branched
Alpha-Amino-Acids. Liebigs Annalen der Chemie 1979; Issue: 12, p2066-2075.

274



Cumbhuriyet Universitesi Fen Fakiiltesi
Fen Bilimleri Dergisi (CFD), Cilt 38, No. 2 (2017)
ISSN: 1300-1949

Cumhuriyet University Faculty of Science
Science Journal (CSJ), Vol. 38, No. 2 (2017)
ISSN: 1300-1949

http://dx.doi.org/10.17776/cumuscij.298666
Au/n-Si Schottky Diyotlarinda Termal Tavlama ve Numune Sicakhiginin
Akim-Gerilim Karakteristiklerine Etkileri

Nezir YILDIRIMY", Miicahide GONDUK?, ikram ORAK?

1Bingol Universitesi, Fen Edebiyat Fakiiltesi, Fizik Boliimii, 12000, Bingol, Tiirkiye,
2Bing(il Universitesi, Fen Bilimleri Enstitiisii, Fizik Anabilim Dali, 12000, Bingol, Tiirkiye,
3 Bingol Universitesi, Saglik Hizmetleri Meslek Yiiksekokulu, 12000, Bingol, Tiirkiye,

Received: 17.03.2017; Accepted: 09.04.2017

Ozet: Giiniimiiz elektronik teknolojisinde ve elektronik sanayinde ¢ok fazla kullamlan Schottky kontaklar genis
bir uygulama alanina ve 6nemli bir yere sahiptir. Bu sebeple bu yapilar olduk¢a 6nemlidir ve birgok arastirmanin
konusu olmustur. Diyodun tavlama ve numune sicakligiyla karakteristik parametrelerinin degisip degismedigi
gormek i¢in diyotlarin tavlamaya ve numune sicakligina bagh akim-gerilim karakteristikleri incelendi. Yapilan
hesaplamalar sonucunda tavlanmamig diyot i¢in oda sicakliginda idealite faktorii ve engel yiiksekligi 1-V
olciimlerinden sirastyla 1,24 ve 0,77 eV elde edildi. Yine 200°C tavlanmus diyot igin oda sicakliginda idealite
faktorii ve engel yiiksekligi sirastyla 1,08 ve 0,76 eV olarak hesaplanmigstir. Buna gore tavlama neticesinde diyot
tavlama sicakligina bagli olarak daha kararli hale geldigi soylenebilir. Bu durum, metal yariiletken ara
yiizeyindeki istenmeyen fazlarin tavlama sicakligina bagl olarak azaldiginin bir kanitidir. Au/n-Si/Al Schottky
diyotlarin tavlanmadan énce ve 200°C’de tavlandiktan sonra seri direng ve engel yiiksekligi degerleri Norde
Fonksiyonlar1 kullanilarak tiim sicakliklar i¢in hesaplandi.

Anahtar Kelimeler: Schottky diyod, Termal tavlama, Engel yiiksekligi, Seri Direng, Norde Fonksiyonlari.

The Effects of Thermal Annealing and Sample Temperature on Current-
Voltage Characteristics of Au/n-Si/Al Schottky Diodes

Abstract: Schottky contacts that have been used at electronic technology and electronics industry are very
important and has a large application field. Because of this, these devices are extremely important and they are
popular for many research areas. Current-voltage characteristics that depend on annealing temperature and the
sample temperature parameters of the diode were investigated. Ideality factor and barrier height at 1.24 and 0.77
eV respectively were obtained from I-V measurements for as-deposited sample at room temperature. Likewise, the
calculations from I1-V measurements for 200°C annealed sample were obtained ideality factor and barrier height at
1.08 and 0.76 eV at room temperature respectively. As a result of this, annealing diode will become more stable.
This result confirms that unwanted phases decrease depend on annealing temperature. Using Norde Function, series
resistance and barrier height values were calculated for as-deposited and annealed Au/n-Si/Al Schottky diodes at
200°C.

Keywords: Schottky diode, Thermal annealing, Barrier height, Series Resistance, Norde Functions.

1. GIRIS

Schottky diyotlar, gliniimiizde yariiletken tabanl elektronik teknolojisinin vazge¢ilmez 6geleri haline
gelmislerdir. Bu aygitlarin en yaygin kullanim alanlar1 mikrodalga diyotlar, alan etkili transistorler
(FET’s), giines pilleri, fotodedektorler, MESFET ve MOSFET olarak sayilabilir. Bu alanda yaklagik
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yarim yiizyildir yapilan ¢aligmalar sayesinde biiyiik ilerlemeler kaydedilmesine ragmen hala bu
diyotlarin calisma mekanizmasi ve elektronik dogasi hakkinda bir¢ok soru isareti bulunmaktadir.
Schottky diyotlardan maksimum verim elde edebilmek igin 6zellikle diyotlarin elektronik
karakteristiklerini etkileyen gerek fabrikasyon asamasindan kaynaklanan, gerekse de kullanilan metal
ve yartiletkenlerin asal 6zelliklerinden kaynaklanan tiim etkiler ayri birer arastirma konusu olmustur.
Olusturulmalarin kolay olmasi ve karakteristiklerinin bilinmesi nedeni ile Schottky diyotlarinin
Oonemi, her gecen giin daha da artmaya devam etmektedir. Metal-yariiletken Schottky kontaklar;
teknoloji, sanayi ve elektronik devre elemanlari endiistrisinde 6nemli bir yere sahiptir. Schottky diyotlar,
teknolojik alanda, anahtarlama devreleri, giines pilleri, yariiletken dedektor uygulamalari, mikrodalga
devre elemanlari, modiilator gibi bir¢ok alanda kullanilmaktadir [1-5].

[k metal-yariiletken yapi, nokta kontak diyotlardir. Bu yapilar yariiletken malzemenin yiizeyine ince
sivriltilmis bir telin temas haline getirilmesiyle elde edilmistir. Nokta kontak diyotlarin gelismis hali
Schottky kontak olarak adlandirilmaktadir. Bu yapilar, eklem alani {izerinde daha homojen kontak
potansiyeli ve akim dagilimi elde etmek i¢in yariiletken yilizeyine sinirl alanlarda metal buharlagtirilarak
olusturulan diizlemsel kontaklardir. Metal-yariiletken kontaklarin elektriksel ozeliklerinden yeterli
derecede faydalanmak icin karakteristiklerinin iyi bilinmesi gereklidir. ilk olarak metal-yariiletken
dogrultucular, detektor olarak kullanmistir ve zamanla mikrodalga radarlarinin gelismesi ile nokta
kontak diyotlarin yeniden Onemi artamaya basladi. Nokta kontak diyotlari, en ¢ok frekans
doniistiiriicisi  olarak ve mikrodalga detektér diyotu olarak kullanildi. Metal-yariiletken
dogrultucularin, yiikseltmesinin diisiik olmasi nedeni ile yerini, vakum tiiplerine terk etti. Uzun miiddet
sadece mikrodalga 6l¢iimlerinde kullanildi [6-7].

Schottky, yaptig1 caligmalarla Schottky engelini silisyum transistorle birlestirerek, Schottky engel kapili
metal-yariiletken alan etkili transistorii bulmustur. Chandra ve ark. Metal-yariiletken yapilarin
karakteristikleri, daha sonra yapilan arastirmalarda sicakligin fonksiyonu olarak dl¢iilmiis ve bu yapilar
sicakligin tayininde kullanmislardir [8].

Metal-yariiletken dogrultucu kontak ve omik kontaklarin teorik agiklamasi, bu yapilarin pratikte
uygulamalarindan ¢ok sonradir. Ayrica bu yapilarda yilizey hallerindeki elektronlarin net yiikiinden ve
ters isaretli uzay yiikiinden dolayi bir dipol tabakasi olusabilecegi gosterilmistir. Bati, Schottky engel
yiiksekliginin metalin i fonksiyonuna, arayiizey hallerine ve arayiizey tabaka kalinligina bagliligim
incelemistir [9]. Si yariiletkeni lizerine yapilan ¢caligsmalar, Si-metal kontaklar iizerine kullanigl bilgileri
bilim adamlarimin hizmetine sunmustur. Kontak 06zelliklerinin yeniden olusturulabilmesi ve bu
ozelliklerin kararliligi, yiiksek kalitede Schottky diyotlarin liretilmesine imkan saglamaktadir. Secilen
malzemeyle birlikte tiretimde kullanilan metodun da diyot performansi agisindan 6nemi biiyiiktiir [10].

Bu ¢alismadaki amacimiz, metal-yariiletken (Schottky) kontaklarin elektriksel karakteristiklerini termal
tavlamaya ve numune sicakligma bagli incelemektir. Bir Schottky kontagin karakteristik
parametrelerinden olan idealite faktorii, engel yiiksekligi ile Norde fonksiyonlarindan engel yiiksekligi
ve seri direng degerlerini elde etmektir.

2. MATERYAL ve METOD
2.1 Numunenin Temizlenmesi ve Kontak i¢cin Hazir Hale Getirilmesi

Schottky diyotlar, 400pum kalinlikta, [100] dogrultusunda biiyiitiilmiis, donor konsantrasyonu 2,5x10%°
cm olan ve iki yiizii parlatilmis n-Si kristalleri kullanilarak yaklasik 1,5 mm ¢apinda Au/n-Si/Al Metal-
yariiletken/metal kontak Schottky diyot (SD) numuneler elde edildi. Numunenin her iki yiiziiniin
parlatilmis olmasindan dolayi, ylizeylerde herhangi bir mekanik temizlemeye ihtiya¢ duyulmadi. Ayrica
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numunenin yiizeyinin organik ve mekanik kirlerden arindirilmasi elde edilecek sonuglarin giivenilir
olabilmesi icin olduk¢a 6nemlidir [11]. Ideal ve kaliteli bir diyot yapilabilmesi icin kontak haline
getirilecek maddelerin ylizeylerinin ¢ok iyi bir sekilde temiz, parlak, oksitsiz ve piiriizsiiz, organik ve
agir metal kirliliklerden arindirilmis olmalarinin 6nemi biiyliktiir. Bu parcalarin kimyasal olarak
temizlenmesinde RCA1 ve RCA2 prosediirleri takip edildi [12-13].

Buharlastirmada kullanilan Al metali, kullanilmadan 6nce metanol de 5 dakika ve kullanilan isiticilar
kullanilmadan 6nce H>O+HCI (10:1) 5 dakika ultrasonik olarak yikandi [14-15]. Buharlastirma
isleminden Once buharlagtirma cihazinin temizligi yapildi. Omik kontak yapilirken buharlastirma
isleminden sonra numune tavlanacagi i¢in, tavlama iglemi sirasinda numune firin i¢ine konulurken
kullanilan kuartz potada asetonla ve metanolle 5 dakika ultrasonik olarak yikandi. Kimyasal olarak
temizlenen ve omik kontak yapimi i¢in kullanilacak olan Al metali, molibden 1siticinin iizerine
yerlestirilerek, vakum ortaminda eritildi ve 107 torr basingta Si diliminin bir yiizeyine termal olarak
buharlastirildi. Vakum ortamindan alinan numune kontagin homojen olmasi ve yariiletkenin igine niifuz
etmesi i¢in buharlastirma isleminden sonra numune N, ortaminda 570°C°de 3 dakika tavlama firininda
tavlanarak omik kontak elde edildi. Omik kontak isleminden hemen sonra Schottky kontak yapmak i¢in
Au metali molibden 1siticiya yerlestirildi, termal buharlagtirma ile Si wafer in diger ylizeyine yaklagik
1,5 mm ¢apinda Schottky kontaklar yapildi. Sonug olarak Au/n-Si/Al Metal-yariiletken/metal kontak
(Schottky diyot) numuneler elde edildi. Sicakliga bagli I-V &lglimleri; 20-450 K araliginda Lake Shore
331 model sicaklik kontrol tinitesi ile Leybold Heraeus kapali-devre helyum kryostat ve Keithley 487
Picoammeter/Voltage kaynagi kullanilarak 60-400 K araliginda 20 K’lik basamaklarla karanlikta
almmustir.

Uretilen Schottky diyotlarin tavlanmadan énce ve 200°C sicakliginda 2 dakika tavlandiktan sonra oda
sicakliginda akim gerilim Ol¢timleri alindi. Sicakliga bagli dlgiimler 60-400K araliginda 20 K’lik
basamaklarla ol¢iilmiistiir. I-V dl¢timlerinden diyodun karakteristik parametreleri olan idealite faktorii
(n) ve engel yiiksekligi (P} ) degerleri elde edildi.

3. BULGULAR VE TARTISMA
3.1. Akim-voltaj karakteristikleri

Diyodun idealite faktoriiniin hesaplanmasinda deneysel 1-V dlgtimleri termiyonik emisyon (TE) teorisi
ile analiz edilebilir (v > 3kT /q) [3,7.9]

V -IR
| = |0 exp[%} (1)

Burada,lo doyma akim yogunlugu

I, = AA'T? exp[— %) @)

seklinde tanimlanir. Burada A diyot alam, A*Richardson sabiti olup n-tipi Si igin A*=112 A/K?cm?, T
Kelvin olarak sicaklik, k Boltzmann sabiti, q elektronun yiikii ve ®yo sifir gerilimde engel yiiksekligi
olarak tamimlanmustir. Rs seri direng ve IRsseri direncden dolayr diyodun voltaj diismesidir. Idealite
faktorli n termiyonik emisyon teorisindeki akim tasima mekanizmasina gore hesaplanir.

n_i(_dv j ]
“ kT ldInl ®)
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Idealite faktorii, diyodun ideal dzelliklerden sapmasini gdsteren boyutsuz bir parametredir. Ideal bir
diyot i¢in bu faktor yaklasik olarak 1’e esit olmali. Grafiklerin dogru beslem bolgesindeki lineer kismina
fit edilmesiyle elde edilen dogrunun egimi ve diisey ekseni kestigi noktadan doyma akimi yardimiyla
termiyonik emisyon teorisinden idealite faktorleri ve engel yiikseklikleri elde edilir. Inl-V grafiginin
dogrusal kismina fit edilen dogrunun V=0’da diisey ekseni kestigi nokta Iy doyma akimim verir. (2)
ifadesindeki I, doyma akimi

* - (D
1, = AN T2exp| —12b 4
0 p( T (4)
seklinde verilmektedir. (4) esitliginin her iki tarafinin tabii logaritmasi alinarak, ®;’ye gore ¢oziiliirse
KT, [ AAT?
®, =—1In (5)
q ly

olarak engel yiiksekligi ifadesi elde edilir. Bulunan bu degerler ve diger sabit veriler (3) ve (5)
denklemlerinde yerine yazilarak idealite faktorii ve engel yiiksekligi hesaplanir.

Sekil 1’de Akim-Voltaj 6l¢iimlerinden elde edilen veriler kullanilarak bir adet tavlanmamig ve 200
°C’ye tavlanmis diyodun oda sicakliginda yari logaritmik akim-gerilim grafigi verilmistir. Tavlanmams
diyot icin 300 K’de idealite faktorii ve engel yiiksekligi I-V 6lgiimlerinden 1,24 ve 0,77 eV, 200°C
Tavlanmis diyot i¢in 1,08 ve 0,76 eV olarak sirastyla hesaplanmistir. Bulunan bu degerler Nuhoglu ve
ark. elde ettikleri sonuglarla uyum i¢indedir [17]. Diyodun 200°C’de tavlanmasiyla karakteristiklerinde
fazla bir degisiklik gbzlenmemistir.

10°
Au/n-Si
Schotty Diyot

1 ||||||,|,|_

A A Tavlanmamis

© 9200 °C Tavlanmig

107
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIVIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

-12  -08 -04 0.0 0.4 0.8 1.2
GERILIM (V)
Sekil 1. (Online color) Tavlanmamis ve 200°C’de tavlanmis Au/n-Si Schottky diyodun oda sicakliginda (300 K)
Inl-V grafigi
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Sekil 2. (Online color) Tavlanmamis Au/n-Si Schottky diyodun sicakliga bagli Inl-V grafigi
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Sekil 3. (Online color) 200°C’de tavlanmis Au/n-Si Schottky diyodun sicakliga baglh Inl-V grafigi
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Sekil 4. (Online color) Schottky diyodun sicakliga bagh |-V élgiimlerinden elde edilen tavlanmamis ve 200°C ‘de

tavlanmis diyodun a) Sicaklik- Engel Yiiksekligi grafigi, b). Sicaklik- Idealite Faktorii grafigi,

Tablo 1. Tavlanmams ve 200°C’ye tavlannus Au/n-Si/Al Schottky diyotun 60-400 K sicaklik aralimda TE

teorisine gore hesaplanan idealite faktorii ve engel yiliksekligi

Sicakhik Tavlanmaml.s 200°C’ye Tavlfmmls
(K) Engel Idealite Engel Idealite
Yiiksekligi (eV) | Faktorii (n) | Yiiksekligi (eV) Faktorii (n)
60 0,22 4,57 0,18 5,48
80 0,26 4,75 0,24 4,38
100 0,35 2,99 0,29 3,63
120 0,40 2,67 0,35 3,01
140 0,46 2,34 0,40 2,60
160 0,51 2,08 0,45 2,41
180 0,56 1,93 0,51 2,14
200 0,60 1,72 0,56 1,91
220 0,64 1,60 0,61 1,56
240 0,68 1,49 0,65 1,43
260 0,72 1,40 0,69 1,33
280 0,74 1,34 0,73 1,20
300 0,77 1,24 0,76 1,08
320 0,79 1,19 0,79 1,02
340 0,82 1,10 0,82 1,04
360 0,84 1,02 0,83 1,04
380 0,86 1,02 0,85 1,05
400 0,88 1,04 0,88 1,05
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Diyodun tavlama ve numune sicaklifiyla karakteristik parametrelerinin degisimini gormek igin
diyotlarin sicakliga bagl akim-gerilim karakteristikleri incelenmelidir.

Tavlanmamis ve 200°C’ye tavlanmig Al/n-Si Schottky diyotlarin tavlamaya ve numune sicakligia bagl
Inl-V grafikleri Sekil 2 ve Sekil 3’de verilmistir. Schottky diyodun sicakliga bagli 1-V dl¢iimlerinden
elde edilen ve Tablo 1°deki veriler kullanilarak ¢izilen sicakliga bagli tavlanmamis ve 200°C ‘de
tavlanmis numunenin engel yiiksekligi ile idealite faktorii grafikleri Sekil 4’de goriilmektedir. Idealite
faktorii degerlerinin artan numune sicakligi ile azaldigi tavlanmamis ve 200°C tavlanmis numuneler igin
degerler Tablo 1’de goriilmektedir. Tablo 1 engel yiikseklikleri acgisindan incelendiginde numune
sicakligina bagli olarak engel yiiksekliginin azalan numune sicakligi ile azaldig1 goriilmektedir. Buna
gore tavlama neticesinde diyot tavlama sicakligina bagli olarak daha kararli hale gelmistir. Bu durum,
metal yariiletken arayilizeyindeki istenmeyen fazlarin tavlama sicakligina bagl olarak azaldiginin
kanitidir [18].

3.2. Norde Modeli Yardimi ile Engel Yiiksekligi ve Seri Direncin Hesaplanmasi

Norde, engel yiiksekligi hesab1 ve seri direncin hesaplanmasinda yeni bir metot ileri siirmiistiir [19].
Modifiye edilmis Norde fonksiyonu sdyle yazilabilir.

_ Vo KT (1Y)
"= q'”(AA*sz ©

fonksiyonu kullanilarak Schottky diyotlarin akim-gerilim karakteristikleri gosterildi. F(V)
fonksiyonunun minimum noktasi diisiiniildiigiinde, minimum Vy voltajina karsilik gelen F(Vo) degeri
kullanilarak engel ytiksekligi;

V, kT
D, =F (Vo) +—+-— (7)
y q

formiiliinden elde edilir. Seri direng degeri Vo’a karsilik gelen lo degeri kullanilarak;

(8)

seklinde elde edilir. Burada vy ifadesi n degerinden biiyiik olan ilk tam sayidir. lo ise V potansiyelinin
minimum oldugu akim degeridir. Norde’nin kullandig1 bu model, ideal durumlar ve seri direncin kiigiik
oldugu durumlar i¢in gegerli olup, ideal olmayan durumlar i¢in Norde fonksiyonu gelistirilerek Shottky
diyotun I-V dl¢limiinden elde edilen n degerinin 1<n <y (y keyfi bir say1) olmast durumunda Rs ve
engel yiiksekliginin belirlenmesini miimkiin kilabilecek Norde fonksiyonunun diizenlenmis bir modelini
ileri stirdiiler. [20-21]. Norde fonksiyonlart Inl-V karakteristiklerinin dogru beslem kisminin tiimiine
uygulanmaktadir. Ayni zamanda seri direncin degeri, daha yiiksek idealite faktorii degerleri i¢in daha
yiiksek olabilir. Bu da seri direncin imal ettigimiz diyot i¢in akim limitleyici bir etken oldugunu
gosterir. (7) ve (8) denklemlerinden tavlanmamis ve 200°C’ye tavlannis Au/n-Si Schottky diyotun 60-
400 K sicaklik araliginda Norde Fonksiyonlarindan elde edilen engel yiiksekligi ve seri direng degerleri
Tablo 2 ‘de verilmistir.
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Tablo 2. Tavlanmamis ve 200°C’ye tavlanmis Au/n-Si/Al Schottky diyotun 60-400 K sicaklik araliginda Norde
Fonksiyonlarindan hesaplanan engel yiiksekligi ve seri direng degerleri.

Tavlanmamus 200°C’ye Tavlanmus
Sicakhik — —
K) ) Engel Seri Diren¢ ) Engel Seri Direnc
Yiiksekligi (eV) Q) Yiiksekligi (eV) Q)

60 0,21 4,20E+07 0,24 1,47E+07

80 0,31 3,32E+07 0,31 7,88E+06
100 0,36 1,08E+06 0,36 2,28E+06
120 0,52 4,04E+06 0,42 1,76E+06
140 0,56 3,07E+06 0,5 2,77E+05
160 0,61 8,86E+05 0,53 1,21E+05
180 0,63 6,17E+05 0,60 5,13E+04
200 0,71 2,74E+03 0,64 1,74E+03
220 0,73 2,98E+03 0,67 8,05E+03
240 0,75 2,95E+03 0,70 5,60E+03
260 0,77 1,59E+03 0,72 5,84E+03
280 0,78 1,26E+03 0,74 6,01E+03
300 0,80 1,07E+03 0,75 5,24E+03
320 0,81 8,30E+02 0,78 2,96E+03
340 0,82 6,94E+02 0,79 2,38E+03
360 0,83 5,74E+02 0,81 1,88E+03
380 0,84 4,42E+02 0,82 1,62E+03
400 0,86 2,81E+02 0,85 1,17E+03

Metal-yariiletken dogrultucu kontaklarin seri direngleri ne kadar diisiikk olursa diyot kalitesi de ayni
oranda artar. Au/n-Si Schottky diyotlarin tavlanmadan dnce ve 200 °C°de tavlandiktan sonra seri direng
ve engel yliksekligi degerleri modifiye Norde Fonksiyonlart kullanilarak tiim sicakliklar igin ¢izilen
F(V)-V grafikleri grafikleri Sekil 5 ve Sekil 6°da verilmektdir. Uretilen Au/n-Si Schottky diyotun 320 K
sicaklikta, Tavlanmamis ve 200°C’de tavlandiktan sonra seri direng degerleri Norde Fonksiyonlari
kullanilarak sirasiyla 83 kQ ve 296 kQ seklinde elde edilmistir. Tablo 2 seri direng agisindan
incelendiginde azalan numune sicakligi ile seri direng degerinin artmasina karsilik tavlama sicakligina
gore seri direngte Onemli bir degisiklik olmamustir. Norde fonksiyonlarindan 300 K sicaklikta
tavlanmamis numune igin engel yiiksekligi 0,80 eV, I-V 6l¢iimlerinden 0,77 eV olarak elde edildi. Yine
200°C tavlanmis numune igin Norde fonksiyonlarindan ayni sicaklikta engel yiiksekligi 0,75 eV, 1-V
Ol¢iimlerinden 0,76 eV olarak elde edildi.
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Sekil 5. (Online color) Tavlanmamis Au/n-Si diyodun &lgiilen tiim sicakliklar i¢in Norde Fonksiyonlarindan elde
edilen F(V)-V grafikleri.
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Sekil 6. (Online color) 200°C Tavlanmis Au/n-Si diyodun 6lgiilen tiim sicakliklar igin Norde Fonksiyonlarindan
elde edilen F(V)-V grafikleri.
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4. SONUCLAR

Bu calismada, tavlama ve numune sicakligina bagli olarak, elde edilen aygitin elektriksel
karakterizasyonunda yaptigi degisiklikler incelenmistir. Metal-yariiletken arayiizeyinde diisiik
sicakliklarda elektronlar diisiik engeli tercih eder. Yani, sicaklik ve uygulama voltaj1 arttikga daha fazla
elektron yiiksek engeli asabilecek enerjiye sahip olabileceklerdir. Ayrica, arayiizey yiiklerinin diizgiin
dagilmamasi ve inhomojenlik gibi bazi nedenlerden dolayi, diisiik sicakliklarda idealite faktoriiniin
artt1ig1 ve engel yliksekliginin azaldigi goriilmektedir [8,15]. Diisiik voltajlarda yar1 logaritmik ol¢iide
Schottky diyotlarin akim-gerilim karakteristikleri lineerdir. Fakat seri direng (Rs), arayiizey tabakasi ve
araylizey durumlar1 gibi parametrelerin etkisinden dolayi, yiiksek voltajlarda metal-yariiletken
dogrultucu kontaklarin akim-gerilim karakteristiklerinde beklenen degerden bir sapma gozlenir [22].
Yani lineer olmasi beklenen akim-gerilim karakteristigi yiiksek voltajlarda parabolik bir degisim
gosterir. Tavlama neticesinde diyotun onemli bir karakteristigi olan idealite faktorii 1 degerine
yaklastig1 goriilmektedir [23]. Bu durum, metal-yariiletken arayiizeyindeki istenmeyen durumlarin
tavlama sicakligina bagli olarak azaldigini gostermektedir. Nuhoglu, imal ettikleri Au/n-Si/Al Schottky
diyodu igin, tavlama sicakligi 750°C'ye ulasana kadar dogrultucu 6zelligini korudugunu, ancak bu
ozelliklerin 750°C'nin iizerindeki tavlama sicakliklarinda bozuldugunu ve 800°C'de neredeyse ohmik
hale geldigini rapor etti [17].
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Abstract. Magnetoimpedance (MI) cell was fabricated using a non-magnetic layer among magnetic bilayer
(Fe/Cu/Fe) on the glass substrate has been studied by using electron microscopy, X-ray diffraction, magnetic
and magnetoimpedance measurements. In order to observe MI effect, frequency dependence of impedance
measurements has performed under applying static low magnetic fields. The impedance value of the cells has
been characterized by using constant 4 mA AC current source at frequencies 1 - 25 MHz and DC magnetic
fields (-25 to 25 Oe). Double peak responses have been obtained, showing MI ratios up to % 35 and its
sensitivity is around 23.7 %/Oe. For future sensing applications, this material is made a promising candidate for
giant magnetoimpedance effect with the range of low price and relatively high sensitivity features.

Keywords: Fe multilayers films, Magnetoimpedance, Sensing element

Cift Katmanh Demir Filmlerin Manyeto-Empedans Etkilerinin incelenmesi

Ozet. Cam zemin iizerinde manyetik ¢ift katmanl1 arasinda manyetik olmayan bir tabaka kullanilarak (Fe/Cu/Fe)
iiretilen manyeto-empedans hiicre (ME) elektron mikroskobu, X-1s1n1 kirinimi, manyetik ve manyeto-empedans
Ol¢iimleri yapilarak incelenmistir. ME etkisini gézlemlemek igin frekansa bagli empedans 6l¢iimleri statik diisiik
manyetik alan altinda yapilmistir. Hiicrelerin empedans degeri, 1 - 25 MHz frekans araliginda ve DC manyetik
alanda (-25 - 25 Oe) sabit 4 mA AC akim kaynagi kullanilarak karakterize edilmistir. Cift tepe tepkileri elde
edilerek, ME etkisi % 35' e ve duyarlihigi 23.7 %/Oe' e kadar ¢ikartilmistir. Gelecekteki sensor uygulamalari igin
bu malzeme, diisiik fiyat araliginda ve kiyasla yiiksek hassasiyet 6zelliklerine sahip dev manyeto-empedans etkisi
gosterdiginden dolayr umut verici bir aday haline getirilmistir.

Anahtar Kelimeler: Demir ¢ok katmanli filmler, Manyetoempedans, Sensor element

1. INTRODUCTION

The giant magneto-impedance (GMI) effect is caused a huge change in the electrical impedance of
materials with soft magnetic features through applying low direct current (dc) magnetic field. Since its
discovery in 1994, the research involving GMI effect sensors has become one of the focus points for
potential applications especially in the range of ultra low magnetic fields [1]. Due to its high coherent
in which it is located, high stability and reversibility, magnetic sensors based on GMI are currently being
used in many applications such as satellite communication technology, high density recording apparatus,
high-tech target detections, tracking systems, non-destructive inspection and magnetic marking
applications, bio-magnetic measurements [2-6]. A straightforward physical phenomenon which is called
the magnetoimpedance is utilized under using of many of these areas. Magnetic sensors perform sensing

* Corresponding author. Email address: ercument.yuzuak@erdogan.edu.tr
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by converting the magnetic field amplitude value directly into an electrical signal [2]. The high-
performance magnetic sensors development has been made possible by using a huge impedance change.

By fundamentally, the magnetoimpedance effect is defined as the change of the impedance (Z) of
material with magnetic properties under applied dc magnetic field amplitude. Total impedance variation
based on the frequency of the alternating current in ferromagnetic materials. This is also the case,
7=7(f), where f=w/2m. An electric current flow through an indiscrete plain film the magnitude of
magnetic field conceived by the electrical current will excite oscillations of magnetization. It means that
the thin film impedance value depends not only on the conductivity (o), but also its magnetic
permeability (). Magneto-impedance, GMI ratio, percentage changes with applied DC magnetic field
is expressed as follows:

Z(H)=Z(Hmax)
Z(Hmax)

AZ(%) = 100 % 1)
where Z(H) and Z(Hmax) represent the impedance in a magnetic field, H, and maximum magnetic field,
Hmax respectively. And the DC magnetic field sensitivity of a cell of GMI defined as follows:

_ (AZ/Z)max
IG) (2)

where AH is the full width at half maximum peak of GMI (%) versus magnetic field [7, 8]. The Hmax
value is the magnetic field value required to saturate the impedance value. This value is taken in practice
as the greatest value of the system being measured [8].

Amorphous thin films could be produced on a substrate by the varied techniques such as chemical or
physical deposition, electro deposition, electro spinning, vapour deposition or magnetron sputtering
method. The magnetron-sputtering method has become a frequently used technique due to the fast,
adjustable and controllable to a high range of compositions, highly repeatable, low impurity level. The
magneto-sputtering thin films present the amorphous structure if no annealing process applied. Also
known by all of these, ferromagnetic amorphous films including high amounts of Co or Fe element
generally indicates superior soft magnetic properties [4]. In many cases, the soft magnetic properties of
these materials are higher than many other known materials [5]. The maximum n reached to date for
GMI materials is approximately 600%/Oefor the use of GMI structures [9].

Om is the skin depth of the film as like ribbon, with transverse permeability (u;) for the case of the
multilayer films,

2

UTwo

om = 3
where o is the frequency of the ac current and o is the electrical conductivity of the layers in GMI cell.
The main aim of endeavoring for non-homogeneous layers such as multilayered films have outer layer
is ferromagnetic and inner layer is non-ferromagnetic. Recent studies on this subject have shown that
this phoneme is come from the interaction among ferromagnetic layers yield the skin depth of ferro- and
non-ferromagnetic layers [10]. Thus, it indicates that huge increase of sensor sensitivity in the range of
low frequency [11].

The accomplishments of GMI have different aims. Many scientific groups have concentrated with
understanding GMI mechanisms, the coupling the structural and magnetic features and connections
between GMIs. The others have been focused on in the field of applications and to improve the magnetic
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properties of a system for practical purposes. The GMI study in thin films continues to attract interest
because of its fundamental problems of magnetism and its prominence for possible applications. Within
this research, we have investigated the influence of a non-magnetic layer among magnetic bilayer
scheme (Fe/Cu/Fe) on a glass substrate for magnetic features and GMI response.

2. EXPERIMENTAL

Thin film structure - Fe/Cu/Fe (GMI cell) were deposited by using a magnetron sputtering system onto
substrates (Glass) at room temperature (Fig. 1). The commercially sputtering target was comprised of
high purity Fe (99.99%) and Cu (99.9999%) circular disk. Highly pure argon gas (99.999%) was
introduced into the chamber as sputtering gas with the working pressure at 5 mTorr. For establishing a
plane and smooth surface, 80 Watt power was applied to the sputtering gun. All performed
measurements were made in the vicinity of room temperature. The error margin in the stated impedance
value was within 1.5%. Magneto-impedance cells produced within the scope of this study have been
developed using DC-RF sputtering system in Recep Tayyip Erdogan (RTE) University Central
Laboratory. The magnetoimpedance cell was fabricated by growing as 100 nm (Fe)/10 nm (Cu)/100 nm
(Fe) on a glass substrate with 2 nm Si capping layer. Magneto-impedance measurements were performed
for this produced cell.

The rate and thickness of film were controlled in-situ by a quartz microbalance and ex-situ by X-ray
reflectometry (XRR). Glancing incidence X-ray diffraction (GIXRD) measurements and reflectometry
measurements were done by Rigaku SmartLab X-ray Diffractometer with the CuK, radiation at 1.54 A
and glancing incidence angle was selected as 2°. Thickness, roughness, and density of the films were
determined by fitting the XRR measurements simultaneously, using GlobalFit program. The
homogeneity and surface morphology measurements were done by Jeol Scanning Electron Microscope
Spectroscopy. Magnetic properties of the films were measured by a Vibrating Sample Magnetometer
(VSM) which both out-of-plane (OOP) and in-plane geometry (IP) of the applied magnetic field for
increasing and decreasing the magnetic field. The set-up of GMI effect measurement is shown in the
inset of Fig. 1 (b). The 20 mA of AC current intensity was employed by AC function generator and it
was in a linear excitation.

Helmholtz Coil Helmholtz Coil

Thin Film
e ]
‘(: . u layer | AC Generator
‘ Osiloscope
L S— i
ik
a) b) R T ..‘" B

Figure 1. (a) lllustration structure of GMI cell is produced within the scope of this study and (b) set-up of GMI
effect measurement
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3. RESULTS and DISCUSSION

The XRD pattern (Fig. 2) of the GMI cell confirmed the absence of the short range ordering and
crystalline phase in all cases under consideration. The diffraction patterns of the thin films obtained at
different thicknesses have not been given in order to ensure complete integrity of the article. The GMI
cell obtained in this work presented a clear amorphous structure. A broad diffraction peak (26 = 44°)
is visible due to GMI cell incorporations which have a very small influence on the modification of the
amorphous structure.

S Fe-100 nm/ Fe/Cu/Fe
%D P \?U-IO nm/
= Fe-100 nm/
. @ %M\A !
§ N Wf'“"\”r’\.'\.\r
e
2 = 1 2 3 4
'z 20 (°)
2 |
= ‘ 1
il :
T T T T T T
20 30 40 50
20 (°)

Figure 2. Glancing incidence X-ray diffraction (GIXRD) pattern of thin film at room temperature. Inset of X-ray
reflectometry (XRR) pattern and SEM picture of thin film.

The amorphous structure has been traced to the occurrence of the long range ordering has been revealed
through XRD analysis. Our result is consistent with the conjecture that the structure indicates major
basis of low price Ml cell. Inset of Fig. 1 infers XRR pattern of GMI cell. First iron and second iron
layers are around 100 nm (£0.2). Also non-magnetic layer (Cu layer) is 10 nm (£0.3). The roughness of
the GMI cell was calculated around 2.2 nm. Another inset of Fig. 2 depicts that SEM image of thin film.
SEM measurements were imposed to figure out the surface morphology of the thin film, after deposition
at room temperature. According to the SEM image with back scattering detector do not show any phase
separation of iron, as deposited GMI cell exhibits no homogeneity and no precipitate difference with a
flat surface.

In order to find out the maximum of magneto-impedance value, the applied frequency dependence of
magneto-impedance measurement is measured under zero and applied magnetic field in Figure 3. After
this measurement has been performed, the critical frequency value has been determined. The
determination of this frequency is ascertained by the supreme difference value is obtained by subtracting
the measurements taken at different magnetic fields from each other. Thus, it has been found that the
magneto-impedance value is the highest for which frequency value.
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Figure 3.(a) Frequence dependence of magneto-impedance cell under zero and applied magnetic field and (b) in-
plane (red one) and out-of-plane (black one) magnetization measurement of GMI cell. Inset of zoom in low
magnetic field region.

In addition to all of these, magnetoimpedance magnitude varies depending on the frequency of the
material which has the difference of the external magnetic field of 30 Oe. We were able to achieve
magnetoimpedance value, based on the applied ac-signal of the frequency in the low regime. Also, from
the straightforward specified of the frequency dependence of this kind of M1 cell, we figure out not only
an addiction of frequency effect but also a Critical Frequence (fcriticairrequence) €ffect. In all this, we thought
that experimental results in this study are prodding to discover the non-magnetic layer among magnetic
bilayer as well as spin ac-current transport in spintronic phenomena at low frequencies regime such as
spin torque, spin accommodation devices. We performed the magnetic field dependence of
magnetization both IP and OOP orientation for GMI cell and these measurements are shown in Figure
3 (b). IP orientation showed higher saturation magnetization value (Ms) for GMI cell. In addition, it was
not high difference between IP and OOP measurements for high coercive field (H) in relatively low
magnetic field region and made useful for soft magnetic applications (Inset of Figure 3 (b)). As expected,
amorphous GMI cell reveals soft ferromagnetic features with low Hcand high Ms.
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Figure 4. a) External applied magnetic field dependence (H) of magnetoimpedance value, b) Frequence
dependence of magneto-impedance cell in zero and applied magnetic field.

Figures 4 (a) shows magnetoimpedance effect (AZ/Z, %) of Fe/Cu/Fe cell under + 25 Oe applied
magnetic field. Measurements were taken at a fixed frequency of 8 Mhz. Accordingly, the change value
per magnetic field obtained from the magneto-impedance cell produced by using the copper interface
between the iron surfaces is 4 times the change value per magnetic field obtained from the Fe magneto-
impedance cell produced as a single layer. These values can be compared with the iron multilayer thin
films (AZ/Z (%) = 40) in the literature [2]. Examination of materials exhibiting magneto-impedance
effects constitutes a new field of study that can be used in technological applications. Figures 4 (b)
calculates sensitivity of magnetoimpedance (1) of Fe/Cu/Fe cell in applied magnetic field using
Equation 2. As clearly understood from Figures 4 (b), double peak responses have been obtained in both
magnetic directions. 1 values are 23.7 %/Oe and 23.1 %/Oe in both under positive and negative magnetic
field directions, respectively. The difference between these two values shows that the obtained alloy has
a very good response to the magnetic field. Our n values for the magnetic field change of 25 Oe is
comparable with the results of other magnetoimpedance materials that show GMI in the vicinity of room
temperatures, such as multilayer NiFe/Cu/NiFe (16 %/Oe) [12] and FezsNizs film (45%/0e) [13].
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4. CONCLUSION

100 nm Fe/ 10 nm Cu/ 100 nm Fe film was fabricated by using a non-magnetic layer among magnetic
bilayer (Fe/Cu/Fe) on a glass substrate has been studied to achieve the soft magnetic properties for their
potential applications in GMI sensors. The Fe/Cu/Fe films were deposited in a high vacuum chamber,
using separate Fe and Cu targets. As expected, amorphous GMI cell reveals soft ferromagnetic features
with low Hc and high Ms. The experimentally achieved values for GMI and ) ratio were 35% and 23.7
%/Oe at 8 MHz for 3 Oe. By investigating of this kind of magnetoimpedance cells, the emerged of high
impact materials problems can be solved. These cells can be operated at very low cost than squids and
the problems experienced in detecting very low magnetic field will be overcome by newly developed
systems.
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Ozet. Bu galismada kare kesitli engellerle donatilmis bir kanal igerisindeki akis yapis1 pargacik gériintiilemeli
hiz 6lgme yontemi (PIV) kullanilarak deneysel olarak incelenmistir. Zaman ortalama, anlik akis alanlar1 ve
tiirbiilans istatistikleri ii¢ farkli Reynold sayis1t Re=2900, 8400 ve 15000 i¢in detayli olarak sunulmustur.

Anahtar Kelimeler: Akis ayrilmasi, kanal akisi, kare kesitli engeller, PIV

Experimental Investigation of the Channel Flow Equipped with
Rectangular Obstacles by Means of PIV Method

Abstract. The characteristics of the flow fields in a rectangular channel equipped with cylindrical ribs were
examined through particle image velocimetry (P1V) experiments. The mean and instantaneous flow fields and
turbulence statistics were presented for three Reynolds numbers of 2900, 8400 and 15000 in detail.

Keywords: Channel flow, flow separation, PIV, rectangular obstacles

1. GIRIS

Yiizeylerine engeller yerlestirilmis kanallar; 1s1 degistiricileri, gilines kolektorleri, elektronik
elemanlarin, tiirbin kanatlarinin ve niikleer reaktdrlerin sogutulmasi gibi ¢ok sayida miihendislik
uygulamastyla yakindan ilgilidir ve bu nedenle birgok deneysel ve sayisal aragtirmaya konu olmustur.

[k calismalarin birgogunda sadece tek ya da sinirh sayidaki engel dizilimi incelenmis ve veriler tek bir
noktadan elde edilmistir [1-4]. Sonraki calismalarda daha gelismis sayisal ve deneysel yontemler
kullanilarak; engeller arasi mesafe-kanal yiiksekligi orani, engel yiiksekligi-kanal yiiksekligi orani,
kanal en-yiikseklik orani, engel geometrisi, engellerin akis yoniine gore yerlestirilme agilari, v.b.
parametrelerin 1s1 ve akis karakteristiklerine olan etkileri incelenmistir [1-15].

Yiizeylerine engeller yerlestirilmig kanallar igerisindeki akis; sinir tabaka ayrilmalar1 ve birlesmeleri,
kose girdaplart ve ayrilmig akis alanlari gibi karmasik yapilardan olugsmaktadir. Bu nedenle heniiz tam
olarak anlagilmaktan uzaktir ve detayli caligmalara ihtiya¢ duyulmaktadir. Yapilan c¢alismalarin
cogunlugunda akistan ¢ok 1s1 transferi karakteristikleri incelenmektedir. Bu ¢alismada, bir yiizeyinde
kare kesitli engeller bulunan kanal igerisindeki akis yapisi parcacik goriintiilemeli hiz 6lgme yontemi
(PIV) kullanilarak deneysel olarak incelenmistir. Akig alanina ait: zaman ortalama ve anlik hiz
vektorleri, girdap es egrileri, akim ¢izgileri ve tiirbiilans istatistikleri elde edilmistir.

* Corresponding author. Email address: cgurlek@cumhuriyet.edu.tr
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2. YONTEM

Deneyler Sekil 1°de sematik olarak sunulan kapali ¢evrim agik yiizey su kanalinda gergeklestirilmistir.
Su kanali iki adet su deposu ve bu iki depo arasinda bulunan 750mmx1000mmx8000mm boyutlarinda
akrilik malzemeden imal edilmis saydam 6l¢iim alanindan olugmaktadir. Kanal igerisindeki ¢evrim bir
santrifiij pompa ile gerceklestirilmekte ve serbest akis hizi hiz kontrol tinitesiyle ayarlanmaktadir.
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Sekil 1. Kapali ¢cevrim ¢alisan agik su kanalinin sematik goriintimii [16]

Deneyleri gerceklestirebilmek i¢in bir yiizeyinde kare kesitli engeller bulunan kanal bir masanin iizerine
yerlestirilerek su kanalinin igerisine daldirilmistir. Kanal uzunlugu L=3000 mm ve kesit Ol¢iileri
150mmx150mm dir. Kanal duvarlar optik gecirgenligi saglamak icin 10 mm kalinliginda saydam
akrilik malzemeden imal edilmistir. Kanalin bir yilizeyine 50 mm yiiksekliginde ve 50 mm genisliginde
on adet kare kesitli engel akisla 90° a1 yapacak sekilde yerlestirilmistir. Kare kesitli engeller akrilik
malzemeden imal edilmis ve lazer yansimalarim onlememek amaciyla yiizeyleri mat siyah film
tabakasiyla kaplanmigtir (Sekil 2). Engeller arasi mesafe-engel yiiksekligi orani, P/h=3 ve kanal
yiiksekligi-engel yiiksekligi orani, H/h=3" tiir. Sekil 3’de bir yiizeyinde kare kesitli engeller bulunan
kanal sematik olarak sunulmustur.

Sekil 2. Kanal yiizeyine yerlestirilen kare kesitli engel
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Sekil 3. Bir yiizeyinde kare kesitli engel bulunan kanalin semetik gériiniimii

Deney kurulumu Sekil 4’de sematik olarak sunulmustur. Olgiimler kanalin diisey simetri ekseninde, tam
gelismis akis yapisini saglamak icin 8. ve 9. engeller arasinda gerceklestirilmistir. Akis alani; bir adet
lazer kaynagi, bir adet yiiksek ¢oziiniirliikli dijital kamera, es zamanlayici ve ¢esitli optik gereclerden
olusan iki boyutlu Dantec PIV sistemi kullamlarak elde edilmistir. Ol¢iim alami ¢ift darbeli Nd:YAG
lazer kaynagiyla (120 mJ, 532 nm) aydinlatilmistir. Lazer perdesiyle aydinlatilan akis alani, 1600x1200
pixel ¢oziiniirliiklii Nikon AF Micro 60f/2.8D dijital kamerasiyla kaydedilmistir. Iki lazer darbesi
arasindaki zaman aralifi ve lazer perdesinin kalinlig1 yeterli pargacik yer degistirme mesafesini
saglayacak sekilde secilmistir. Akis alan1 32x32 pixel boyutlarinda alt alanlara ayrilmis ve %50 st liste
bindirilmistir. Hiz alanlari, Hizli Fourier Doniisiimii’ne (FFT) dayanan ¢apraz korelasyon (cross-
correlation) teknigi kullanan Flow Map yazilimiyla elde edilmistir. Zaman-ortalama akis 6zelliklerini
elde etmek i¢in 15 Hz frekansla N=350 adet anlik hiz alan1 6l¢lilmiistiir.
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Sekil 4. Deney kurulumunun sematik goriiniimi

PIV 6l¢iimleri kanal hidrolik ¢api, Dn ve kanal girisinden 9 Dy uzaklikta elde edilen ortalama hiz Uy’
ye bagli olarak hesaplanan ti¢ farkli Reynolds sayisi: Re=2900, 8400 ve 15000 icin gergeklestirilmistir.
Sekil 5’de kanal girisinden 9 Dy uzakliktaki hiz profilleri sunulmustur.
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Sekil 5. Kanal girisinden 9 Dy uzakliktaki hiz profilleri

3. BULGULAR ve TARTISMA

Koordinat sistemi Sekil 4’de goriilmektedir. Burada, x akig yoniindeki ekseni, y (asag1 dogru) ve z
sirasiyla ylizey normalini ve akiga dik yondeki ekseni gostermektedir. Farkli Reynolds sayilarin igin 8.
ve 9. engeller arasindaki zaman ortalama hiz vektorii alanlari, <V> ve akim ¢izgileri, <y> sirastyla Sekil
6 ve 7°de sunulmustur. Burada F1 ve F; hizin sifir oldugu sirkiilasyon merkezlerini, S; ise eyer noktasini
(saddle point) gostermektedir. Reynolds sayisi, Re=2900 i¢in sol engel iizerindeki ayrilmis akis bolgesi
acik¢a goriilmektedir. Her ti¢ Reynolds sayisinda da sagdaki engel yiizeylerinde akis ayrilmasi
olusmamaktadir. Gelen akis, soldaki engelin keskin sag kdsesinden ayrilmakta ve olusan sirkiilasyon
alan1 engeller arasindaki bolgeyi kaplamaktadir. Soldaki engelin sag alt kosesinde, ana dolanim alaniyla
ters yonde donen bir ¢evrinti agikca goriilmektedir. Bu ¢evrinti alani, kanal ylizeyine ¢arparak yiizeyden
ayrilan akistan kaynaklanmakta ve Reynolds sayisi arttikga kapladigi alan kiiclilmektedir. Ana
sirkiilasyon alaninin digindaki bdlgede akim ¢izgileri hemen hemen birbirine paraleldir.
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Sekil 6. Hiz alanlari, <V>: (a) Re=2900; (b) Re=8400; (c) Re=15000
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Sekil 7. Akim cizgileri, <y>: (a) Re=2900; (b) Re=8400; (c) Re=15000

Zaman ortalama es deger girdap egrileri, <> Sekil 8’de goriilmektedir. Pozitif (saatin tersi yoniinde)
ve negatif (saat yoniinde) es deger girdap egrileri sirasiyla diiz ve kesikli ¢izgilerle gosterilmistir. Kanal
yiizeyine yapisik negatif es deger girdap egrileri, artan Reynolds sayisiyla birlikte kanal yiizeyinde iki
engel arasindaki boslugu kaplamaktadir. Akis alaninda sol engelden kaynaklanan es deger girdap egrisi
acikca goriilmektedir. Reynolds sayisinin artmasiyla birlikte, sol engelden ayrilan pozitif es deger girdap
egrisi hemen hemen kanal ylizeyine paralel olarak uzayip diisey eksende genislemekte ve ikinci engelin
sol kdsesindeki pozitif es deger girdap egrisi ile birlesme egilimi gostermektedir.
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(c)

Sekil 8. Girdap es deger egrileri, <m>: (a) Re=2900, A<®>=0.2 s!; (b) Re=8400, A<n>=0.4 s’%; (c) Re=15000,
A<w>=0.4 s

Sekil 9°da, akim yoniindeki hiz bileseninin zaman ortalama salimim siddeti es deger egrileri <ums>/Um
sunulmustur. Burada akim yoniindeki hiz bileseninin salinim siddeti ortalama hiz, Un’ ile
boyutsuzlagtirilmistir. Yiiksek salinim siddetleri, engellerin keskin koselerinden yayilan serbest kayma
tabakalar1 boyunca gézlemlenmistir. Hiz salinim es deger egrileri soldaki engelden baslayip sagdakine
kadar yayilmakta ve sagdaki engel yakinlarinda diisey eksende kanal yiizeyine dogru genislemektedir.
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Sekil 9. Akis yoniindeki hiz bileseninin salmim siddeti es deger egrileri, <ums>/Um: (a) Re=2900,
A<urms>/Un=0.02; (b) Re=8400, A<ums>/Un=0.02; (c) Re=15000, A<uyms>/Un=0.02

Reynolds gerilmesi es deger egrileri, <u'v'>/Un? Sekil 10°da goriilmektedir. Burada Reynolds
gerilmeleri, ortalama hizin karesi Un?’ ile boyutsuzlastirilmistir. Pozitif es deger Reynolds gerilmesi
egrileri engeller arasinda uzamakta ve serbest kayma tabakalar etrafinda yogunlagmaktadir. Artan
Reynolds sayilariyla birlikte es deger Reynolds gerilmesi egrileri diisey yonde genislemektedir.
Reynolds sayilar1 Re=8400 ve 15000°de sagdaki engelin alt kdsesine yakin negatif es deger Reynolds
gerilmesi egrileri acikca goriilmektedir.
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1 2 3 4

7’ )
<u’'v>/U,

Sekil 10. Reynolds gerilmesi es deger egrileri, <u'v’>/Um? (a) Re=2900, A<u'v'>/Un2=0.005; (b) Re=8400,
A<u'v'>/Un?=0.002; (c) Re=15000, A<u’v'>/Un?=0.002

Sekil 11°de kanal igerisinde 8. ve 9. engeller arasindaki anlik akis yapilart Re sayisi 15000 i¢in
sunulmustur. Sekil 11a’ da (N=220) iic adet girdapsal yap1 agikca goriilmektedir. Akis alam
karakteristikleri zamanla degismektedir: sol engelin sag kosesinden ayrilan gevrinti, akis yoniinde
sagdaki engele dogru ilerlerken, diger ikisi akisin tersi yonde, soldaki engele dogru hareket etmektedir
(Sekil 11b, N=261). Daha sonra {igii birleserck biiylik bir ¢evrinti alan1 olusturmaktadir (Sekil 11c,
N=262). Akis alanina ait 350 adet anlik goriintiiden elde edilen animasyon incelendiginde, bu biiyiik
cevrinti alaninin iki engel arasindaki akig alaminda, farkli zamanlarda farkli bdlgelerde olustugu
gbzlemlenmistir. Benzer sekilde, kanal yiizeyine ¢arpan akigin tutunma noktasi, kanal yiizeyi boyunca
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saga sola dogru hareket ederek zamanla degismektedir. Bazi anlik goriintiilerde soldaki engelin sag alt
kosesinde kiigiik bir ¢evrinti alan1 agikca goriilmektedir (Sekil 11a).

Sekil 11. Anlik hiz alanlari, V: (a) imaj sayisi, N=220; (b) N=261; (c) N=262

4. SONUC

Bu c¢alismada, bir yiizeyine kare kesitli engeller yerlestirilmis kanal i¢indeki akis alani Pargacik
Goriintiilemeli Hiz Olgme Yontemi (PIV) yontemiyle deneysel olarak incelenmistir. Deneyler iig farkli
Reynolds sayisi: Re=2900, 8400 ve 15000 i¢in gergeklestirilmistir. Kanal ¢ikisina yakin bolgedeki
engeller arasindaki akig alanina ait: zaman ortalama ve anlik hiz vektorleri, girdap es egrileri, akim
cizgileri ve tiirbiilans istatistikleri detayli olarak sunulmustur. Elde edilen deneysel sonuglarin ilgili akis
yapis1 hakkindaki bilgileri artiracagi ve diger deneysel ve sayisal ¢alismalara katki saglayacagi
distiniilmektedir.
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Abstract. In this analysis, the elastic scattering of 'Be+%Zn mechanism was investigated utilizing the
theoretical phenomenological approximation potential within the optical model frame to determine a new and
different global potential set that diagnosing the experimental results more coherently at near-Coulomb barrier
energies. A set of global optical potentials have been produced to define the interaction of 'Be. The reaction
cross sections, volume integrals of the potentials, and error values have also been calculated.

Keywords: Optical model, elastic scattering, global potential

11Be+%Zn Elastik Sacilmasi icin Global Potansiyel

Ozet. Bu analizde, "Be+%Zn mekanizmasimin elastik sagilmasi optik model cercevesi igerisinde teorik
fenomenolojik yaklasim potansiyeli kullanilarak Coulomb bariyerine yakin enerjilerde deneysel sonuglar1 daha
tutarlt bir sekilde teshis edebilecek yeni ve farkli bir global potansiyel set belirlemek i¢in incelenmistir. Global
optik potansiyel setleri *Be etkilesimlerini tanimlamak igin iiretilmistir. Reaksiyon tesir kesitleri, potansiyellerin
hacim integralleri ve hata degerleri de hesaplanmustir.

Anahtar Kelimeler: Optik model, elastik sa¢ilma, global potansiyel

1. INTRODUCTION

In the recent years, the analysis of the elastic scattering of halo nuclei at the energies near the Coulomb
barrier have attracted a considerable interest, such importance comes from the strangeness of structure.
The continuous developments in both experimental and theoretical methodologies make the study of
reaction mechanism dynamics of nuclear interactions more consistent and more precise. In general halo
nuclei are collected in two groups, which are either neutron halos or proton halos. The nuclei under the
stability circle are considered as neutron halos while those above this circle are considered as proton
halos. 8B and *'F are examples of proton halos, while ®He (2-neutron halo) and **Be (1-neutron halo) are
the best identified neutron halos. 'Be nuclei are the most known single-neutron halo, its core is °Be
and its binding energy, or 1 neutron breaking energy, is about 503 keV [1-3]. The Be+!*C elastic
scattering has been studied at E/A=49.3 MeV by using CDCC method based on the °Be+n+C three-
body model, the dynamic polarization potential for reaction has been invistigated as well and clearly
observed the breakup effects [2]. In another Study, the elastic scattering of the ®1%1!Be+%4Zn reaction
was investigated [3], in this study the powerful efficiencies of the !Be halo nuclei on the elastic
scattering has been estimated to be at energies near the Coulomb barrier (a center of mass energy of
~24.5MeV or EL=28.7MeV), it has also been observed an unusual attitude in specific interaction
regions which is attributed to transfer or breakup. Furthermore a significant increase in total reaction

* Corresponding author. Email address: yusuf.sert@bozok.edu.tr

http://dergi.cumhuriyet.edu.tr/cumuscij/index ©2016 Faculty of Science, Cumhuriyet University



Global Potential for 1'Be+%4Zn Elastic Scattering

cross section has been observed. As the continuation of the previous study, the 'Be+%Zn reaction has
been investigated by using new theoretical calculations and, new experiments have been evaluated [4].
In these experiments the quasi elastic and transfer/breakup distributions of the *Be+%Zn reaction have
been observed, and the obtained results have been clarified within the optical model and compared with
the CDCC model calculations. As a result of this study, authors have observed Igo-type ambiguity of
the optical potentials for the ®°Be+%4Zn reaction [4]. In the following studies, researchers have generally
concentrated on this reaction by applying different approaches [5-9]. Apart from these reported studies,
there are many reaction studies using *'Be nuclei. The *Be reactions at energies around the Coulomb
barrier are important to understand and to compare the characteristics of halo nuclei.

Thus, in the theoretical investigations of these reactions a global potential set is necessary and very
important. Therefore, the basic motivation of this article is to derive a global potential set for the system
11Be+84Zn. New potential parameters in phenomenological potentials with the optical model calculations
were investigated and derived a global potential set to define the elastic scattering of the !Be projectile
nuclei from %4Zn target nuclei at energies around Coulomb barrier.

2. OPTIC MODEL CALCULATIONS

The elastic scattering is the most common type of the reaction. In this process, the total kinetic energy
of the system is conserved in the centre-of-mass frame. The angular distribution of elastic scattering for
any reaction is investigated via different theoretical approaches. The optical model (OM) is accepted as
one of the simplest and the most successful model of nuclear physics in the explanation of the elastic
scattering. The OM defines the interaction of the projectile and the target nuclei in a complex potential.
The potential generally consists of a Coulomb interaction term, a centrifugal interaction term and a
nuclear interaction term. The real part in the nuclear potential is responsible for the scattering in the
reaction while the imaginary part defines the lost flux [10, 11]. In this study, the OM is handled either
using phenomenological (with 6 free parameter) or microscopical approximation (with 4 free
parameter). In this section, the elastic scattering of 1'Be is examined as one-neutron halo nucleus on zn
target by using the phenomenological approximation within the framework of the OM at the incident
energies, Eran, 0f 28.7 and 29.8 MeV, respectively.

For calculation of the scattering system, the total effective potential in the OM consists of Nuclear,
Coulomb and Centrifugal potential as,

Vtotal (T) = VCoulomb (T) + VNuclear(r) + VCentrifugal(r) (1)

where the coulomb potential [10] due to a charge Zpe interacting with a charge Zre distributed
uniformly over a sphere of radius Rc is given by

1 ZpZre?
Veoutomn (1) = dme, r r 2 Rc )
1 ZpZre? r?
=P (3 —)r<R
4me, 2Rc ( Rez)" ¢

where Rc is the radius of Coulomb interaction, received as 1.20(Ap* + Ar*®) fm within the optical model
computations, Zp and Z; describes the charge of the projectile (incoming particle) P and target nuclei
(fixed core or nuclei) T, respectively. Its Coulomb barrier has been calculated as about 20 MeV. The
centrifugal potential is,
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R21(1+ 1)

22 (3)

Vcentrifugal (T) =
where u is the reduced mass of the interaction (}*Be-4Zn). The last term of the total potential, the
complex nuclear potential Vyycrear () is defined as sum of the Woods-Saxon square shaped real and
Woods-Saxon shaped imaginary potentials as,

% —i %o )
[1 + exp (r_RV)]Z [1 +exp (T_RV)]

ay ay

V(@) =—

where V,, W, are the real and imaginary potential depths, respectively, and the nuclear radius are R; =
7 (A},/3 + A;/E‘) (i = v or w), where Apand Ar are the masses of the projectile (incoming nuclei) and

the target (fixed core-nuclei), respectively, and ry and ry are radius parameters of the real and imaginary
parts of the nuclear potential, respectively. For the phenomenological model calculations, the real radius
(rv) and imaginary radius (rw) parameters have been set to be 1.25 fm and similarly, the real diffusion
(av) and imaginary diffusion (aw) parameters have been set as 0.71 fm, in order to reduce uncertainity of
free parameters. While the real and imaginary potential parameters are determined after ry, rw, ay and aw
are set to convenient values, Vo and W, are varied to fit the data. The depths of the real and imaginary
potentials have been adjusted to obtain the best value for error analysis, which determines the quality of
the fit between the experimental and theoretical results. If the parameters are released we could have a
better agreement with experimental data. In the calculations, the code FRESCO, a general purpose
reaction code [12], has been used to determine the parameters of OM to fit the experimental data.

After obtaining the best fit-good correlation for all the reactions, the depths of the real and imaginary
parts have been identified, Egs. (5) and (6) have been derived and obtained for the variation of the depths
of the real and imaginary parts of the interaction potential in the nuclear section. From Egs. (5) and (6)
we can see that depths are depended on the incoming energy of the projectile (*!Be-as laboratory energy)
with the charge number (Z) and the mass number (A) of the target (5#Zn). These equations are very
important for similar projectiles since we can use them in nuclei with same number of nucleons.

Z
Vo = 0461232 — 3.04636 — + 11.18182E, ,5(MeV) (5)
A7
Zr
W, = 79.3034 + 589.0902F — 146.091E, 45 (MeV) (6)
T

where Eag is the laboratory energy of !Be, and Zr and Ar are the charge and mass numbers of the target
nuclei (®*Zn).

3. RESULTS and DISCUSSION

The literatures, up to now, show that there is no global potential study on !Be nucleus. For this reason,
this study has been done. Now let’s continue our analyses by combining all the results with the literature
knowledge. We would like to derive a new global potential, which does not fit the experimental data.
Depending on the analyses motivation, we can conclude that our global phenomenological potential
provides very good agreement with experimental data and, produces successfully the minimums and
maximums of the elastic scattering angular distribution. Thus, the elastic scatterings of !Be from %Zn
target nucleus was analyzed at energies (28.7 and 29.8 MeV) around Coulomb barrier by utilizing the
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derived new optical potential set obtained by equations (5) and (6) in the optical model frame. The
experimental data are taken from the literature [3, 13]. The best fit parameters, reaction cross-sections
and ¥*/N values have been obtained and, shown in Table 1.

Table 1. The OM parameters used in phenomenological model analysis of !Be+ ®Zn reaction.

Energy | Vo rv av Wo Iw aw o Jv Jw )
(MeV) | (Mev) | (fm) | (fm) | (MeV) | (fm) | (fm) | mb | MeV.fm® | MeV.fm? X
28.7 298.5 |1.25 0.71 210.1 1.25 0.71 1930 |669.857 637.064 0.42691
29.8 3108 |[1.25 0.71 150.1 1.25 0.71 1892 |697.459 455,133 1.95929

There are 6 free parameters in the phenomenological model. To move away from ambiguities, ome
fixing in the parameters was done . ry and ry have been fixed at the same value of 1.25 fm and similarly,
av and aw at 0.71 fm. Other Vo and Wy potential depths have been determined according to y2n values.
The %101Be+%7Zn elastic scattering mechanism have been examined within the optical model [3], the
PTOLEMY program was used for the calculations. In that study for ®°Be nuclei, as a potential form the
Wood Saxon volume has been utilized and the real and imaginary parameters have been fixed.
Furthermore, to obtain a better harmony for !Be nucleus a surface term was inserted to the imaginary
volume potential part. The best 2 obtained for as is around 3.5 fm. For this reaction the used parameters
(Be) are V=86.2 MeV, r,=1.1 fm, a,= 0.7 fm Vi= 43.4 MeV, ri= 1.2 fm a= 0.7 fm, V5= 0.151 MeV,
rs= 1.3 fm, asi= 3.5 fm, r.= 1.25 fm, and the calculated cross-section has been found to be 2730 mb.
Thus, it has been reported that a much larger cross section gives a clue for halo nucleus case. This
comment has been made for 24.5MeV (center mass energy) [3]. Later, in Ref. [7] this reaction has been
examined by using the Double Folding Model (both real and imaginary parts are Double Folding
Model). In this model r. (Coulomb radius) has been taken into account and the other parameters are
taken as Ny=1 and Nw=1. It has been found that y*/N=48.6 (very big according to our results) and
or=1854 mb for Ecm~ 24.5 MeV. Considering the results of these literature, we can not find a theoretical
analysis for Ej.,=29.8 MeV, and can not find a global potential for the two systems. According to our
results, there is a good correlation between the experimental and theoretical results. Table 1 shows that
the best ¥2/N value has been derived for 28.7 MeV. The greatest error rate has been also derived for
29.8 MeV. Sometimes, the minimum ¥2/N does not necessarily mean a better visual result and, a
subjective judgement (by eye) of the fit goodness may have more significance than ¥2/N [14]. Then, the
visual fit must be noted by eye. Furthermore, the fit with the reaction cross-section data is simultaneously
observed, which allow to derive new global potential forms. From the Egs (5) and (6), the constants
have been determined by using nonlinear equation solution method. Their elastic scattering angular
distribution cross-sections have been given in Figs 1-2.
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Figure 1. Angular distributions for the 'Be+54Zn elastic scattering at E.,=28.7 MeV for our global potential set.

10:| | [ | [ | [ | [ | [ | [ ‘ [ | [ | [ | [ | [ | [ | [ | [ | [ | [ | |:
N —— Our Global Potential ]
B ® Experimental Value-29.8MeV |
1= E
< C -
= - ]
=~ L _
© | |
~=
~
o 0.1
= E
0.01 |
N N SN T S AT A A B B T B A B B A
0O 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90

0 (degree)

Figure 2. Angular distributions for the 'Be+54Zn elastic scattering at E.,=29.8 MeV for our global potential set.
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Figs. 1 and 2 show that our potential is quite acceptable. Perhaps different approaches could be applied
between certain angles, so that the potential could slightly be revised. These potential sets can be used
for similar nuclei and, also can be applied to define scatterings of halo or exotic type nuclei, which is
very significant to their interaction mechanism and scattering. Furthermore, It was realized that the
reaction cross-sections decrease with increasing energy.

Finally, let’s look at the calculated volume integrals for *'Be+54Zn elastic scattering. These volume
integral values have been shown in Table 1. Examining the relation between the real and imaginary
potentials, will be the most logical way to investigate relationship between the real and imaginary
volume integral values. Since the determined volume integrals are directly connected to dispersion
relation, it is not quite right to comment on this relation because for the 'Be+54Zn elastic scattering we
have very little data (only two data). The volume integrals can be calculated by using the following
formulas;

— m 2
v =55 | v Eyrar ™)
4
Jw = APZTI W(r, E)ridr (8)

where Ap is the mass number of projectile, and Ay is the mass number of target nucleus. These volume
integrals were calculated in Ref. [3] as J, = 193 MeV.fm®and J,, = 129 MeV.fm? for Ec m=24.5 MeV.
We have calculated as J, =669.857 MeV.fm*® and J,, =637.064 MeV.fm® for 28.7 MeV and
Jy =697.459 MeV.fm? and J,,, =455.133 MeV.fm? for 29.8 MeV.

4. CONCLUSION

In this study, the elastic scattering of the !!Be+%Zn system has been analyzed by using
phenomenological model potentials within the framework of the optical model at two different energies
(28.7 and 29.8 MeV) close to the Coulomb barrier. In the calculations we have used the new parameters
to explain the reactions. The main motivation of the study is to derive a new global potential for the
11Be+54Zn elastic scattering. We have concluded that our derived potentials are close to the experimental
values. So we suggest that this obtained potential sets can be used for similar nuclei and halo nuclei with
11 nucleons. Additionally, the real and imaginary volume integrals have been and compared with the
literature values.
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Abstract. Heusler alloys are particularly noticeable in spintronics and thermoelectric applications. The
researches on new and better thermoelectric materials are increasing rapidly due to the energy crisis and
environmental pollution which are frequently discussed in recent times. Thermoelectric materials are seen as
potential ways to solve these problems. Half-Heusler materials are considered thermoelectric materials due to
their large temperature stability. Typically, half-Heusler crystallizes in a face-centered cubic structure with
alloys F43m space group (N0.216). In this study, the structural, elastic, electronic and vibrational properties of
the Li-based LiTiAl compound with 8 electrons in the primitive cell were investigated using the VASP package
program using the first principles methods. The 700 eV cutoff energy and 15x15x15 k-points were used in
calculations. The lattice constant has been calculated as 6.191A. The obtained structural parameteres are
convenient with the results of literature. Band structures, total and partial density states graphs are drawn as
electronic properties. From these calculations, the band gap of this compound was found to be 9.55 meV. Elastic
constants were calculated from stress-strain rate. The calculated elastic constants show that this compound is
mechanically stable. Phonon frequencies are calculated and the structure is found dynamically stable.

Keywords: LiTiAl, Half-Heusler, Vibrational properties, DFT, GGA-PBE.

LiTiAl Yari-Heusler Alasiminin Yapisal, Elastik, Elektronik ve Titresimsel
Ozelliklerinin I1k Tlkeler Yontemleri Kullamlarak Incelenmesi

Ozet. Heusler alasimlar1 6zellikle spintronik ve termoelektrik uygulamalarda 6nemli 6lgiide dikkat cekmektedir.
Son zamanlarda siklikla tartisilan enerji krizi ve c¢evresel kirlilikten dolayt yeni ve daha iyi termoelektrik
malzemelerdeki arastirmalar hizla artmaktadir. Termoelektrik malzemeler bu problemlerin ¢déziimi icin
potansiyel yollardan biri olarak goriilmektedir. Yari-Heusler malzemelerde biiyiik sicaklik kararliliklarindan
dolay1 termoelektrik malzemeler olarak diisiiniilmektedir. Tipik olarak yari-Heusler alasimlar F43m uzay
gruplu (No.216) yiizey merkezli kiibik yapida kristallenir. Bu ¢aligmada ilkel hiicresinde 8 elektrona sahip Li
tabanl1 LiTiAl bilesiginin yapisal, elastik, elektronik ve titresimsel ozellikleri ilk ilkesel yontemler kullanan
VASP paket programi kullanilarak incelenmistir. Hesaplamalarda 700 eV kesilim enerjisi ve 15x15x15 k-
noktast kullanilmistir. Orgii sabiti 6.191A olarak hesaplanmistir. Elde edilen yapisal parametreler mevcut
literatiir sonuglar1 ile uyumludur. Elektronik 6zellikler olarak band yapisi, toplam ve kismi durum yogunlugu
grafikleri ¢izilmistir. Bu hesaplardan bu bilesigin band aralig1 9.55 meV olarak bulunmustur. Elastik sabitleri
zor-zorlanma oranindan hesaplanmistir. Hesaplanan elastik sabitleri bu bilesigin mekaniksel olarak kararh
oldugunu gostermistir. Fonon frekanslart hesaplanmistir ve yapi kararli olarak bulunmustur.

Anahtar Kelimeler: LiTiAl, Yari-Heusler, Titresimsel 6zellikler, DFT, GGA-PBE.
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1. INTRODUCTION

Heusler and Half-Heusler (HH) alloys have been attracted precious interests in novel materials in the
materials science technology [1-7]. The HH alloys have potential many applications in spintronics and
green-energy related fields, such as solar cells. In recent years, there is a strong demand for new
optoelectronic devices. HH alloys have band gaps that can be tuned from 0 to 4 eV by changing their
chemical composition [7].

The most-well known semi-Heusler compound is NiMnSb [8]. In 1983, de Groot’s group [9] showed
using first-principles electronic structure properties that this compound is in reality half-metallic, i.e. the
minority band is semiconducting with a gap at the Fermi level Er, leading to 100% spin polarization at
Er.

The analysis of lattice parameters, band gaps and static dielectric constants of half-Heusler compounds
at ambient pressure are investigated and demonstrated as new candidates for the optoelectronic devices
by Mehnane et al. [7]. The structural, electronic and optical properties of half-Heusler compounds of I-
I1-V and I-111-1V types using first principles calculations based on the density functional theory by
Kacimi et al. [10]. Recent progress and advances in the half-Heusler compounds are briefly reviewed
by Xie and his friends [11]. Kieven and Klenk present their first principles calculations results in order
to find potential of HH materials to use in optoelectronic devices [12]. In addition to, there are some
remarkable studies about topological insulators. To exemplify, Xiao and his friends [13] explore the
feasibility of converting ternary half-Heusler compounds into a new class of three-dimensional
topological insulators.

In this work, we have been discussed the structural, elastic, electronic, vibrational and thermodynamic
properties of the LiTiAl HH alloy by analyzing first principles results. LiTiAl is a one of the compound
from I-111-1V type-HH alloy that has eight valance electrons and including a large number of
semiconductors with energy gaps vary in a wide range [11]. In this study, lattice parameter is quite
convenient with literature and also the structure is dynamically stable considerable as vibrational part of
the study.

2. METHOD of CALCULATION

Generally, HH alloys XYZ crystallize in a non-centrosymmetric structure corresponding to the space
group F43m (Space number: 216) [14]. The first principles calculations are performed using density
functional theory within the Perdew-Burke-Ernzerhof (PBE) parametrization of the generalized gradient
approximation (GGA) [15, 16] as implemented in the Vienna Ab-initio Simulation Package (VASP)
[17-20]. For the plane-wave basis set, the kinetic energy cutoff is taken to be 700 eV. The numerical
integration of Brillouin zone for optimization, elastic and optical properties is applied using a
15x15 %15 Monkhorst-Pack k-points sampling procedure for HH-LiTiAl alloy while 42 x 42 x 42
k-points for band structure and 20 x 20 x 20 k-points for partial density of states are employed. Phonon
frequencies are calculated via the PHONOPY program [21], which uses the force constants obtained
from the VASP package code. The phonon account was made using a 2 x 2 x 2 supercell containing
24 atoms. Since the phonon spectrum obtained does not contain any virtual branches, the structure is
found dynamically stable.
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3. RESULTS and DISCUSSIONS

3.1. Structural and elastic properties

To understand the properties of these materials, atomic positions are important to identify the crystal
lattice.

The structural and elastic properties are discussed in this section. Heusler alloys are defined as the
ternary intermetallic compounds in I-111-1V type-HH groups. The crystal structure of LiTiAl HH alloy
is shown in Fig. 1 in which the Li-atoms are green color, Ti-atoms are purple and Al-atoms are brown
ones.

Figure 1. The crystal structure of LiTiAl HH alloy.

We have studied the properties using GGA-PBE method and presented the results for elastic parameters
with Table 1. There is one study to compare lattice constants. According to the reference study [22], the
optimized lattice constant as determined using the GGA method proposed by Engel and Vosko [23] is
found to 5.895 A. Our optimized lattice constant with GGA-PBE method is obtained as 6.191 A. These
values are quite compatible with together. Our calculated value of lattice constant is 0.047 percentage
of value difference greater than the given reference value.

Table 1. The second order elastic constants (Cj;), bulk modulus (B), shear modulus (G) and the ratio of G/B of
LiTiAl HH alloy.

LiTiAl C [GPa] C [GPa] C [GPa]l B[GPa] G[GPa] BIG
Presentwork 63 26 41.59 22.85 4882 1083 45
(GGA-PBE)

The elastic constants depict that the response of the crystal to external forces and examine the crucial
factor in determining the strength and resistivity of the materials. Within the light of considering this
fact, the second order elastic constants are calculated.
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To obtain the elastic constants through the first-principles modeling of materials from their known
crystal structures, there are basically two common methods [24, 25] an approach based on analysis of
the total energy of properly strained states of the material in the volume conserving technique and an
approach based on the analysis of changes in calculated stress values resulting from changes in the
stress-strain technique. In this study, the stress-strain technique has been used to obtain the second-
order elastic constants (Cj) of LiTiAl HH alloy. The stress-strain technique is based on constructing a
set of linear equations from stress—strain tensors for several deformations of the unit cell. This set of
equations represents a general form of Hooke’s law and can be solved with respect to the second-order
elastic constants.

6

tof =ZCijej (1)

j-1

Equation (1) describes that the linear dependency of stress component o, (i = 1-6) and applied strain ¢;

(j = 1-6) under a small deformation. Here C;; are the elastic constants of the crystal and its structure has
been fully relaxed under a given set of exchange-correlation potential functions and obtained an
equilibrium structure with a minimum total energy. The Born’s stability criteria’s [26] should be
satisfied for the stability of lattice. The known Born’s stability conditions of cubic crystals are: C11>0,
C11-C12>0, Cas>0, C11+2C12>0 and C12<B<Ci; for mechanical stability. According to the Born’s
stability conditions, LiTiAl HH alloy is mechanically stable using the second order constants for
calculations.

As it is known, the bulk modulus (B) determines the resistance of material fracture and the shear modulus
(G) represents the resistance to plastic deformation. The B/G ratio is relevant to ductile/brittle behavior
for solids. It is well-known that the critical value is 1.75 and/or greater than that value the material is
regarded as ductile [27-29]. LiTiAl HH alloy indicates that the ductile behavior due to the fact that the
present value of B/G is 4.5.
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3.2. Electronic properties

Electronic structure calculations have been performed to evaluate the electronic properties of LiTiAl
HH alloy along the high symmetry directions in inclusion of total density of states (DOS) with band
structure calculated by GGA scheme as presented in Figure 2.

N NV J\J LiTiAl
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Figure 2. The band structure and density of states of LiTiAl HH alloy.

The Fig. 2 indicates clearly that the LiTiAl HH alloy portrays the metallic nature of the compound due
to the fact that at around Fermi level (Er) that is set to the zero band structures have been nested.
According to the DOS, there is no band gap and also it could be concluded from band structures.
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Figure 3. The partial and total density of states of LiTiAl HH alloy.
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We have presented the total density of states (TDOS) and partial density of states (PDOS) of LiTiAl HH
alloy in Figure 3. As it is clearly shown from Figure 3, under the conventional GGA model, the
contribution to the lower valance bands and Fermi energy level are mainly Al-p states and Ti-d states.
The calculated whole width of valance band is nearly 25 eV. The conduction bands are mainly from Li-
p states and partially Al-p states. Ti-d states have a maximum nearly at around 1.5 eV. The LiTiAl HH
alloy has a metallic behavior due to the fact that it has no band gap.

3.3. Vibrational and thermodynamic properties

The stability of lattice dynamics turn outs more featured properties of materials under zero and finite
pressure. Phonon frequencies of materials give an idea for the vibrational properties to determine the
lattice dynamical stability , thus, the phonon frequencies of LiTiAl HH alloy of in the MgAgAs (C1y)
structure have been computed using the PHONOPY code [30, 31] that is based on the forces obtained
from the VASP. The PHONOPY code calculates force constant matrices and phonon frequencies using
the density functional perturbation theory as described in Ref [31]. The present phonon dispersion curves
along several high symmetry directions using a 2 x 2 x 2 cubic supercell of 24 atoms are illustrated in
Fig. 4. Unfortunately, up to now there have no experimental and other theoretical works exploring the
lattice dynamics of these compounds under zero pressure. As LiTiAl compound has three atoms in the
primitive cell, in the phonon spectrum has nine phonon branches, including three acoustic branches and
six optical branches. One of the remarkable observations is that none of the branch involves a soft mode
in the whole Brillouin zone (see Fig. 4). Therefore, it is strongly supports the dynamical stability of this
compound in C1,, structure. As shown on the right side of Fig. 4, the phonon spectrum of the LiTiAl HH
alloy consists of three groups of bands. The lower modes with frequencies up to 4.5 THz are mixed
states composed of the Ti, and Al atoms. In the next two groups of bands, the contributions are not equal
to each other. The modes in the range 8.0 -10.5 THz are predominantly determined by the vibrations of
the Li atoms, while the vibrations of the Li and Al atoms are dominant in the upper range of 12-14 THz.
It can be easily seen that from Fig. 4, there is gap between optical and acoustic branches owing to the
mass differences. The general features are consistent with phonon dispersion relations reported for other
HH compounds such as ZrNiSn and ZrCoSb compounds [32, 33].
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Figure 4. Phonon frequencies and phonon density of states of LiTiAl

317



Investigation on Structural, Elastic, Electronic and Vibrational Properties

The temperature dependent properties are calculated through the thermodynamic quantities based on the
quasi-harmonic approach and thermal electronic excitation. By using phonon frequencies, the
thermodynamic parameters such as heat capacity (C.), entropy (S), and free energy (F) have been
calculated under quasi-harmonic approximation. As illustrated in Fig.5(a) that the free energy decreases
with increasing temperature. The contributions from the lattice vibrations to the heat capacity of LiTiAl
are illustrated in Fig.5(b). To decrease the probable influence of anharmonicity, the temperature is
limited to 1000 K. The contribution from the lattice to the heat capacity follows the Debye model and
approaches Dulong—Petit limit at high temperatures. The variations of entropy with the temperature for
this HH alloy are given in Fig.5(c) over the same temperature range. It increases with temperature.

80

204 704
60+
04
— 50
3 —
- 204 S
S = 40 -
g E
o = 304
w -40 ~
oy >
9] (&) 20
L 60 104
04
-80 4
T T T T T T ‘1 0 T T T T T T
0 200 400 600 800 1000 0 200 400 600 800 1000
T (K) T(K)
(a) (b)
160
140
120 4
g 100
3 80
2
o 60
G 40
204
04
-20 T T T T T T
0 200 400 600 800 1000
T(K)
(c)

Figure 5a. Free energy b. Heat capacity c. Entropy curves with respect to the Temperature (T(K)) of HH-
LiTiAl alloy

4. CONCLUSION

To sum up, the structural, elastic, electronic, vibrational and thermodynamic properties of LiTiAl HH
alloy using first-principles calculations based on the density functional theory with the frame of GGA-
PBE. The calculated lattice constants are in good agreement with the existing results from the other
related theoretical study that is considered with GGA-EV (Engel-Vosko). Second-order elastic constants
and mechanical parameters are obtained and mechanical stability for LiTiAl HH alloy is investigated
using the Born’s stability criteria. As a result, it has found as mechanically stable. LiTiAl HH alloy
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exhibits a metallic behavior at zero pressure. In detail, total and partial densities of states of LiTiAl HH
alloy are represented and it is shown that main contributions are emerged by Al-p and Ti-d states.
Furthermore, vibrational and thermodynamic properties of LiTiAl HH alloy is discussed and determined
that LiTiAl HH alloy illustrates as dynamically stable. Finally, we have deduced that our theoretical
result for basic physical properties of LiTiAl HH alloy supports that the potential applications is
convenient for desiring technological demands.
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Ozet. Mikroorganizmalar dogada gevresel stres kosullarma karsi biyofilm formasyonu gibi gesitli direng
mekanizmalari gelistirmektedirler. Biyofilmler mikrobiyal hiicrelerin yiizeylere giiglii adhezyonu sonucu olugan
sesil organizasyonlardir. Biyofilm ile iliskili hiicreler ekzopolisakkarit, protein ve DN A’dan olusan ekstraseliiler
matriks tarafindan korunmaktadir. Gida endiistrisinde, biyofilm olusumu ¢iriik¢iil ve patojenik
mikroorganizmalarin gida yada gida yiizeylerine tutunma olasiligindan dolayi hijyen ve giivenlik sebepleri ile
istenmemektedir. Gida kokenli patojen mikroorganizmalar, gida endiistrisinde her yil dnemli ekonomik
kayiplara sebep olmaktadirlar. Gida patojenleri arasinda olduk¢a 6nemli sayilan, yirminci ylizyilin ikinci
yarisinda ortaya ¢ikmig olan Listeria monocytogenes gida, gevresel ve klinik orneklerde yaygin olarak
bulunmaktadir. Gram pozitif bir bakteri olan L. monocytogenes insanlarda gida kékenli hastalik olan listeriosis
olusumundan sorumludur. Birgok ¢alisma Listeria tiirlerinin ¢esitli gidalar ile temasta biyofilm olusturdugunu
ve ekstraseliiler polimerik bilesikleri tirettigini gostermektedir. Biyofilmler antimikrobiyal ajanlara karsi daha
direncli olduklari igin Listeria tiirlerinin farkli yiizeylerde biyofilm olusturma kapasitesi gida endiistrisi i¢in
biiyiik 6nem tagimaktadir.

Calismamizda Listeria standart suslarinin zamana bagli biyofilm olusturma kapasitelerinin arastirilmast ve
konuyla ilgili literatiire katki saglanmasi hedeflenmistir. Calisma icin 3 farkli Listeria tiiriine ait 4 standart sus
kullanilmustir. Kullanilan kiltiirler L. monocytogenes ATCC 7644, L. monocytogenes ATCC 19111, Listeria
ivanovii ATCC 19119 ve Listeria innocua 6a33090dur. Biyofilm olusumu 96 kuyucuklu plaklar igerisinde,
Christensen ve arkadaglar tarafindan dnerilen mikroplak metodu modifiye edilerek aragtirilmistir. Caligmada,
6, 12 ve 24 saatlik inkiibasyon sonrasinda zayif biyofilm olusumu gozlemlenirken, 48 saatlik inkiibasyon
sonunda biitiin standart strainlerde orta dereceli biyofilm olusumu tespit edilmistir. Buna bagh olarak, biyofilm
olusumu ve zaman arasindaki iligkinin incelenmesi sonucunda, 48 saatlik inkiibasyondan sonra biyofilm
olusumunda artig gozlemlenmistir.

Anahtar Kelimeler: Biyofilm, Listeria, Listeria monocytogenes, Listeriosis

Biofilm Formation Capacity of Listeria Standard Strains Depended

On Time

Abstract. In nature, microorganism have developed a variety of mechanisms of resistance to environmental
stresses, such as the formation of biofilms. Biofilms are sessile organizations of microbial cells with a strong
adherence to surfaces. Biofilm-associated cells are protected by an extracellular matrix consisting of
exopolysaccharides, proteins and DNA In food industry, biofilm formation is undesirable for hygienic and safety
reasons due to the possible attachment of food spoilage or pathogenic microorganisms to food or food surfaces.
Foodborne pathogenic microorganism have caused the loss of millions dollars in the food industry each year.
Listeria monocytogenes, which is emerged as an important foodborne pathogen in the latter part of the 20th
century, is widely found in food, environmental and clinical samples. Listeria monocytogenesis a Gram-positive
bacterium thatis responsible for causing the foodborne disease listeriosis humans. Several studies have
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demonstrated that Listeria species is able to form biofilms and produce extracellular polymeric substances on
various food contacts. Since biofilms are more resistant to antimicrobial agents, the capability of Listeria species
to form biofilms on different surfaces poses a major concern for the food industry.

The purpose of the present study was to investigate biofilm formation capacity of Listeria standard strains
depended on time and to contribute literature. For the investigation, was used 4 standard Listeria stains which are
belong to 3 different Listeria species. Used cultures are L. monocytogenes ATCC 7644, L. monocytogenes ATCC
19111, Listeria ivanovii ATCC 19119 and Listeria innocua 6a33090. Biofilm formation were determined in 96-
well tissue culture plates with a microtiter plate assay (MP) described by Christensen et al. with modifications.
After the 6, 12 and 24 hour incubation was observed weak biofilm formation whereas moderate biofilm formation
was revealed for all standard strains after 48 hour incubation. Accordingly this, as a result of the investigation to
relationship between biofilm formation and time, were observed that increasing to biofilm formation after 48 hour
incubation.

Keywords: Biofilm, Listeria, Listeria monocytogenes, Listeriosis

1. GIRIS

Listeria cinsi, Listeria monocytogenes, Listeria innocua, Listeria ivanovii, Listeria seeligeri, Listeria
welshimeri ve Listeria grayi olmak iizere toplamda 6 tiirden olugmaktadir [1, 2]. Listeria cinsi
genomundaki diisitk G+C oraninda dayanilarak gram pozitif bakterilerde Clostridium cinsinin yan dali
olarak kabul edilmektedir. Mikroskobik olarak incelendiginde kisa basil formunda (0,5 X 2,0 pm)
goriilen organizmalar sporsuz ve 20-25 °C’de hareketlidirler. Sahip olduklar1 polar kamg1 sayesinde
takla hareketi ile ilerlemektedirler. Aerobik ve fakiiltatif anaerobik olarak gelisim gostermektedirler.
Optimum gelisim sicakliklar1 30-37°C olmakla birlikte birgok bakteri tiiriiniin aksine buzdolabi sicakligi
olan 4-10 °C’de gogalabilirler [1, 3].

Gilinimiizde, L. monocytogenes ve L. ivanovii patojen olarak kabul edilmektedir. L. monocytogenes
insanlarda, L. ivanovii ise diger memelilerde hastalik etmeni olarak bilinmektedir. Bununla birlikte
cesitli raporlarda L. seeligeri ve L. ivanovii tiirlerinin insanlarda hastaliga yol agtigi ileri stiriilmistiir
[3]. Listeria nedeniyle goriilen hastaliklar genel olarak ‘listeriosis’ olarak adlandirilmaktadir. Bu
mikroorganizmanin sebep oldugu klinik sendromlar arasinda bagisiklik sistemi baskilanmis hastalarda
zehirlenme (sepsis), beyin dokusunda iltihaplanma (meningoensefalit), atesli bagirsak iltihaplanmasi
(gastroenteritis) bulunmaktadir [4]. Listeriosis hastaligimin semptomlar1 gribe benzerdir, ancak
menenjit, septisemi, diigik ya da yeni doganda listeriosis gibi c¢esitli komplikasyonlarla
sonuclanmaktadir. Ozellikle hamile bayanlarda dogum kanali ile mikroorganizmanimn fetusa gegis
durumu ya da diisiige sebebiyet vermesi Listeria cinsini daha 6nemli hale getirmektedir [3, 5, 6].
Gilinlimiizde insanlarda goriilen listeriosis enfeksiyonlarinin neredeyse tamaminin gida kékenli oldugu
bilinmektedir. Ozellikle 1980-2000’1i yillar arasinda gida iiriinlerinin tiiketilmesi ile iliskili olarak
listeriosis salgini meydana geldigi goriilmektedir. Diger gida kokenli hastaliklarla kiyaslandiginda
listeriosis olusum siklig1 daha diisiik diizeyde goriilmekle birlikte kayit altina alinmis salginlarda 6liim
orani oldukea yiiksek olup %30 civarindadir [3, 6, 7, 8].

Son yillarda yapilan ¢esitli calismalar, sicaklik, pH, basing gibi ¢esitli ¢evresel stres faktorlerine karsi
oldukga direncgli oldugu bilinen Listeria tiirlerinin ayn1 zamanda biyofilm olusturma ve ekstaseliiler
polimerik maddeler (EPS) iiretme yeteneginde oldugunu gostermistir [9]. Ozellikle gida iiretim
sistemlerinde L. monocytogenes tiiriiniin karistk mikrobiyal flora igeren biyofilm igerisinde gelisim
gosterebildigi ve bu durumun gida kontaminasyonlarmin ana kaynagini olusturdugu literatiirde
mevcuttur. Bu nedenle Listeria tiirlerinin biyofilm olusturma yetenekleri gida sektorii agisindan énem
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arz etmektedir [10]. Calismamizda Listeria standart suslarinin zamana bagli biyofilm olusturma
kapasiteleri gozlemlenerek konuyla ilgili literatiire katki saglanmas1 hedeflenmistir.

2. GEREC ve YONTEM
Materyal

Calismada, L. monocytogenes ATCC 7644, L. monocytogenes ATCC 19111, L. ivanovii ATCC 19119
ve L. innocua 6a33090 olmak tizere 3 farkli Listeria tiiriine ait dort standart sug kullanilmstir. Kullanilan
Listeria standart suslar ticari olarak temin edilmis olup, liyofilize haldeki kiiltiirler Fraser Broth’ta
(Merck) 30°C’ de bir gece inkiibe edilerek canlandirilmis, ardindan 0.1 mL 6rnek alinarak 10 mL Fraser
Broth (Merck) ortamina inokiilasyon yapilmis ve 37°C de 48 saat inkiibe edilmistir. Inkiibasyon siiresi
tamamlanan kiiltiirlerden Palcam Agar ortamina ¢izgi ekim yapilarak, 24-48 saat siire ile 37°C de
inkiibasyon sonrasinda kiiltiirlerin gram boyama ile saflik kontrolii yapilmistir [11]. Kullanilan test
mikroorganizmalari, analizlerden dnce stoktan ¢ikarilarak canlandirilmis, saflik kontrolii yapilmis ve iki
kez kiiltiire alindiktan sonra testlerde kullanilmigtir.

Biyofilm Aktivitesinin Belirlenmesi:

Caligma igin aktif hale getirilmis kiiltiirler % 1 (w/v) glukoz ilave edilmis tryptic soy broth (TSB)
igerisinde 37°C de bir gece inkiibasyona tabi tutulmustur. Ardindan iki kez aktive edilen kiiltlirlerin
yogunlugu 0.5 Mcfarland eseline uygun olarak ayarlanmistir. Yogunluk ayar1 yapilan kiiltiirlerden 200
pl aliarak 96 kuyucuklu mikrotiter plaklara transfer edilmistir. Plaklar 37°C de siras1 ile 6, 12, 24 ve
48 saat siire ile inkiibasyona tabi tutulmustur. inkiibasyon siiresi bitiminde besiyeri dokiilerek,
kuyucuklardaki planktonik hiicreleri uzaklagtirmak amaciyla plaklar steril PBS soliisyonu ile yikanmig
ve oda sicakliginda kurumaya birakilmistir. Kuruma isleminden sonra plaklar 200ul %1 kristal viyole
cozeltisi ile 15 dakika boyunca boyanmis, ardindan tekrar PBS soliisyonu ile yikanmistir. Son olarak
kuyucuklara %95°1ik ethanol ¢ozeltisi ilave edilerek kristal viyole ¢ézdiriilmis ve ELISA okuyucuda
550 nm dalga boyunda absorbans degerleri okunmustur. Negatif kontrol olarak bakteri siispansiyonu
ilave edilmemis TSB kullanilmustir.

Suslarin biyofilm olusturma kapasiteleri; ODxontrol > ODjest grubu (biyofilm olusturmayan), ODkontrol< ODxest
grubu< 2*ODxontrot (zay1f biyofilm), 2*ODxontroi< ODrest grunu< 4*ODionrol (Orta dereceli  biyofilm),
4*ODxontrol < ODrest grubu (gliclii biyofilm) formiiliine gore degerlendirilmistir. [9, 12-14]. Yapilan tim
caligmalar 3 tekrarli gerceklestirilmis olup, sonuglar ortalama degerler temel alinarak verilmistir.

3. BULGULAR

Yapilan ¢aligmada Listeria tiirlerinin biyofilm aktivitelerinin zamana bagli degisimini gozlemlemek
icin, identik kosullarda gerceklestirilen ¢alisma 6, 12, 24 ve 48 saat igin ayr1 ayr1 gergeklestirilmis ve
her bir zaman dilimi ilk etapta kendi i¢inde degerlendirilmistir.
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Tablo 1. 6 saat sonunda suslarin biyofilm olusturma yetenekleri

I Il 11 Ortalama
Listeria ivanovii ATCC 19119 0.135 | 0.148 | 0.130 | 0.13+0.305 | ZAYIF
Listeria innocua 6a 33090 0.109 | 0.115 | 0.106 | 0.10+0.005 | ZAYIF
Listeria monocytogenes ATCC 7644 | 0.235 | 0.086 | 0.078 | 0.12+0.08 | ZAYIF
Listeria monocytogenes ATCC 19111 | 0.137 | 0.122 | 0.099 | 0.13+0.02 | ZAYIF
Kontrol 0.073 | 0.075 | 0.083 | 0.07+0.005
L, I, IIT: 6 saat sonunda OD550 nm’ de 6l¢iilen absorbans degerleri

Tablo 2. 12 saat sonrasinda suslarin biyofilm olusturma yetenekleri.

I ] "l Ortalama
Listeria ivanovii ATCC 19119 0.229 | 0.225 | 0.195 | 0.20+0.01 | ZAYIF
Listeria innocua 6a 33090 0.175 | 0.241 | 0.172 | 0.18+0.01 | ZAYIF
Listeria monocytogenes ATCC 7644 | 0.132 | 0.122 | 0.114 | 0.12+0.01 | ZAYIF
Listeria monocytogenes ATCC 19111 | 0.176 | 0.177 | 0.186 | 0.17+0.005 | ZAYIF
Kontrol 0.128 | 0.111 | 0.079 | 0.10+0.01

I, 11, 11l: 12 saat sonunda OD550 nm’ de 6l¢iilen absorbans degerleri

Tablo 3. 24 saat sonrasinda suslarin biyofilm olusturma yetenekleri.

I I 11l Ortalama
Listeria ivanovii ATCC 19119 0.261 | 0.230 | 0.191 | 0.22+0.03 | ZAYIF
Listeria innocua 6a 33090 0.189 | 0.182 | 0.179 | 0.18+0.005 | ZAYIF
Listeria monocytogenes ATCC 7644 | 0.203 | 0.215 | 0.169 | 0.19+0.02 | ZAYIF
Listeria monocytogenes ATCC 19111 | 0.327 | 0.241 | 0.316 | 0.29+0.04 | ORTA
Kontrol 0.116 | 0.113 | 0.145 | 0.12+0.01

I, I, 11I: 24 saat sonunda OD550 nm’ de 6l¢iilen absorbans degerleri
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Tablo 4. 48 saat sonrasinda suglarin biyofilm olusturma yetenekleri

I Il 1"l Ortalama
Listeria ivanovii ATCC 19119 0.346 | 0.449 | 0.667 | 0.48+0.10 | ORTA
Listeria innocua 6a 33090 0.389 | 0.343 | 0.352 | 0.35+0.002 | ORTA
Listeria monocytogenes ATCC 7644 | 0.345 | 0.404 | 0.345 | 0.36+0.03 | ORTA
Listeria monocytogenes ATCC 19111 | 0.395 | 0.469 | 0.329 | 0.39+0.07 | ORTA
Kontrol 0.116 | 0.113 | 0.145 | 0.12+0.01
I, 11, 11I: 48 saat sonunda OD550 nm’ de 6lgiilen absorbans degerleri

Tablo 1, Tablo 2, Tablo 3 ve Tablo 4’de sirasi ile 6, 12, 24 ve 48 saat sonras1 ODsso nm’ de elde edilen
absorbans degerleri ve suslarin biyofilm olusturma yeteneklerinin degerlendirmesi yer almaktadir. Buna
gbre 6 ve 12. saatlerin sonunda tiim suslarin zayif biyofilm olusturdugu goézlemlenirken, 24. saat
sonunda Listeria monocytogenes ATCC 19111 susunun orta dereceli diger suslarin ise yine zayif
biyofilm olusturdugu saptanmistir. Bununla birlikte, 48 saatlik inkiibasyon sonrasi biyofilm yapisinin
tiim Orneklerde orta diizeye oldugu belirlenmistir.

Tablo 5. Listeria tiirlerinde zamana bagl biyofilm formasyonu

6. saat 12. saat 24, saat 48. saat
Listeria ivanovii ATCC 19119 0.13(zayif) | 0.20(zay1f) | 0.22(zayif) | 0.48(orta)
Listeria innocua 6a 33090 0.10(zay1f) | 0.18(zayif) | 0.18(zayif) | 0.35(orta)
Listeria monocytogenes ATCC 7644 | 0.12(zayif) | 0.12(zayif) | 0.19(zayif) | 0.36(orta)
Listeria monocytogenes ATCC 19111 | 0.13(zayif) | 0.17(zayif) | 0.29(orta) | 0.39(orta)
Kontrol 0.07 0.10 0.12 0.13

Tablo 5’ de suslarin zamana bagli olarak biyofilm formasyonlari incelendiginde 6, 12 ve 24. saatlerde
zayif biyofilm olusumu gézlenmekte ise de absorbans degerlerinin zamana bagli olarak artig gosterdigi
saptanmistir. Kontrol grubunun absorbans degerindeki artis zamana bagli olarak dikkate deger bir
degisim gostermezken, suslarda goriilen degisim L. ivanovii ATCC 19119 ve L. innocua 6a 33090
suslarinda 6 ve 12. saat arasinda, L. monocytogenes ATCC 7644 ve L. monocytogenes ATCC 19111
suslarinda 12 ve 24. saat arasinda oldukga dikkat ¢ekicidir.

4. TARTISMA ve SONUC

Mikroorganizmalar dogada ¢evresel stres faktorlerine karsi direngli olabilmek i¢in biyofilm olusturma
gibi ¢esitli mekanizmalar gelistirmektedir. Mikroorganizmalarin birbirlerine ve bir ylizeye baglanarak
meydana getirdikleri koloniler ile bu kolonilerin ortama saldiklar1 ekstraseliiler polimerik substratlarin
(EPS) birlikte olusturduklari yap1 biyofilm olarak adlandirilmaktadir [15].

Biyofilm olusumu gida endistrisinde, gida ve gida ile iliskili yiizeylere patojen yada gidalarda
bozulmaya yol acan mikroorganizmalarin tutunma olasiligini arttirdigr igin, hijyen ve giivenlik
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acisindan istenmeyen bir 6zelliktir [10]. Gida isletmelerinde kullanilan sistemlerin yapisi, zaman i¢inde
aginmaya ugramasi, yiizeylerde bulunan mikroskobik gida kalintilarinin mikrobiyal yiikleri gibi
nedenlerden dolay: isletmelerde ¢evre ve halk sagligi agisindan biiylik risk olusturan biyofilm olusumu
ka¢inilmaz hale gelmektedir [16].

Gida isletim sistemlerinde mikrobiyal kontamisyonu engellemek amaciyla {iretim siirecinde kullanilan
ylizey ve ekipmanlar c¢esitli dezenfektanlar ile temizlenmekte ve kontaminasyon olasiligi alinan
onlemler ile minimum diizeye indirgenmeye c¢alisilmaktadir. Bununla birlikte kullanilan
dezenfektanlarin ve koruyucularin etkinligi mikroorganizmalarin planktonik formlarina yonelik olarak
secilmektedir. Oysa biyofilm i¢inde bulunan sesil formlarin daha direncli yapilar oldugu giiniimiizde
cesitli aragtirmalar ile belirlenmistir [17, 18, 19].

Spektrofotometrik yontem ile biyofilm olusum tayini giinlimiizde daha ¢ok 96 kuyucuklu steril plaklar
kullanilarak Christensen metodu olarak bilinen yontem temel alinarak belirlenmektedir [14].
Caligmamizda 3 farkli Listeria tiirliniin standart suslarinin zaman ile biyofilm olusumu arasindaki iligkisi
spektrofotometrik yontem ile incelenmis ve 48 saatlik inkiibasyon sonrasinda biyofilm olusumunun orta
diizeyde oldugu gozlemlenmistir. Ozellikle 24. saatten sonra biyofilm olusumundaki artis, organizmanin
tireme dongiisii ve generasyon zamani géz Oniine alindiginda beklenen bir sonugtur. Borucki ve ark
(2003) tarafindan yapilan bir ¢aligmada L. monocytogenes tiiriine ait 6 serotipin zayiftan gii¢liiye dogru
degisen farkli diizeylerde biofilm olusturabildigini ifade etmislerdir [20]. Ayrica yapilan bazi
caligmalarda Listeria tiirlerine ait baz1 suslarin gesitli iiretim alanlar1 ve malzemeler iizerinde biofilm
olusturabildigi, bu durumun 6nemli saglik sorunlarina yol agabilecegi ifade edilmistir [21-23].

L. monocytogenes ve listeriosis gida kokenli patojenler icerisinde degerlendirildiginde, gida kokenli
patojenlerden kaynaklanan biitiin hastaliklar arasinda kii¢iik bir parcayr olusturmaktadir. Bununla
birlikte ciddi hastaliklara neden oldugundan dolay1 biiyiik 6nem tasimaktadir. Listeriosis, gida kokenli
hastaliklardan hastaneye yatirilma vakalarinin yalnizca % 3,8’ini olustururken gida kaynakli 6liimlerin
% 27,6’stm olusturmaktadir [6]. Oliim oramnin yiiksek olusu ve hastaligin ciddiyeti, ayrica
organizmanin buzdolab1 sicakliginda dahi gelisebilme 6zelligi olmak iizere ¢esitli gevresel stres
faktorlerine karsi direngli olusu organizmanin 6nemini arttirmakta ve kontrol altina alinmasini zorunlu
hale getirmektedir [3,4]. Gerek Tiirk gida kodeksi, gerekse uluslararasi gida yonetmelikleri Listeria
cinsine kars1 gidalarda sifir tolerans politikasi uygulamaktadir. Gida isletmelerinde 6nemli sorunlara yol
actigi bilinen L. monocytogenes suslarinin farkli diizeylerde biyofilm olusturabildigi g¢esitli
arastirmacilar tarafindan da bildirilmigtir. Gida {iiretim c¢evrelerinde biyofilm yapisindaki karisik
mikroflora icerisinde gelisebilmesi Listeria kontaminasyonunun ana kaynagini olusturmaktadir.
Biyofilm yapilar1 antimikrobiyal bilesiklere karsi daha direngli oldugu i¢in L. monocytogenes gibi
patojenlerinin farkli yiizeylerde biyofilm olusturma yetenegi ve engellenmesi gida endiistrisi agisindan
biiyiikk 6nem arz etmektedir [9, 10]. Listeria tiiriine ait biyofilm bakterilerinin sanitizer ajanlara karsi
planktonik formlarindan ¢ok daha fazla direngli olduklarimin bildirildigi bir ¢alismadan hareketle, bu
mikroorganizma ile miicadelede biyofilm olusumuna engel olmanin gerekliligi dolayisiyla
mikroorganizmalarin biyofilm formasyonlar1 ve 6zelliklerinin aragtirildigi ¢aligmalarin 6nemi bir kez
daha ortaya ¢ikmaktadir [24].
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Abstract. This study is about the deposition of tris (2,2’-bipyridine) Ruthenium(Il)-complex thin film on p-
type crystalline silicon (Si) by spin coating method (Al/Ru(ll)/p-Si). The characteristics parameters were
evaluated from the current-voltage (I-V) under dark and illumination at room temperature. First, the optical
properties of the organic thin film were determined from its optical absorption spectrum, and its band gap was
found to be 2.74 eV. Then, the electrical parameters of the Al/Ru(l1)/p-Si photodiode, such as the ideality factor
(n), barrier height (@, V), diffusion potential, barrier height (®, V) and carrier concentration (Na) were
calculated from the 1-V and C-V measurement at room temperature. Both measurements barrier height values
were compared. Cheung method was used to determine the series resistance (Rs), barrier height and ideality
factor, under dark and 100 mW/cm? illumination conditions. The photovoltaic parameters of the studied device
were investigated under illumination conditions. The open-circuit voltage and short circuit current values for
the AI/Ru(l1)/p-Si were found to be 439.9 x 103 V and 36.6 x 10 A respectively. Ruthenium(ll) complex
positively influences the photovoltaic performance. These results reveal that the Al/Ru(ll)/p-Si built can be
used as a photodiode in photovoltaic and photodetector applications.

Keywords: Ruthenium(ll)-complex, photodiodes, illumination effect on electrical characteristics, series and
shunt resistances.

Al/Ruthenium(l1) complex/ p-Si Fotodiyotun Fotovoltaik ve Elektriksel
Ozellikleri

Ozet. Bu calisma, p-Si kristali iizerine tris (2,2’-bipyridine) Ruthenium(ll)-complex ince filmin dondiirme
kaplama yontemi ile (Al/Ru(ll)/p-Si) yapisinin olusturulmasi ile ilgilidir. Karakteristik parametreler oda
sicakliginda karanlik ve aydilatma durumundaki akim-gerilim (I-V) egrilerinden belirlendi. Ilk olarak organik
ince filmin optiksel 6zellikleri, sogurma spektrumu kullanilarak, bant aralig1 2.74 eV olarak bulundu. Ondan sonra
Al/Ru(I1)/p-Si fotodiyotunun, idealite faktérii (n), engel yiiksekligi (@p V), difiizyon potansiyeli, engel yiiksekligi
(DPr V) ve tasiyict konsantrasyonu (N,) gibi elektriksel parametreler, oda sicakliginda (I-V) ve (C-V)
Olclimlerinden hesaplandi. Her iki engel yiiksekligi degeri birbirleri ile karsilastirildi. Cheung metodu kullanilarak
karanlik ve 100 mW/cm?aydinlatma durumu altinda seri direng (Rs), engel yiiksekligi ve idealite faktorii belirlendi.
Devrenin fotovoltaik parametreleri aydinlatma durumunda incelendi. Al/Ru(II)/p-Si i¢in agik devre voltaj1 ve kisa
devre akimi sirasiyla 439.9 x 102 V ve 36.6 x 10® A olarak bulundu. Ruthenium (II) complex, fotovoltaik
performansi1 pozitif olarak etkilemistir. Bu sonuglar Al/Ru(Il)/p-Si yapisinin fotovoltaik ve fotodedektor
uygulamalarinda bir fotodiyot olarak kullanilabilecegini ortaya ¢ikarmistir.

Anahtar Keliemeler: Ruthenium (II) complex, fotodiyot, elektriksel karakteristiklere aydinlatma etkisi, seri ve sont
direnci.
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1. INTRODUCTION

Photodiodes are semiconductor optoelectronic devices that transform light into current and are for to
perform in reverse bias. Components of a photodiode are a semiconductor material and some junctions
such as metal-semiconductor (Schottky), p-n, and p-i-n. Recent studies on electronic and optoelectronic
devices dwells more on organometallic compounds. The thermal stability, photochemical, photophysical
and electrochemistry properties of Ruthenium(ll) complexes have been broadly studied [1]. These
features have driven the development of several applications of ruthenium (II) complexes (e.g. artificial
photosynthetic frameworks [2], sensors [3], and catalysis [4]). Of these applications, dye-sensitized solar
cells (DSCs) have caught significant attention as an alternative to conventional silicon photovoltaic
devices [5,6]. Namely, O’Regan and Gratzel [7] reported a low cost, high efficiency dye-sensitized solar
cell using a Ru (1) complex. A number of solar cells and Schottky diodes have been fabricated using
phthalocyanine complexes [8,9]. Ocak et al. [ 10] have shown the possibility of Schottky diodes
formation by new, synthesized Mn hexaamide (MnHA) organometallic complex. So, both the synthesis
of new organometallic complexes and the use of these in the fabrication of devices are of great interest.

Electronic applications are now using metal complexes for their crucial electrical and optical properties.
Electronic, optical and chemical properties of Ru(ll) complexes make them indispensable components.
Tataroglu et al. [11] studied, using drop casting technique, the preparation of Au/Ruthenium(ll)
complex/n-Si photodiode. After these photo response measurements, they [11] found that the
photodiode demonstrated itself as photo conductor and a photo capacitant. Soylu et al. [12] have
produced Ruthenium (I1) complex with polydentate pyridine on the surface of a Si substrate by spin-
coating method. They [12] revealed those photovoltaic properties using illumination —dependent 1-V
measurements. Orak et al. [13] produced organic-inorganic heterojunction and researched the effect of
thickness of the organic layer on the electrical and photovoltaic performance. Aydogan et al. [14]
produced a polyaniline/p-Si/Al MIS device by forming a polyaniline layer on Si, through the
electrochemical polymerization technique. They carried out capacitance-voltage-frequency
measurements as a function of temperature.

Studies indicate that the barrier height of an inorganic semiconductor can be either increased or
decreased using an organic thin layer [15-18]. The electrical and photoelectrical characteristics of metal-
semiconductor (MS) devices with a thin organic interfacial layer have been studied for photovoltaic
cells, photodiodes, and Schottky diodes [19-22]. Giillii et al. fabricated an Al/Orange G/p- Si device
with a barrier height (0.77 eV) greater than that of a conventional Al/p-Si contact (0.50 eV) [23]. Temirci
and Cakar have found a barrier height of 0.78 eV and an ideality factor of 1.54 for a Cu/rhodamine
101/p-Si/Al diode [24]. This barrier height was higher than that of a conventional Cu/p-Si contact.
Ozaydin et al. [25] fabricated an Au/Cu(Il) complex/n-Si structure by forming a thin Cu(ll) complex
layer on n-Si wafers by spin coating. They [25] investigated the electrical parameters of
Au/Cu(Il)complex/n-Si Schottky diode using forward-bias current—voltage(l-V) measurements and
compared the parameters to those for a conventional Au/n-Si diode.

In this study, the electrical (I-V and C-V) and photovoltaic characteristics of an Al/Ru(ll)/p-Si
photodiode were determined under dark conditions as well as under 100mW/cm?illumination condition.
For this, Ruthenium(Il) complex with a formula of (CsoH24F12NsP2RU) was used. The morphological
properties of the Ru(ll) complex were determined with the AFM method. In addition, the band gap of
this complex was determined with a measurement of optical absorption.
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2. EXPERIMENTAL DETAILS

In this study, p-type silicon semiconductor with an orientation of (100), a thickness of 525 pm, and a
specific resistance in the 1-10 Q.cm range was used. For the chemical cleaning of the p-Si wafer, the
RCA cleaning method was applied (i.e. first boiling in H.SO4+H>0; and then in HCI+H,0,+6H0 for
10 min at 60 °C, in each step) [26]. After the cleaning process, aluminum metal of 100 nm thickness
was formed on the matt surface for ohmic contact process, using the thermal evaporation (deposition)
method. The sample was annealed for 3 minutes in an oven preheated to 450 °C under nitrogen gas and
the ohmic contact process was completed. After the ohmic contact process, tris(2,2’-
bipyridine)ruthenium(ll) organometallic complex with a molecular formula of (CsoH24F12NeP2RU) (for
the complex structure see Figure 1.(a)), obtained Sigma Aldrich, was used as an intermediate layer. For
this process, Ru (1) (0.01 M) solution was prepared with ethanol. The Ru(ll) was directly formed by
casting 5 mL of the 0.001 M Ru(ll) solution in alcohol on the front surface of the p-Si substrate and then
spin coating the solution onto the Si substrate, which was rotated at 500 rpm/min for 30 s and then dried
for 60 min at room temperature in order to remove the solvent. After the Ru(ll) complex was formed,
using aluminum metal thickness control monitor, Al/Ru(ll)complex/p-Si/Al of 100 nm thickness was
formed with the thermal evaporation method. The radius of the discs shown in Figure 1(b) is 1 mm and
their area is 7.85 x 10 cm?. All evaporation processes have been carried out at a pressure of 4 x 108
Torr and under vacuum. Photovoltaic measurements were carried out at room temperature with Keithley
2400 and COINC-16S-150-002, using solar simulator. Keithley 4200 SCS was used for the capacitance-
voltage measurements of the samples. The optical characterization of the Ru(ll) complex was carried
out with a Shimadzu UV-VIS spectrophotometer and for determining surface morphology of the sample
AFM (Atomic Force Microscopy) was used.

F A

7\

(a) (b)

Figure 1. (a) Molecular structure of the Ruthenium(ll) complex (CsoH24F12N6P2RU); (b) device structure of
Al/Ru(I)/p-Si

3- RESULTS AND DISCUSSION

3.1 Optical and structural properties of Ru(ll) complex thin film
The morphological properties of the Ru(Il) complex that was coated on the p-Si substrate determined

with Atomic Force Microscopy (AFM). As can be seen in Figure 2, the Ru(Il) complex was distributed
on the semiconductor surface homogeneously.
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The optical properties of the Ru(ll)complex were analyzed with a UV/VIS spectrophotometer at room
temperature. The absorbance spectrum of the Ru(ll) complex is given in Figure 3 and its transmittance
spectrum is shown in the small insert in the figure. The highest absorption intensity was observed around
454 nm. A peak was observed around 454 nm in the absorption spectrum and the absorption spectrum
remained stable at the 570-750 nm wavelength range (see inset in Fig. 3).

The optical bandwidth (Eg) of the Ru(ll) complex is obtained with the following formula [27,28]:

ohv = B(hv-Eg)" (1)

Here o is the absorption coefficient, B is a constant, h is the Planck’s constant (h=6.626 x 107 J.s), and
m is a constant, which takes the value of 1/2 for a direct bandwidth and 2 for an indirect bandwidth.
Both of the (ahv)? hv and (ahv )Y - hv (insert) plots are given together in Figure 4. The direct and
indirect bandgap (Eg) of the Ru(ll)complex were obtained as 2.4 and 2.02 eV, respectively, from the

intercept of the extrapolated linear parts of the (ahv)? hv and (chv )2 - hv (insert) plots on the photon
energy axis.
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Figure 2. The 2D AFM images of Ru(ll)-complex structure.
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Figure 3. The absorbance spectra of the Ru(ll)-complex film (inset shows the transmittance spectra).
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3-2. Electrical and photoelectrical properties of Al/Ru(ll) complex/p-Si

A solar simulator was used for the photoelectrical characterization of the Al/Ru(ll)/p-Si structures.
Current-voltage (I-V) measurements were carried out with a solar simulator with a AM1.5 global filter,
under illumination intensity of 100 mW/cm? in order to analyze material response to light. The plot
obtained for the Al/Ru(l1)/p-Si in these measurements is shown in Figure 5. It can be seen in the plot
that the diode gives response under illumination. The sensitivity of the Al/Ru(l1)/p-Si structure to light
was obtained by taking the ratio of the current value obtained at -2 VV and 100 mW/cm? light intensity
to its current value obtained under dark conditions (liumination/ laark) and was found as 2.48 x 10°.

In order to analyze the I-V characteristics of the Al/Ru(l1)/p-Si, thermionic emission (TE) model was
used and this model can be expressed as follows [29]:

qV
I =1I,exp (W — 1) @)

where o is the saturation current defined by

I, = AA*T?exp (%q;bo) 3)
@y is the zero bias apparent barrier height (BH), q is the electron charge, k is the Boltzmann constant,
T is the absolute temperature, V is the forward-bias voltage, A is the effective diode area, A™ is the
Richardson constant of 32 A cm2K-2for p- type Si. In order to calculate the ideality factors (n) of the
diodes, if the natural logarithm of the both sides of the (2) equalities is taken and its derivative is taken
with respect to V, the following relation is obtained:

_ 4 ( dV) 4
"= kr \dini )

The ideality factor is a dimensionless parameter that gives an idea whether the diode is ideal or not. If n
varies between 1 and 2, the tunneling current mechanism is dominant. If n = 2, the generation

recombination current mechanism is the dominant mechanism. If n > 2, then the leakage current
mechanism is dominant [30]. @y is calculated by the following formula:

kT~ (AA'T?
®, =—In )
q Iy
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The barrier heights and the ideality factors obtained from Figure 5 for the Al/Ru(ll)complex/p-Si
photodiode under dark and under 100 mW/cm? illumination conditions at room temperature are given
in Table 1. As can be seen in Table 1, the n ideality factor and the barrier height are 1.52 and 0.82 eV,
respectively under dark and 3.22 and 0.46 eV, respectively under 100 mwW/cm? illumination. An ideality
factor higher than 1 was obtained. This result can be explained with the presence of barrier
inhomogenities, interface states, and series resistance [31-33].

Table 1. The parameters obtained from current-voltage (1-V) characteristics of the Al/Ru(I1)/p-Si structure in dark
and under 100 mwW/cm?.

. Cheung-Cheung
Sample IV characteristic Cheung H function
N | @eo(eV) | Rs () | R (@) | Re(Q) | N | Re(Q) | ProleV)
AURU(IT)/p-Si dark | 1.52 | 0.81 2167 | 14x10° | 7.21 | 3.85]9.73 | 0.82
AIRU(I1)/p-Si light | 3.22 | 0.46 | 21.69 | 5.4x10° | 6.74 | 4.86 | 9.54 | 0.39

The reason for obtaining and ideality factor higher than one is the serial resistance effect (Rs), which
leads to the parts of the forward bias current-voltage curves that correspond to high voltages bend
downwards. Two parameters are important in the linear and non-linear parts of the forward bias 1-V
plots [34]. These are n and ®w. The Rs, n, and @y Were determined with the method of Cheung and
Cheung [35]. The Cheung function is expressed as
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IR+ (kT) ©)
d(in) ~ ° " q
and
nkT I
H(I)ZV—TITL<W)= IRS+nCDb (7)

The term IR is the voltage drop across series resistance of diode. The dv/d(In())-1 and H(I)-I plots of
the Cheung functions for the Al/Ru(Il)complex/p-Si diodes for the dark condition are given in Figure 6.
The dV/dIn(l)-1 plot given with Equation (6) is linear. Therefore the ideality factor was obtained from
the intercept of this line on the vertical axis when 1=0 and the serial resistance was obtained from the
slope of this line. The H(I)-I plot given with Equation (7) similarly is linear. Using the ideality factor
obtained from Equation (6), the diode’s barrier height and the serial resistance, which is the resistance
of the neutral region, was found. The serial resistance, barrier height, and ideality factor values for the
dark and illumination conditions (100 mW/cm?), obtained from the Cheung functions can be seen in
Table 1. As can be seen in Table 1, the serial resistance values obtained from the dv/dIn(l)-1 and H(I)-I
plots are in harmony with each other.

In addition, the serial resistance (Rs), which is the resistance of the neutral region of the
Al/Ru(Il)complex/p-Si photodiode, the shunt resistance (Rsn), which arises from the semiconductor-
electrode interface properties, were calculated from the Ohm’s Law using the I-V data [36]. The shunt
resistance and the serial resistance affect the current-voltage characteristics of the diode [37]. For an
ideal diode, the shunt resistance has to be large and the serial resistance should be small [38]. The
connection resistance of the photodiode is Ri (Ri= dV/dl). As can be seen in Figure 7, the Rs and Rsn
values were obtained for dark and 100 mW/cm? illumination conditions from the Ri-V plots (in addition,
see Table 1). As can be seen from Table 1, there is a very large difference between Rs and Rsn. This
shows that the Al/Ru(ll)complex/p-Si structure is suitable for potential applications.

28
081" Al/Ru(Dcomplex/p-Si ]
24
3 1 =
= 04 ) =
= 12 =
s i
g J1s
0} dvidIn(T)=nkT/q+IR¢& 0.098 + (72131 ©
H@O=nd, + RI=1250+(0.73)I & -
1 | 1 1 1 1 | 1 1 1

I1(A)

Figure 6. Experimental dV/dIn(l) vs. I and (b) H (I) vs. | plots of Al/Ru(I1)/p-Si in dark.
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Figure 7. The structure resistance of Al/Ru(ll)/p-Si structure calculated from I-V data in dark and under 100

mW/cm?2.

Photovoltaic parameters of the Al/Ru(ll)complex/p-Si structure, such as the open-circuit voltage, short-
circuit current, fill factor and power conversion efficiency (1) were calculated. In the current-voltage
characteristic of the diode under illumination, the value of the curve’s intercept on the voltage axis is
called the open-circuit voltage Voc and is determined when the current is zero. The short-circuit current
(Isc), is the output current under illumination and is the current when the applied voltage and the
resistance values (Rsand Rsn) are zero. This current is proportional to the incoming number of photons
and the illumination intensity. The open-circuit voltage and the short-circuit current are the highest
voltage and current values, respectively (see Figure 8). As can be seen in Table 2, the Vo and I values
of the Al/ Ru(Il)complex /p-Si structure were calculated as 439.9 x 102V and 36.6 x 10° A, respectively.
Other photovoltaic parameters are the fill factor (FF) and the power conversion efficiency (n). FF and
np can be calculated from the J-V measurements given in Figure 8. FF can be written as [39]:

Table 2. Photoelectrical parameters of Al/Ru(I1)/p-Si structure under illumination 100 mW/cm? light.

Sample I (1023 AIMZ | Vin (109) V | 12 (10%) A | Ve (107 V | FF (%) | 1 (%)
AlRu(I1)/p-Si | 3.9 319.9 36.6 439.9 608 | 1.25
_ JmVm
FF_]SCVOC (8)

JmVm is the maximum power point and FF was calculated as 62.9% for the Al/Ru(Il)complex/p-Si. The
power conversion efficiency, np, is [40]:

n, = ©)

14 Py
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where Po is the light density, which is approximately 100 mW/cm?. The power conversion efficiency
(mp) was found to be 1.25% (see Figure 8 and Table 2).
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Figure 8. Current density-voltage plot of under illuminations for calculated FF and 1, of Al/Ru(I1)/p-Si structure.

Another method that is used to determine the barrier height is the C-V measurement method. The C-V
and C2-V plots of the Al/Ru(ll)complex/p-Si structure at 500 kHz frequency, room temperature and
under dark are given in Figure 9. The capacitance of the space charge region of a metal/semiconductor
gives important information about the formation of the interface. If the capacitance is measured based
on the reverse bias voltage, the barrier height of the rectifier contact, the carrier concentration in the
semiconductor, the diffusion potential, and the Fermi energy level can be calculated [41].

1 20 +V)

cz - A?e.g0eN, (10)
Here s is the semiconductor dielectric constant ( for Si &= 11.8); = 8.85 x 10 F/cm is the vacuum
permittivity; e is electronic charge (e= 1.6 x 10° C); V4 is the diffusion potential; k is the Boltzmann
constant; N, is the ionized acceptor concentration; T is the ambient temperature in Kelvin (K), and A is
the effective area of the diode (A=0.00785 cm?). The barrier height can be calculated by the following
relation:

@, =—+1V, (11)

Here, V,, is the potential difference between the top of the valence band of the neutral part of p-Si and
the fermi level, and is expressed as follows:

= (ﬁ) (12)
Poe N,

338



DOGAN, ORAK, YILDIRIM

Here, Ny is the effective density of Si’s valance band and its value was taken as 1.04 x 10*cm™. In
Figure 9, the C2-V characteristic of the Al/Ru(Il)complex/p-Si diode under 500 kHz frequency and dark
is shown. With a linear fit suitable for this graph and for C?=0, V4= V. Therefore the diffusion potential
is found as (V4=0.497 V). Using Equations 11 and 12, the barrier height was found as (®,=0.84 eV).
This value of the barrier height which was obtained under dark from the C-V measurements, is higher
than the barrier height value (®»,=0.81 eV) obtained from the 1-V measurements under dark.

2x10 4x10°°

1x10°

— 3x10®

L C(F)

8x10°

C(FY

4x10° 1x10°%

el Lt Lo Lo L Lo Lo 0x10°
I

-0.5
Voltage (V)

Figure 9. The capacitance-voltage and the reverse bias C>-V plot at 500 kHz for the Al/Ru(Il)complex/p-Si
structure.

4. CONCLUSION

Al/Ru(I)/p-Si heterojunction device has been fabricated by thermal evaporation and spin coating
technique. The electrical and photoelectrical characterizations of the fabricated devices were
investigated by using I-V and C—V measurements at room temperature. |-V measurements; the barrier
height, ideality factor, series resistance, and shunt resistance of the Al/Ru(ll)/p-Si structure was
calculated for dark and 100mW/cm? illumination conditions. In addition, from the C-V measurements,
the barrier height, diffusion potential, and the carrier concentration was optained for the dark condition.
From the results it was deduced that the diode had a good rectifier property and photodiode property.
Using optical absorption spectroscopy, the direct and indirect optical bandwidths of the Ru(ll) complex
film were found as 2.74 eV and 2.02 eV, respectively. The photovoltaic performances of the junction
devices were determined using an open circuit voltage (Voc), short circuit current (ls), fill factor (FF)
and power conversion efficiency (np) at 100 mW/cm? and room temperature. The values were found to
be 439.9 x 10 V, 36.6 x 10° A, 60.8%, and 1.25% for Al/Ru(ll)/p-Si, respectively. Thus, Ru(ll)
complex thin film deposited on p-Si substrate can be used for some optoelectronic applications and solar
cells.
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Abstract. The fabric defect detection has crucial importance in terms of sectoral quality. As fabric defection
stage, accordingly the growing market volume and production capacity, detection via human vision has caused
largely time-wasting and success rate decreasing until 60%. Due to a fabric has unique texture, there is necessity
for it to work on separately from other images types while extracting its features. Features are vital material of
computer vision especially classification problems. Hence, extracting right features is the most significant stage
of error detection. This purpose in mind on this study, deep learning which distinguishes with multi-layer
architectures and reveals high achievement on image and speech procession recent years by self-feature
extraction is applied to fabric defect detection. Stacked autoencoder -a deep learning method- that aimed to
represent input data via compression or decompression is tried to detect defect of fabrics and it gained
acceptable success. The principal aim of this study is to increase achievement of feature extraction by tuning
up the input value and hyper parameters autoencoder. Thanks to the fine tuning of hyper-parameters of deep
model, we have 96% success rate on our own dataset.

Keywords: Deep learning, fabric defect detection, autoencoder, hyper parameter

Kumas Hatasi Tespiti icin Yiginlanmis Oto-kodlayic1 Yontemi

Ozet. Kumas hatas1 tespiti sektorel kalite agisindan 6nem arz etmektedir. Bu hatalarin tespitinde, gelisen pazar
hacmi ve tiretim kapasitelerinin biiylikliigii sebebiyle insan goriisii ile tespit, biiyiikk oranda zaman kaybina ve hata
tespit oraninin %60 seviyelerine kadar diigmesine sebep olmaktadir. Bu baglamda daha yiiksek basarim elde
edebilmek i¢in goriintii isleme alaninda bir ¢ok yontem denenmistir. Kumasin kendine has bir dokusunun olmasi
sebebiyle, Oznitelikleri ¢ikarilirken diger goriintii tiirlerinden ayri1 olarak incelenmesi gerektirmektedir.
Oznitelikler bilgisayarli gormede 6zellikle siniflandirma problemlerinde ham madde olmaktadir. Bu yiizden dogru
Oznitelikleri ¢ikarmak, hata tespitinde en 6nemli agamadir. Bu ama¢ dogrultusunda, ¢oklu-katman mimarisi ve
kendi 6zniteliklerini ¢ikararak son yillarda goriintii ve ses isleme alaninda biiyiik basarilar getirmesi ile 6ne ¢ikan
derin 6grenme kumas hatasi tespitine uygulanmustir. Girig verisini sikistirma ya da genisletme ile temsil eden
y181nl oto-kodlayicilar -bir derin 6grenme yontemi- kumas hatasi tespitinde denenmis ve kabul edilebilir basarilar
elde edilmistir. Calismanin asil amaci oto kodlayicinin hiper parametreleri ve girig degeri ile oynamalar yaparak
Oznitelik ¢ikarimi basarisimi artirmaktir. Derin modelin hiper parametrelerin ince ayariyla, kendi veri setimizde
%96’ 11k bir basar1 orani elde ettik.

Anahtar Kelimeler: Derin 6grenme, kumag hatasi tespiti, oto-kodlayici, hiper parametre

1. INTRODUCTION

As a traditional inspection, fabric defect detection is a serial work that employees detect errors on the
illuminated inspection table at higher speed of 8-10 meters per minute from unrolling the fabric rolls.
This inspection type is either exhausting or low-accuracy job. Besides, looking same direction
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continuously and following the roll are caused by Alzheimer disease. While employee detecting defect
after one hour, his efficiency and error hit ratio decreases. For these reasons automatic fabric defect
detection systems are started to develop. Most of computer vision methods are tried on defect detection
task. Thanks to hardware development and programming opportunity based on GPU, number of hidden
layer (HL) size can increase in neural networks model, it calls as deep learning. It is a new research area
on machine learning. It reveals many successful works with consisting multi hidden layer architectures.
Deep networks applied on most of application area in signal and speech processing and just after image
processing tasks. Due to constructs a deep network, first rule is having a large dataset for extracting
distinctive features.

In previous studies, many methods such as wavelet transform, Gabor transform, co-occurrence matrix
and shallow neural networks implemented in defect (fabric or other task) detection. In our study, we
apply a deep network method called as stacked autoencoder on this issue. Autoencoder is a neural
network model which try to repeat input value in its output. The input data is compressed or expanded
in HL, then it is expanded or compressed again in output layer. The more output is similar to input; the
better features will be extracted from autoencoder. Network will not learn from pairs of training data-its
labels. It will learn the features of own data. For this reason, HL is indeed a feature detector. Stacked
autoencoder construct as increase the number of hidden layer. It means input value will compress more
than one. The essential aim of our study is to increase achievement of feature extraction by tuning up
the input value and hyper parameters of stacked autoencoder.

2. FABRIC DEFECT AND DETECTION

The term defect means an imperfection that harms worth or utility. Other definition is absence of
something necessary for completeness or perfection. As general terms, defect is a fault that spoils the
material. Fabric is produced textile fibers which consist of materials such as cotton, wool, nylon,
polyester, or a mix of these elements [1]. A fabric defect is any failure or irregularity in the fabric that
unacceptably large defect by the consumer [2]. Fabrics are separated into several classes according to
raw materials or producing methods. For this reason, defects are different according to each types.

Coloured flecks

Broken pattern Double end

Figure 1. Some of defects on woven fabrics

Woven fabric has defects such as knots, colored flecks, slubs. On knitted fabric, there are defects such
as bariness, bunching up, stribes [3].
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4.6 Mic —

Ltntin
Buncl

Horizontal Stripes

Figure 2. Some defects on knitted fabrics.

Inspection is a part of detection and fixing errors and it is visual examination of a fabric. Fabric defect
detection is a crucial stage of quality control in the textile sector. Woven fabric quality based on yarn
properties, after that weaving constructions and mechanism [4]. As long as consumers or manufacturers
expect more quality from fabrics, they have become more conscious of poor quality issues. It is crucial
to avoid defects for avoid rejection of fabrics from customers. Contained defect fabrics’ prices are
decrease to until 45%-65% [5]. Hence presence of fabric defect, it caused to reduce prices, even in
sometimes, it creates a high decrease in value to the manufacturer. Due to reduce value loss because of
presence defects in fabric, manufacturer try to avoid defects by taking precautions if it is possible.
Detecting fabric can carry out in two ways. First choice is in the weaving process (or its stages) can be
checking for the presence of defects, it is called as process inspection. The second way is the product
inspection. It detects for the defects on the manufactured fabric. Nowadays, manufacturers focused on
second way. At the output of weaving step, fabric produces as two-meter-width. It passes on inspection
table at the speed of 0.3-0.5 meters per minute [6]. The slow speed of manufactured fabric is insufficient
to keep a human inspector occupied. Also, the relatively hostile working environment near the weaving
machines is not suitable for human inspection. Therefore, product inspection is not performed at the
same time with the production stage.

Figure 3. Traditional fabric defect inspection table.
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The traditional inspection for fabric defect detection is fulfilled via human eyes. Its procedure is
unrolling the fabric rolls that is brought from the weaving machines or supplier firms on the illuminated
inspection table at higher speed of 8-10 meters per minute. When the inspector (human) catch sight of
a defect on the moving roll, he stops the motor which gets the fabric roll moved. After signs the defect
with a sticker and records its location, type and size, starts the motor again. In this way, inspector
completes to scanning whole roll and calculates total defect rate. If the rate of defect in a roll higher than
10% (the rejection rate up to customer and importance of fabric usage), this fabric roll rejected. Because
of there are several defect types, missing defect rate also increases. Even with highly trained quality
control staffs, only about 70% of the defects being detected [7]. Because of these disadvantages, the
researchers try to find automatic detection systems. The automated fabric inspection system has lower
cost because of reduction in personnel and it provides higher accuracy of defect detection.

3. DEEP LEARNING ALGORITHMS

Deep learning (deep machine learning, or deep structured learning, or hierarchical learning, or
sometimes DL) is a machine learning methods based on a set of algorithms that attempt to model high-
level abstractions in data by using multiple processing layers (multi HL in neural nets) with complex
structures or otherwise, composed of multiple non-linear transformations [8]. Success of whole machine
learning methods increase with the right choice of features. Because that, many of algorithms need
preprocessing about the representation of data. However, current machine learning algorithms have
weakness about features. Researcher want to get rid of this dependency and they think that with Artificial
Intelligence, learning representations of the data easier extract to useful information when building
classifiers or other predictors. The idea of deep learning is relative tightly with representation learning.
Deep learning methods goal is yielding more abstract — and ultimately more useful- representations [9].

As the speed of GPUs increased rapidly, it was soon possible to train deep networks such as
convolutional networks without the help of pretraining as demonstrated by Ciresan and colleagues in
2011 and 2012 who won character recognition, traffic sign, and medical imaging competitions with their
convolutional network architecture [10]. Krizhevsky, Sutskever, and Hinton used a similar architecture
in 2012 that also features rectified linear activation functions and dropout for regularization [11]. They
received outstanding results in the ILSVRC-2012 ImageNet competition [12], which marked the
abandonment of feature engineering and the adoption of feature learning in the form of deep learning.
Google, Facebook, and Microsoft noticed this trend and made major acquisitions of deep learning
startups and research teams between 2012 and 2014. From here, the researches accelerate rapidly in
deep learning.

Deep learning algorithms applied on several areas of computer science. Charissa Ann Ronao and Sung-
Bae Cho propose a deep convolutional neural network for Human Activity recognition (HAR) using
smartphone sensors and their algorithms achieved an almost perfect classification on moving activities
[13]. In another study about NLP, stacked autoencoder applied on unsupervised extractive
summarization of email with excellent performance. Summaries are highly informative and semantically
similar to human abstracts [14]. On the robotic area, lan Lenz, Honglak Lee and Ashutosh Saxena are
using deep learning methods in order to solve the problem of detecting robotic grasps in an RGB-D view
of a scene containing objects [15]. Bioinformatics area, Deep learning using for recognizing disease
from DNA sequences [16] or predicting protein secondary structure [17]. Another state-of-art study is
on largescale video classification with Convolutional Neural Networks (CNN) using a new dataset of 1
million YouTube videos belonging to 487 classes [18]. As is seen, during last decade, deep learning
algorithms have been applied to almost every field.
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3.1 Restricted (Deep) Boltzmann Machines

Restricted Boltzmann Machine (RBM) is a model developed from Boltzmann machines. Neurons aren’t
fully connected as Boltzmann machines. A restricted Boltzmann machine with no hidden-to-hidden and
no visible-to-visible connections [19].

3.2 Autoencoders

An autoencoder is typically a feedforward neural network which goals to learn the best features from a
compressed representation of input data [20].

input output

code

decoder

encoder

Figure 4. Schematic structure of an autoencoder.

Another definition is roughly, autoencoder is a neural network try to output own input of network.
Therefore, the number of nodes must be same input and output. When the number of node in hidden
layer less than input, autoencoder represent a compressed input data. However, another use is to enlarge
the given input's representation. Say that the training data consists of “25-r* grayscale images and it
means the value of each pixel is one input layer neuron (i.e., the input layer will have 625 neurons).
According to definitions above, the output layer would have the same number of units (625) as the input
layer. The schematic structure of an autoencoder as seen in Figure 4. The input(x) is compressed
(encoded) to z in hidden layer. Then, it is decompressed (decode) to x in output layer. The weights of
nodes are tuned with each iteration until the input values are obtained on output layer. In this case, the
input value is represented by a z-dimensional feature vector (dimension reduction).

3.3 Deep Belief Networks

Deep Belief Networks (DBN) is a neural network created by stacking of RBMs. DBNs are graphical
models that learn to a deep hierarchical representation of the training data [21].

3.4 Convolutional Neural Networks

Convolutional Neural Networks (CNN) is consisted of one or more convolutional layers (often with
subsampling step) and fully connected layer that comes after convolutional ones. The CNNs develop
for using advantages of the 2D structured input image or speech signals [22]. This is attained with local
connections and tied weights followed by some form of pooling which results in translation constant

1 The “r” symbol is used for resolution. For example; “25-r” represents for “25x25 images”
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features. Besides, CNN is trained easier compare to fully connected networks have the same number of
hidden layer with itself.

4. MATERIALS and METHODS

4.1 Dataset

Initially, defective fabric samples were obtained from mattress ticking manufactory. The samples were
woven fabrics, and they had white color and plain fabric. Photographs of these samples were taken with
a DSLR camera from different angles. We setup an experiment environment. Firstly, fabrics were taken
photos from opposite direction and 20 cm distance (Figure 5). But these photos had no distinctive
texture, the knots weren’t seen sufficiently.

Figure 5 The first (left) and second (right) environment of taking photos.

All fabrics were ironed and mounted to carton with punches, then we took again photos from above of
fabric and closer than first try (Figure 5). While we were taking photos, we used manual setting due to
catch the best images. We tuned three setting; aperture, shutter speed and ISO. Aperture means that “the
hole in the lens” and it is needed to focus. As long as hole is larger, more light gets in. We set to 16f for
aperture. Shutter speed indicates the time of shutter opened, and we set it to 1 second. The photographs
are our source fabrics; they are abbreviated as SF in this paper. After the elimination, according to
quality and specificity, there are totally 10 unique images of defective and perfect (two of them perfect)
fabric pieces (Figure 6).

Figure 6. Some of the sample defective fabrics.

Because of the number of samples are inadequate for training, it has planned to retrieve small patches
from selected images. Patches size are 100-r, 50 50-r and 25-r.
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4.2 Dataset Parameters

First parameter of dataset is the patches that extracted from SF are varied in different size. When deep
model setting up, input size depends on patches’ size. After the several test with different size of patches,
it has been decided to optimum patch size.

The second parameter is resizing value of SF. As seen in Figure 7, if resizing isn’t done on the SF, the
25-r samples has no distinctive information about texture. Therefore, it has tried with several resize
parameters while creating dataset task. The same size patches which created by different resize
parameters are includes variable-density information. There are patches of a 100-r sample taken from
same region of SF with resize parameter respectively 0.2-0.4-0.8-1(no resize) in Figure 7.

Figure 7. Patches are obtained from same region with different resize parameters.

4.3 Hyper-parameters

Machine learning algorithms has some parameters are called as “hyper-parameters”. There is difference
between hyper-parameter and parameter. Hyper-parameters are set by user to optimization. Model learns
parameters in time after some iterations. Hyper-parameters are often tuned by user or optimized by some
“hyper-learner”.

In our study there are also several hyper-parameters. These parameters are iteration number, input size,
input type, hidden layer (HL) number and node number of hidden layers. It is aimed to find the optimum
hyper-parameters in some way.

e Iteration number : It means how many times network runs. The iteration which is needed
to learn. It changes according to length of input data. The bigger ones, learn later.

e Input Size : Node number of input data. For example, the input size is 10000 for 100-r
image. It is crucial parameter for learning.

e Input Type . It means; input has how much detail information. If resize parameter of SF is

smaller, patches taken from SF have more detail information. On contrary, patches are more
regular, this situation provides that defects are seemed more obviously.

o Hidden Layer : The hidden layer node number is last hyper-parameter of our model. It is
important to represent input data more distinctive. We aimed to find an optimum proportion
between input and hidden layer.
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4.4 Implementation

It has been implemented with deep learning idea for detection of fabric defect. It is thought that this
neural network that setting up with multi-hidden-layer can be give satisfying results on classification
problem of fabric which has sophisticated texture. Due to train this types of neural network, one way is
train only one layer at the same time. Accordingly, stacked autoencoder model has been used in this
study.

Encoder

Figure 8. Basic model of autoencoder with 100 nodes in hidden layer.

While autoencoder training is carried out, there are two choices that compression or expansion. Input is
compressed in the hidden layer, consequently it is expanded to obtain same thing with input. In the
output of hidden layer, it will be gained compressed or abstract information from input as seen Figure 9
or 11. This information will use as features that representation of input data.

An example is given below, autoencoder will be test on synthetic digit images. The synthetic images
have been produced by applying random affine transformations to digit images have different fonts.
When the test results on 5000-sample-dataset in which each sample is 28-r with, supposed features can
see easily. Figure 9 shows that distinguishing features are extracted from autoencoder.

.||.|Illll

1% |52 ]
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Figure 9 Synthetic digit samples (left), some of the features are obtained from autoencoder hidden layer’s
output (right).

The first issue of this stage is input size of autoencoder. Because the more input size is chosen
correctly, the more distinctive information will be extracted. It is started with 100-r samples; it
means input size has 10000 nodes. When output of first HL visualized, it is supposed to extract
distinguishing parts which can be use as feature. The HL size in the first train, it is chosen as 100.
It means 10000-node-input is tried to represent with 100-node-output. As a result of several
experiment with different iteration number, there is no sufficient results. When hidden layer’s output
is visualized, thing like noise has been seen (Figure 10). We increase the number of iterations (100,
200, 400 and 800), but all features are just like obtained ones on Figure 10.
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Figure 10. Obtained features from first hidden layer.

Afterwards, in order that decide to correct input layer size, other test has been done with 50-r and 25-r
samples. According to output of first hidden layer, the most distinctive features have extracted 25-r
samples (Figure 11). The tests also have been done different iteration numbers, but similar results are
found.

Figure 11. Visualized features of 1.hidden layer’s output for 50-r and 25-r (right).

After decide to 25-r sample as an input, it is needed to find optimum resolution of image samples which
enter network after labelled can called as pre-input. For this reason, datasets are prepared with 100-r,
200-r, 300-r 400-r samples and resize parameter 1, 0.8, 0.6, 0.4, 0.2 by a script that generated them
automatically via 4-days-work. Thus, 20 group of samples can be input for the autoencoder. As analyze
results of all data sets, we decide to optimum one. After all test, we have some opinions according to all
results are analyzed;

e The optimum iteration number is 400.

e The best distinctive resize parameter is 0.2 or 0.4

e 100-r and 200-r samples give more valuable results.

e 300-r and 400-r samples is losing information while compressing to 25-r.

Due to the outputs of a network to be interpretable, it is highly desirable for those outputs to lie between
zero and one and to sum to one. The aim of the softmax activation function is to enforce these constraints
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on the outputs. Train a softmax layer to classify the 50-dimensional feature vectors. Unlike the
autoencoders, you train the softmax layer in a supervised fashion using labels for the training data. The
model has ready to classify hereby; it will be trained a final layer to classify these 50-dimensional vectors
into two fabric classes. After including the final softmax layer, the setting up deep model has been
completed. The model has two encoder layers and one softmax layer (Figure 12).

Encoder Encoder Softmax

Input

625

100 50 2

Figure 12. Stacked/Deep an autoencoder model.

5. RESULTS

We show the succession rate on the confusion matrix [23]. Confusion matrix shows the quality of
learning. Rows indicate for predicted class, columns demonstrate what the actual class of samples is.
The diagonal cells show number and percentage of the examples the trained model correctly predicted
the classes. The other cells indicate where the classifier has made mistakes. The column on the far right
of the matrix shows the accuracy per estimated class and the row at the bottom of the matrix shows the
accuracy per actual class. The cell in the bottom right of the matrix demonstrated the overall accuracy.

Missing End Knots Perfect

Figure 13. Classes of fabric patches in the dataset.

The first test is performed on 1400 samples which separated into three classes as missing-end, knots and
perfect fabrics as seen in Figure 13. There are approximately 300 defective samples in this dataset. The
success rates are for missing end 86%, knots 36%, perfect 96%. The total accuracy is 73%. Afterwards
the bad results of first test, it was observed that the dataset isn’t sufficient in order to recognize three
distinctive classes. For this reason, we will work on only two classes as defected and perfect. Therefore,
the dataset is generated with new photos, and the number of samples increase to 5000 (taken 500 patches
from per SF). Training has done with these samples and test results is below confusion table.
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Confusion Matrix

Output Class
N

2
Target Class

Figure 14. Confusion matrix with new extended dataset.

The test patches are generated from SF which model did not meet before. The total accuracy increase to
acceptable level with 88% as seen in Figure 14. We check all test samples up and notice that the deep
model doesn’t recognize missing end defect. We extracted these samples and create the last dataset
without samples have missing end defect. When the compress inputs which have missing end defect are
observed, it is noticed that the compression process (100 to 25) caused to lose distinctive features of
missing end. The last test was executed with this new dataset and results below are obtained as shown
in confusion matrix (Figure 15). Final accuracy has reached to 96%.

Confusion Matrix

Output Class
N

2
Target Class

Figure 15. The last confusion matrix of the data set that does not contain the missing end samples.

6. CONCLUSION

We implemented a deep learning method —stacked autoencoder- for detection defects on woven fabrics.
We found that how autoencoder works better with optimum parameters and explored deep autoencoder
method, implement our deep model. Own fabric defect dataset has been created and decided parameters
of dataset. In addition, we showed that the results of implementations (three-class and two-class model).
According to these models, we realized that our dataset was not enough to recognize defect types, it can
use only for anomaly (defect) detection. We decided to optimum input value resolution is 25-r. Due to
manually labelled samples from 25-r, we generated dataset larger resolution patches. After labelling
process has handled, we resized them to 25-r in order to model works better. According to our test
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results, it was concluded that the optimum input value is 100-r and resize parameter of SF is 0.2. As
hyper parameters of deep model, we tuned hidden layer size and iteration number. It has seen that 400
iteration number was sufficient to train. Deciding to hidden layer size, the error curves has been
examined; it was observed that 100 hidden node gave the best results. In the results of two-class
implementation with optimum parameters, we have reach 96% total accuracy on our own generated

dataset.
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Abstract: Let N be a left near ring. A map d:N — N s called a nonzero multiplicative derivation if
d(xy) = xd(y)+d(x)y holds for all X,y e N. In the present paper, we shall extend some well known
results concerning commutativity of prime rings for nonzero multiplicative derivations of a left prime near-ring

N.

Keywords: Prime ring, near-ring, derivation, multiplicative derivation

Carpimsal Tiirevli Asal Yakin Halkalar Uzerine Notlar

Ozet: N bir sol yakin halka olsun. d:N — N doniisiimii her X,y € N i¢in d(xy) = xd(y)+d(X)y

kosulunu sagliyorsa d ye bir ¢arpimsal tiirev denir. Bu makalede, asal halkalarda iyi bilinen bazi komiitatiflik
kosullar1, carpimsal tiirevli sol asal yakin halkalar i¢in genellestirilecektir.

Anahtar Kelimeler: Asal halka, yakin halka, tiirev, ¢arpimsal tiirev

1. INTRODUCTION

An additively written group (N,+) equipped with a binary operation .: N — N, (X, y) — Xy, such
that x(yz) =(xy)z and x(y+z)=xy+xz forall x,y,ze N is called a left near-ring. A near-ring
N is called zero symmetric if OX =0 forall xe N (recall that left distributive yields x0 = Q). A near-
ring N is said to be 3-prime if XNy ={0} implies X=0 or y=0. For any X,y e N, as usual
[X, y] = xy—yx and X0y = Xy + yX will denote the well-known Lie and Jordan products respectively.
The set Z={xeN|yx=xy for all ye N} is called multiplicative center of N. A mapping
d:N — N issaid to be a derivation if d(xy) = xd(y)+d(x)y forall x,yeN. N is said to be
2 —torsion free if Xe N and X+ X =0 implies X =0.

Since Posner published his paper [11] in 1957, many authors have investigated properties of derivations
of prime and semiprime rings. The study of derivations of near-rings was initiated by Bell and Mason
in 1987 [1]. There has been a great deal of work concerning commutativity of prime and semiprime
rings and near-rings with derivations satisfying with certain differential identities. (see references for a
partial bibliography).

* Corresponding author. Email address: zelihabedir@cumhuriyet.edu.tr

http://dergi.cumhuriyet.edu.tr/cumuscij/index ©2016 Faculty of Science, Cumhuriyet University
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In [7], Herstein has proved that if R is a prime ring of characteristic different from 2 and if d is a
nonzero derivation of R such that d(R) < Z, then R is commutative. In [3], Bell and Kappe have
proved that d is a derivation of R which is either a homomorphism or an anti-homomorphism in
semiprime ring R or a nonzero right ideal of R then d =0. In [5], Daif and Bell proved that if R is
semiprime ring, U is a nonzero ideal of R and d is a derivation of R such that d([x, y]) = +[x, y]
forall x,y eU, then U < Z. All of these results were extended to near rings.

In [4], the notion of multiplicative derivation was introduced by Daif motivated by Martindale in [8].
d:R—R is called a multiplicative derivation if d(xy)=xd(y)+d(x)y holds for all x,yeR.

These maps are not additive. In [6], Goldman and Semrl gave the complete description of these maps.
We have R =CJ0,1], the ring of all continuous (real or complex valued) functions and define a map

d:R—R suchas

d(f)(x) = { f()logf(x), f(x)= o}

0, otherwise

It is clear that d is multiplicative derivation, but d is not additive.

Recently, some results concerning commutativity of prime rings with derivations were proved for
multiplicative derivations. It is natural to look for comparable results with multiplicative derivations of
near-rings. In the present paper, we shall extend above mentioned results for multiplicative derivations
of 3-prime near-ring N. Also, we will prove some commutativity conditions.

Chapter 1:

Lemmal[2, Lemma 1.2]Let N be a 3—prime near-ring.

(i) 1f zeZ\{0}, then z is not a zero divisor.
(ii) If Z contains a nonzero element z for which z+z e Z , then (N,+) is abelian.
(iii) 1If ze Z\{0} and x e N suchthat xze Z or zxe Z, then x € Z.

Lemma 2 [2, Lemma 1.5] Let N be a 3— prime near ring. If Z contains a nonzero semigroup ideal
of N, then N is commutative ring.

Lemma 3 [9, Lemma 2.1]A near-ring N admits a multiplicative derivation if and only if it is zero

symmetric.

Lemma4 Let N be anear-ringand d :N — N multiplicative derivation of N. Then
(xd(y)+d(x)y)z = xd(y)z +d(x)yz,forall x,y,z € N.

Proof: By calculating d(xyz) in two different ways, we see that
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d((xy)z) = xyd(z) +d(xy)z

and

d(x(y2)) = xd(yz)+d(x)yz
= xyd(z) + xd(y)z+d(x)yz

Hence we have
d(xy)z = xyd(z) + xd(y)z
and so
(xd(y)+d(x)y)z = xd(y)z+d(x)yz,forall x,y,z € N.

Lemmab5 Let N be a 3-prime near-ring and a € N. If N admits a nonzero multiplicative derivation
d suchthat d(N)a=0 (or ad(N)=0), then a=0.

Proof. By the hypothesis, we get
d(xy)a=0,forall x,y € N.
Expanding this equation with Lemma 4 and using the hypothesis, we have

d(x)Na = (0),forall x e N.
Since N is 3-prime near-ring and d =0, we obtain that a = 0.
ad(N) =0 can be proved by applying the same techniques.

Theorem 1 Let N be a 3-prime near-ring. If N admits a nonzero multiplicative derivation d such

that d(N) < Z, then N is a commutative ring.
Proof. Forany X,y e N, we get d(xy) € Z, and so
d(xy)y = yd(xy).
That is
(xd(y)+d(x)y)y = y(xd(y) +d(x)y).
Using Lemma 4, we get
xd(y)y+d(x)yy = yxd(y) + yd(x)y.
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Since d(N) = Z, we arrive at

d(y)xy+d(x)yy =d(y)yx+d(x)yy
and so

d(y)[x, y]=0.

Using Lemma 1 (i), we have for each fixed y € N either d(y) =0 or yeZ.

Now, we assume d(y) =0. Forany x e N, we have d(xy) € Z by the hypothesis. Since d(y) =0,
we get d(xy)=d(x)y eZ, for all Xe N. By Lemma 1 (iii), we get d(x)=0, forall xe N or
yeZ. Since d =0, we must have y e Z. Hence we arrive at y € Z for any cases. Thatis N < Z,

and so N is commutative near-ring by Lemma 2.

Theorem 2 Let N be a 3-prime near-ring and d a multiplicative derivation of N such that

d(xy) =d(x)d(y), forall x,y e N, then d =0.
Proof. In view of our hypothesis, we have
xd(y)+d(x)y =d(x)d(y),forall X,y € N. (2.1)
Replacing y by yz in (2.1), we get
xd(yz)+d(x)yz = d(x)d(yz).
By our hypothesis, we have
xd(y)d(2) +d(x)yz = d(x)d(y)d(z)
and so
xd(y)d(z) +d(x)yz = d(xy)d(z).
Since d is multiplicative derivation of N, we arrive at
xd(y)d(2) +d(x)yz = (xd(y)+d(x)y)d(2).
By Lemma 4, we get
xd(y)d(z) +d(x)yz = xd(y)d(z) +d(x)yd(z),forall x,y,z € N.
That is
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d(x)yz =d(x)yd(z),forall x,y,z € N.
Since N is left near-ring, we have

d(x)N(d(z)—z) = (0),forall x,z € N.
By the 3-primeness of N, we arrive at

d =0ord(z) =z, forallze N.

If d(z) =2z, forall ze N, then

d(xy) = xd(y)+d(x)y

Xy = Xy + Xy

xy =0, forall x,y € N.

This yields that N = (0), a contradiction. So, we must have d =0. This completes the proof of our

theorem.

Theorem 3 Let N be a 3-prime near-ring and d a multiplicative derivation of N such that
d(xy) =d(y)d(x), forall x,y eN, then d =0.

Proof. By our hypothesis, we have
xd(y)+d(x)y =d(y)d(x),forall x,y € N. (2.2)
Replacing y by xy in (2.2), we get
xd(xy) +d(x)xy =d(xy)d(x).
In view of our hypothesis, we have
xd(y)d(x)+d(x)xy = d(xy)d(x).
Using d is multiplicative derivation of N, we arrive at
xd(y)d(x) +d(x)xy = (xd(y) +d(x)y)d(x).

By Lemma 4, we get

xd(y)d(x)+d(x)xy = xd(y)d(x) +d(x) yd(x)
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and so

d(x)xy = d(x)yd(x), forall x,y € N. (2.3
Taking yz instead of y in (2.3) and using (2.3), we obtain that

d(X)N[z,d(x)]=0,forall X,z € N.
By the 3-primeness of N, we get

d(x) =0 or d(x) e Z.

Now, d(x) =0 impliesthat d(x) € Z. So,we have d(N) < Z for any cases. By Theorem 1, we obtain

that N is commutative ring or d=0. If N is commutative ring, then
d(xy) =d(y)d(x) =d(x)d(y), forall x,y e N. Hence, we get d =0 by Theorem 2. This completes
the proof.

Theorem 4 Let N be a 3-prime near-ring and d a nonzero multiplicative derivation of N such that

d([x,yD =[d(x),y], forall X,y e N, then N is commutative ring.
Proof. Replacing xy instead of y in the hypothesis, we get

d(x[x, y]) =[d(x), xy].
Expanding this equation and using the hypothesis, we have

xd([x, y]) +d(x)[x, y] = [d(x), xy]

x[d(x), y]+d(x)[x, y] = [d(x), xy]

xd(x)y —xyd(x) +d(X)[x, y] = d (x)xy — xyd(x).

On the other hand, replacing y = 0 in the hypothesis, we arrive at d(0) = 0. Again replacing X instead

of y in the hypothesis, we get
[d00.x]=0

and so
d(x)x = xd(x), forall x € N.

Now, using this in the above equation, we find that
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d(x)xy —xyd(x)+d (x)[x, y] = d (x)xy —xyd(x)
d()[x,y]=0

and so
d(x)xy =d(x)yx, forall x,y € N.

Replacing y by yz in this equation and using this, we have
d(X)N[x,z] = (0),forall x,z € N.

This yields that
d(x)=0orxeZ.

If d(x)=0, then d(Xx) e Z. On the otherwise, if X Z then [d(x),y]=0, forall ye N by the
hypothesis. Hence we have d(x) € Z. Thus we arrive at d(x) € Z, for both cases. Thatis d(N) < Z,

and so, we obtain that N is commutative ring by Theorem 1.

Theorem 5 Let N be a 3-prime near-ring and d a nonzero multiplicative derivation of N such that

[d(x),y]=[d(x),d(y)], forall x,y e N, then N is commutative ring.

Proof. If d(x) e Z, then there is nothing to prove. So we assume that d(x) ¢ Z, forany Xe N. In

the view of the hypothesis, we get

[d(x),y]=[d(x).d(y)] forall x,y  N.
Writing d(x)y instead of y in this equation, we get
[d (), d(d()y)]=[d(x),d(x)y]
d(x)d(d(x)y) —d(d(x)y)d(x) = d(x)[d(x), Y]
Using d is multiplicative derivation of N and Lemma 4, we arrive at

d(x)d(x)d(y) +d(x)d*(x)y = (d(x)d(y)d (x) +d*(x)yd(x)) = d (x)[d(x), V]

By the hypothesis, we have

d()d (x)d(y) +d(x)d*(x)y —(d (x)d (y)d (x) +d*(x)yd(x)) = d (x)[d (x),d ()]
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Expanding this term and using —(a+b) =—b—a, we arrive at

d(x)d(x)d(y)+d(x)d*(x)y —d*(x)yd(x) -d (x)d (y)d (x) = d(x)d (x)d (y) —d (x)d (y)d (x)
and so

d(x)d*(x)y = d*(x)yd(x), forall x,y € N.
Replacing yz instead of y in the last equation, we find that
d?(x)N[d(x),z] = (0),forall x,z € N.
By the 3-primeness of N, we get for each xe N
d*(x) =0ord(x) € Z.

Since d(x) & Z, we must have d”(x) =0, forall x e N. Writing d(y) instead of y in the hypothesis

and using d*(y) =0, we arrive at [d(x),d(y)]=0. Again using this in the hypothesis, we have
[d(x),y]=0, and so d(x)eZ, a contradiction. Hence, we must have d(N) < Z, and so, N is

commutative ring by Theorem1. This completes the proof.

Theorem 6 Let N be a 3-prime near-ring, d a multiplicative derivation of N. If [d (x), y]e Z, for

all x,yeN, then N is a commutative ring.
Proof. Replacing y by d(x)y in the hypothesis yields that
d(x)[d(x),y]e Z,forall x,y € N.
By Lemma 1 (iii), we get
d(x) e Z or[d(x),y]=0,forall x,y € N.
For any cases, we obtain that d(N) < Z. By Theorem 1, we obtain that N is a commutative ring.
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Ozet: Balikesir ili Erdek ilgesine bagl Zeytinli Ada, iilkemizdeki 6nemli arkeolojik kazialanlarindan birisidir.
Zeytinli Ada kazilarindan elde edilen insan iskeletlerinin antropolojik degerlendirmeleri 6zellikle kafatasi
dikkate alinarak yapildiginda yas ve cinsiyet acisindan Onemli bilgiler vermis ve Ozellikle radyolojik
incelemelerin kullanilmasi da bu bilgilerin giivenilirligini artirmigtir. Caligmamiz 2007-2011 yillar1 arasinda
Zeytinli Ada da gergeklestirilen kazilar sonucunda ortaya cikarilan, MO 2. yiizyil ve MS 12. yiizyillar aras1 6
kadin ve 16 erkek olmak iizere 22 bireye ait kafatasi kemikleri alinarak gergeklestirilmistir. Cok kesitli
bilgisayarli tomografi ile alinan goriintiiler is istasyonu yazilimi ile {i¢ boyutlu hale doniistiiriilerek interorbital,
biorbital ve bizigomatik 6lgtimleri yapilmistir. Kafatasi 6l¢iim degerleri ortanca (aralik) olarak whisker grafik
ile sunulmus, ortanca kadin ve erkek degerlerin karsilastirilmasindaise Mann-Whitney testi kullanilmistir.
Olgiim degerlerinin arasindaki korelasyonlari incelenmesi Pearson korelasyon testi ile yapilmis ve P degerinin
0,05 degerinin altinda olmasi anlamli olarak kabul edilmistir. Veriler degerlendirildiginde erkek ve kadin
interorbital ve bizigomatik mesafeleri arasindaki fark anlamli bulunmamustur (p>0,05). Biorbital mesafeleri
dikkate alindiginda ise erkek kafataslarinin biorbital mesafeleri kadinlarinkine gore anlamli olarak daha uzun
oldugu saptanmustir (p<0,05). Interorbital ile biorbital ve bizigomatik mesafelerinin korelasyon analizlerine
bakildiginda ise dikkate deger bir iliski bulunmamigtir. Calismamizda erkek bireylere ait kafataslarindaki
bizigomatik mesafeler kadin bireylerin kafataslarina gére daha uzundur. Bu durum, erkek bireylerin kafatasinin
lateral ¢ikintilarinin daha belirgin oldugunu gostermektedir. Bu da cinsiyet ayriminda 6nemli bir kriter olarak
karsimiza ¢ikmaktadir.

Anahtar Kelimeler: Zeytinli Ada, ili¢ boyutlu tomografi, interorbital mesafe, biorbital mesafe, bizigomatik
mesafe.

Evaluation of Three-Dimensional Tomography of Interorbital, Biorbital
and Bizigomatic Distances in Zeytinli Island (2nd century AD 12th century
BC) Individuals

Abstract: Zeytinli Island, which is connected to Balikesir province Erdek county, is one of the important
archaeological excavation sites in our country. The anthropological evaluations of human skeletons obtained from
Zeytinli island excavations gave important information about age and gender especially when the skull was taken
into account and especially the use of radiological examinations increased the reliability of this information. In
particular, theuse of radiological examination sincreas esther reliability of this information. Our study was carried
out between 2007 and 2011 by taking the skulls of a total of 22 individuals, 6 females and 16 males between the
2nd century BC and the 12th century AD, uncovered as a result of the excavations performed in Zeytinli Island.
The image staken by multislice computed tomography were transformedin to three-dimensional form with
workstation software, and their interorbital, biorbital and bizygomatic measurements were performed. The skull
measurement values were presented as median (range) with a whisker graphic. The median female and male values
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were comparedusing the Mann-Whitney test. The Pearson correlation test was used to examine the correlations
between the measurement values. The fact that the p-value was below 0.05 was considered significant. Upon
evaluating the data, the difference between the male and female interorbital and bizygomatic distances was not
found significant (p>0,05). When the biorbital distances were taken into account, the biorbital distances of male
skulls were found to be significantly higher compared to those of female skulls (p<0,05). No significant
relationship was found when the analyses of the correlation between interorbital and biorbitaland bizygomatic
distances were examined. In our study, the bizigotic distances in the skulls belonging to male individuals are longer
than the skulls of female individuals. This shows that the lateral protrusions of the male's skull are more prominent.
This is an important criterion for gender discrimination.

Keywords: Zeytinli Island, Three-dimensional tomography, interorbital distance, biorbital distance, bizygomatic
distance.

1. GIRIS

Eski donemlerde yasamis insan topluluklarinin yasam bigimleri, morfolojik yapisi, paleodemografik
dagilimi, genel saglik durumlari, genetik ve sosyo-kiiltiirel yapisi hakkinda bilgi elde etme
yontemlerinin basinda bu insan topluluklarina ait iskeletlerin antropolojik agidan incelenmesi
gelmektedir [1]. Balikesir ili Erdek simirlar1 icerisinde yer alan Zeytinli Ada, MO 2.yy. ve MS 12. yy.
arasinda kiiltlir varliginin stirdiigii Helen-Roma-Bizans ve Osmanli yapilariyla mozaik bir oluguma sahip
onemli bir arkeolojik buluntu yeridir [1]. Bu alanda farkli donemlere ait iskelet kalintilarinin bulunmasi,
antropolojik acidan degerlendirmelerde oldukca dnemlidir. Ozellikle kafatas: dikkate alindiginda, yas
ve cinsiyet tayini yapilabilmektedir [2-4]. Eski bireylerin incelenmesi agisindan giiniimiizde radyoloji
laboratuvarlarindan ve diger 6l¢iim tekniklerinden yararlanilabilmektedir [5].

Sefalometrik direkt grafiler dislerin ¢eneler ile iligkilerini belirlemede faydali olmasina ragmen iki
boyutlu olmalar1 nedeniyle anatomik olusumlarin iist iiste binmesine neden olup dogru ve nitelikli
ol¢timler alinmasini zorlastirabilmektedir. Bilgisayarli tomografi ise ii¢ boyutlu goriintiileme saglamasi
ve Ol¢iimlerin dogru bir sekilde yapilabilir olmasindan dolayr 6nemli ve daha dogru oOlglimler
yapilabilmesine yardimci olmaktadir [6]. Degisken uzunluktaki interorbital, biorbital ve bizigomatik
mesafeler gibi parametrelerin farkli etnik grup popiilasyonlarinda gosterdikleri degisikliklerin
antropolojik agidan Onemli bulunmasi nedeniyle [7], bu arastirmada Zeytinli ada bireylerinin
degerlendirilmesinde bu veriler ana parametreler olarak se¢ilmistir. Aragtirmamizin konusunu, Zeytinli
Ada kazilarindan ¢ikarilan Ge¢ Roma, Erken Bizans, Ge¢ Bizans ve Osmanli donemine ait 22 bireye ait
kafa taslarinin bilgisayarli tomografi ile yapilan 6lgtimlerinin degerlendirilmesidir.

2. GEREC VE YONTEM

Calisma materyalini, 2007-2011 yillar1 arasinda Prof. Dr. Nurettin Oztiirk baskanliginda yiiriitiilen
Zeytinli Ada kazilart sonucunda ortaya ¢ikarilan 6 kadin, 16 erkek, toplam da 22 bireye ait kafatasi
olusturmaktadir (Sekil 1A). Caligma materyalini olusturan kafataslariin incelenmesi i¢cin 2011 tarihinde
Bandirma Miizesi Miidiirliigiinden bir tutanak ile gerekli izinler alinmistir. Bireylerin yas ve cinsiyet
tayinleri Cumhuriyet Universitesi Edebiyat Fakiiltesi Antropoloji Béliimii Paleoantropoloji
Laboratuvarinda yapilmistir. Zeytinli Ada bireylerine ait iskeletler {izerinde cinsiyet tayini igin
Workshop of Europen Antropologist (WEA, 1980)’in belirledigi kriterler esas alimirken, eriskin
bireylerde yas tespitinde sutural yaglandirma metodu (Oliver, 1969; WEA, 1980) kullanilmustir. Yapilan
yas tayinine gore, 1 erkek geng eriskin (20-34,9), geri kalan tiim bireyler orta eriskin (35-49,9) yas
grubunda degerlendirilmistir.
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Kafataslarinin ¢ok kesitli bilgisayarli tomografi (Planmeca ProMax-3D Mid, Helsinki, Finland)
goriintiileri kesit kalinligi 0,4 mm olacak sekilde elde edilmis, alinan bu kesitler is istasyonundaki
yazilim ile (Aquarius intuition Edition ver4.4.6, Tera Reconinc., San Mateo, CA, USA) 3 boyutlu
goriintiilere doniistiiriilerek interorbital, biorbital ve bizigomatik olgiimleri uzman bir radyolog
tarafindan yapilmistir (Sekil 1B).

Kafatas1 6l¢lim degerleri ortanca (aralik) olarak whisker grafik ile sunulmus, ortanca kadin ve erkek
degerlerin karsilastirilmasinda Mann-Whitney testi kullanilmustir. Olgiim degerlerinin arasindaki
korelasyonlar1 incelenmesi Pearson korelasyon testi ile yapilmig, P degerinin 0,05 degerinin altinda
olmas1 anlamli olarak kabul edilmistir.

Sekil 1. ZK 3 Nolu Ornek kadin kafatasi fotografi (a) ve bilgisayarli tomografi ii¢ boyutlu goriintiisii (b).

3. BULGULAR

Kadin ve erkek Zeytinli Ada bireylerin kafataslarindan {i¢ boyutlu bilgisayarli tomografi kullanilarak
elde edilen ortanca interorbital 6l¢iim sonuglarimin Sekil 2’de gosterildigi gibi yapilan istatistiksel
karsilastirilmasi sonucunda, erkek kafataslarinin ortanca interorbital dl¢iim degeri kadinlarinkine gore
¢ok hafif diisiik (23,90’a karsin 24,35) bulunmus, ancak aralarinda istatistiksel olarak anlamli bir fark
saptanmamistir (p>0,05).
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Sekil 2. Erkek ve kadin Zeytinli Ada bireylerin kafataslarinin interorbital 6l¢iim degerleri. Veriler ortanca (aralik)
olarak gosterildi, erkek ve kadinlara ait degerler arasinda anlamli fark bulunmadi (p>0,05).

Kadin ve erkek Zeytinli Ada bireylerin kafataslarindan ii¢ boyutlu bilgisayarli tomografi kullanilarak
elde edilen ortanca biorbital 6l¢glim sonuglarinin Sekil 3’de gosterildigi gibi yapilan istatistiksel
karsilastirilmas1 sonucunda, erkek kafataslarinin ortanca biorbital dl¢iim degeri kadinlarinkine gore
anlamli olarak (95,95’e karsin 93,0) yiiksek bulunmustur (p<0,05).
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Sekil 3. Erkek ve kadin Zeytinli Ada bireylerin kafataslarinin biorbital 6lglim degerleri. Veriler ortanca (aralik)
olarak gosterildi. Erkek kafataslarmin ortanca biorbital 6l¢iim degeri kadin kafa taslarinkine gore daha yiiksektir
(p<0,05).
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Kadin ve erkek Zeytinli Ada bireylerin kafataslarindan {i¢ boyutlu bilgisayarli tomografi kullanilarak
elde edilen ortanca bizigomatik 6l¢iim sonuglarinin Sekil 2°de gosterildigi gibi yapilan istatistiksel
karsilastirilmasi sonucunda, erkek kafataslarinin ortanca bizigomatik 6lgiim degeri kadinlarinkine gore
cok hafif yiiksek (118,0’a karsin 114,50) bulunmasina ragmen, aralarinda istatistiksel olarak anlamli bir
fark saptanmamistir (p>0,05).
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Sekil 4. Erkek ve kadin Zeytinli Ada bireylerin kafataslarinin bizigomatik 6l¢iim degerleri. Veriler ortanca (aralik)
olarak gosterildi. Erkek ve kadin degerleri arasinda anlamli fark bulunmadi (p>0,05).

Kadin ve erkek Zeytinli Ada bireylerin kafataslarindan ii¢ boyutlu bilgisayarli tomografi kullanilarak
elde edilen interorbital Glglim degeri ile biorbital ve bizigomatik Olglim degerlerinin Sekil 5°de
gosterildigi gibi yapilan istatistiksel iligski analizi sonucunda aralarinda istatistiksel olarak anlamli bir
iligki bulunamamuistir (p>0,05).
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Sekil 5. Kadin ve erkek Zeytinli Ada bireylerin kafataslarindan {i¢ boyutlu bilgisayarli tomografi kullanilarak elde
edilen interorbital dl¢iim degeri ile biorbital ve bizigomatik 6l¢iim degerlerinin iliskisi. Aralarinda istatistiksel
olarak anlamli bir iligki bulunamadi (p>0,05).

4. TARTISMA

Arastirmamizin konusu, Zeytinli Ada kazilarindan ¢ikarilan Ge¢ Roma, Erken Bizans, Ge¢ Bizans ve
Osmanli dénemine ait 22 bireye ait kafataslarinin {i¢ boyutlu bilgisayarli tomografi ile yapilan
Olciimlerinin degerlendirilmesine dayanmaktadir.

Yaptigimiz MO 2. yiizyil ile MS 12. yiizy1l arasindaki Zeytinli Ada bireylerinin kafa taslarinm iig
boyutlu bilgisayarli tomografisinden elde edilen interorbital, biorbital ve bizigomatik mesafe 6l¢iim
sonuglarinin ortalamasi kadinlarda sirasiyla 24,35-93,0-114,5 mm, erkeklerde sirasiyla 23,9-95, 95-118
mm olarak Ol¢lilmistiir. Bireylerden biri hari¢ geri kalan 21 bireyin yaslari 35-49,9 araliginda
bulunmustur. Incelenen parametreler dikkate alindiginda, erkek ve kadin interorbital ve bizigomatik
mesafeleri benzer 6zelliktedir. Ayni1 sekilde biorbital mesafeleri dikkate alindiginda erkek kafataslarinin
biorbital mesafeleri kadinlarinkine gore anlamli olarak daha fazla bulundu. Interorbital ile biorbital ve
bizigomatik mesafelerinin korelasyonu incelendiginde dikkate deger bir iliskiye rastlanmadi.
Arastirmamizin sonuglar1 Zeytinli Ada bireylerinin kafataslarinda kadin ve erkeklerin interorbital ve
biorbital mesafelerinin neredeyse esit oldugunu gostermektedir. Bununla birlikte erkeklerin kadinlara
gore bizigomatik mesafelerinin uzun olmasi goz kiiresinden sonraki alanlarin erkeklerde daha genis
oldugunu gostermektedir. Calisilan parametreler arasinda korelasyon bulunmamasi ¢alismaya alinan
Zeytinli Ada bireylerinin kafatasi sayisinin az olmasina baglanabilir. Arastirmamizin bu verileri
gelecekte yapilmasi olasi farkli yiizyillara ait Zeytinli Ada bireylerin kafatasi 6l¢imii caligsmalarinda
referans olma niteligine sahip olarak degerlendirilebilir.

Ekizoglu ve ark. [7] yaptig1 ¢alismada (ortalama yas 30,7£11,2) interorbital, biorbital ve bizigomatik
mesafe 6l¢lim sonuglarinin ortalamasi, kadinlarda sirastyla 24+2,0-92,843,5- 122,94+ 4,7 mm, erkeklerde
sirastyla 25,2+2,1- 97,143,5-13145,1mm olarak bulmuslardir.

Kranioti ve ark. [10] yaptig1 c¢alismada ise, erkeklerin yas ortalamasi 68,9+13,4, kadinlarin yas
ortalamas1 73,2+16,8’dir.Bu aragtirmada, biorbital ve bizigomatik mesafe Ol¢lim sonuglarnin
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ortalamasi, kadinlarda sirasiyla 93,1+4,3-122,1+4,6 mm, erkeklerde sirasiyla 97,9+4,2-130,5+5,1mm
olarak bulunmustur. Yine ayn1 ¢alismada Girit’in orta ve son donem Helledik dénem (Bronz caginda
(M.O. 3200-1050) anakara kiiltiiriinii karakterize eden bir dénem dizisini tanimlamak icin kullanilan
modern bir arkeolojik terimdir) bulgulariyla da karsilagtirilmistir. Bu karsilastirma da bizigomatik
mesafe Ol¢lim sonuglarinin ortalamasi kadinlarda sirasiyla 120,6£6,2 mm, erkeklerde sirasiyla
126,34+6,7mm olarak bulunmustur.

Robinson ve Bidmos’un [11] 230 bireye ait kafatasinin incelendigi kadavra ¢aligmasinda da dlgiilen
bizogamatik mesafe {i¢ farkli gruba ayrilarak yapilmistir. Bu ii¢ grubun ortalamasi erkekler i¢in 1294,
kadinlar i¢in 120,9 mm olarak bulunmustur. Bu bulgularda bizim ¢aligmamiza gore hem kadinlarin hem
de erkeklerin Zeytinli Ada bireylerin kafataslarina gore daha biiyiik bir bizigomatik mesafeye sahip
oldugunu gostermektedir.

Franklin ve ark. [12] yaptig1 ¢alismada Giiney Afrika’daki bireylerin kafatasi dl¢limlerinde ii¢ farkli
niifus grubunun bizigomatik Ol¢limleri ortalamasi kadinlarda 115,7 ve erkekler de 122.6 olarak
bulunmustur. Bu bulgular bizim ¢alismamiza en yakin olan veriler olarak goriilmektedir.

Steyn velscan’in [13] yaptig1 44 erkek ve 47 kadin Giiney Afrikali beyazlarda yaptigi caligmada
bizigomatik mesafe ortalamasi erkelerde 128,0+ 4,4, kadinlarda 121,943,5 olarak bulunmustur. Giiney
Afrikali beyazlarin bizigomatik dl¢timleri bizim ve Franklin ve ark. [12] yaptig1 ¢alismadan oldukca
farkli bulunmustur. Bu da farkli biyolojik gruplarda bu o6l¢iilen mesafelerin degisebilecegini
gostermektedir.

Verhoff ve ark. [14] yapmis oldugu Bern Universitesi Anatomi Enstitiisiinden dért tane mezardan
bulunan kafatasinda, interorbital, biorbital ve bizigomatik mesafe Olcililmiis, 6l¢iim sonuglarinin
ortalamas1 sirayla 20-89-107 olarak bulunmustur. Bu c¢alismaya gore sonuglar, Zeytinli Ada
bireylerinden elde edilen sonuglara gore daha kii¢iik degerler vermektedir.

Ogawa ve ark. [15] modern Japon toplumunda yaptig1 73 erkek ve 40 kadindan olusan ¢aligmasinda
bizigomatik mesafeleri kadinlarda 129+3,9, erkeklerde 136,5+4,8 olarak saptamiglardir. Bu da Japon
toplumunun iist kafa kisminin Zeytinli Adasindan elde edilen bireylerin kafataslarina gore ¢ok daha
genis oldugunu gostermektedir.

Iscan ve Steyn’in [16] yaptigi ¢alismada; Giiney Afrika’daki beyazlarla, siyah bireyler arasindaki
bizigomatik mesafeler 6lgmiistiir. Siyah kadinlarin bizigomatik 6l¢timii 121,4+5,1; siyah erkeklerin
bizigomatik 6l¢timii ise130,6+4,6 olarak bulunmustur. Buna gore beyaz kadinlarin bizigomatik 6lgiimii
122,9+3,5;beyaz erkeklerin bizigomatik 6l¢iimii ise 128,9+4,3 olarak bulunmustur. Biyolojik gesitliligi
kendi iginde degerlendirdigimizde; Giiney Afrika’daki siyah kadmnlarin bizigomatik mesafesi beyaz
kadinlara gore diisiikken, siyah erkeklerin bizigomatik mesafesi beyaz erkeklere gére daha yiiksek
bulunmustur. Franklin ve ark. [12] yaptig1 ¢alismada Giliney Afrika’da yapilmasma ragmen Iscan ve
Steyn’in [16] yaptigi c¢alisma ile bizigomatik mesafe Ol¢iimii acisindan ¢ok fazla benzerlik
gostermemektedir.

Tablo 1’de ¢alismamizin Orneklemini olusturan Zeytinli Ada bireylerine ait sonuglar, son yillarda
yapilmig canli insan ve kadavra sonuglariyla karsilagtirilmstir.

Zeytinli Ada bireyleri kafataslarinda ii¢ boyutlu bilgisayarli tomografi goriintiileri yardimiyla
degerlendirilmistir. Bulgularimiza gore, erkeklerin kadinlara gore bizigomatik mesafeleri daha uzun,
zigomatik ¢ikintilari ise daha belirgindir. Bu 6zelligin, daha sonraki benzer 6rneklerde kadin ve erkek
cinsiyet ayrimlarinin yapilabilmesinde kullanilabilecegi diisiiniilmektedir.
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Tablo 1. Zeytinli Ada ile dncel ¢aligma bulgularinin karsilagtirilmasi (Veriler ortanca (aralik) ve ortalama (SD)
olarak verilmistir).

Interorbital Biorbital Bizigomatik
Kadmn | Erkek Kadin Erkek Kadin Erkek
Calismamizin Verilerileri | 24,3 23,9 93 95,9 1145 118
Ekizoglu ve ark. [7] 2442 | 252421 | 92,84+3,5 | 97,1+3,5 | 122,9+4,7 | 131,845,1
Kranioti ve ark. [10] 93,1+4,3 | 97,9+4,2 | 122,1+4,6 | 130,645,1
Robinson ve Bidmos, [11] 120,9 129,4
Franklin ve ark. [12] ] 115,7 122,6
Steyn ve Iscan [13] 121,9+43,5 | 128+4,4
Ogawa ve ark. [15] 129+35 | 136,+4,8
122,9+3,5 [128,9+4,3
(Beyaz) (Beyaz)
Iscan ve Steyn [16] 121,445.1 | 130,6+4,6
(Siyah) (Siyah)
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Abstract. The method is based on the selective catalytic effect of iron (I) ions in the presence of 1,10-
phenanthroline as an activator, on the oxidation of Coomassie Brillant Blue 2R by bromate. The catalytic
reaction was monitored spectrophotometrically at 520 nm by fixed time approach of 3 min. The optimization
of the operating conditions are investigated. Obtained optimum conditions: 1.5 mL of Coomassie Brillant Blue
2R (1.0 x 10 mol L), 0.6 mL of bromate (0.01 mol L), 1.5 mL of 1,10-phenanthroline (1.0 x 10 mol L),
reaction temperature 25°C and time 3 min in pH 2.0 at 520 nm. The proposed method allows quantitatively
determination of iron (11) in the range of 0.05-5 mg L with a selectivity and quantification limit of 0.0141 and
0.047 mg L%, The relative standard deviations for five replicate determinations of 0.2 and 3 mg L2 iron (l1) are
3.8% and 2.3%, respectively. The method was applied to determination of total iron in some environmental
surface waters such as lake, river and well water including pharmaceutical samples used in the treatment of iron
deficiency (such as ferrosolanol and maltose) after pre-reduction of iron (111) to iron (I1) with sulfite at 40 °C at
pH 4.0, and quantitative percentages of retinas ranging from 98.7-102.7% were obtained by standard
attachment-based analysis after wet acid dissolution for possible matrix effect.

Keywords: Iron (I1), Coomassie Brillant Blue 2R, 1,10-Phenanthroline, Bromate, Kinetic method

Katalitik Kinetik Spektrofotometri ile Cevresel Orneklerde Eser
Miktarlardaki Toplam Fe'nin Fe(II) Olarak Belirlenmesi

Ozet. Yontem, Coomassie Brillant Blue 2R’nin bromat ile oksidasyonuna, aktivator olarak 1,10-fenantrolin
varliginda demir (II) iyonlarmin segici katalitik etkisine dayanir. Katalitik tepkime yaklasik 3 dakikalik
sabitlenmig-zaman yaklasimi ile 520 nm’de spektrofotometrik olarak izlenmistir. Uygulama kosullarinin
optimizasyonu aragtirilmistir. Elde edilen optimalkosullar: 1.5 mL Coomassie Brillant Blue 2R (1.0 x 10 mol L-
1), 0.6 mL bromat (0.01 mol L), 1.5 mL 1,10-fenantrolin (1.0 x 10 mol L), 25 °C tepkime sicaklig: and pH 2.0
de, 520 nm’de 3 dakikalik tepkime zamanidir. Onerilen yontem, 0.0141 mg L ve 0.047 mg L™ lik secme ve
nicellestirme sinirt ile 0.05-5 mg Lt araliginda demir (IT)’nin tayinine izin verir. 0.2 ve 3 mg Lt demir (IT) nin bes
tekrarl analizi igin elde edilen bagil standart sapma degerleri sirasiyla %3.8 ve %2.3 tir. Yontem, pH 4.0 ve 40
°C’de siilfit ile demir (III)’iin demir (II)’ye On indirgenmesi sonrasi demir eksikligi tedavisinde kullanilan
farmasotik ornekler (ferrosolanol ve maltoz gibi) ve gol, nehir ve kuyu suyu gibi bazi ¢evresel yiizey sularinda
toplam demir tayininde uygulanmis, olas1 6rnek matriks etkisi i¢in yag asitle ¢cozme sonrasi standart eklemeye
dayanan analizle %98.7-102.7 araliginda degisen kantitatif gerikazanimlar elde edilmistir.

Anahtar Kelimeler: Fe(II), Coomassie Brillant blue 2R, 1,10-Fenantrolin, Bromat, Kinetik yontem
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Determination of Trace Amounts of Total Fe as Fe (1)

1. INTRODUCTION

Iron is the most abundant elements on Earth, is essential as it maintains good both plants and animals
health [1]. The adult human body contains about 4 g of iron, of which about 3 g are in the form of
hemoglobin and this level is maintained by absorbing 1 mg of iron per day [2]. Evidence has been
presented that at low levels iron is an essential element in the diet, whereas at higher concentrations it
is toxic [3]. Iron (1) the preferred nutrient for phytoplankton [4]. Besides, iron (I1) is important in the
transport and storage of oxygen in animals through the agency of hemoglobine, myoglobine and iron-
porphyrine enzymes [5,6]. The main source of iron in natural waters is from the weathering and leaching
of rocks and soils [7]. Also, metallic iron and its compounds are used in various industrial processes and
may enter natural waters through the discharge of wastes. Thus, iron ion controls the mobility,
bioavailability and toxicity of other trace metals in the natural water system [8].

Development of the determination methods for iron in such samples as foodstuffs is important. There
are a number of sensitive analytical methods for a highly sensitive method for quantitative analysis of
iron speciation in environmental and biomedical studies [9]. These methods include spectrophotometry
[10-13], flourimetry [14], flow-injection analysis [15-17], voltammetry [18], chemiluminescence [19],
capillary electrophoresis [20], atomic emission and atomic absorption spectrometry [21, 22], and
chromatography [23]. Although some of these methods are highly sensitive, they have disadvantages
such as the necessity for expensive and sophisticated instrumentation and can only be used to determine
iron (111) and/or total iron content.

In the present work, a kinetic procedure proposed for monitoring and determination of iron (I1) in
presence of 1,10-phenantroline as activator using its catalytic effect on the oxidation of triphenyl
methane group dye, Coomassie brilliant blue 2R at pH 2.0 by potassium bromate at 25 °C. The reaction
was monitored spectrophotometrically at wavelength of maximum absorbance of the dye at 520 nm in
which the absorbance change between the catalyzed- and uncatalyzed-reactions were measured with
fixed time approach of 3 min. The proposed method shows a low detection limit and a wide linear range.
Advantages of the proposed method are sensitive, accurate, fast, simple and cheap.

2. MATERIALS and METHODS

2.1. Instrumentation

All absorption measurements at 520 nm were performed using on a double-beam UV-Visible
Spectrophotometer (Shimadzu UV-1800 PC, Kyoto, Japan), equipped with the 1.0-cm quartz cells. The
pH measurements were made using a pH-2005 digital pH meter equipped with a glass-calomel electrode
(pH-2005, JP Selecta, Barcelona, Spain).

2.2. Reagents and solutions

Analytical reagent grade chemicals and twice distilled water were used for preparation of the solutions.
Stock solution of iron (I1) (Fe (11)) (1000 mg L) was prepared by dissolving the appropriate amount of
solid FeSO.x7H,0 (Sigma-Aldrich) in water. All stock standard solutions were stored in polyethylene
bottles in a refrigerator at 4 °C. The working standard solutions were prepared daily by stepwise dilution
of the stock solution. A 1.0x10~* mol L' of Coomassie Brillant Blue (CBB*) solution was prepared
daily by dissolving with water. A 1.0 x 10 M of 1,10-phenanthroline (1,10-Phen) solution was prepared
fresh daily by dissolving a suitable amount of solid reagent (Sigma-Aldrich) in water. The bromate
(BrOs) solution of 0.01 mol L was prepared by dissolving suitable amount of KBrOs in 100 mL of
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water. The formate buffer solutions at pHs ranging from 1.0 to 4.0 were prepared by mixing HCOOH
and HCOONa and adjusting to a suitable pH value by a pH meter. Before starting the experiment, all
the containers such as vessels, glassware, pipettes and PTFE bottles were washed first with 10% (w/v)
HNO; solution, and then with diluted HCI solution (0.1 mol L™?), finally they were rinsed with water.

2.3. General kinetic procedure

The reagent solutions and water were kept at 25 °C in the thermostatic water bath for fixed-time of 3
min. An appropriate volume of sample or standard solutions in range 0.05-5 mg L Fe (I1) were added
to a 10 mL volumetric flask, and then sequentially 1.5 mL of CBB* (1.0x10* mol L"), 1.5 mL of 1,10-
Phen (1.0x10 mol L?) and 0.6 mL of sodium bromate (0.01 mol L) solutions and diluted with water
to 10 mL. The absorbance change at 520 nm was measured at 30 and 180 s from the initiation of the
catalyzed-reaction (AAs). A blank solution (without iron) was prepared and measured in a similar way
(AAp). The difference between absorbance changes for the catalyzed- and uncatalyzed-reactions
(AA=AAs-AAD) was adopted as analytical signal.

2.4. Sample collection, preparation of sample to analysis

Water samples were taken from a local well near Cumhuriyet University in Sivas, Turkey. One milliliter
of 1 M HCI was added per 10 mL sample to prevent hydrolysis of iron. The samples were stored in
polyethylene containers, and then kept under refrigeration at 4°C. The samples were filtrated before
injection with a 0.45-mm membrane filter before kinetic analysis.

3. DISCUSSION and RESULTS

3.1. Effect of pH and format buffer volume

0,060 024

0055 1 at520 nm 0221 at520 nm

0,20 4
0,050 1
0,18 A

0,045 1 016 ]

A(W,MO 1 A(W,M 1

0035 0121
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0,020 T T T T T T T 0,04 L e s e e
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Figure 1 The effect of (a) pH and (b) formate buffer volume of 0.1 mol L™ on analytical signal.
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The colour of the dye depends on the acidity of the solution. At a pH of less than 0 the dye has a red
colour with an absorption maximum at a wavelength of 470 nm. At a pH of around 1 the dye is green
with an absorption maximum at 620 nm and above pH 2 the dye is bright blue with a maximum at 595
nm. At pH 7 the dye has an extinction coefficient of 43,000 M1cm™[24]. The CBB* have two sulfonic
acid groups that have extremely low pKa's and will normally be negatively charged, thus at a pH of
around zero the dye will be a cation with an overall charge of +1 [24]. The pH of the solution is kept
acidic throughout the experiment to prevent Fe (Il) oxidation. In this study, the effect of pH on the
oxidation reaction was investigated in the pH values ranging from 1.0 to 4.0 spectrophotometrically for
catalytic measurement of 0.1 mg L Fe at 520 nm, as can be seen in Fig. 1(a). From the results obtained,
it is clear that the absorbance change linearly increases with increasing pH in the range of 1.0-2.0, and
then gradually decreased due to increase in blank signal. Therefore, the best analytical signal was
obtained at pH 2.0 for further studies.

In addition, the effect of buffer volume at pH 2.0 was investigated in the range of 0.2—2.0 mL at fixed
formate concentration of 0.1 mol L' in Fig. 1(b), and a buffer volume of 0.6 mL was chosen as optimal
value due to give maximum analytical signal.

3.2. Effect of activator volume

The iron complexes of 1,10-phenanthroline (1,10-Phen), pyridine (pyr) and 2,2 -bipyridyl (2,2 -bipyr)
are widely used as selective metal binding reagents as promoters and/or activators and model compounds
of biologically active substances, due to give stable metal complexes [25-29]. The spectrophotometric
measurement of a red-orange complex that forms between Fe (I1) and 1,10-phen, is practical, highly
sensitive and selective in terms of iron speciation [30].

10

—8— 1,10-Phen
o 228y at520 nm

081 -¥- Py

06 A

02 A

00 A

00 05 1,0 15 2,0 25 30

1.0x10° mol L™ activator volume, mL

Figure 2. The effect of activator volumes of 1.0x10- mol L* on analytical signal.
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The effect of 1.0 x 10 mol L activator amounts for analytical signal of iron (11) at 0.1 mg L were
examined in range of 0.25-2.5 mL at 25 °C in Fig. 2. The optimum volume of standard 1.0 x 10 mol L
Lactivator solutions was found to be 1.5 mL with a significant sensitivity difference.

3.3. Effect of Bromate volume

0,24

at 520 nm

o0 02 04 06 08 10 12 14 16 18 20 22

0.01 mol L Bromate volume, mL

Figure 3. The effect of bromate volume of 0.01 mol L™ on analytical signal.

Dependence of the method sensitivity on the bromate volume at 0.01 mol Lwas investigated in the
range of 0.2-2.0 mL at 20 °C. Fig. 3 shows that the reaction rate increases with bromate volume and that
analytical signal (AA) reaches a maximum value at 0.6 mL, whereas the reaction rate gradually decreases
with greater bromate volumes than 0.6 mL. The increase in both AAs and AAy is due to this fact that
with increase in bromate concentration, the oxidation ability of bromate increases. According to the
results, the bromate volume of 0.6 mL was chosen as the best bromate volume for further studies.

3.4. Effect of the indicator dye volume

The effect of the indicator dye volume, CBB* on the oxidation reaction was investigated in the range of
0.2-2.5 mL at 1.0x10** mol L was performed under the optimum conditions. According to the results
obtained in Fig. 4, the analytical signal, (AA) increase with increase in the CBB* volume, and sensitivity
increases up to a volume of 1.5 mL, and then it remains constant. Therefore, CBB* volume of 0.6 mL
was selected as optimal for further studies.
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Figure 4. The effect of indicator dye volume, CBC* at 1.0x10* mol L on analytical signal
3.5. Analytical figures of merit

Under the optimized reagent conditions, as can be seen in Table 1, sequentially the limits of detection
and quantification of the method (LOD: 3span/m and LOQ: 10 Spiank/M, in which the Spiank and m
respectively are the standard deviation of ten replicate measurements of sample blank and slope of the
calibration curve) of the method for Fe (IT) were 14.1 and 47.0 ug L™, the recovery rates were in range
of 98.7-102.7% with a relative standard deviations of 3.8 and 2.3% (0.2 and 3 mg L™, n: 5), the linear
working range was 0.05-1.0 and 0.25-5.0 pg mL™ with a changing calibration sensitivity. The other
analytical features are represented in Table 1.

AAz: 0.2971 Creqry (ug mL™Y) + 0.0285, R 0.9932
AA»: 0.1370 CFe(II)(Hg l’IlL'l) + 0.0021, R2: 0.9975

Table 1. Analytical properties of the proposed kinetic spectrophotometric method.

Analytical parameters Analytical sample, Fe (1)

Regression equation (for N: 5) AA;: 0.2971 Creqy (ug mL?) + 0.0285, R
0.9932
AA;: 0.1370 Creqy (ug mL?) + 0.0021, RZ%
0.9975

Linear range, ug mL* 0.05-1.0 ve 0.25-5.0

4Characteristic concentration of the device, nM 60.3

Limit of detection, LOD (N:12, 3Sy/m), pg L 14.1

Limit of quantification, LOQ (N:12, 10Sy/m), pg Lt 47

Wavelength (Amax), nm 520

Molar absorptivity L mol~*cm™ 1.04x10°

BSS% (N:5; 0.2 ve 3.0 pg mL? icin) 3.8ve2.3

a1t is the minimum concentration that corresponds to the absorbance change (dA) of 0.001 in the optimum operating conditions
of the device.
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3.6. The matrix effect

In this study, in order to show the selectivity of the method, the effect of possible interfering anionic and
cationic species on the quantitative analysis of Fe (I1) (0.1 mg L) was tested. The results obtained in
this investigation were summarized in Table 2. It is clear that interfering species, which can potentially
be found in surface water and pharmaceutical samples with tolerance ratio ranging from 0.3 to 500, did
not exhibit a matrix effect in determination of 0.1 mg L* of Fe (11) by this kinetic approach. Therefore,
it can be concluded that the developed method is fairly selective. In a narrow tolerance limit, possible
interference of some species can be improved at significant tolerance ratios by using suitable selective
masking agents for each interfering species, as can be seen in Table 2.

Table 2. Tolerance levels of foreign ions in the determination of 0.1 ug mL™ of Fe (I1).

Interfering species Tolerence level,
pgmL*

Acetic acid, tartaric acid, lactic acid, HCOs", *H,PO4, NOs", SO42, Na*, K*, | >500

NH.*, AR, Zn?*, Ca?*, Cd?* ,Ce® and Sr?*
Hydrazine sulfate, triethanolamine, formaldehyde, citric acid, sulfamic acid, | 125-350
As®*, Sh*, Be?*, Ni?*, Co?', La®*, Li*, Mg?", Mn?*, Pb?*, TI* and Bi®*

CI, F, hydroxyl amine hydrochloride, Tiron, Cu?* and Hg?* 40-120

*N3 , Ag', Cr¥*, Ce*, *Mn’*, *EDTA, *thiourea, *EDTA, *SCN-, Fe*" and Sn?* | 5-35

*Oxalate, *Br-, *I", *SO3%, *S,05%>, W&, Au®*, Pd** and Sn** 2-30

ANOy, PCré*, cv4*, °\/5* and ‘Mo®* 0.3-1 (25% 35,
>50¢, 75¢)

eZr* and °Ti%* 0.1-0.3 (> 50°)

A fter pretreatment with 0.2 mlLof 100 pg mL-* sulfamic acid

bAfter reduction with 0.2 mL of 100 ug mL* NH20H.HCI

After masking with 0.1-0.3 mL of 100 pg mL* citric acid

dAfter masking with 0.05-0.1 mL of 50 ug mL™* trieathnolamine

¢After masking with 1.0 mL of 50 ug mL* NaF

*lons producing negative interferences either byforming a stable complex with Fe (1) ions or reducing indicatior dye, CBB*

3.7. Speciation analysis of iron

In order to determine Fe (111) from difference between total Fe and Fe (II) amounts, it was reduced to
Fe (I1) and was subsequently complexed with 1,10-phen before Kinetic analysis. Sulfite was selected as
the reducing agent and its concentration for quantitative reduction of Fe (l11) to Fe (Il) was optimized
by extracting 5 mL of Fe (III) at a concentration of 100 ug L in the presence of varying amounts of
sulfite (0.02-0.2 mol L*) for 15 min at 40 °C in ultrasonic bath (350 Watt, 40 kHz). The results showed
that Fe (I11) could be quantitatively reduced when the sulfite concentration was 0.12 mol L.
Furthermore, the capability of the method for speciation analysis of iron was investigated by processing
synthetic model solutions of Fe (I11) and Fe (11) according to the given kinetic procedure. The results in
Table 3 reveal that the recovery of both species of iron is quantitative; thus the analytical system is
capable of speciation of iron.
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Table 3. Recovery of Fe (I1) and Fe (I11) ions from 8 mL of model aqueous solutions at pH 4.0.

Added, pg L1 Found, pg L? aRecovery %

Fe(I) Fe(l1) Fe(l) Fe(111) Fe(I) Fe(111)
100 0 101.5+£3.0 - 1015 -

75 25 73.5+3.0 24.0+3.0 98.0 96.0
25 75 245+4.0 76.5+4.0 98.0 102.0
50 50 48.5+3.0 48.0+3.0 97.0 96.0

0 100 - 96.5+4.0 - 96.5

@The mean and standard deviation of three measurements

3.8. The analytical applications of the method

At initial, the method accuracy was validated by analysis of a certified reference material (CRM); CRM-
1643e simulated fresh water-trace elements supplied from NIST as well as recovery studies from spiked
samples. Clearly, it has been observed that the result found by the present kinetic method is statistically
in agreement with the certified value. Moreover, the recovery rates were highly quantitative in range of
99.7-100.8%. The analytical applicability of the proposed method was checked by the quantitation of
Fe (11) in pharmaceutical and some environmental water samples. The analysis was also performed as
total Fe using three pointed standard addition method around the method determination limit after pre-
reduction of Fe (I11) to Fe (I1) with sulfite at pH 4.0 in ultrasonic bath. In terms of method validation, it
can be seen from Table 4(b and c) that the results found by the method are highly compatible with the
real Fe (I1) contents of the certificated pharmaceutical samples. Also, the recovery studies from spiked
samples for different concentration levels in range of 0.2-2.0 mg L were conducted. It was found that
the recovery rates were quantitative with recoveries ranging from 96.7% to 105% for pharmaceutical
samples and ranging from 92% to 99% for Fe (II) and total Fe in environmental waters such as well,
river and lake waters.
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Table 4(a) The analysis results of certified water samples by means of the proposed kinetic method

Certified environmental water Certified value, pg Added, ug L* *Found, pug L*? Recovery% ***The statistical t-
sample L? and F-values
Fe(ll) Fe(lll)y — Fe(ll) Fe(ll) **Fe(ll) Total Fe Fe(ll) Fe(ll) Fe(l)

NIST-1643e Simulated fresh 19.62+0.6 - - - 19.70+0.18 - - - - 0.275 (0.852)
water-Trace elements

5 15 24.65+0.28 39.75+0.34 15.10 99.0 100.7

15 5 34.70+0.32 39.74+0.36 5.04 100.5 100.8

10 10 29.80+0.30 39.77+0.35 9.97 101.0 99.7

*The mean value plus its standard deviation of five replicate measurements at 95% confidence level

**The results found by subtracting the amount of Fe(I1) from those of total Fe before and after reducing with 1.25 mL of 0.01 moL L sulfite with time of 5 min at 40°C and pH 4.5 formate

buffer

***The statistical t- and F-values for 95% confidence level and degree of freedom, 4 are 2.78 and 5.63 respectivel
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Table 4(b). Analysis of pharmaceutical products by the proposed kinetic method.

Sample | Certified Fe(ll), mg L? Fe(lll), mg L | Total Fe, Recovery% RSD%
value, | Added Found Added | Found mg L? Fe(ll) | Fe(lll) | Fe(ll) | Total
mg L* Fe

Gynoferon - 0.785+0.03 | - 0.00 - 98.13 | - 382 |-
draje 0.8 0.5 1.282+0.04 | 2.00 2.005 | 3.287+0.11 | 99.4 | 100.25 | 3.12 | 3.35
1.0 1.789+0.05 | 3.00 2.995 | 4.784+0.12 | 100.4 | 99.83 | 2.79 | 2.51
Ferrosanol - 1.16£0.04 | - 0.00 - 96.7 | - 345 | -
oral drop 12 0.2 1.37+£0.04 | 2.00 2.02 3.39+0.10 | 105.0 | 101.0 | 2.92 | 2.95
2.0 3.15+0.10 | 1.00 0.97 4.18+0.13 | 995 | 103.0 |3.17 |3.11
Maltofer - 0.803+0.03 | - 0.00 - 1004 | - 3.73 | -
oral 0.8 0.2 1.27+0.04 | 0.40 0.38 1.68+0.05 | 105.0 | 105.0 | 3.15 | 2.98
solution 0.8 1.85+0.05 | 3.00 3.04 4.93+0.12 | 98.7 | 1023 | 270 | 2.43

Table 4(c.) Speciative analysis of Fe (I1), Fe (111) and total Fe in environmental waters by catalytic kinetic method

Added (ug L) Found by catalytic kinetic method (ug L) *  Recovery %

Samples  Fe(Il) Fe(lll) Fe(ll) Total Fe Fe(ll1)** Fe(ll) Total Fe
- - 21.6+0.5 32.440.8 10.8 - -
Well water 5 10 26.2+0.6 47.1+1.3 20.9 92 98
10 5 31.0+0.8 47.2+1.3 16.2 94 99
Tap water - - 14.5+0.3 18.7+0.4 4.2 - -
5 15 19.1£0.4 38.5£1.2 19.4 92 97
15 5 29.0+0.7 38.3£1.2 9.3 97 99
River water - - 15.240.3 32.54+0.8 17.3 - -
5 10 19.7+0.4 47.1+1.3 27.8 90 97
10 5 24.8+0.5 47.2+1.3 22.7 96 98
Lake water - - 16.6+0.3 42.5+1.2 25.9 - -
5 10 21.3+0.5 57.1+1.5 30.3 94 97
10 5 26.1£0.6 57.2+1.5 25.3 95 98

*The mean value and its standard deviation of five replicate measurements at 95% confidence level.

**The results found by subtracting the amount of Fe (II) from those of total Fe after pe-reducing with sodium sulfite at pH
4.0.

***The chemical properties of lake water samples (Hafik, Sivas, Turkey). The mean analysis values obtained by means of
thirty replicate measurements: pH: 7.45, total hardness (FS°) 17.66, total alkalinity 134.67 mg L, Ca 58.40 mg L1, Mg 6.66
mg L%, CI-34.10 mg L!, HCOs 134.55 mg L™

* Corresponding author. Email address: nkartal@cumhuriyet.edu.tr

http://dergi.cumhuriyet.edu.tr/cumuscij/index ©2016 Faculty of Science, Cumhuriyet University
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3.9. Comparison to other reported Kinetic methods

A comparison of the presented method with some other reported spectrophotometric determination of
iron as Fe (Il) determination some samples is given in Table 5. Apparently, the presented method has
low LOD (14.1 pg L), wide linear range (0.05-1.0 ve 0.25-5.0 pg mL™), minimum solvent
consumption, quantitative recovery (98.7-102.7%).

Table 5. Some spectrophotometric methods reported in the literature for the catalytic—kinetic

determination of iron in selected samples.

Reagent Linear working Detection limit

range. g L1 hg L References
N-phenylanthranilic acid 2-500 0.88 [31]
m-Acetylchlorophosphonazo 0-100 1.34 [32]
p-acetylarsenazo 0.10-4.0 0.031 [33]
Diphenylamine 1-100 0.52 [34]
2,3-Dichloro-6-(3-carboxy-2- 1.0-20 280 [35]
hydroxy-1-naphthylazo)quinoxaline
Coomassie Brillant Blue 2R 50-1000 and 250- 141 This study

5000

4. CONCLUSIONS

The results presented clearly demonstrate that catalytic effect of Fe (I1) in the presence of 1,10-phen as activator
on the oxidation of CBB* by bromate can be used for the determination of trace amounts of Fe (I1) at pH 2.0. The
proposed kinetic method was found to be accurate, reproductive, sensitive, and selective for only Fe (I1) without
interference of Fe (I11). Also the short time required method is easy to operate, simple, fast, and can be performed
with available and cheaper chemicals. Therefore, the proposed method could be applied for pharmaceutical and
environmental analyses with satisfactory results.
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Abstract. The aim of this study was to investigate the feasibility of estimation of canine root length and
cervical width by an artificial neural network method with an appropriate setting. We randomly obtained 120
representative samples of routine panoramic radiographs by computer tomography (CT). Of 120 samples, 96
(80%) were used in training phase and 24 (20%) were used in test phase after a randomized selection. The
intertuberal length (IL) of maxilla and canine root length (RL) and canine root cervical width (CW) of the
right canine tooth was measured and was entered to a datum file. According to the results, the method is
convenient with this purpose. The mean square error values are lied between 2% and 4.4% for the estimations.
This shows that the ANN method is an alternative method for the canine root length and cervical width. The
ANN software and system, which is a cost-effective tool to purchase, can be adapted to dental implant surgery
after further study and optimization of software settings, allowing for the prediction of the size and width of
implants in implant surgery.

Keywords: Neural Network, Dental Implant, Canine, Dentistry

Dental implantlara Alternatif Degerlendirme Metodu Olarak Kayip
Dislerin Boyutlarinin Yapay Sinir Ag1 Yontemiyle Tahmini

Ozet. Bu caligmanin amaci, kanin dis kokii uzunlugu ve servikal genisliginin yapay bir sinir ag1 yontemi (ANN)
ile tahmin edilmesinin fizibilitesini arastirmaktir. Bilgisayarli tomografilerin (BT) panoramic goriintiileri ile
rasgele 120 hasta degerlendirildi. 120 &rnekten 96's1 (% 80) egitim fazinda, 24'i (% 20) randomize bir segimden
sonra test asamasinda kullanildi. Sag maksiller kanin kok uzunlugu (RL), servikal genisligi (CW) ve intertuberal
uzunluk (IL) olgiilerek bir veri dosyasina olusturuldu. Sonuglara gore, yontem bu amaca uygun bulundu.
Tahminler i¢in ortalama karesel hata degerleri %2 ile %4.4 arasinda bulundu. Bu ANN yo6nteminin kanin kok
boyu ve servikal genigligi i¢in alternatif bir yontem oldugunu gostermektedir. Satin alinabilecek uygun maliyetli
bir ara¢ olan ANN yazilimi ve sistemi, daha ileri ¢alismalar ve yazilim ayarlarinin optimizasyonundan sonra
dental implant ameliyatina adapte edilebilir, implant ameliyatlarinda implantlarin boy ve genisglikleri i¢in 6ngérii
imkani verebilir.

Anahtar Kelimeler: Yapay Sinir Ag1 Yontemi, Dental implant, Kanin, Dis Hekimligi

1. INTRODUCTION

Implant rehabilitation of missing teeth has considerably widened the treatment options for both
patients and clinicians after recent advances in implant design, materials, and techniques. Preference
of implants has increased dramatically in the past two decades and a continuing increase is expected in
the future. Success of dental implants depends on how it restores the function of the teeth just like
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original one such as chewing, biting, aesthetics and other oral functions [1]. Rehabilitation of severely
resorbed jaws with dental implants remains a surgical and prosthetic challenge for clinicians [2].

Implant osseointegration is the result of a dynamic interactive process of bone formation and bone
resorption, developed concomitantly. Taking into account the expected increase in the aged
populations, osseointegration around implants might be adversely affected in accordance the
compromised bone reparing mechanisms in this age group. This factor increases the importance of
correct choose of appropriate size of implant [3]. The failure of dental implants is due not only to
biological factors, such as unsuccessful osseointegration or the presence of periimplantitis, but they
also result from technical complications that involve implant body/fixture fracture, abutment screw
fracture, abutment fracture, fractured prosthesis, etc.

Dental implants are useful tools and represent a widely spread technique for oral rehabilitation. Their
long standingness is highly influenced by the mechanical and geometrical properties of the
surrounding osseous tissue in which they are placed. In some unsuccessful cases though, the dental
implant is exposed to masticatory forces and other functional acts, and osseous tissue may resorb near
its vicinity, leading to the dental implants loss.

Despite the high success rates in the vast number of pertinent literature, early or late implant failures
are still encountered in prosthodontics [4] These events make the correct choose of appropriate size
and design of the implant extremely crucial to improve the outcome implant placement. The outcome
of implant treatment is often maximized when implants are placed in dense bone with an appropriate
size of implant [5].

The method of artificial neural network (ANN) has been used in many fields including dentistry. [6,7]
Several examples can be given as diagnosing artificial dental caries using images from a charged
coupled device [8], supporting the clinical decision making on the maxillary implant restoration for
the patient with edentulous maxilla [9], improving the radiographic diagnosis of proximal caries [10],
classifying patients into aggressive periodontitis or chronic periodontitis patients class [11] and
prediction of tooth surface loss in individuals without the need to conduct clinical examinations [12].
ANN is a mathematical model that mimics the human brain function. It consists of neurons, which are
processing units. The neurons are connected to each other by weights. An advantage of the method is
no relationship is needed between the input and output data belonging to the problem. Method
produces outputs according to the given input variables. After the training of the ANN with known
data and construction of the network properly, one can confidently predict outputs on unknown data.
In this present study, five different variables from 120 volunteers have been used as inputs of the
ANN. The aim of this study is to develop an ANN in order to obtain tooth root size according to the
given inputs. After several trying, it was seen that the ANN method is convenient for this task within
reasonably error levels.

In prosthodontics, deciding on the appropriate size of implants, dental surgeons need to depend on
clinical experiences and the literature is still not conclusive concerning the choice of best size of
implant. For the selection of proper size of implant, the most reliable parameters are the estimated
width and length of lost tooth root. This reduces the chance of choosing inappropriately larger or
smaller implants and improves the outcome of implant application.

2. MATERIAL and METHODS

Materials
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In this study we used the dental database of our outpatient service of our faculty. We randomly
obtained 120 representative samples of routine panoramic radiographs by Orthopantomograph OP300
Maxio’s CT software (Figure 1). Of 120 samples, 96 (80%) were used in training phase and 24 (20%)
were used in test phase after a randomized selection. Inclusion criteria were the following: panoramic
radiographs of patients with a age range of 20-30 years and with normal canine teeth, no dental patient
records related to any bone disorder that could affect the jaw bones. After collection of study
panoramic radiographs, we measured intertuberal length (IL) of maxilla and canine root length (RL)
and canine root cervical width (CW) of the right canine tooth, and in addition, the canine length (CL)
as whole canine tooth length, and entered their values to an datum file.

Figure 1. Measurements of intertuberal length (108.0 mm) of maxilla and canine root length (15.33 mm) and
canine root cervical width (4.8 mm) of the right canine tooth in a representative Computer Tomography
Panoramic radiograph.

Method

Artificial neural network (ANN) is a mathematical model [13]. It mimics human brain functionality. In
this study, layered feed forward ANN as a universal function approximate [14] is used for estimating
tooth root size. ANN has mainly three layers named as input, hidden and output layers. In these layers
there are neurons, which are main processing units. Each neuron is connected to the other neurons in
the next layer by adaptive synaptic weights. The task of the ANN is determining weights values for
solving the problem. In other words, the task of the ANN is to give outputs as close as to the desired
output values. The neurons in the input layer receive the data from environment and transmit via
weights to the hidden layer. After activating and summing the values in each neuron, they are
transmitted to the outputs. In this study, the neurons in the hidden and output layer have tangent
hyperbolic (Eg. (1)) and linear activation function, respectively.

X_g=X

e
tanhx =
eX+e X

(1)
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In order to estimate the RL and CW, we used 120 sample dental data including age and gender of
patients and the IL, CL, RL and CW values. We have totally 4 input values as age, gender, IL and CL.
Therefore, one input layer with four neurons, one hidden layer with four neurons (h = 4) and one
output layer with two neurons (4-4-2) ANN architecture has been used for accurately estimation of RL
and CW values (Figure 2).

Output
A\
\\ Layer

Ccw

/

/oo
/ Weights

Figure 2. The 4-4-2 ANN topology for estimation of the canine root length (18.3 mm) and canine root cervical
width (4.5 mm) of the right canine tooth

The total numbers of adjustable weights (w) without bias were 24 according to Eq.2 given by
w=pXh+rxh(2)

Where p, h and r are the neuron numbers in input, hidden and output layers. There is no a rule for
determining the number of hidden layers and neurons. But generally single hidden layer is enough.
The number of neurons in this layer depends on the problem nature. In this study, after several trials,
hidden neuron number has been finally accepted as 4 giving the best results for the problem. An ANN
software NeuroSolutions v6.02 [15] was used for the calculations. All data were divided into two
parts. One part is for the training stage (80% of all data) and the rest is for the test stage (20% of all
data). For the training stage, a back-propagation algorithm with Levenberg—Marquardt [16,17] was
used. By appropriate modifications, ANN modifies its all weights until an acceptable error level
between estimated and desired (measured) outputs. The difference between these outputs was
calculated by mean square error (MSE) given by:

N N2
M55=Zt=1(+3)(3)

Where N is the number of training or test data, d and e are the desired and ANN estimated outputs,
respectively. After obtaining the final weights by training of the ANN, the performance of the ANN
has been tested on the training data. After seeing the success of the method, the constructed ANN has
been tested on the test data, which has not been seen before by the ANN and has not been used in the
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training stage. If the estimations of the test data are sufficiently good, it has been confidently declared
that ANN generalized the data.

3. RESULTS

We have used all 4 input parameters in the beginning of the work. These inputs are IL, CL, gender and
age informations of the volunteers. In order to construct ANN for this problem, we have used only
training data set for this purpose. After training of the ANN, we have tested constructed structure on
the training data. Since it is used in this stage, this data is known by the ANN. We have estimated the
tooth root size belonging to 96 volunteers data in training group. The measured and ANN estimated
sizes (RL and CW) have been shown in Figure 3. As can be clearly seen in the figure that, the two
results are close to each other. The MSE values are 0.64 mm for RL and 0.49 mm for CW. If we take
average RL and CW values as 17.6 mm and 6.65 mm, respectively, the error values are in the order of
3.6% and 7.4%.

25

Train Set

N
o
1

-
(6]
1

—— Measured CW
~——— ANN estimated CW
— Measured RL
—— ANN estimated RL

| NSO IANAN VS INAL

Root Sizes (mm)
S

Specimen

Figure 3. Measured and estimated RL and CW of in train stage.

In order to generalize the constructed ANN, it must be tested on the test data of 24 volunteers. This
data has not been seen in the training stage. So, it is new for the ANN. The difference between
measured and ANN estimated sizes have been shown in Figure 4. It is clear in the figure that, the
ANN estimated results are very close to measured tooth root sizes (RL and CW). The maximum
difference is about 1and 1.5 mm for RL and CW, respectively. The MSE values are 0.34 mm and 0.29
mm for RL and CW, respectively. If we take average RL and CW values as 17.3 mm and 6.57 mm,
the error values are in the order of 2.0% and 4.4%, respectively. The maximum and minimum
absolutely errors are 0.0 and 2.0 mm for train data. For the test data, these values are between 0.1 and
1.0 mm for RL, 0.0 and 1.3 for CW.
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Figure 4. Difference between measured and estimated RL and CW for specimens aged between 20 and 28 in test

stage.

Table 1. The inputs and output of the ANN for the estimation of canine root length (RL) (mm) and cervical
width (CW) (mm) in a sample data set (n=12).

Gender | Age | Intertuberal | Canine | RL RL RL cw cw cw
length length | (measured) | (estimated.) | (difference) | (measured) | (estimated) | (difference)
Woman | 25 130.4 219 141 13.9 0.2 6.9 7.0 -0.1
Woman | 25 | 1215 25.6 18.2 175 0.7 6.0 6.6 -0.6
Man 22 118.2 27.6 194 18,7 0.7 5.8 6.4 -0.6
Man 23 118.7 25.9 16.1 16.5 -0.4 7.2 6.8 0.4
Woman | 25 134.4 26.2 17.7 17.6 0.1 7.1 7.3 -0.2
Woman | 21 107.7 255 17.8 17.3 0.5 5.9 6.1 -0.2
Man 20 131.9 32.3 21.7 21.3 0.4 7.6 7.2 0.4
Man 20 141.0 27.9 18.0 17.9 0.1 7.5 7.2 0.3
Man 25 140.5 275 19.0 18.0 1.0 74 7.2 0.2
Woman | 20 126.2 24.2 15.2 15.6 -0.4 7.0 7.0 0.0
Woman | 24 107.5 26.6 17.6 18.6 -1.0 5.9 6.5 -0.6
Woman | 22 105.0 20.7 13.3 134 -0.1 4.5 5.8 -1.3
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4. DISCUSSION

In this study, we used an ANN software to estimate the implant length and width of patients. We
choose canine tooth as a representative of all the teeth and with an appropriate setting of the software,
we obtained trained weights of neurons. Later we tested these weight settings for the estimation of
canine root length and width of a group of patients. We found that after training procedure with an
adequate and well-selected data, this setup can be used successfully for the estimation of canine root
length and width of patients. We think that after a training procedure for all teeth, an ANN software
can be used in a clinical study. After an appropriate setting, commercial ANN software can be used to
predict implant length and width after entering the age, gender, IL, and CL parameters.

We have used different group of input variables for the ANN in order to see the effect of the individual
input parameters on the results. In one of these, we have used gender, CL and age as inputs of the
ANN by excluding IL. The MSE values for training and test data sets are 0.74 and 0.35 mm for the RL
and 0.62 and 0.61 mm for the CW, respectively. This result shows that the IL is important for
determining the root sizes. Due to the fact that it is width information of the chin, it is affect the CW
results with larger impact than RL. We have taken another input group of the ANN by considering IL
and excluding CL. We have used gender, IL and age as inputs. According to the result, we have
estimated the root sizes with MSE values as 3.9 and 4.9 for RL in training and test data sets,
respectively. For the test data these values are 0.52 and 0.46 for CW in training and test data set,
respectively. Very large increase in MSE values of RL indicates that the CL is highly correlated with
the RL value. Therefore, CL must be in among the input parameters. Hence, we have confidently
suggest that the CL is very important in determining the root sizes especially in RL. In another trying
we have considered IL, CL and age as inputs of the ANN by excluding gender information. We have
obtained MSE values for training and test data as 0.75 and 0.47 for RL and 0.53 and 0.36 for CW,
respectively. These error levels are not so bad compared to complete input set error values. We can
conclude that the gender information would be better for estimating the root sizes. Similarly, we have
taken inputs of ANN as gender, IL and CL. In this last trying we have excluded age information. The
obtained MSE values show that the age information is also important for determining root size. The
error values are 0.72 and 0.49 for RL and 0.52 and 0.38 for CW in training and test data sets,
respectively.

Dental implant techniques are one of the important research topic in the past few years and is expected
to expand in the future due to the recent growth of the global market for dental implants and the rising
in the demand for cosmetic dentistry [18]. During planning of implant treatment, several clinical
factors need to be considered, including chose of implant with appropriate size. In a recent review of
Cochrane, the authors reviewed the clinical outcomes of dental implants those have different materials,
shapes, and different surface characteristics. Considering clinical studies with reliably findings, they
concluded that there was no clinical evidence showing that any implant with particular characteristics
provides a good outcome with a long-term success. Taking into account current clinical knowledge,
we need to give importance to the selection of implant with proper width and length in addition to
searching for the best available implant type [19].

Two-dimensional radiographs provide satisfactory data during decision-making for appropriate
determination of implant size [20,30]. Panoramic images provide an overview of the jaws and are
usually considered adequate in the initial evaluation of the implant site [23], although they not provide
diagnostic information in some areas of jaws such as the bucco-lingual aspect of the alveolar bone
[21]. Knowledge of anatomic features like the location of the mandibular canal, the maxillary sinuses
and the nasal cavity, as well as of the angulation and bone volume of the alveolar crest is a prerequisite
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for appropriate implant treatment planning [21, 23, 31]. Compared with cone-beam computed
tomography (CBCT), PR has some advantages such as lower dose, fast operation, low cost, and larger
popularity [24]. In recent years, the CBCT has increasingly used to choose appropriate size implant for
a successful treatment planning, although there is no consensus about it indication because of
important considerations such as the added cost, potential inconvenience of obtaining a scan, and
amount of radiation exposure in every imaging [20, 26-29].

Many authors concluded that CBCT with current specifications need to be used a screening tool if
routine panoramic radiographs did not provide the required information for the dental surgeon [20, 32-
34]. Among the important indications of CBCT, there are needs for better exposure of surgical site for
quidded surgery, reducing the risk of vital structures, planning for bone grafting [20, 35, 36]. Dau et
al. [25] compared the preference of panoramic radiography and CBCT in planning of dental implant
procedures by clinicians with different educational background. They noted that the majority of
participants rated an additional CBCT as required (14.0%) or reasonable (56.1%). The authors
concluded that especially in the anterior and posterior maxillary regions, the participants preferred an
additional CBCT for planning of dental implant procedures.

In a recent study [20], the implant size and need for bone grafting were determined cone-beam
computed tomography (CBCT) in addition the panoramic radiograph and clinical examination. After
assessing the contribution of CBCT to their management, the authors found that two methods
accurately predict implant width and length to within 1.5 mm of the implant actually placed in 100%
and 95% of cases, respectively. The authors concluded that in accordance with technological
improvements reducing radiation dose, CBCT has a merit for an established place in implantology
[20,36]. Correa et al [21]. Conducted a study to assess the clinical value of dental implant size
determined with digital and CBCT-generated panoramic images and CBCT cross-sectional images.
The concluded that the selected implant size can differs when planned on panoramic or cross-section
CBCT images, and that In most cases, implant size measured in cross-section images was narrower
and shorter than implant size measured in a panoramic image or CBCT-based panoramic view.

After a review of current literature on the imaging modalities for the planning of implant size, it can be
seen that there is considerably variation in preference of digital panoramic radiographs and CBCT-
based images regarding indications and in the acceptance of their usage regarding information
obtained by their evaluation. We think that although with the pace of current work on the development
ad improvement of these imaging modalities, in the future, there will be considerable increase their
accuracy to help dental surgeons for the placement of appropriate implants in especially difficult cases
with jawbone problems. To obtain best outcome after dental implant placement, we need to consider
other factor in addition to the criterion as the adequacy of bone in the implantation site. Our clinical
experience suggests that there may be other factors playing some roles in the complex relationship of
bone with dental implant. We need to consider that the lost tooth has a root that is formed by several
effects related to chewing forces and nearby bone tissue. The findings of our study support that with
well-trained ANN software; the size of an implant can be determined with the help of several
jawbones and tooth size parameters. We think that the better we predict the implant size for the loss
tooth according to the anatomic structure, the more success we can achieve in implant surgery

An ANN software can be easily adapted according to the need so the implant surgery after proper
setting and training procedures that can be easily performed by an experienced person and it can have
a place in implant surgery after further expanded studies and optimization of software setting.
According to the ANN results, the RL values are better predicted with less error than CW values.
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Thus, we can conclude that the RL value is in a stronger relationship with the input parameters than
CW value. This may be related to the inclusion of length related data as input in ANN system.
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YAZARLARA BIiLGIi

Kayit

Makaleler Cumhuriyet Fen Bilimleri dergisine iiye olduktan sonra online olarak yazarlardan biri tarafindan kayit
edilmelidir. Microsoft Word formatindaki (.doc, .docx, .rtf), LaTeX veya SW/SWP/SN (*.tex) dosyalar
kaydedilebilir. Herhangi bir sayfa sinirlamasi yoktur. Eger makalenin dosyalarini yiikleme sirasinda bir problem
yasanirsa, 0zellikle sekil iceren makalelerde makalenin ebadinin azaltilmasi gerekir. Yazarlardan herhangi biri
disinda yapilacak kayitlar kabul edilmeyecektir. Kaydi yapan yazar kayit ve degerlendirme siirecindeki tiim
sorumluluklar1 almis olacaktir. Kayit sirasinda yasanacak teknik problemlerde cumhuriyetfendergi@gmail.com
adresinden destek istenebilir.

Kabul Kosullar:

Gonderilecek yaymlarin daha once baska yerde yayinlanmamis (6zet, yayimlanmis bir konferansin bolimii,
derleme veya tez ¢alismalar1 hari¢) ve baska bir dergi tarafindan degerlendirme agamasinda olmamasi gerekir.
Kaydi yapan yazar makalenin yayimlanmasi ile ilgili olarak tiim yazarlarin sorumlulugunu almis bulunacaktir.
Belli kurumdan ¢ikan yayinlarda o kurumun onayinin bulunmasini saglamakta ayni zamanda yazarlarin
sorumlulugundadir. Kabul tarihini sadece editdryel ofis tarafindan yazilan kabul yazisi gosterir. Daha sonraki
mektuplasmalar ve diizeltmeler aksi gerekmedikge yazar’(lar) a yayimdan once gonderilecektir. Yayinin
yayimlanabilmesi igin sorumlu yazar tarafindan izin verilmesi gerekmektedir. izin igin gerekli tiim
belgeler cumhuriyetfendergi@gmail.com adresine gonderilebilir.

Degerlendirme

Degerlendirmeye alinan tiim ¢alismalar akademik olarak belli standartlari kargilamalidir. Kayitlar editor tarafindan
degerlendirilecek ve reddedilmemesi durumunda yazarlar tarafindan bilinmeyen hakemler tarafindan
degerlendirmeye alinacaktir.

Bashk ve yazar bilgileri
Asagidaki bilgileri icermelidir
Yazi bashigi

Yazarlarin tam isimleri

Kurumun elektronik posta adresleri
Iletisim adresi

Elektronik posta adresi

Ozet

Makale bir 6zet icermelidir. Ozet referanslari icermeden 250-300 kelime arasinda olmalidir. Eger makalede metin
dili Tiirkge ise makaleye Ingilizce baslik ve Ingilizce 6zet (abstract, keywords) de eklenmelidir.

Anahtar Sozciikler

Bilimsel makalelerin anahtar sozciikleri Tiirkiye Bilim Terimleri (www.bilimterimleri.com) adresinden
se¢ilmelidir.

Giris
Bu boliim alt basglik igermemelidir.
Gere¢ ve Yontem

Bu boliim biitiin prosediirlerin tekrarlanmasini saglayabilecek kadar detayli yazilmalidir. Eger gerekirse alt
basliklara ayrilabilir.
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Tesekkiir

Tesekkiir kismi igin basit ciimleler kullanilmalidir. Ornegin CUBAP (T-1111) tarafindan desteklenmistir. Degerli
teknik ve editoryel katkilarindan dolay1 Prof. Dr. Mehmet So6zer’e tesekkiir ederiz.

Kaynaklar

Yazarlar her bir kaynaktaki bilgilerin dogru ve tam olmasint saglamakla sorumludurlar. Biitiin referanslar ardisik
olarak numaralandirilmalidir ve referanslar makale iginde kdseli parantez i¢inde gosterilmelidir (6rnegin; Smith
ve arkadaglar1 [9] tarafindan tartigildig1 gibi veya baska yerde de tartisildig: gibi [9, 10]) Biitiin referanslara makale
icinde atif yapilmaldir, atif yapilmayan referanslar ¢ikarilacaktir. Biitlin yazar isimleri “ve ark.” seklinde ibareler
kullanilmadan agikca yazilacaktir.

Ornek kaynaklar:

[1] Nicopoullos J.D., Ramsay J.W., Gilling-Smith C., Almeida PA. Frozen embryos generated from surgically
retrieved sperm from azoospermic men; are they clinically viable? J Assist Reprod Genet 2004; 21: 401-7.

[2] National Cancer Institute, Surveillance Epidemiology and End Results. Cancer of the Corpus and Uterus, NOS.

Adres: http://seer.cancer.govi/statfacts/html/corp.html?statfacts page=corp. Retrieved March 2, 2008. (web sitesi
ornek referansi)

[3] Isaacson K.B., Endometrial ablation. In: UpToDate, Basow, DS (Ed), UpToDate, Waltham, M.A., 2008.

[4] Speroff L., Fritz M.A., Anovulation and The Polycystic Ovary. In. Speroff L., Fritz M.A. (Eds). Clinical
Gynecologic Endocrinology and Infertility. 7th ed. Philadelphia, Pa: Lippincott Williams and Wilkins; 2005: chap
12. ( web sitelerinde bulunan online kitap bdliimlerinin 6rnek referansi)

[5] Mazur M.T., Kurman R.J., Dysfunctional Uterine Bleeding. In: Mazur M.T., Kurman R.J. (Eds). Diagnosis of
endometrial biopsies and curettings. A practical approach. 2nd ed. Berlin: Springer, 2005; pp 100-120. (Basilmus
kitap boliimlerinin 6rnek referanst)

Sekillerin hazirlanmasi

Her bir sekil yayinin i¢inde veya ayr1 bir dosya olarak ytiklenebilir ve yayin i¢inde sirasina gore isimlendirilmelidir.
Sekil genisligi 4-6 ing ve 300 dpi olmalidir. Sekil altyazilart agik ve net olmalidir.

Tablolarm hazirlanmasi

Tablolara metin i¢inde atif yapilmalidir. Her bir tablo agiklayici bir baglik igermelidir ve eger sayisal dlglimler
kullanilirsa birimler siitiin basliklarinda belirtilmelidir.

Diizeltmeler

Diizeltmeler yayinciya alindiktan sonra en ge¢ 2 hafta icinde geri gonderilmelidir. Yayinct en dogru yayini
saglamak i¢in her seyi yapacaktir. Bu nedenle makale ve sekillerin derginin tarzinda yazilmasi gerekmektedir.

Telif hakki

Acik alan yazarlar1 yazilarinin telif haklarini kaybetmezler ve tim yazilar Yaratict Ortak Atif Lisansi altinda
dagitilir ve izinsiz kullanimi, dagitilmasi ve ¢ogaltilmasi engellenir.

Bu yayinda kullanilan genel tanimlayici isimler, marka isimleri, ticari markalar 6zel olarak belirtilmedigi zaman
bile bu isimlerin ilgili kanunlar ve kurallar tarafindan korunmadigini géstermez.

Bu dergide yayinlanan bilgilerin dogruluguna ve yayim tarihinde yanlig yapilmamasina dikkat edilmesine ragmen
yazarlar, editorler veya yayinci yayinda bulunan herhangi bir yanlis veya ihmalin sorumlulugunu almamaktadir.
Yayinci igerigin herhangi bir yasal sorumlulugunu kabul etmemektedir.

Etik rehber

Yeni metotlar ve etik izin gerektiren durumlar detaylica asagidaki gibi yazilmalidir:



Insan deneyleri: Biitiin ¢aligmalar Helsinki Bildirgesine (1964) gore yapilmalidir. Herhangi bir zarar verme
ihtimali olan ¢aligmalar sunlart igermelidir:

Katilimeilarin bilgilendirilmis oluru mutlaka alinmalidir

Deney prosediirlerini ilgili etik kurulun mutlaka kabul etmesi gerekir.

Hayvan deneyleri: Canli hayvanlar iizerinde yapilan deneyler sunlar1 saglamalidir:
Kullanilacak anestetik ve cerrahi yontemlerin agik ve net anlatimi

Deneyin her bir basamaginda hayvanin aci ¢ekmesinin engellenecegi agiklanmalidir. izole dokular iizerinde
yapilan ¢alismalarda dondr dokularin nasil elde edilecegi agiklanmalidir.

Basvuru icin Kontrol Listesi

Bagvuru siireciinde yazarlar bagvurularinin asagidaki listedeki tiim maddelere uydugunu kontrol etmelidirler, bu
rehbere uymayan bagvurular yazarlara geri dondiiriilecektir.

Gonderilecek yayinlarin daha once baska yerde yayinlanmamis (6zet, yayimlanmis bir konferansin bolimii,
derleme veya tez ¢aligmalar1 harig) ve bagka bir dergi tarafindan degerlendirme agamasinda olmamasi gerekir.

Makale Microsoft Word, RTF ve WordPerct , LaTeX veya SW/SWP/SN dosya formatinda olmalidir
Kaynaklarda ulagilmak kosulu ile URL kullanilabilir.

Metindeki yazilar tek aralikli, 11 punto biiyiikligiinde ve alt1 ¢izili olmaktan ziyade italik tercih edilmelidir (URL
adresleri harig). Ttim ornekler, sekiller ve tablolar metin sonu yerine metnin uygun yerlerine yerlestirilmelidir.

Metin, Yazarlara Bilgi boliimiindeki stilde yazilmalidir.

Yazarlar hakemleri bilmeyecektir, hakemler yazarlar1 bilmeyecektir ve hakemlik Onyargisiz olarak
yapilacaktir.Dergimize gonderilen makaleler dergimizde yayinlamadan 6nce incelenir.

AUTHOR GUIDELINES

Submission

Manuscripts should be submitted by one of the authors of the manuscript as online submission after registration to
the Cumhuriyet Sciences Journal. Microsoft Word (.doc, .docx, .rtf), LaTeX or SW/SWP/SN (*.tex) files can be
submitted. There is no page limit. If there is a problem while uploading the files of manuscript, please try to reduce
their file size, especially manuscripts including embedded figures. Submissions by anyone other than one of the
authors will not be accepted. The submitting author takes responsibility for the paper during submission and peer
review. If for some technical reason submission through the online submission systme is not possible, the author
can contact cumhuriyetfendergi@gmail.com for support.

Terms of Submission

Papers must be submitted on the understanding that they have not been published elsewhere (except in the form
of an abstract or as part of a published lecture, review, or thesis) and are not currently under consideration by
another journal. The submitting author is responsible for ensuring that the article's publication has been approved
by all the other coauthors. It is also the authors' responsibility to ensure that the articles emanating from a particular
institution are submitted with the approval of the necessary institution. Only an acknowledgment from the editorial
office officially establishes the date of receipt. Further correspondence and proofs will be sent to the author(s)
before publication unless otherwise indicated. It is a condition of submission of a paper that the corresponding
author permit editing of the paper for readability. All enquiries concerning the publication of accepted papers
should be addressed to cumhuriyetfendergi@gmail.com.

Peer Review



All manuscripts are subject to peer review and are expected to meet standards of academic excellence. Submissions
will be considered by an associate editor and-if not rejected right away-by peer-reviewers, whose identities will
remain anonymous to the authors. The submitting author may be asked during the submission process to provide
the names of up to 6 proposed reviewers accompanied with their email addresses.

Title and Authorship Information

The following information should be included
Paper title

Full author names

Full institutional mailing addresses
Corresponding address

Email address

Abstract

The manuscript should contain an abstract. The abstract should be self-contained and citation-free and should be
250-300 words.

Keywords

Keywords of the scientific articles should be selected from the web address of www.bilimadresleri.com
Introduction

This section should be succinct, with no subheadings.

Materials and Methods

This part should contain sufficient detail so that all procedures can be repeated. It can be divided into subsections
if required.

Conflicts of interest
Sample sentence if there is no conflict of interest: The authors stated that did not have conflict of interests.
Acknowledgements

Sample sentences for acknowledgements: The work was supported by grants from CUBAP (T-11111). We would
like to acknowledge Prof. Mehmet Sozer, MD, for his precious technical and editorial assistance. We would like
to thank

References

Authors are responsible for ensuring that the information in each reference is complete and accurate. All references
must be numbered consecutively and citations of references in text should be identified using numbers in square
brackets (e.g., "as discussed by Smith [9]"; "as discussed elsewhere [9, 10]"). All references should be cited within
the text; otherwise, these references will be automatically removed. All author names should be written without
"et al." abbreviation.

Sample references:

[1] Nicopoullos J.D., Ramsay J.W., Gilling-Smith C., Almeida P.A., Frozen embryos generated from surgically
retrieved sperm from azoospermic men: are they clinically viable? J Assist Reprod Genet 2004; 21: 401-7.

[2] National Cancer Institute, Surveillance Epidemiology and End Results. Cancer of the Corpus and Uterus, NOS.
Available at: http://seer.cancer.gov/statfacts/html/corp.html?statfacts_page=corp. Retrieved March 2, 2008.
(Sample reference of website)



[3] Isaacson K.B., Endometrial ablation. In: UpToDate, Basow, DS (Ed), UpToDate, Waltham, M.A., 2008.
(Sample reference of Uptodate topics)

[4] Speroff L., Fritz M.A., Anovulation and The Polycystic Ovary. In. Speroff L., Fritz M.A., (Eds). Clinical
Gynecologic Endocrinology and Infertility. 7th ed. Philadelphia, Pa: Lippincott Williams and Wilkins; 2005: chap
12. (Sample reference of online book chapters found in websites).

[5] Mazur M.T., Kurman R.J., Dysfunctional Uterine Bleeding. In: Mazur M.T., Kurman R.J., (Eds). Diagnosis of
endometrial biopsies and curettings. A practical approach. 2nd ed. Berlin: Springer, 2005; pp 100-120. (Sample
reference of printed book chapters)

Preparation of Figures

Each figure can be integrated in the paper body or separately uploaded and should be cited in a consecutive order.
Figure widths can be 4-6 inch as 300 dpi. The labels of the figures should be clear and informative.

Preparation of Tables

Tables should be cited consecutively in the text. Every table must have a descriptive title and if numerical
measurements are given, the units should be included in the column heading. Tables should be simple with simple
borders and text written as left text.

Proofs

Corrected proofs must be returned to the publisher within 2 weeks of receipt. The publisher will do everything
possible to ensure prompt publication. It will therefore be appreciated if the manuscripts and figures conform from
the outset to the style of the journal.

Copyright

Open Access authors retain the copyrights of their papers, and all open access articles are distributed under the
terms of the Creative Commons Attribution license, which permits unrestricted use, distribution and reproduction
in any medium, provided that the original work is properly cited.

The use of general descriptive names, trade names, trademarks, and so forth in this publication, even if not
specifically identified, does not imply that these names are not protected by the relevant laws and regulations.

While the advice and information in this journal are believed to be true and accurate on the date of its going to
press, neither the authors, the editors, nor the publisher can accept any legal responsibility for any errors or
omissions that may be made. The publisher makes no warranty, express or implied, with respect to the material
contained herein.

Ethical Guidelines
New methods and ethically relevant aspects must be described in detail, bearing in mind the following:

Human Experiments. All work must be conducted in accordance with the Declaration of Helsinki (1964). Papers
describing experimental work on human subjects who carry a risk of harm must include:

A statement that the experiment was conducted with the understanding and the consent of the human subject.
A statement that the responsible Ethical Committee has approved the experiments.

Animal Experiments. Papers describing experiments on living animals should provide:

A full description of any anaesthetic and surgical procedure used.

Evidence that all possible steps were taken to avoid animal suffering at each stage of the experiment. Papers
describing experiments on isolated tissues must indicate precisely how the donor tissues were obtained.

Submission Preparation Checklist



As part of the submission process, authors are required to check off their submission's compliance with all of the
following items, and submissions may be returned to authors that do not adhere to these guidelines.

The submission has not been previously published, nor is it before another journal for consideration (or an
explanation has been provided in Comments to the Editor).

The submission file is in Microsoft Word, RTF, LaTeX or SW/SWP/SN (*.tex) or WordPerfect document file
format.

Where available, URLSs for the references have been provided.

The text is single-spaced; uses a 12-point font; employs italics, rather than underlining (except with URL
addresses); and all illustrations, figures, and tables are placed within the text at the appropriate points, rather than
at the end.

The text adheres to the stylistic and bibliographic requirements outlined in the Author Guidelines, which is found
in About the Journal.

If submitting to a peer-reviewed section of the journal, the instructions in Ensuring a Blind Review have been
followed.


http://dergi.cumhuriyet.edu.tr/ojs/index.php/fenbilimleri/about/submissions#authorGuidelines
javascript:openHelp('http://dergi.cumhuriyet.edu.tr/ojs/index.php/fenbilimleri/help/view/editorial/topic/000044')

