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Abstract. In this study CZTS thin films were fabricated by a two-stage process that sputter deposition of
metallic Cu, Zn, and Sn on Mo coated glass substrates and annealing process at 500 °C using various short
dwell times (4, 8, and 12 min) using Rapid Thermal Processing (RTP) approach. The X-ray diffraction (XRD),
Raman spectroscopy, Scanning Electron Microscopy (SEM), Energy Dispersive X-ray Spectroscopy (EDX),
and photoluminescence were employed to characterize the CZTS samples synthesized employing different
sulfurization times. It was observed that all CZTS thin films showed Cu-poor and Zn-rich composition
according to EDX results. XRD patterns displayed formation of kesterite CZTS and CuS secondary phases.
Raman spectra of the films justified formation of kesterite CZTS phase for all CZTS thin films and formation
of CTS phase, which is difficult to distinguish by XRD pattern of the films for CZTS-8 and CZTS-12 samples.
SEM images of the films displayed dense, void-free, and inhomogeneous surface structure regardless of the
sulfurization time. The optical band gap of the films as determined by photoluminescence was found to be about
1.36-1.37 eV.

Keywords: Cu2ZnSnS4, Sputtering, Annealing Time, Annealing Temperature, RTP

Yiiksek Olmayan Tavlama Sicakhig1 ve Kisa Bekleme Siiresi Kullanilarak
Cu2ZnSnS; ince Filmlerin Uretimi

Ozet. Bu calismada CZTS ince filmler iki-asamali yontem kullanilarak tiretildi; Mo kapli cam {izerine sagtirma
yontemiyle metalik Cu, Zn ve Sn katmanlarinin kaplanmasi ve sonrasinda bu katmanli yapinin 500 °C sicaklik
ve farkli kisa siirelerde (4, 8 ve 12 dakika) hizli 1s1l islem (RTP) yaklasimu ile tavlanmasi. Farkli tavlama siireleri
ile iretilen CZTS o6rnekler X-1sint kirinimi (XRD), Raman spektroskopisi, Taramali Elektron Mikroskobu
(SEM), Enerji Dagilimli X-1511 Spektroskopisi (EDX) ve fotoluminesans teknikleri kullanilarak karakterize
edilmistir. Uretilen biitiin CZTS 6rneklerin Cu-fakiri ve Zn-zengini kimyasal kompozisyona sahip oldugu ve
XRD desenlerinde CZTS fazi olusumun yaninda CuS fazinin da olustugu goriilmiistiir. Raman spektroskopisi
ile hem CZTS fazinin olustugu dogrulanmis olup hem de XRD ile ayirt edilemeyen CTS fazinin olustugu tespit
edilmistir. SEM ile elde edilen film yiizey goriintiilerinin siilfiirleme siiresinden bagimsiz olarak yogun, deliksiz
ve homojen olmayan bir yapiya sahip olduklar1 tespit edilmistir. Fotoliiminesans spektrumlari ile optik yasak
enerji araliginin 1.36-137 civarinda oldugu belirlenmistir.

Anahtar Kelimeler: Cu,ZnSnS,, sactirma, tavlama siiresi; tavlama sicakligi, RTP
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https://orcid.org/0000-0002-6359-8316
https://orcid.org/0000-0001-8090-1404

555

Olgar and Seyhan | Cumhuriyet Sci. J., Vol.40-3 (2019) 554-562

1. INTRODUCTION

Thin film solar cells have attracted increasing
interest due to the usage of fewer materials and
high conversion efficiency. The current record
conversion efficiency of CIGS-based thin film
solar cells have already reached 22.9 % [1]. Despite
its high conversion efficiency, scarcity of In and Ga
has been shown as a major issue for further
developments of CIGS-based thin film solar cells.
Thin film solar cells can be further developed by
exploring new materials which includes both earth-
abundant and  environmental-friendly  raw
materials. Based on the research in the literature,
kesterite CuZnSnS, (CZTS) thin film compound
has been considered as a promising material in
place of CIGS in the last decade since it contains
more abundant elements (Zn and Sn instead of Ga
and In) and shows superior optical properties for
thin film solar cell applications such as p-type
conductivity, at around of 1.4-1.5 eV optical band
gap energy and over 10* cm™* absorption coefficient
[2]. Although Shockley—Queisser limit
demonstrated that the theoretical limit is over %30
[3] for CZTS-based thin film solar cell, so far the
record conversion efficiency is still 12.6% obtained
by Cu.ZnSn(S, Se)athin film compound fabricated
using hydrazine-based solution method [4]. The
difference between theoretical limit and reported
record conversion efficiency value may be
attributed to several reasons. Therefore, further
investigations should be performed to decrease the
gap between the theoretical limit and reported
efficiencies.

CZTS thin films can be synthesized using different
methods. For example, thermal evaporation [5], e-
beam evaporation [6], sputtering [7], and pulse
laser deposition (PLD) [8] are vacuum-based
methods, sol-gel deposition [9], electro-deposition
[10], spin coating [11] and spray pyrolysis [12]
methods non-vacuum methods. The vacuum-based
preparation techniques are preferable rather than
non-vacuum methods with respect to controlling
thickness of metallic precursor layers and
composition of the films, homogenous film
structure and reproducibility of the fabrication
process. Sputtering method is one of the vacuum-
based technique and the most common method for
fabrication of thin film precursor layers since it can
easily be scaled up for large area film deposition.
After deposition of the metallic precursor layers
(Cu, Zn, and Sn) using sputteing method, they are
annealed to obtain complete CZTS structure. The
Rapid Thermal Processing (RTP) method is more

suitable for industrial applications thanks to usage
of less energy and higher throughput. In addition,
the RTP is an attractive method since the shorter
dwell time at high reaction temperature restricts
decomposition of the reaction hence restricts loss
of elements.

To obtain high conversion efficiency CZTS-based
thin film solar cells, many different approaches
have been used. Most of the reported studies have
focused on the optimizing fabrication parameters
of the CZTS absorber layer since solar cell
efficiency is strongly-dependent on the quality of
the absorber layer. These studies include
optimization of the sulfurization temperature[13] ,
sulfurization time [14], variation order of the
metallic stack [15], composition of film [16, 17],
and the pressure of the sulfurization [18, 19] etc.
The prior works have suggested that although high
reaction temperatures (> 500 °C) may enhance the
grain morphology, it also gives rise to loss of Sn
and Zn thanks to the high vapor pressure of SnS
and Zn [20]. Many different approaches were used
to prevent Sn-loss from films. For example,
employing different sulfurization temperatures and
time [7, 13], variation of the sulfurization pressure
[18, 19] and stacking order of the metallic Cu, Zn,
and Sn layers [15], alloying of Sn with Cu or
heating of the metallic constitutes prior
sulfurization process [21, 22], and using single
target in replace of metallic layers [23], etc.

In this study, it was targeted to grow Sn loss-free
CZTS thin films by employing moderate
sulfurization  temperatures.  Therefore, the
Mo/Cu/Sn/Zn/Cu metallic stack which was firstly
suggested by our research group was utilized [15]
and presents promising results for solar cell
performance [24] . Then, the metallic stacks were
annealed at 500 °C for short dwell times (4, 8, and
12 min) using RTP approach.

2. MATERIAL AND METHOD

The metallic layers (Cu, Zn, and Sn) were
sequentially deposited on molybdenum (Mo)
coated glass employing DC magnetron sputtering
to obtain Cu/Sn/Zn/Cu metallic stacks. High purity
Cu (%99.99), Sn (%99.999), and Zn (%99.99) were
utilized for sputtering process. The base pressure of
the sputter chamber before the deposition process
was 10 torr and operation pressure through the
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deposition process was 107 torr. The thickness of
the metallic films was calibrated to 175, 165, and
230 nm for Cu, Zn, and Sn layers, respectively. 120
nm of Cu layer was deposited on Mo and 55 nm of
Cu was deposited on top of Zn. DektakXT
profilometer was utilized for thickness calibration
of the films. For example, one of the thickness
calibration measurement taking from profilometer
was given in Figure 1. In the present figure,

R

556

calibration measurement of Zn layer was
displayed. As can be seen in the figure, the
thickness of the Zn layer was found around 165 nm.
It is worth noting that this measurement is one of
the several calibration measurement. The real value
was obtained by taking average of several
measurements from different points.
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Figure 1. Thickness calibration measurement of Zn layer taken from profilometer.

After loading of the metallic stacks into a graphite
box with elemental sulfur, the sulfurization process
was carried out at 500 °C using quartz lamps at a
rate of 3 °C/s in a 95% Ar + 5%H; gas mixture for
dwell times of 4, 8, and 12 min at the reaction
temperature. Further details about the annealing
process have been reported elsewhere [7]. The
CZTS samples obtained after sulfurization process

Zeiss Evo 40 and an EDAX energy dispersive X-
ray spectroscopy (EDX) system. Optical properties
of the films were characterized by
photoluminescence spectra (Renishaw inVia
Spectrometer, A= 532 nm) obtained at ambient
temperature.

Table 1. Fabrication parameters of CZTS thin films.

were encoded according to their sulfurization time.
For example, CZTS-4 stands for the sample
sulfurized at 500 °C for dwell time of 4 min, and

CZTS-8 represents the sample sulfurized for dwell
time of 8 min (see Table 1).

PANalytical Empyrean diffractometer (A=1.5405
A) was employed to characterize crystalline quality
of the films. Raman analysis was carried out using
Renishaw inVia Spectrometer (A=633 nm). The
microstructure and concentration of the films were
examined by Scanning electron microscope (SEM)

Specimen  Layer Order ~ Annealing  Annealing
Temperature Time
(°C) (min)
CZTS-4  Cu/Sn/Zn/Cu 500 4
CZTS-8  Cu/Sn/Zn/Cu 500 8
CZTS-12  Cu/Sn/Zn/Cu 500 12
3. RESULTS AND DISCUSSION

3.1. EDX

The atomic percentage of the metallic precursor
(Cu/Sn/zZn/Cu) and CZTS thin films taken by EDX
was displayed in their EDX spectrum of the
samples (Figure 2).
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Figure 2. EDX spectrum of metallic precursor (a), CZTS-4 (b), CZTS-8 (c), and CZTS-12 (d)
films.

In order to show how composition of the films
change with variation of the sulfurization time
more clearly, atomic ratio of the metallic precursor
and CZTS thin films was also summarized in Table
2. Asshown in Table 2, the metallic precursor film
showed compositionally Zn-rich (Zn/Sn>1) and
Cu-poor (Cu/(Zn+Sn)<1) chemical composition
which desired property for solar cell applications
[4]. The atomic ratio of the films, on the other hand,
revealed variability according to their atomic
ratios. The Cu/(Zn+Sn) atomic ratio showed
variation from 0.83 to 0.90, Zn/Sn ratio from 1.03
to 1.22, and S/Metal ratio from 1.20 to 1.25.

Table 2. Chemical composition of metallic and CZTS
samples.

Atomic Ratio
Specimen Cu/(Zn+Sn)  Zn/Sn S/Metal
Cu/Sn/zZn/Cu 0.83 1.22 -
CZTS-4 0.86 1.03 1.25
CZTS-8 0.87 1.12 1.24
CZTS-12 0.90 1.05 1.20

Regardless of the dwell time of the samples at
reaction temperature, all CZTS thin films showed

Cu-poor composition (Cu/Zn+Sn<1) that all films
share similar Cu content. However, alteration of
sulfurization time caused variability in Zn
composition of the films. Although the CZTS-4
and CZTS-12 thin films shared similar Zn
composition, the CZTS-8 film had more Zn-
composition, respectively. It can be said that all of
the CZTS thin films showed Zn-loss but CZTS-4
and CZTS-12 samples showed more Zn deficiency.
The Zn-loss for all samples can be explained with
high vapor pressure of elemental Zn. It means that
some elemental Zn had existin CZTS-4 and CZTS-
12 thin films due to probable decomposition
process or incomplete reaction and evaporated
during sulfurization process. All CZTS samples
exhibited amount of sulfur more than necessary for
complete Cu,ZnSnS, structure. Excess amount of
sulfur may stem from the fact that the graphite box
was pulled to cool zone of the furnace with cap over
it. Some residual sulfur could have precipitated on
the surfaces of the films. It can be concluded that
although some compositional variations were
observed in the films, all reacted samples displayed
compositionally Cu poor and Zn rich chemical
composition, as targeted.

3.2. XRD
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The XRD patterns of metallic Cu/Sn/Cu/Zn
precursor and CZTS thin films were presented in
Figure 3. The intended diffraction peaks for
elemental Cu, Sn and Zn were labeled in the figure.
Although diffraction peaks of Sn (JCPDS 03-065-
7657) were separated clearly and shown in the
figure, the diffraction peaks of Cu (JCPDS 00-003-
1015) and Zn (JCPDS 00-004-0831) around at 26=
43.25° were not separated since diffraction peak
positions of Cu, Zn, Cuzn (JCPDS 03-065-9061) ,
and CueSns (JCPDS 00-045-1488) phases are very
close to each other. Additionally, CueSns at
20=30.20 ° binary phase was detected even though
not any annealing treatment was applied. It means
that Cu and Sn elements can form alloy phase even
at room temperature. Diffraction peak of Mo
(JCPDS 01-089-4896) at 26=40.55 due to substrate
was also detected in the films.

As can be seen in the Figure
3, regardless of the sulfurization time all CZTS thin
films displayed diffraction peaks at 20=28.44°,
20=47.31°, and 20=56.17° that corresponds (112),
(220/204) and (312/116) diffraction planes of
kesterite CZTS phase (JCPDS 26-0575). Other
characteristic peaks associated with the CZTS are
also shown in the figure. Apart from CZTS phase,
formation of CuS (JCPDS 01-078-0877) at around
26=31.80° was traced for CZTS-4 and CZTS-12
samples as distinct from CZTS-8 thin film. It is
well known that CuS secondary phase can be easily
removed from the surface of the films by
employing KCN etching process [15].
Additionally, as the sulfurization time increased
above 4 min, the CZTS samples showed formation
of MoS; (JCPDS 00-009-0312) phase as a result of
reaction of the sulfur vapor with the substrate. It
means that extending the sulfurization time above
4 min may contribute to the penetration of sulfur
vapor to the lower part of the film. Overall, it was
shown that the CuS-free films was successfully
obtained using sulfurization time above 4 min for
CZTS-8 thin film. However, extending the
sulfurization time above 4 min may cause
formation of MoS; phase. Therefore, pure CZTS
phase can be obtained by calibrating the
sulfurization time between 4 and 8 min.

i1 eczTS
i | @Cus
! | B Mo
¢ i OMos,

——CZTs42
——CZTS-8
——CZTS4
Cu/SniZn/Cu

(112

(220/204)

Intensity (arb. units)

pSR
“lecu, zn, cuzn, Cu,Sn,
Sn ®sn
CusSts 4\ A sn
A

20 degree
Figure 3. X-ray diffraction patterns of metallic
precursor and CZTS thin films.

3.3. Raman Spectroscopy Analysis

Due to the fact that the CZTS, ZnS and Cu,SnSs
(CTS) phases share similar XRD patterns, Raman
spectroscopy was utilized to prove formation of
CZTS phase by distinguishing such phases. Raman
spectra of the films which were prepared at
different sulfurization times were presented in
Figure 4. As can be seen in the figure, Raman
spectra of the all films has a dominant peak at
around 336-337 cm™ that is ascribed to CZTS
phase. The lower intense Raman peaks associated
with CZTS phase are displayed in the figure.
Except for formation of CZTS phase, the Cu.S
and Cu,SnS; (CTS) peaks were observed for
CZTS-4, CZTS-8, and CZTS-12 respectively [18,
25]. Detection of CuzxS phase for CZTS-4 in its
Raman spectra supports the XRD pattern of this
film. Formation of CTS phase was determined for
CZTS-8 and CZTS-12 samples. Such a phase could
not be distinguished in their XRD patterns since
CZTS and CTS phases have similar XRD patterns.
Formation of CTS phase can be explained with the
fact that longer sulfurization time may cause
decomposition reaction for CZTS-8 and CZTS-12
thin films.
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Figure 4. Raman spectra of CZTS-4, CZTS-8, and

CZTS-12 thin films.

500

Figure 5. SEM images of metallic (a), CZTS-4 (b), CZTS-8 (c), and CZTS-12 (d) thin films.

3.4. SEM

The surface morphology of the films was
demonstrated by SEM images in Figure 5 with a
broader image (5.00 KX) and their insets (20.00
KX) to show surface of the films more clearly. As
shown in the figure, metallic film showed dense
and homogenous surface structure (Figure 5 (a)).
Regardless of the different sulfurization time, all
reacted samples demonstrated dense, void-free,
and inhomogeneous surface structure. As the
sulfurization time increased, the granular- shaped
microstructures decreased and more homogenous
surface morphologies were obtained. The EDX
results revealed that the micro segregations formed
on top of the films (especially for CZTS-8 and
CZTS-12) have deficiency of Zn and abundance of
Cu-Sn-S elements which may point out probable
formation of Cu,SnS; phase. Such result is in good
accordance with the Raman spectra of CZTS-8 and
CZTS-12 thin films. It means that extending
sulfurization time above 4 min may initialize the
decomposition process and give rise to formation
of CTS phase.

8 1pm*
H

P
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3.5. Photoluminescence Analysis

Photoluminescence (PL) spectra obtained at room
temperature of the films were displayed in Figure
6. As can be shown in the figure, one broad band at
around 1.36-1.37 eV was peaked for all PL spectra
of the films. The obtained PL results are compatible
with the reported results in the literature [26]. The
1.36-1.37 eV value can be ascribed to conduction
band to acceptor transition and involved
recombination paths in the CZTS samples [24]. It
can also be concluded that the sulfurization time
does not affect PL emission results of the CZTS
thin films remarkably.

PL Intensity (arb. units)

12 15 1a 15 18 17
Energy (eV)
Figure 6. Photoluminescence properties of the

CZTS samples.

4. CONSCLUSION

In the present study, CZTS samples were prepared
by sequential sputter deposition of Cu, Zn, and Sn
on Mo coated glass followed by sulfurization of
metallic stacks at 500 °C reaction temperature for
various sulfurization times (4, 8, and 12 minutes).
The EDX results showed that although some Zn

deficiency was observed for the samples, all CZTS
thin films had compositionally Cu-poor and Zn-
rich atomic ratio. In addition to CZTS phase,
formation of some secondary phases such as CuS
and MoS; was observed in their XRD patterns.
Raman spectra of the films were dominated by a
strong peak that attributes to kesterite CZTS phase
for all samples and distinguished formation of CTS
phase for CZTS-8 and CZTS-12 samples. Surface
morphology of the films displayed dense and
inhomogeneous morphology regardless of the
sulfurization temperature. Band gap of the CZTS
samples obtained using different sulfurization time
was determined at around 1.36-1.37 eV, which
exhibits dwell time of the reaction does not
influence the band gap of the films remarkably.
Overall, it was shown that the pure CZTS thin film
can be obtained at moderate sulfurization
temperature either by fine-tuning the short dwell
time of sulfurization process or employing proper
etching process.
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Abstract. In this paper, a theorem on absolute summability of infinite series is obtained by taking almost
increasing sequence instead of positive non-decreasing sequence. Also, some results of absolute summability
are given.
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Sonsuz Serilerin Mutlak Toplanabilmesi Uzerine Bir Teorem

Ozet. Bu makalede, pozitif azalmayan dizi yerine hemen hemen artan dizi alinarak, sonsuz serilerin mutlak
toplanabilmesi {izerine bir teorem elde edildi. Ayrica, mutlak toplanabilme ile ilgili bazi sonuglar verildi.

Anahtar Kelimeler: Riesz ortalamasi, mutlak toplanabilme, hemen hemen artan dizi, Holder esitsizligi,
Minkowski esitsizligi.

1. INTRODUCTION

A positive sequence (bn) is said to be almost increasing if there exist a positive increasing sequence
(Cn) and two positive constants K and L such that Kc, <b <Lc, [1]. Obviously, every increasing
sequence is almost increasing. However, the converse need not be true as can be seen by taking the
example, say b, —ne™" . Let Zan be an infinite series with its partial sums (s,). Let (gon) be a

sequence of positive real numbers. The series Zan is said to be summable ¢ — N, pn;§‘k , k>1
and 0>0, if [2]

o0 o K

Zwr(\sk ‘ l|0n _Hn—l| <, (1)

n=1
where (p, ) is a sequence of positive numbers such that

P=>p —>» a now (P,=p,;=0,ix1) )

v=0

and
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6,=23 s, @
defines the sequence (6, ) of the (N, pn) mean of the sequence (S, ) generated by the sequence of
coefficients (p,) [3].
In the special case, if we take ¢, =P,/p, ., then go—‘ﬁ, pn;5‘k summability reduces to ‘N, pn;5‘k
summability [4]. Also, if we take ¢, =P,/p, and 6=0, (o—‘ﬁ, pn;é‘k summability reduces to
N, p,

get |C,1| summability [6].

ksummability [5]. Finally, if we take ¢, =n, 6=0 and p, =1 for all values of n, then we

2. KNOWN RESULTS

Absolute summability methods are generally used to summability of an infinite series. There is an
important application area of these methods. Especially, they have applications on different sequences

such as positive non-decreasing, almost increasing and quasi power increasing sequences.

There are many different studies on absolute summability methods (see [2, 7-21]). Among them, in [7],

the following theorem was proved.

Theorem 1 Let (X,) be a positive non-decreasing sequence and (f3,), (4,) be

sequences such that

INNEYS (4)
B, —0as n— o, (5)

gnlAﬂnIXn <o, (6)
|4,| X, =0@1) as n—w 7)

hold where A4, =4, -4

n+l "

If (p,) isasequence of positive numbers such that

P, =0(np,) as Nn— oo, (8)
Z%|Sn|k=0(xm) as Mm—> oo, ©)
n=1 n

k>1.

then the series Zan/ln is summable ‘N, Pa |,
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3. MAIN RESULT

Theorem 1 is generalized as in the following form under weaker conditions by using an almost

increasing sequence instead of a positive non-decreasing sequence.

Theorem 2 Let (X, ) be an almost increasing sequence and ¢, p, =O(P, ). If conditions (4)-(8) of
Theorem 1 and

Z(pfk’1|sn|k:0(xm) as Mm—> o, (10)
n=1

miiqfsk‘lizo go‘ski as m— oo (11)
n=v+1 " Pn_l ! R,

are satisfied, then the series Zanxin is summable go—‘ﬁ, pn;5‘k , k=1 and 0<6<1/k.

Lemma 3 [22]. Under the conditions of Theorem 2, we have

nX. A, =00 as n-— oo, (12)
iﬂnxn@o. (13)

4. PROOF OF THEOREM 2

Let (M,) be the sequence of (N, pn) mean of the series » a4, . Then, we get
l n \
n -5 p, Za Z P P—l) av/ﬂiv
Pn v=0 r=0 Pn v=0

Now, for n>1

Pn
M -M —0
n n-1— Pplé vlﬂ\/a\/

From Abel’s transformation, we obtain

n-1
M, ~M, =P 3 R AL S, B vaﬂva"““

n'n-1 v=l n'n-1 v=l n

= Mn,1+Mn,2 +Mn,a

To prove that Zanln is summable go—‘ﬁ, pn;5‘k, it is sufficient to show that

<o for r=1, 2, 3.

% k
Sk+k-1
Z(/)n ‘ Mn,r

n=1
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First, using the fact that ¢, p, =O(P,)and the condition (4), we get

Z ok+k-1 ‘

Now, using Holder’s inequality and the condition (8),

:o(1)§:¢fk-1 {ZP[} s, |} .

nl v=1

m+1
ok+k-1
> M

n=2

DN {va (vA,) lenipv} -

v=1 n-1 v=1

Then, we obtain

m+1
S o M. 0w p () sf X o o
n=2 n=v+l n—l
Here, using the condition (11), we get
= Sk+k-1 5k p k
Y oM, O(l)z = s.|
n=2
_ 0(1)2_1‘@5“1 (%‘”](vﬂv)k s, [,
then using the fact that @, p, = O(P, ), we obtain
= Sk+k-1 5k 1 k=1, |k
I [T v8,) s,

n=2

Now using the fact that the sequence (X ) is almost increasing and the condition (12), we obtain

n

(vﬂv)kfl =0(1). Thus, we have

m+1
Sk+k-1
2o M,

n=2

O(l)z * g, |s

Then, using Abel’s transformation, we get

m+1

z ¢§k+k—l ‘ M

n=2

m-1 % m
=0 A(vVA)Y. o™ s +0@m B, ¢ s, | .
v=1 i=1 v=1

Here considering the fact that
A(Vﬂv) = Vﬁv - (V +1)ﬂv+l = VAﬂv - ﬂv+l )

and using the condition (10), we have



567 Kartal / Cumhuriyet Sci. J., Vol.40-3 (2019) 563-569

m+1 ik
Sk+k-1
> P M

n=2

m-1 m-1

= O(l)ZV|A,BV| X, +0(1)Z BuX,,+O)mB X,
v=1 v=1

=0(@) asm— oo,

by (6), (13) and (12), respectively.

Now, again using the fact that ¢, p, =O(P,) and Hélder’s inequality, we have

n

m+1
ZCDSSM 1‘ 0(1)2¢5k -1 {Z pv M\/HS }
n=2 n 1 v=1

—0(1)2405“ {”levlﬂvl 5 le Zp}

v=1 n-1 v=1

Then

= Sk+k—1 k-1 Sk-1 1
oM, AR st S

n=2 n=v+l n—l

Here, using the fact that the sequence (Xn) is almost increasing and considering the condition (7), it is

clear that |Z\,|k7l = O(1) . Additionally, using the condition (11), we have

m+1 Cok
ok+k-1
> oM

n=2

=0 ¢ |Als.[
v=1
Hence, we get

m+1 Cok
Sk+k-1
> oM

n=2

m-1 Vv m
=0 AL 0™ s [ +0@ |4, D 0o s, |
v=1 i=1 v=1

—omY A, X, + 0|4,/ X,

=0(1) as m— o,

by virtue of Abel’s transformation, (4), (10), (13) and (7).

Finally, again using the fact that ¢, p, =O(P, ), we have

Z ok+k-1 ‘

RO}

=0(1) asm—>owo,

asin M ,. Thence, the proof of Theorem 2 is completed.
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5. CONCLUSION

In this paper, generalized absolute summability of an infinite series is studied. A general theorem
dealing with absolute summability is obtained. For the special cases of (X, ), (¢,). (p,) and &, some

results can be obtained. If we take (Xn) as a positive non-decreasing sequence in Theorem 2, we get

an another theorem dealing with go—‘ﬁ, pn;5‘k summability of an infinite series. If we take

@, =P,/p, in Theorem 2, then we get a known theorem on ‘N, pn;5‘k summability of an infinite

series [23]. Also, if we take (X,) as a positive non-decreasing sequence, @, =P,/p, and §=0 in

Theorem 2, then the condition (10) reduces to the condition (9) and also the conditions ¢, p, = O(P )

n

and (11) are automatically satisfied. Thus, Theorem 2 reduces to Theorem 1. Finally, if we take (X, )
as a positive non-decreasing sequence, ¢, =n, 6=0 and p, =1 for all values of n, then we geta

known result of |C, 1| summability [24].

REFERENCES

[1] Bari N.K. and Stec¢kin S.B., Best Approximations and Differential Properties of Two
Conjugate Functions, Trudy Moskov. Mat. Obs¢., 5 (1956) 483-522.

[2] Seyhan H., On the Local Property of go—‘ﬁ, pn;§‘k Summability of Factored Fourier Series,

Bull. Inst. Math. Acad. Sinica, 25-4 (1997) 311-316.
[3] Hardy G.H., Divergent Series, Oxford, Oxford University Press, 1949.

[4] Bor H., On Local Property of ‘N, pn;é‘k Summability of Factored Fourier Series, J. Math. Anal.

Appl., 179-2 (1993) 646-649.

[5] Bor H., On Two Summability Methods, Math. Proc. Cambridge Philos. Soc., 97-1 (1985) 147-149.

[6] Flett T.M., On an Extension of Absolute Summability and Some Theorems of Littlewood and
Paley, Proc. London Math. Soc. (3), 7 (1957) 113-141.

[7]1 Bor H., A Note on Absolute Summability Factors, Internat. J. Math. Math. Sci., 17-3 (1994)
479-482.

[8] Bor H. and Seyhan H., On Almost Increasing Sequences and Its Applications, Indian J. Pure
Appl. Math., 30-10 (1999) 1041-1046.

[9]1 Bor H. and Ozarslan H.S., On Absolute Riesz Summability Factors, J. Math. Anal. Appl., 246-2
(2000) 657-663.

[10] Bor H. and Ozarslan H.S., An Application of Quasi Power Increasing Sequences, Int. Math. J.,
2-2 (2002) 187-191.

[11] Bor H. and Ozarslan H.S., On an Application of Quasi Power Increasing Sequences, Indian J.
Pure Appl. Math., 33-5 (2002), 769-774.

[12]Bor H. and Ozarslan H.S., A Note on Absolute Summability Factors, Adv. Stud.
Contemp. Math. (Kyungshang) 6-1 (2003) 1-11.

[13] Bor H. and Ozarslan H.S., A Note on Absolute Weighted Mean Summability Factors, Cent.
Eur. J. Math., 4-4 (2006) 594-599.

[14] Karakas A., A Note on Absolute Summability Method Involving Almost Increasing and o -
guasi-monotone sequences, Int. J. Math. Comput. Sci., 13-1 (2018) 73-81.

[15] Kartal B., On Generalized Absolute Riesz Summability Method, Commun. Math. Appl., 8-3
(2017) 359-364.

568




569

Kartal / Cumhuriyet Sci. J., Vol.40-3 (2019) 563-569

[16] Ozarslan H.S., A Note on ‘N, pn;§‘k Summability Factors, Indian J. Pure Appl. Math., 33-3

(2002) 361-366.
[17] Ozarslan H.S., A Note on Quasi Power Increasing Sequences, Indian J. Pure Appl. Math.,
34-5 (2003) 727-732.

[18] Ozarslan H.S., On \N, pn;é‘k Summability Factors, Kyungpook Math. J., 43-1 (2003) 107-112.

[19] Seyhan H. and Sonmez A., On (z)—‘ﬁ, pn;é‘k Summability Factors, Portugal. Math., 54-4

(1997) 393-398.

[20] Seyhan H., A Note on Absolute Summability Factors, Far East J. Math. Sci., 6-1 (1998) 157-162.

[21] Seyhan H., On the Absolute Summability Factors of Type (A,B), Tamkang J. Math., 30-1
(1999) 59-62.

[22] Mazhar S.M., A Note on Absolute Summability Factors, Bull. Inst. Math. Acad. Sinica, 25-3
(1997) 233-242.

[23] Ozarslan H.S., On Almost Increasing Sequences and Its Applications, Int. J. Math. Math. Sci. 25-
5(2001) 293-298.

[24] Mishra K.N. and Srivastava R.S.L., On Absolute Cesaro Summability Factors of Infinite Series,
Portugal. Math., 42-1 (1983-84) 53-61.



Caumihswriyet Sclionce Jornal
cs)

e-1SSN: 2587-246X

ISSN: 2587-2680 Cumhuriyet Sci. J., Vol.40-3 (2019) 570-577

Shell Model Calculations for Proton-rich Zn Isotopes via New Generated
Effective Interaction by Artificial Neural Networks

Serkan AKKOYUN" "/, Tuncay BAYRAM?

! Department of Physics, Faculty of Science, Sivas Cumhuriyet University, Sivas, TURKEY

2 Department of Physics, Faculty of Science, Karadeniz Technical University, Trabzon, TURKEY

Received: 02.03.2019; Accepted: 29.07.2019 http://dx.doi.org/10.17776/csj.534815

Abstract. In this study, the artificial neural network method has been employed for the generation of the new
two-body matrix elements which is used for fpg shell nuclei. For this purpose, jj44b interaction Hamiltonian
has been considered as a source. After the generation of the new Hamiltonian, both, original and new generated,
are tested on proton-rich Zn isotopes. According to the results, the calculated values are close to the each other.
As well the results from new interaction (jj44b_nn) are closer to the available experimental values in some
cases.

Keywords: Nuclear shell model, Pfg shell, Jj44b, Artificial neural network.

Yapay Sinir Ag1 ile Yeni Uretilen Etkin Etkilesimle Notron Zengini Zn
Izotoplan icin Kabuk Modeli Hesaplamalari

Ozet. Bu galismada, fpg kabuk cekirdekleri i¢in kullanilan iki cisim matris elemanlarinin iiretilmesi icin yapay
sinir ag1 yontemi kullanilmigtir. Bu amagcla, jj44b etkilesim Hamiltonian’i, kaynak olarak kabul edilmistir. Yeni
Hamiltonian'mn olusumundan sonra, hem orijinal hem de yeni {iretilen etkilesimin her ikisi de ndtronca zengin
Zn izotoplari tizerinde test edilmistir. Elde edilen sonuglara gore hesaplanan degerler birbirine yakindir. Ayrica,
yeni etkilesimden (jj44b_nn) elde edilen sonuglar, mevcut deneysel degerlere ve literatiir degerlerine daha yakin
sonug vermistir.

Anahtar Kelimeler: Niikleer kabuk modeli, Pfg kabugu, Jj44b, Yapay sinir agi.

1. INTRODUCTION

For the investigation of nuclear structure, nuclear shell model is a quite successful. Similar to the more

familiar model for electronic shell model of atom, the nucleons are considered as located in the shells of

a nucleus. If the number of nucleons equals to 2, 8, 20 28, 50, 82 or 126 which is named as nuclear magic

number, the shells are said to be closed. The nuclei whose only one type nucleon number is magic are

called magic nuclei. In the case of both types are magic, the nucleus is called as doubly-magic nuclei. In

nuclear shell model (SM) calculations, a double-magic nucleus is considered as an inert core. The core

nucleons do not interact with each other or the nucleons outside the core. Only valance nucleons above

the closed shell are taken in the calculations. The space of the valance nucleons is a model space.
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The interactions of the nucleons in the model space with each other or the core are obtained via SM
calculations [1-7]. Therefore, the correct estimations of the physical results in SM model, determination
of the interaction Hamiltonian plays crucial role. In this paper, we have generated new interaction matrix
elements from existed jj44b interaction [8]. This interaction is used for SM calculations of the nuclei
outside the 56Ni double-magic core and includes 133 two-body interaction matrix elements. The model
space is pfg shell and contains the nuclei from mass number A=56 to 100. For the generation, we have
applied artificial neural network (ANN) method which mimics the human brain function. Recently, ANN
has been used in many fields of nuclear physics [9,13]. After generation of the new interaction matrix
elements, the 2+, 4+ energies, R4/2 ratio, B(E2) values for proton-rich Zn isotopes have been calculated
in the scope of SM. Kshell shell model code has been used which enables to perform nuclear shell-model

calculations with M-scheme representation with the thick-restart Lanczos method [14].

The paper is organized as follows. In section 1, a brief introduction to the subject is given. In section 2,
ANN method and shell model calculations have been summarized. Results of the ANN and the SM
calculations for existed jj4b interaction and newly generated jj44b_nn interaction for Zn isotopes have
been given in comparison with the available literature values in section 3. Finally, in the section 4,

discussions on the obtained results have been given with the conclusions.
2. MATERIAL and METHODS
2.1 Artificial Neural Network (ANN) Method

A mathematical tool ANN mimics the human brain functionality [15]. The structure of ANN is composed
of several processing units which are called neurons. The neurons are located in different layers and
connected each other via adaptive synaptic weights. The first group of neurons is in input layer and
receives data from outside. The data is transmitted to next group of neurons in hidden layer by weights.
Finally, the processed data flows to the output layer neurons. In our calculation, we have used feed-
forward ANN with four layers in order to generate new two-body interaction matrix elements (tbme). The
input layer consists of six neurons corresponding to a, b, ¢, d, Jand T. The a, b, ¢, d values are the single
particle orbits of the model space nucleons, J and T are total paired angular momentum and isospin,
respectively. Due to the giving best results among the others, two hidden layers with 6 and 9 neurons in
each are used as optimized value. The output layer neuron corresponds to the tbme. Therefore, the
architecture of ANN is 6-6-9-1 and the total numbers of adjustable weights between neurons are 99 in this
work. The hidden neuron activation function is tangent hyperbolic which is a sigmoid-like function

generally used in the ANN calculations. For details of the ANN, the reader is referred to Haykin [15].

2.2 Shell Model Calculation
In the SM, valance nucleons move in a finite number of j-orbits and their Hamiltonian of the valance

nucleons is given by
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H=E, +Zsi + Z < ab;JT|V|cd; T >
i a,b,c,d
where EOQ is the energy of the inert core, &i is single particle energies (spe) of the valance orbits and the
last term <ab;JT|V|cd;JT> is two-body residual interaction among the valance particles. In the calculations
with jj44bor jj44b_nn effective interactions, spe values are -9.2859, -9.6566, -8.2695 and -5.8944 for
p3/2, t5/2, p1/2 and g9/2 shells. The valance nucleons are distributed in this pfg shells (Fig.1). The
interaction Hamiltonian is defined by a set of 133 tbme. We have considered double magic 56Ni isotope
as a core whose proton and neutron numbers are 28. The nucleons in the core with J=0 do not move from

the core.

50 8o/

40 p
MODEL SPACE 12

32 Py

Figure 1 The fpg model space above the 56Ni core for the calculations of Zn isotopes

There are many available codes in the literature which are written for the shell model calculations such as
NuShell [16], Redstick [17], Bigstick [18], Antoine [19], Oxbash [20]. For the SM calculations for nuclear
properties of proton-rich Zn isotopes, Kshell [14] computer code has been used in this present study. The
code is a powerful computer code in order to calculate the energy levels, spins/parities, electric/magnetic
guadrupole moments, electric/magnetic transition probabilities and one-particle spectroscopic factors in
the nuclei. The code is used on a Linux operating system with a many-core CPU and OpenMP library. It
is also used on a parallel computer with hybrid MP1+OpenMP parallel programming. If enough memory

is available on the computers, up to tens of billions M-scheme dimension is capable.

3. RESULTS AND DISCUSSIONS

In the first stage of the study, we have employed ANN to generate new interaction matrix elements from
an existing data for the shell model calculations of fpg shell nuclei. By using constructed ANN mentioned
in Section 2.1, we have obtained the elements whose values are not so far from the original ones. As can
be seen in Table 1 that, the maximum difference between original and generated elements is 0.4861 for
off-diagonal <41;50|V|42;50> tbme. The minimum value is O for several tbme. The more the hidden

layer neurons the closest the result each other are. For the hidden neuron numbers 8-10, the constructed
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ANN starts to memorize the data and the generated tbme from it becomes to be same as the original tbme.
Although the values are close each other for used ANN with 6-9 hidden neurons, the results of SM
calculations have been improved by using new generated tbme. In order to see this improvement, SM
calculations have been performed on proton-rich even-even Zn isotopes.

In Table 2, we have given the 2* and 4* energies of *%2Zn isotopes. For %Zn, the theoretical calculated
2*energy values are same from jj44b and jj44b_nn. For 8Zn isotope, jj44b_nn gives results closer to the
experimental value whereas for %2Zn isotope, jj44b gives closer results. The calculations of4* energy
levels, jj44b_nn is better both for *8Zn and %°zn.

In Table 3, we have shown the B(E2) values for ground state to first 2* excited state and from 2* excited
state to ground state. Only available experimental or adopted literature value is for ground state to 2* state
in 2Zn isotope. As is clear in the table that the jj44b_nn is slightly closer to the experimental value. For
the other Zn isotopes, the results are very close to each other. In Table 4, we have listed the B(E2) values
for first 2* excited state to first 4% excited state and from 4* excited state to 2* excited state. There is no
available experimental or adopted value in the literature for these values.
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Table 1. Two-body matrix elements of jj44b and newly generated jj44b_nn interactions. The orbits are labeled by 1=pss2, 2=fsz,
3=pu12 and 4=gar2single particle orbits. The a, b, ¢, d values are the single particle orbits, Jand T are total paired angular momentum
and isospin.

a b c¢c d J T jj44b jj4dbnmtm a b c d J T jj44b jj44b nn
1 1 1 1 1 o0 -0,8113 -0,8081 4 4 4 4 9 0 -2,1260 -2,1283
1 1 1 1 3 0 -0,4985 -0,5162 1 1 1 1 0 1 -1,3259 -1,2921
1 1 1 1 5 0 -2,1319 -2,1179 11 1 1 2 1 -0,3349 -0,3358
1 1 2 1 1 0 0,5205 0,5580 1 1 1 1 4 1 0,3138 0,3728
1 1 2 1 3 0 0,3487 0,3125 11 2 1 2 1 -0,2903 -0,2349
1 1 3 1 3 0 -0,6053 -0,6000 1 1 2 1 4 1 -0,4315 -0,4270
1 1 2 2 1 0 0,1736 0,1988 1 1 3 1 2 1 -0,7133 -0,6980
1 1 2 2 3 0 0,0320 0,0320 11 2 2 0 1 -0,7430 -0,8444
1 IS 2 1 0 0,1136 -0,0226 11 2 2 2 1 0,0098 0,0499
1 1 3 3 1 0 -0,2385 -0,2908 11 3 2 2 1 0,5004 0,4537
1 1 4 4 1 0 -0,8790 -0,8191 1 1 3 3 0 1 -0,4773 -0,4915
1 1 4 4 3 0 -0,3107 -0,2993 1 1 4 4 0 1 1,8722 1,8353
1 1 4 4 5 0 -0,1703 -0,1798 1 1 4 4 2 1 0,2798 0,4341
2 1 2 1 1 0 -1,9735 -1,9779 1 1 4 4 4 1 0,1879 0,0334
2 1 2 1 2 0 -1,2445 -1,2437 2 1 2 1 1 1 0,2446 0,2890
2 1 2 1 3 0 -0,6597 -0,6621 2 1 2 1 2 1 0,4202 0,3899
2 1 2 1 4 0 -1,6087 -1,6137 2 1 2 1 3 1 0,5865 0,6269
2 1 3 1 2 0 -0,7312 -0,6938 2 1 2 1 4 1 -0,1017 -0,1027
2 1 3 1 3 0 0,6758 0,6572 2 1 3 1 2 1 -0,4233 -0,3843
2 1 2 2 1 0 0,0665 0,0659 2 1 3 1 3 1 0,0290 0,0455
2 1 2 2 3 0 0,3863 0,4129 2 1 2 2 2 1 -0,0657 -0,1104
2 1 3 2 1 0 0,6218 0,6408 2 1 3 2 1 1 0,0725 0,0584
2 1 3 2 2 0 -0,3687 -0,4616 2 1 3 2 2 1 -0,0633 -0,1426
2 1 3 3 1 0 0,5089 0,6585 2 1 4 4 2 1 0,5475 0,5788
2 1 4 4 1 o0 0,3037 0,2474 2 1 4 4 4 1 0,5235 0,5430
2 1 4 4 3 0 -0,0341 -0,0234 31 3 1 2 1 -0,1648 -0,2051
B i3 1 2 0 -0,4481 -0,4367 3 1 3 1 3 1 0,6638 0,6220
3 1 3 1 3 0 -1,4983 -1,4898 3 1 2 2 2 1 -0,2554 -0,2632
B 1 2 2 3 0 -0,0006 0,0032 3 1 3 2 2 1 0,4423 0,4458
3 1 3 2 2 0 -0,5797 -0,6143 3 1 4 4 2 1 0,6139 0,5485
3 1 4 4 3 0 -0,1910 01704 4 1 4 1 2 1 -0,6032 -0,6032
4 1 4 1 2 0 -3,5289 -3,5389 4 1 4 1 3 1 -0,0920 -0,0419
4 1 4 1 3 0 -1,8098 -1,8147 4 1 4 1 4 1 0,4452 0,2406
4 1 4 1 4 0 -1,2352 -1,2256 4 1 4 1 5 1 0,2804 0,4718
4 1 4 1 5 0 -1,4659 14834 4 1 4 1 6 1 0,6757 0,6048
4 1 4 1 6 0 -0,8493 -0,8040 4 1 4 1 7 1 -0,7200 -0,7734
4 1 4 1 7 0 -2,3659 -2,4047 4 1 4 2 3 1 -0,5352 -0,4555
4 1 4 2 3 0 -0,8169 -0,7536 4 1 4 2 4 1 -0,1519 -0,2064
4 1 4 2 4 0 0,5634 0,2266 4 1 4 2 5 1 -0,0907 0,0130
4 1 4 2 5 0 -0,1897 0,2964 4 1 4 2 6 1 -0,4143 -0,3692
4 1 4 2 6 0 0,8527 0,6543 4 1 4 3 4 1 0,1336 0,1116
4 1 4 3 4 0 -0,8072 -0,6775 4 1 4 3 5 1 -0,0729 -0,0952
4 1 4 3 5 0 -0,8831 -0,9912 2 2 2 2 0 1 -0,7572 -0,7504
2 2 2 2 1 0 -0,8551 -0,8573 2 2 2 2 2 1 0,0862 0,1305
2 2 2 2 3 0 -2,0525 -2,0635 2 2 3 2 2 1 0,2157 0,2559
2 2 3 2 1 0 -1,3769 -1,3686 2 2 3 3 0 1 -1,1326 -1,1276
2 2 3 3 1 0 0,6256 0,6214 2 2 4 4 0 1 0,9686 0,9654
2 2 4 4 1 0 0,5998 0,5808 2 2 4 4 2 1 0,5567 0,4995
2 2 4 4 3 0 0,4825 0,5337 3 2 3 2 1 1 0,3052 0,3135
3 2 3 2 1 0 -2,3068 -2,3085 3 2 3 2 2 1 -0,3941 -0,4021
3 2 3 2 2 0 -2,0031 -1,9665 3 2 4 4 2 1 -0,1474 -0,0989
3 2 3 3 1 0 -0,3608 -0,3664 4 2 4 2 3 1 -0,8576 -0,8774
3 2 4 4 1 0 0,5368 0,5290 4 2 4 2 4 1 0,1169 0,1576
4 2 4 2 3 0 -0,9996 -1,0071 4 2 4 2 5 1 -0,1975 -0,2201
4 2 4 2 4 0 -0,8777 -0,8467 4 2 4 2 6 1 0,8224 0,7916
4 2 4 2 5 0 -0,3781 -0,4948 4 2 4 3 4 1 0,2570 0,2396
4 2 4 2 6 0 -2,3615 -2,3469 4 2 4 3 5 1 -0,4919 -0,4556
4 2 4 3 4 0 1,0058 0,9069 3 3 3 3 0 1 -0,1139 -0,1060
4 2 4 3 5 0 -0,3069 -0,1848 3 3 4 4 0 1 0,8110 0,8110
3 3 3 3 1 0 -1,0199 -1,0155 4 3 4 3 4 1 0,3293 0,3363
3 3 4 4 1 0 -0,2545 -0,2517 4 3 4 3 5 1 -0,2067 -0,2205
4 3 4 3 4 0 -1,6832 -1,7087 4 4 4 4 0 1 -1,4086 -1,4040
4 3 4 3 5 0 -1,1173 -1,1116 4 4 4 4 2 1 -1,0366 -1,0421
4 4 4 4 1 0 -1,0265 -1,0103 4 4 4 4 4 1 -0,2288 -0,2259
4 4 4 4 3 O -0,5628 -0,5201 4 4 4 4 6 1 0,2066 0,1920
4 4 4 4 5 0 -0,5590 -0,6344 4 4 4 4 8 1 0,2457 0,2489
4 4 4 4 7 O -0,8680 -0,8583

Table 2. First 2+ and 4+ energies of proton rich Zn isotopes

Isotope exp ji4b ji4b_nn exp jjab jj4b_nn
%8Zn 1356 1683 1683 2499 2299 2323
50Zn 1004 998 1001 2193 2112 2139

52Zn 954 958 960 2186 2220 2238
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Table 3. B(E2) values between ground state and first 2+ state for proton rich Zn isotopes

Isotope exp jidb ji4b_nn exp jjab jj4b_nn
8Zn - 466.87 467.41 - 93.37 93.48
0Zn - 709.39 710.86 - 141.88 142.17
627Zn 1240 807.99 809.55 - 161.60 161.91

Table 4. B(E2) values between first 2+ state and 4+ state for proton rich Zn isotopes

B(E2;2-4) B(E2:4-2)

Isotope exp jidb ji4b_nn exp jjab jj4b_nn
8Zn - 155.68 155.52 - 86.49 86.40
60Zn - 308.5 309.08 - 171.39 171.71
62Zn - 373.89 375.27 - 207.72 208.49

We have also calculated Ra, and B(E2; 4->2)/B(E2;2->0) ratios for Zn isotopes. In Fig.2, we have shown
the R4, ratios from experimental results and theoretical results by jj44b and jj44b_nn interactions. It is
clear in figure that, the results from newly generated jj44b_nn tbme are slightly closer to the experimental

data for 58-6°Zn isotopes.

2,4
2,2 1
2,0 1
oy
< -
o 1,8
1,6 4
—— exp
1.4 4 —A— ji44b
—¥— jj44b_nn
1,2 T T T T T
57 58 59 60 61 62 63

Atomic Mass
Figure. 2 Raz2 values for proton-rich Zn isotopes.

Finally in Fig.3, we have shown the B(E2; 4->2)/B(E2;2->0) ratios from experimental results and
theoretical results by jj44b and jj44b_nn interactions. Only available experimental values are for %2Zn
isotope with the value of 1.55. Neither jj44b nor jj44b_nn results are close to this value. The results from

both calculations is almost same each other.
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Figure. 3 B(E2; 4->2)/B(E2;2->0) values for proton-rich Zn isotopes.
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Abstract. /nula viscosa is a type of Asteraceae family, which widely used for medicinal plant to treatment of
different diseases. Inula viscosa contains many biological compounds, such as monoterpenes, sesquiterpenes,
diterpenes, flavonoids. Our study aimed to investigate the cytotoxic effects of Inula viscosa extract on MCF-7
(breast carcinoma), C6 (glioblostoma cancer), MG63 (bone osteosarcoma), cancer cells and L929 (mouse
fibroblostama) cell lines. Cytotoxic effects of the /nula viscosa extracts were performed by XTT assay. In this
study, Inula viscosa extracts showed selective cytotoxic effect on MC-7 compared than L929 cells. The Inula
viscosa extracts appear to be a promising source of new anticancer agent. Further studies are needed to
identify the cytotoxic activity mechanisms on these cancer cell lines.

Keywords: Cancer, Cytotoxic Effect, Inula Viscosa.

Inula Viscosa Ekstraktinin Sitotoksik Etkilerinin Arastirilmasi

Ozet. Inula viscosa farkli hastaliklarin tedavisinde medikal amacli kullanilan Asteraceae ailesine ait bir
tirdlir. Inula viscosa monoterpene, seskiterpen, diterpen ve flavonoid gibi pek cok biyolojik bilesen igerir.
Calismamizda Inula viscosa ekstraktlarinin MCF-7, C6, MG63 ve L1929 hiicre hatlarinda sitotoksik etkisinin
incelenmesini amacladik.Inula viscosa ekstraklarinin sitotoksik etkisi XTT analizi ile yapildi.Bu ¢alismada
Inula viscosa ekstraklar1 MCF-7 hiicre hatlarinda 1L929’a gore segici sitotoksik etki gosterdi. Inula viscosa
ekstraklari, timit verici bir yeni antikanser ajan kaynagi olarak goriinmektedir. Bu kanser hiicre hatlar
tizerindeki sitotoksik aktivite mekanizmalarini tanimlamak i¢in daha ileri arastirmalara ihtiya¢ vardir.

Anahtar Kelimeler: Kanser, Sitotoksik Etki, Inula Viscosa.

1. INTRODUCTION

Cancer is a pathological condition that occurs in a
genetic and developmental process, resulting in
loss of cells' excessive proliferation and apoptosis
functions. Some cancer types cause death and are
one of the most searched health problems for
treatment. Lung, stomach, colon, liver and breast

* Corresponding author. Email address:  cozsoya@gmail.com
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cancers are reported to be the most common
causes of death [1-4]. Despite the fact that billions
of dollars are spent for cancer research every year,
the question of how exactly the cancer has
developed remains unanswered. Despite advances

in methods such as surgery, chemotherapy,

©2016 Faculty of Science, Sivas Cumhuriyet University
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radiation radiotherapy, hormone replacement for
cancer treatment, the expected improvement in
advanced disease is not at the desired level [5].
Chemotherapy is a frequently used method for
cancer. It has disadvantages such as
ineffectiveness; serious toxicity and multiple drug
resistance reduce the percentage of success [4].
Therefore, new strategies are needed to defeat
resistance against anticancer drugs [5].

Inula viscosa is type of Asteraceae family. Inula
helenium L., Inula racemosa Hook.f and Inula
britannica L. species are used in medicine. Inula
viscosa is a perennial herbaceous plant that
profusely colonizes sub-nitrophile and sub-saline
soils in abandoned and plowed fields in the
Mediterranean region [6-7]. Inula species include
many  bioactive  compounds, such  as
monoterpenoids, sesquiterpenoids, flavonoids, and
glycosides [8]. It has many biological activies,
such as antiinflammatory, anthelmintic,
antipyretic,  antiseptic,  antiphlogistic, and
antitumor [9-11]. It is widely used in traditional
medicine for treatment of different diseases
especially cancer treatment [12].

In this study, we aim that cytotoxic effects of
Inula  viscosa was determined on bone
osteosarcoma (MG63), glioblostoma (C6), breast

(MCF-7) cancer cells.

2. MATERIALS AND METHOD

2.1. Materials

Dimethylsulfoxide (DMSO), ethanol purchased
from Sigma (St. Louis, USA). Cell Proliferation
Kit I (XTT), Dulbecco’s Modified Eagle’s
Medium (high glucose) from Sigma (St. Louis,
MO, USA). Penicillin, streptomycin and trypsin
from Gibco (Paisley, England), Eagle's Minimum,
fetal bovine serum (FBS) from Biochrom (Berlin,
Germany), phosphate buffer saline (PBS) tablet
from Medicago (Uppsala, Sweden).

Inula Viscosa was collected from Akhisar district
of Manisa province, Turkey (Table 1).

2.2. Plant Extraction

m?/h). Infusion extract is yield 3.08 % [13].

2.2.2. Boiling extract (Yield: 9.1%)

Inula viscosa powder (50 g) and 1 liter of water
boiled for 1h. The mixture was filtered through
Whatman No.l paper. The water extract was
lyophilized (Cryodos 80, 75°C, 5 m’/h). Boiling
extract is yield 9.1% [14].

2.2.3. Cell Culture

All cell lines were purchased from (ATCC). The
medium environment that we used in our study
was DMEM, containing 10% fetal bovine serum
(FBS), 1% L-glutamine, 100 IU/mL penicillin and
10 mg/mL streptomycin. Cell lines produced
using DMEM would be reproduced at 37°C, in an
oven with 95% humidity and 5% CO..

2.2.4. Cytotoxic Effect

Cytotoxic effects of [nula Viscosa extract on
MCF-7, C6, MG63, and L1929 cells were
determined by XTT (2, 3-bis (2-methoxy-4-nitro-
5-sulfophenyl)-5-[(phenyl amino) carbonyl]-2H-
tetrazolium hydroxide) assay for 24 h after
treatment. XTT solution was prepared by mixing
XTT agent (Labelling reagent)/ activation agent
(electron coupling reagent) at 50/1 ratio. The
intensity of the orange color resulting from
formazan is proportional to the number of live
cells. The cell viability was determined according
to the intensity of the orange color observed,
which was measured 475 nm [15]. All absorbance
was compared to control samples (without any
compound) which represented 100% viability.
Cell viability was determined as in Eql.

Cell viability (%)= [(As-Ab)/(Ac-Ab)] *100...... 1
As: Absorbans Sample

Ayp: Absorbans Blank

Ac: Absorbans Viable cell (control)

2.2.5. Statistical Analysis

Data were expressed in the form of arithmetic
mean + standard deviation (x + SD).

Table 1. Collection information of the Inula Viscosa

2.2.1. Infusion extract (Yield: 3.08 %) Plant Collection site  Altitude Collectio  Voucher
Inula viscosa powder (50 g) was added to boiled : n period  number
. . Inula Turkey:Manisa 1100 m  15.08.16 H.B.Karayel
water (1L) and stirred for 1h. The mixture was ) ;
Viscosa  -Akhisar (GOPU 7690)
filtered through Whatman No.1 filter to remove district,

insoluble particles (should have same text type
and size of other parts of manuscript). The water
extract was lyophilized (Cryodos 80, 75°C, 5
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3. RESULTS AND DISCUSSION

Inula viscosa is widely used for treatment
different diseases. When the literature is
examined, /nula viscosa extracts showed potent
antifungal, anti-inflammatory, and antioxidant
activities (16). Haoui demonstrated that; 23
compounds of [nula viscosa essential oil were
identified. GC-Ms analysis of several studies
showed that Inula viscosa contains biological
many  compounds, including  flavonoid,
terpenoids, isocostic acid and tomentosin agents
[17]. Many studies have highlighted the biological
activity of tomentosin [6].

Table 2. ICso values of Inula Viscosa

Recently, determine the cytotoxic and
antiproliferative effects of plants have become the
main strategy for new anticancer agent. Our study,
we investigated different concentrations (100-1.56
ug mL!) of Inula vacosa extracts on MCF-7, C6,
MG63, and L929 for 24 h.

ICso values are shown in Table 2. Cytotoxic effect
of infusion extract is better than boiling extract.
We have found a significant cytotoxic effect of
Inula viscosa L. extracts on against MCF-7 cells.
This activity was mainly attributed to the presence
of tomentosin, a sesquiterpene lactone [18-19]. As
a control group, L929 cells were used.

I1Cso/ngml’!
* L.929 MCF-7 MG63 Co
Infusion 38.33+1.05 18.76+1.64 20.67+1.11 25.47+0.69
Boiling 57.33+0.95 25.76+1.83 28.98+0.62 35.76+1.31
Cis-platin 20.04+1.78 8.344+0.54 10.54+1.62 12.11+1.42
plants of Inula exhibit in vitro cytotoxic effects on
i various cancer cells [20-21]. The Inula helenium
extract showed a highly selective cytotoxicity
] effects different cancer cell lines (HT-29, MCF-7,
80 i Capan-2 and G1) [22]. Another study, Rozenblat
% ol 52&}; et al. showed that tomentosin and inuviscolide
S inhibited the growth of three human melanoma
1 cell lines [18]. Our cytotoxic effects of results
01 were different from the previous reports. This
situation may arise from harvested region,
T Loze M7 MGEs o chemical composition of the plants, climate [6].

Figure 1. The cytotoxic effect after the treatment with the
extract (50 ug mL") for 24 h. Bars indicate mean + standard
deviation. All comparisons were made relative to untreated
control cells.

Microscopic images of the MCF-7 cells are shown
below with boiling and infusion extracts in Figure

a. b. c.
Figure 2. Cytotoxic effects a.without extract, b.
mfusion extract treatment, c¢. boiling extract
treatment on MCF-7 cells.

Obtained results showed that boiling and nfusion
extracts are exhibited cytotoxic activities on
MCEF-7 for 24 h. Other studies have reported that

4. CONCLUSION

It was observed that Inula viscosa extract has high
cytotoxic effects on MCF-7 cells. Thus, Inula
viscosa might be evaluated candidates to develop
natural derived therapeutics. Moreover, it may be
also an alternative additive for foods. There is a
need for further studies in this area.
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Abstract. The two-dimensional (2D) steady, incompressible, Stokes flow is considered in a T-shaped cavity
which has the upper-lid moving in horizontal directions. A Galerkin finite element method is used to investigate

a new eddy generation and flow bifurcation. The flow in a cavity is controlled by two parameters h1 and h2
which are associated with the heights of the T-shaped domain. By varying h1 and hz, the second eddy

formation mechanism and the  h;,h, control space diagram are obtained.

Keywords: A T-shaped cavity, Stokes flow, eddy generation

Tek Kapag Siirgiilii T-Seklindeki Kaviti Icerisindeki Girdap Olusum
Mekanizmasi

Ozet. Ust kapag1 yatay yonde hareket eden T seklindeki kaviti icerisindeki iki boyutlu (2D) duragan,
sikigtirilamaz, Stokes akig ele alindi. Yeni girdap olusumunu ve akig ¢atallanmasini aragtirmak i¢in Galerkin

sonlu elemanlar yontemi kullanildi. Kaviti igersindeki akis, T-seklindeki bolgenin h1 ve h2 yiikseklik
parametreleri tarafindan kotrol edilir. h1 ve h2 yiiksekliklerinin degismesiyle meydana gelen girdap olusum

mekanizmasi ve N, N, kontrol uzay diyagram elde edildi.

Anahtar Kelimeler: T-sekilli kaviti, Stokes akis, girdap olusumu

1. INTRODUCTION

Stokes flow within the closed domain has always been an interesting area of study in computational fluid
dynamics. Thanks to the simplicity of the geometric shapes and the easy installation of the related
boundary value problem, a lot of work has been done about the driven cavity [1- 8]. In addition, cavity
problems are considered as an application of theoretical studies on the investigation of the qualitative
properties of streamlines, which is a subject of fluid dynamics [9-12].

In the literature, there are many studies on the flow of square lid-driven cavity flow both numerically and
theoretically [13-18]. Giircan [19] investigated the flow problem of the rectangular cavity with both a
single lid-driven and a double lid-driven and examined the vortex formation mechanism in the cavity. He
used the analytical solution of the streamfunction expanded about any critical point in the cavity. The
control space diagram (S, A) including the aspect ratio A and the velocity ratio S was obtained and
investigated the effect of the changes in the ratio of A on vortex formation.
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http://dergipark.gov.tr/csj  ©2016 Faculty of Science, Sivas Cumhuriyet University
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In addition to the square and rectangular domain commonly used in cavity flow problems, different closed
domain are also studied. To investigate the effect of cavity geometry on the flow structure, McQuain [20]
studied steady, viscous flow within the square, trapezoidal and triangular cavity. Gaskell [21] considered
Stokes flow within the half-filled annulus between rotating coaxial cylinders and showed that changes in
flow structure arose directly from stagnation point where a saddle point transformed into a centre and vice
versa. The 2-D steady, incompressible flow inside a triangular driven cavity is considered numerically in
papers of [6, 22, 23]. Giircan and Bilgil [24] have obtained the vortex formation mechanism in the sectoral
cavity as the A aspect ratio decreases for different lid speed ratio. They formed control space diagram
with controller parameters A € (1.6,1.65) and S € [—1,0] which is consisted of the curves representing the
flow bifurcation at critical points. Finally, they [25] investigated the effect of Reynolds number on the
flow bifurcation and vortex formation on the same domain.

Recently, Deliceoglu and Aydin [26] have considered the flow problem in a L-shaped cavity which has
the lids moving in the opposite direction using the numerical method. They have obtained solutions of the
Stokes and the Navier-Stokes equations that govern the flow inside the domain using the Galerkin finite

element method. Further, they obtained h;,h, control space diagram for the L-shaped cavity with the

height of the lower part h, and of the upper parth, . It was determined how this diagram changed when

the Reynolds number was 500. In the continuation of their study [7], they have obtained analytical
solutions for the Stokes equation for the steady, viscous and single lid-driven flow on the same region.

The flow patterns obtained within the region depending on the heights of h, andh, .

To our knowledge, there is no study on the lid-driven cavity flow inside the T-shaped closed domain in
the literature. Unlike other regions, the T-shaped cavity has two symmetrical re-entrant corner points. In
this paper, we assume that the flow inside the domain is steady, viscous and incompressible. By changing
the heights of the lower and of the upper part of the cavity, flow patterns within the region are obtained

and the vortex formation mechanism in the parameter space h,,h, is presented.

2. PROBLEM SPECIFICATION AND FORMULATION

We will consider the fluid flow in a two-dimensional upper lid-driven T-shaped cavity with rigid walls as
shown in Figure 1. It is assumed that the fluid is Newtonian and incompressible with density p and

viscosity . The flow is steady and two dimensional in the (X, y) plane with velocity u = (u, v). In non-
dimensional form, the width of the cavity is fixed (L = 6), the height of the lower part and upper part,
called h and h,, are varying, then the flow topology is determined.

W= =1

(-3.h,) —_— (3.h,)
'y
w=y =0| Wo=w =0
l y
W= =0 L v =y =0
(=30 0.0 " (3.0)
Wo=w =0 hllw=v =0
(=1,h (1,h)
W o=0w =0

Figure 1: Boundary conditions for the lid-driven T-shaped cavity.
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In this paper, it will be concerned that the fluid is steady, incompressible viscous flow. The
equation governing the flow field along the cavity is the Stokes equation as the follows:

—LAu+Vp:f in O,
Re

: (1)
V-u=0 in Q.

If we assume that the external force is negligible so f is zero, then the equation can be written in
terms of stream function as follows,

4 4 4
0 0 +a—]l//(x, y) =0,

Vi (xy)=| L r2—
(X y) (6)(4 + 6X28y2 ay4

(2)

¥ = constant, 68_‘// = constant.
n

The weak formulation of (2) can be written by [27] as follows: find ¥ eV = Hg (€2) such that

B(W,®)=(AV,AD) = [ APADIQ=0 3)

forall ® e H. (Q) where Hg is the class of all H® functions satisfying the boundary condition of (2)

and A is the Laplacian operator. In this study, the standard Galerkin finite element method is used to
solve the bi-harmonic problem (2). In this method, approximation of the problem is determined by the

choice of finite dimensional subspace V, —V defined on a family of regular quadrangular discretizations

T, of the domain. A bicubic quadrangular elements are choosed to apply the finite element method as

B(W, ®,)=(A¥,,AD,)=0 Y(¥, d,)eV,.

Since the test function W, € H? , it follows that the basis function @, have continuous first partial

derivatives across the boundaries. These provide a two-dimensional version of Hermite interpolation
functions as a basis function on a rectangular element. They are constructed by substituting the product
of a cubic equation in X by a cubic in y resulting a collection of 16 monomials

! Ly vy y
X X xy xyr oxy
2 [1 y y2 yﬂ |2 2 2,,2 2,,3
X x> X’y xy* x'y
3 Xy Ky Xy
For each element, the coefficient of these monomials are calculated using each of the following four
guantities:

oW, O, O,
lPha ’ 1 ’
ox oy ' oxay

at each corner of the rectangle. See [27,28] for more information.
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3. FLOW STRUCTURES IN THE T-SHAPED CAVITY

In this section, we will show a flow structures topologically occurring and describe the vortex formation
within the T-shaped cavity as the varying of the heights of the lower part h, and the upper part h,. By

changing of these parameters, bifurcation curves are obtained to reveal changes in the flow structure.
Here, the expression of the change in the flow structure refers to the transformation of the type of

stationary point from the saddle to the center or vice versa. The (h1 , h2) parameter space is obtained by

finding the critical values of h, and h, in which structural changes occur.

We consider (hl, hz) parameter space in the interval between —3.5<h <-0.2 and 0.2<h, <10.5, so

we have obtained a 23 different flow topologies shown by Figure 2, Figure 3 and Figure 4. A set of co-
dimension-one bifurcation curves in the parameter space are obtained by using the numerical methods.
The co-dimension of a bifurcation is the smallest number of parameters needed to find bifurcation. The

control-space diagram is formed by fixing h, while changing h, or vice versa. Then, the related

bifurcation curves are illustrated in Figure 5.

(

— R

Y

N

1 2 3

%\gj (-GJW‘VJ

M~ ]

W S U

&‘% —|>f
7 8 9

Figure 2. Representation of the flow patterns within the domain: (1) hl =-0.29, h2 =0.3,(2) hl =-1.75, h2 =0.35, (3) hI

=-31,h, =035 @) h =-34, h, =0.35,(5) h, =-0205, h, =0.42,(6) h, =-1.3, h, =0.7,7) h;=-0.64, h, =07,

® h =-33h, =07, h =-06 h, =545

586




587 Celik, Deliceoglu | Cumhuriyet Sci. J., Vol.40-3 (2019) 583-594

=

17
Figure 3. Representation of the flow patterns within the domain (continued): (10) h, =-1.1, h, =4.95,
(11) h, =---2.6, h, =3.45,(12) h, =-3.4, h, =9.3,(13) h, =-3.47, h, =95, (14) h, =-0.2, h, =
9.605, (15) h, =-0.23, h, =9.7,(16) h, =-0.28, h, =9.75, (17) h, =-15, h, =9.9.
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Figure 4. Representation of the flow patterns within the domain (continued): (18) hl =-2.57, |’]2 =9.87,(19) hl =-33, h2

=99, (20) h, =-023, h, =101, (21) h, =-1.2, h, =104, (22) h; =-1.7, h, =104, (23) h, =-2.8, h, =104.
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8 6 _£P, R 3l

Figure 5. (h,, h2 ) control space diagram for the cavity. The numbers in each region refer to flow

\

strustures in Figure 2, Figure 3 and Figure 4.

4. THE MECHANISM OF EDDY GENERATION WITHIN THE DOMAIN

Four types of bifurcation are observed in parameter space (h;,h, ). The first type of bifurcation appears

on the wall at which two on-wall saddle points come together to form an off-wall saddle point. The curves
representing this bifurcation in the diagram are called BM. In the second type of bifurcation, the
degenerate points are transformed from the saddle into the centre point inside the flow such that it is called
cusp bifurcation and denoted by CP in the parameter space. These types of degenerate critical points are
illustrated in Figure 6. In the global bifurcation which is named by GB, there is a change in the flow
structure but no change in the number of critical points. In the last type, the center point transform into
saddle and vice versa. This type of bifurcation is named by CB.
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Figure 6. Streamline topology near a stationary wall (a)-(b) and away from boundary (c).

A mechanism of flow transformation according to varying the heights of the lower part and upper part of
the cavity is given in Figure 2, Figure 3 and Figure 4. When the upper part of the cavity is small, for
example0.2 < h, <1.0, the discontinuity of the stream lines causes the flow structure not to be fully
understood. In this case, the bi-section method given by Gaskell [21] is used to understand whether the
critical point is a saddle or centre. In this study, the vertical velocity decided the type of structures near
the critical point, depending on the sign exchange in the vector component. A similar approach is used in
this study in regions 1-8 in Figure 2.

Below the curve of the CP,, there is a flow pattern giving rise to a separatrix enclosing the five sub-eddies

at the upper part of the cavity and two corner eddies at the lower part. In the flow structure illustrated in
Figure 2(1), the main vortex of separatrix contains 2 separatrices nested within the central section. When
we cross to the second region by CB curve, the saddle critical point at the central section of the first

structure is transformed into the centre critical point. When h, is constant and the h, is decreased, the
formation of the second vortex in the lower part of the cavity occurs by the known vortex formation

mechanism, as shown in Figure 2 (2 — 3 — 4). This mechanism was observed in the square cavity by
Giircan [19] and in the L-shaped cavity by Deliceoglu [26] for the S = 0. There is also a similar flow

transformation series between the CP, and CP,, Figure 2(6 — 7 — 8), or CP, and BM, curve, Figure
2-Figure3 (9 — 10 — 11). While this series occurs, the separation line that separates the lower cavity and
the upper cavity moves upward. However, the saddle-node bifurcation, where the corners of the upper
cavity and the separation line coalesce, occurs at the same value of h, .
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23
Figure 7.The mechanism of eddy generation via several transformation which is similar with in the rectangular cavity.
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Figure 8. The series of bifurcation which is previously unseen.

Another vortex formation scenario is seen when the lower cavity height is sufficiently small. The
corner vortices of the lower cavity coalesce with the corner vortices of the upper cavity before they are
joined together. Thus, there are two corner vortices containing separatrix inside the cavity. After BM and
CP bifurcation, separatrix is formed inside the fluid as in the square cavity and after the CP bifurcation,
the second vortex is formed as in Figure 7 (9 — 14 — 15 — 20 — 21). There are a few basic scenarios
for the new vortex formation, where the separation line crosses the corner point and is coalesced with the
corner vortices. These different flow transformation scenarios are shown in Figure 8.

5. CONCLUSION

In this study, we have shown the flow patterns and eddy generation in a T-shaped cavity. The flow is

generated by the motion of the upper lid of the cavity. The (hI hz) control space diagram have obtained

for the interval between —3.5<h <-0.2 and 0.2<h, <10.5. It is observed that the bifurcation

transformation series in order to increase the number of eddies in the lower cavity is the same as in the
square cavity as h, is constant. Furthermore, when h, was sufficiently small, it is observed for the first
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time that the vortex formation occurred by joining the corner vortices together. In other cases, the number
of vortices within the cavity increases as a result of various bifurcations series of the dividing line with
corner vortices.
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Abstract. In this study, annual effective dose rate distribution due to cosmic radiation, which constitutes an
important part of natural radiation, was mapped in 200x200m? spatial pixels for three provinces in the Eastern
Black Sea region (Artvin, Rize and Trabzon). Cosmic ray-induced annual effective dose calculations were
performed based on latitude and altitude changes with EXPACS, an excel-based program. Besides, the effect
of cosmic radiation on the population living in the study area was determined. For the entire study area, it was
calculated the average effective dose rate from Cosmic radiation as 0.65 mSv y* and range as (0.33-1.72) mSv
y1. The average annual collective effective dose rate was determined approximately 508 person-Sv y*. Besides,

the population-weighted average annual effective dose rates were obtained as 449 xSvy™, 376 uSvy™ and

370 uSv y™ for Artvin, Rize and Trabzon provinces, respectively.

Keywords: Annual effective dose rate, Cosmic radiation, Eastern Black Sea Region, Mapping

Dogu Karadeniz Bolgesinde kozmik 151n kaynakh yillik etkin doz
dagiliminin belirlenmesi

Ozet. Bu caligmada dogal radyasyonun dnemli bir kismini olusturan kozmik 1s1n kaynakli y1llik etkin doz hizi
dagilimi, Dogu Karadeniz Bolgesindeki ii¢ il igin (Artvin, Rize ve Trabzon) 200x200m?’’lik mekansal
¢ozlnirliikte haritalandirilmigtir. Kozmik 151n kaynakli yillik etkin doz orani hesaplamalari, Excel tabanli
calisan bir program olan EXPACS ile enlem ve rakim degisimlerine bagli olarak gergeklestirilmistir. Ayrica
caligma alaninda yasayan niifusun kozmik radyasyondan etkilenme seviyeleri de tespit edilmistir. Calisma
alaninmn tamam igin, Kozmik 1sindan kaynaklanan yilik etkin doz oranmin ortalamasi 0.65 mSv y! ve degisim
araligi (0.33-1.72) mSv y! olarak hesaplanmgtir. Calisma alaninin geneli igin yillik kollektif etkin doz hiz1 ise
yaklasik 508 insan-Sv y?! olarak belirlenmistir. Ayrica kozmik radyasyondan kaynaklanan kisi bas1 yilik etkin

doz, sirasiyla Artvin, Rize ve Trabzon i¢in 449 uSvy™, 376 uSvy™ ve 370 uSv y " olarak tespit edilmistir.

Anahtar Kelimeler: Yillik etkin doz hizi, Kozmik radyasyon, Dogu Karadeniz Bolgesi, Haritalama

1. INTRODUCTION

People are constantly exposed to natural radiation sources throughout their lives. These natural radiation
sources are evaluated under two main groups [1]. The first group is terrestrial radionuclide induced
radiation connected to geological rock structures. The second group is cosmic radiation from
extraterrestrial sources. Approximate 14% of the annual effective dose is caused by Cosmic radiation
[2,3]. The large amount of cosmic rays are stopped by the atmosphere before it reaches the ground. Cosmic
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rays that can pass through the atmosphere have significant effects in areas above sea level [4]. The

effective dose due to cosmic ray exposure averaged over the world’s population was assessed to be 0.38
mSv y* [2].

Cosmic radiation is an ionizing radiation produced by the collision of atoms in the Earth's atmosphere
with extraterrestrial photons and « particles [5]. In addition, charged particles released from solar flares
are an important source of cosmic radiation. [6].

The effect of the cosmic ray increases with the increase of latitude and altitude [7]. Due to the geomagnetic
latitude effect, it has been reported that the dose rate of Cosmic radiation increases at higher latitudes (in
Acrctic), while the dose rate decreases at lower latitudes (in Equator) [4]. The earth's magnetic field shows
a shield effect against cosmic rays. In addition, the increase in altitude causes the components of the dose
equivalent from Cosmic radiation to change [2]. The greatest contribution to the equivalent dose at the
sea level comes from muon, but due to the increase in height, the neutrons, protons, photons, electrons
and positrons also take into account the dose rate caused by the Cosmic ray [8]. The direct dependence of
the cosmic rays on both latitude and altitude has led to the exploration of new approaches in the prediction
of cosmic ray-induced dose distribution. One of the studies in recent years is PARMA/EXPACS model
which was created by Sato et al.[4,9-11]. EXPACS (EXcel-based Program for calculating Atmospheric
Cosmic-ray Spectrum) is a sophisticated model for calculating cosmic ray doses, taking into account
factors such as latitude, longitude, altitude, solar activity, atmospheric depth and cut-off rigidity [12]. It
is based on the PARMA model (PHITS based Analytical Radiation Model in the Atmosphere) [4,10]

In recent years, many studies have been conducted to determine the efective dose distribution caused by
cosmic radiation. Cinelli et al. [13] calculated the cosmic ray-induced effective dose rate for the whole of
Europe based on the height factor and created a distribution map. Sato et al. [14] mapped the effective
dose distribution of population-weighted cosmic radiation from the entire world with the EXPACS model.
In both studies, local changes could not be determined with appropriate sensitivity due to the calculation
of very large areas.

The purpose of this study is to create a map of cosmic radiation dose distribution for the eastern Black
Sea region where have most rugged terrain of Turkey, and to determine the total dose values which is
exposure of the population living in this region. Thus, it is aimed to define some of the previously obtained
global results in a more detailed way.

2. MATERIAL AND METHOD

2.1. Study Area

The study area is the three provinces (Artvin, Rize and Trabzon) in the eastern Black Sea Region of
Turkey. Figure 1a shows the study area. These provinces represent an important part of the Eastern Black
Sea Region in terms of population and surface area. The average altitude of the study area is approximately
800m for Trabzon and Rize, and about 1600m for Artvin [15]. Elevation changes are in the range of (0-
3700) m for Artvin, (0-3200) m for Trabzon and (0-3400) m for Rize. These rapid elevation changes lead
to sudden changes in cosmic radiation dose. In addition, the intense solar radiation effect at high locations
increases the Cosmic Ray Fluxes [16].

Figure 1b shows the population distribution map for the study area in 2018 [17]. This map was created by

estimating population values for 100x100 m’ regular grid (1 pixel) with random forest machine learning
algorithm [18]. Moreover, Each pixel in the present study area was updated with current population
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information provided by Turkey Statistical Institute [19], and this level of resolution (100x100 m’ cells)
was decreased to 200x 200 m* .

S\
[71 Trabzon
B Rize
R O Artvin
- Lo e L — District border
| .
b) — 10 km —
10 kmb.’ Peoaple per pixel

| . 4

Figure 1. a) Study area, b) Population distribution map determined by 100x100 m? pixel for study area [17].

2.2. Dose Calculation

The dose calculations in this study were calculated with EXPACS (EXcel-based Program for calculating
Atmospheric Cosmic-ray Spectrum) [4,9,12]. This program is based on the PARMA model [9] which is
named PHITS (Particle and Heavy lon Transport code System) -based Analytical Radiation Model in the
Atmosphere (PARMA) [10,11]. EXPACS model can calculate terrestrial cosmic ray fluxes of protons,
neutrons, muons, electrons, positrons, ions with charge up to 28 (Ni) and photons nearly in the Earth's
atmosphere. it can also calculate the effective dose from the obtained cosmic ray fluxes [12].

2.3. Components of Cosmic Radiation

Typically, Cosmic rays are examined as primary and secondary cosmic rays. The primary cosmic rays are
very high energy cosmic rays that reach the earth directly. They consist of protons (87%), particles (11%),
nuclei with low atomic numbers (1%) and high-energy electrons (1%) [20]. Secondary cosmic rays are
formed by the collision with gas atoms in the atmosphere of primary cosmic rays. The energy of such rays
is lower than the primary cosmic rays. Secondary cosmic rays are divided into two classes as the directly
and indirectly ionizing component [21]. Directly ionizing components of cosmic radiation are two class
as muonic component (muons) and electromagnetic component (photons. electrons and positrons).
Indirectly ionizing components of cosmic radiation are neutrons and protons [22]. Although muons
constitute the most important component at sea level of the effective dose rate from secondary cosmic
rays, neutrons, electrons, photons, positrons and protons also affect the effective dose rate with the
increase in altitude [8].

2.4. Software Sources
All analyzes and calculations in this study were performed by R programming [23]. All maps used and
prepared in the study were created with Quantum Geographic Information System (QGIS) version 2.18.23
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[24]. In addition, regular grid analysis and estimation data were combined with SAGA-GIS version 2.3.2
[25].

3. RESULTS AND DISCUSSIONS

3.1. Mapping of Cosmic Ray Dose

All the study area was defined by a regular grid area of 200x 200 m’ pixels. Figure 2 shows the structure
of the regular grid created for this study. Each pixel in this regular grid was represented by latitude,
longitude, altitude and population information. In particular, by taking into account the latitude and
altitude effects, it was calculated with the EXPACS model the effective dose rate from the cosmic ray for
each grid pixel. Later, all results obtained were indicated by a color scale and mapped. In Figure 3 shows
the cosmic ray-induced annual effective dose rate distribution map and statistical summary values for all
the study area. According to the results, it was determined that Artvin is affected by cosmic rays more
than Rize and Trabzon. The main reason for this is thought to be due to high altitude areas in Artvin
province. For the overall study area, the mean and range of the effective annual dose from Cosmic
radiation was calculated 0.65 mSv y*and (0.33-1.72) mSv y%, respectively. According to the UNSCEAR
report, the average annual dose from Cosmic radiation is approximately 0.46 mSv y* (the directly ionizing
and photon component the average value is 0.34 mSv y* and the neutron component, the average value is
12 mSv y1) [2]. In addition, the study conducted by Cinelli et al. reported that the annual average effective
dose rate from Cosmic radiation was about 0.39 mSv y* for the whole of Europe [13] . The average annual
effective dose rate obtained from the study was found to be higher than in Europe and the world averages.

=
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Figure 2. Grid structure of study area
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Annual collective effective dose = 508 person-Sv
Figure 3. Distribution map of annual effective dose rate from cosmic radiation for study area

3.2.  Determination of Population Exposure

Based on the total population data of the study area for 2018, Annual cosmic-ray collective effective dose
was determined to be approximately 508 person-Sv y. The collective dose was calculated for each grid
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node (200x 200 m*) by multiplying the annual effective dose value with the number of population per
pixel. This calculated dose rate is higher than European countries such as Estonia (400 person-Sv y?),
Montenegro (200 person-Sv y1), Luxembourg (200 person-Sv y?) ve Iceland (200 person-Sv y*) [13].
Figure 4 show Annual collective effective dose (person-Sv y!) and the average annual effective dose per
capita (#Sv y™*) due to cosmic rays for each province in the study area. The annual collective effective
dose rate vary depending on the population of the provinces and have been calculated as 79 person-Sv y°
1135 person-Sv y* and 295 person-Sv y! for Artvin, Rize and Trabzon, respectively. In addition, average
the population-weighted (per person) annual effective dose rate due to cosmic radiation was computed as

449 4Sv y* for Artvin, 376 uSv y* for Rize and 370 4Sv y*for Trabzon. In only Artvin was determined
a value above the world mean value (390 Sv y™) of per person annual effective dose rate reported by
UNSCEAR [2]. In addition, the average effective dose per capita for the whole study area was calculated
382 1Sv y™. This dose rate are quite close to the per capita average annual effective dose of Turkey (about

400 1Sv y™) [13].

Qo

QCI)O 4(I)O 6QO 8Q0

Annual collective effective dose

b 295 (person-sSv)/y
- 1370 usv/y

g L ﬂ 135 (person-Sv)/y
% N 376 1Sv/y

™ 79 (person-Sv)/y

Trahzon

-
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1 All study area  Artvin
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1

I_'_—H
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Figure 4. Annual collective effective dose (person-Sv y*) and the average annual effective dose per

person ( zSv y™) due to cosmic rays for each province in the study area.

4. CONCLUSION
In this study, the effective dose rate distribution due to cosmic radiation in the Eastern Black Sea Region
of Turkey was mapped and the effect levels from this cosmic rays of the population were determined. The

maps were created in 200x 200 m’ pixels and latitude, longitude, altitude and population information
were defined in each pixel. Dose calculations were calculated with EXPACS, which is an Excel-based
program based on the PARMA model. The dose calculations were separately performed for each pixel,
and then the annual effective dose rate distributions were mapped by representing the calculated results
on a color scale. At the end of the study, the mean and range of the annual effective dose rate due to
cosmic radiation was computed 0.65 mSv y* and (0.33-1.72) mSv y!, respectively. The average annual
collective effective dose rate and the population-weighted average annual effective dose rate were

obtained 79 person-Sv y* and 449 uSv y™ for Artvin, 135 person-Sv y* and 376 xSv y* for Rize and
295 person-Sv y* and 370 1Sv y* for Trabzon. In addition, the average annual per capita effective dose

for all the study area was calculated as 382 .Sv y™*closely to average of Turkey (about 400 xSv y™).
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Abstract. Structural, morphological and optical properties of undoped and boron doped Indium Selenide (InSe)
thin films grown on glass and layered Gallium Selenide (GaSe) single crystal substrates with SILAR method
have been investigated by XRD, AFM and UV-Vis spectrophotometer techniques. XRD measurements showed
that the crystal structure of InSe thin films grown on glass substrates were hexagonal P61 y-In,Sez with lattice
parameters a=7.1286 A, c=19.382 A and z=6 while the InSe thin films grew as hexagonal P63/mmc InSe with
lattice parameters a=4.005 A, c=16.640 A and z=4 on GaSe single crystal substrates. The AFM images showed
that average particle sizes of undoped and boron doped InSe thin films were found to be varying between 26.5-
60.2 nm and 30.9-101.5 nm grown on glass and GaSe single crystal substrates, respectively. The optical
absorption spectra of undoped and boron doped InSe thin films grown on both glass and GaSe single crystal
substrates showed absorption maxima around the 2.00 and 2.24 eV, respectively. The calculated Urbach
energies of the InSe thin films grown on glass substrates were found bigger than those of the InSe thin films
grown on GasSe single crystal substrates.
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SILAR Metodu ile Cam ve GaSe Tek Kristal Alt Tabanlar Uzerinde
Biiyiitiilen Indiyum Selenit (InSe) Ince Filmlerinin Yapisal ve Optik
Ozellikleri

Ozet. SILAR metodu ile cam ve tabakali Galyum Selenit (GaSe) tek kristal alt tabanlar iizerinde biiyiitiilen saf
ve bor katkili Indiyum Selenit (InSe) ince filmlerinin yapisal, morfolojik ve optik &zellikleri XRD, AFM ve
UV-Vis spektrofotometre teknikleri ile arastirildi. XRD dl¢iimlerinden cam alt tabanlar iizerinde biiyiitiilen InSe
ince filmlerinin érgii parametrelerinin a=7.1286 A, c=19.382 A ve z=6 olan hekzagonal P61 y-In,Ses iken GaSe
tek kristal alt tabanlar iizerinde biiyiitiilen InSe ince filmlerinin 6rgii parametrelerinin a=4.005 A, c=16.640 A
ve z=4 olan hekzagonal P63/mmc InSe oldugu goriildi. AFM goriintiilerinden cam ve GaSe tek kristal alt
tabanlar iizerinde biliyiitiilen saf ve bor katkili InSe ince filmlerinin ortalama pargacik boyutlarinin sirasiyla
26.5-60.2 nm ve 30.9-101.5 nm araliginda degistigi bulundu. Hem cam hem de GaSe tek kristal alt tabanlar
iizerinde bilyiitiilen saf ve bor katkili InSe ince filmlerinin optik sogurma spektrumlarinda sirasiyla 2.00 ve
2.24 eV civarinda sogurma maksimumlar1 gosterdi. Cam alt tabanlar {izerinde biiyiitiilen InSe ince filmlerinin
Urbach enerjilerinin GaSe tek kristal alt tabanlar iizerinde biiyiitillen InSe ince filmlerinin Urbach enerjilerinden
daha biiyiik oldugu bulundu.

Anahtar Kelimeler: Indiyum Selenit, SILAR, ince film, GaSe tek kristal alt taban, Bor.
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1. INTRODUCTION

Indium Selenide (InSe) is a member of A"BY! layered semiconductor crystals family, which also includes
Gallium Selenide (GaSe), Gallium Tellurit (GaTe) and Gallium Sulphide (GaS) semiconductor crystals.
These layered semiconductor crystals have strong anisotropies in chemical bonds between and within the
layers as the layers are bonded together by the weak van der Waals forces while within the layers strong
covalent bonds dominate. Absence of dangling bonds on the cleaved surfaces makes these crystals
appropriate for the formation of heterojunctions [1-8]. InSe crystallizes in the stacking type of layers, each
monolayer consist of two indium and two selenium closed-packed sublayers in the stacking sequence of
Se-In-In-Se along the ¢ axis [3, 9]. InSe single crystal has a band gap around 1.3 eV [9] and this property
makes it desired material for solar cell applications [5, 10, 11]. Stoichiometric InSe is an n-type
semiconductor, on the other hand, when it doped with any atoms the conductivity may change to p-type.
There are four defined compounds in the phase diagram of In-Se denoted by InSe, a-In,Ses, a-InsSeg and
In,Se [12]. InSe thin films have been studied for solar cell applications [5]. Nonlinear refraction index of
InSe thin films deposited by thermal evaporation has been studied recently [13]. Deposition techniques,
starting materials and preparation conditions are important because of the possibility of different phases
for InSe thin films. In addition, deposition techniques may affect the structures, optical and electrical
properties of thin films.

Several deposition techniques have been used in the growth of thin films. These methods include vacuum
evaporation, microwave glow discharge, chemical vapor deposition, modulated flux deposition,
Molecular Beam Epitaxy, Chemical Bath Deposition (CBD), electrodeposition, thermal evaporation and
modified chemical bath deposition (M-CBD) [12-19]. The M-CBD method is also known as SILAR.
SILAR method is a relatively simple and inexpensive method, however suitable for large area deposition
of different configurations. The SILAR method is based on sequential reactions of cationic and anionic
constituents at the substrate surface. It is a stepwise process of chemical deposition of thin films. Because
of the Van der Waals bonds between the layers, the (0001) surfaces of the GaSe layers do not have
dangling bonds. For this reason, InSe thin films grown on these substrates bind via Van der Waals bonds.
Since the surface density of the states of naturally mirror faced GaSe layer is low (less than 106 cm™) [20],

the density of states of heterojunctions formed by the InSe-GaSe junctions may have low density of states.

In the present study, as well known that the ion radii of the substituted atoms change the lattice parameters
of the crystal structure and alter the band gaps of the crystals. For these reasons, we preferred the boron
doping to InSe to investigate the changes in the lattice parameters and band gaps of the crystals. Undoped
and boron doped InSe thin films have been prepared by the SILAR method on glass and GaSe single
crystal substrates and their structural, morphological, optical properties were investigated by XRD, AFM

and UV-Vis absorption measurements.
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2. EXPERIMENTAL

The GaSe single crystal substrates were cleaved from the GaSe single crystal ingots grown by Bridgman
method [6, 21] by using a razor blade. The substrates were prepared at 1cmx3cmx80um sizes. No
chemical process was applied to these naturally mirror faced GaSe single crystals prior to growth process.
In addition, InSe thin films were also grown on glass substrates. The glass substrates were cleaned
thoroughly before the deposition process. In order to obtained In and Se source solutions, which are
In2(SO4)3 and Na SeSOs, In particles and Se powders were dissolved in H.SO4 and NaSOs solvents,
respectively. The Na;B.07.10H,0 solution was added to the cationic solution for the deposition of boron
doped InSe thin films. The pH of the solutions was fixed to ~3 by addition of tartaric acid to the solvents.
Four glass beakers were named as 1, 2, 3 and 4. Then, 20 ml In2(SO4)3 and 20 ml Na,SeSOs were added
to 1 and 3 glass beakers, respectively, and glass beakers which are named as 2 and 4 were filled with
distilled water. The substrates were immersed vertically into the 1, 2, 3 and 4 glass beakers, respectively.
The substrates were stood up into the 1, 2, 3 and 4 glass beakers as 30 s, 70 s, 10 s and 70 s, respectively,
and each of this process hamed as a cycle. Cycles were carried out 75 and 50 times for the deposition of
InSe thin films on the glass and the GaSe single crystal substrates, respectively. The thicknesses of InSe
thin films were estimated by the amount of films deposited, the surface area and the density [22]. The

thickness of InSe thin films grown on glass substrates were calculated as ~ 110 nm.

The surface morphology of undoped and boron doped InSe thin films grown on glass and GaSe single
crystal substrates were studied with help of a PSIAXE-100E model Atomic Force Microscopy (AFM).
The structures of the thin films were characterized by using a X-ray diffractometer (XRD) (Rigaku
D/max-2200). The optical absorption spectra of the thin films were recorded with help of a UV-Vis
spectrophotometer (Perkin-Elmer Lambda 25).

3. RESULT AND DISCUSSION

The XRD spectra of undoped and boron doped InSe thin films grown on glass substrates are given in Fig.
1 a-b, respectively.
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Figure 1. The XRD spectra of (a) undoped, (b) boron doped InSe thin films grown on glass substrates.

As seen from Fig. 1 a-b, undoped and boron doped InSe thin films grew in crystalline form on glass
substrate. The structure of InSe thin films are determined as hexagonal (y-In;Ses) with a = 7.128 A,
c=19.382 A, z= 6 lattice parameters and P61 space group (JCPDS Card No: 40-1407) [23]. The obtained
crystallographic data is in accordance with the data given in the literature for In,Se; crystal [23, 24]. The
broad hump in the spectra of undoped and boron doped InSe thin films is due to the glass substrates. The
XRD spectra values of undoped and boron doped InSe thin films, which are grown on glass substrates are
found similar. The XRD spectra peaks of boron doped InSe thin films a little broad and the crystallization
seems to be more prominent according to the undoped InSe thin films. It is clearly seen from the Fig. 1 a-
b that the peak intensities of the InSe thin films decrease with the boron addition. Peak positions of

undoped and boron doped InSe thin films grown on glass substrates are given in Table 1 a-b, respevtively.

Table 1: Peak position of (a) undoped, (b) boron doped InSe thin films grown on glass substrates.

Thin Film 20(Degree) Planes(hkl) | Thin Film 20(Degree) Planes(hkl)
Observed | PDF File Observed PDF File

23.249 23.338 104 22.359 23.338 104
24,764 24.968 110 24,704 24.968 110
25.437 25.377 111 25.640 25.377 111
a) y-In2Ses 29.430 29.274 201 b) y-1n2Ses 29.546 29.274 201
JCPDS Card 43.763 43.973 300 JCPDS Card 30.171 30.365 202
No: 40-1407 45.353 45.337 215 No: 40-1407 33.871 34.156 115
47.947 47.667 208 35.653 35.504 107
59.304 59.137 226 38.517 38.843 211
43.272 43.973 300
47.971 47.677 208

56.156 56.982 0012
59.653 59.137 226

The XRD spectra of GaSe single crystal, undoped and boron doped InSe thin films grown on GaSe single

crystal substrates are given in Fig. 2 a-c, respectively. Fig. 2 a is showing the XRD spectra of GaSe single
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crystal, grown by Bridgman method, which has a = 3.750 A, c= 15.950 A, z = 4 lattice parameters and
P63/mmc space group (JCPDS Card No: 37-0931) [25].
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Figure 2. The XRD spectra of (a) GaSe single crystal substrate, (b) undoped, (c) boron doped InSe thin films grown on GaSe

single crystal substrates.

X-ray diffraction analysis showed that peak intensities are decreasing and peak positions shifting to higher
angles for undoped and boron doped InSe thin films compared to the GaSe single crystal substrate peaks.
GaSe single crystal substrate has (0 0 2), (00 4), (006), (00 8)and (2 0 2) difraction peaks (Fig. 2 a).
By the deposition of undoped and boron doped InSe thin films on this substrates the (0 0 6), (0 0 8) and
(2 0 2) diffraction peaks quenched. There are some observable changes in the XRD spectra of both
undoped and boron doped InSe thin films grown on GaSe single crystal substrates. Compared to the
undoped InSe thin film, the XRD peak intensity of boron doped InSe thin film decrease and peak positions
shift to higher degrees with boron addition. As a result, as noted before [12, 23, 24, 26-28], we have

demonstrated that the thin film structures depend on the used substrate structures.

The surface morphology of undoped and boron doped InSe thin films grown on glass and GaSe single
crystal substrates were investigated by AFM technique. The AFM images taken from different areas of
undoped and boron doped InSe thin films grown on glass and GaSe single crystal substrates are given in

Fig. 3 a-b and Fig. 4 a-b, respectively.
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Figiire 3. The AFM images of (a) undoped, (b) boron doped InSe thin films grown on glass substrates in different areas.
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Figure 4. The AFM images of (a) undoped, (b) boron doped InSe thin films grown on GaSe single crystal substrates in different

areas.
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The particle sizes of all thin films were determined from Fig. 3 and Fig. 4 images by using XEI 1.6.1
software. The obtained average particle sizes were estimated between 26.5-60.2 nm and 30.9-101.5 nm
for undoped and boron doped InSe thin films deposited upon glass and GaSe single crystal substrates,
respectively. Similar average particle sizes of the InSe thin film grown on glass substrate were found [16].
It is clearly seen from the estimated particle sizes that the average particle sizes of undoped and boron
doped InSe thin films depend on substrate types. The effect of annealing on these thin films was studied
previously and it was found that particle sizes increased as a result of the annealing [16].

The optical absorption spectra of undoped and boron doped InSe thin films grown on glass substrates are
given in Figure 5 a-b, respectively.
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Figure 5. The optical absorption spectra of (a) undoped, (b) boron doped InSe thin films grown on glass substrates.

The slight increase at the absorption edge indicates the presence of the defect and dopant states at the
band gap. The absorption tail of the InSe thin film grown on glass substrate starts at 1.13 eV. The
absorption spectra of undoped InSe thin film have an exponential region, starting from 1.36 eV and show
a maximum at 2.24 eV. The absorption tail of boron doped InSe thin film is also starting from 1.13 eV,
but the absorption maximum is ending at 1.96 eV. The absorption tail shows an exponential dependence
on the energy according to the Urbach rule. Steepness of the exponential absorption tail is determined
from the absorption spectra as:

o(T)
a = ayexp [(kB—T)(hz? - Eg)]

where kj is the Boltzman constant, T is the temperature and v is the frequency of the incident photons.
The Urbach energy is also determined with the steepness of the tail, E,, = kgT /o [29-31]. The Urbach
energies were calculated as 513 meV and 792 meV for undoped and boron doped InSe thin films grown
on glass substrates, respectively. The optical absorption spectra of the GaSe single crystal substrate,

undoped and boron doped InSe thin films grown on GaSe single crystal substrates are given in Figure 6
a-c, respectively.
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Figure 6. The optical absorption spectra of (a) GaSe single crystal substrate, (b) undoped, (c) boron doped InSe thin films

grown on GaSe single crystal substrates.

From the absorption spectra of the GaSe single crystal, it is seen that a sharp increasing is observed at
2.01 eV wavelength, which is attributed to optical absorption of free excitons. Similar peaks are also
observed in the absorption spectra of undoped and boron doped InSe thin films grown on GaSe single
crystal substrates at 2.00 eV and 1.99 eV wavelengths, respectively (Fig. 6 b-c). These decreases at the
band gap energy can be attributed to the defect and dopant states absorptions. However, this should be
checked with other experiments. Also, Urbach energies of GaSe single crystal substrate, undoped and
boron doped InSe thin films grown on GaSe single crystal substrates were calculated to be 14.02 meV,
19.98 meV and 32.17 meV, respectively. It is seen that calculated Urbach energies of undoped and boron

doped InSe thin films grown on glass substrates are found bigger than undoped and boron doped InSe
thin films which are grown on GaSe single crystal substrates.
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4. CONCLUSION

Undoped and boron doped InSe thin films were grown on glass and GaSe single crystal substrates by
SILAR technique. The structural, morphological and optical properties of these thin films were studied
by using XRD, AFM and UV-Vis measurements. The structure of the InSe thin films grown on glass
substrates were hexagonal with P61 space group while the InSe thin films grown on GaSe single crystal
substrates were hexagonal with P63/mmc space group. The average particle sizes of InSe thin films grown
on glass and GaSe single crystal substrates were found between 26.5-60.2 nm and 30.9-101.5 nm,
respectively. The optical absorption spectra of InSe thin films grown on both glass and GaSe single crystal
substrates showed absorption maxima around 2.00 and 2.24 eV, respectively. Here we demonstrated that
at the thin film deposition processes the used substrate types effect the structures and other physical

properties of thin films.
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Abstract. In this work, we present the concept of double action of a group G on a set X as a new concept in
literature, which opens up the way for applying rich amount of algebraic topological facts and methods in the
algebraic topology. Besides of this, we give some expository examples of this new concept. We also express
the definition of a double action via permutations as similar to the definition of an action on a set of groups via
permutations. We investigate some characterizations about the double actions. Also we prove an adaptation of
Cayley’s theorem in the case of the double action.
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Gruplarnn Cift Etkileri

Ozet. Bu ¢alismada, literatiirde yeni bir kavram olarak bir G grubunun bir X kiimesi iizerine ¢ift etkisi kavranini
sunuyoruz, ki bu kavram cebirsel topolojide cebirsel topolojik gerceklerin ve metotlarin zengin bir uygulama
yolunu acacaktir. Bunun yanisira, bu yeni kavramin bazi aciklayici o6rneklerini veriyoruz. Ayrica
permiitasyonlar yardimiyla gruplarin bir kiime iizerine etkisi tanimina benzer olarak permiitasyonlar yardimiyla
bir ¢ift etkinin tanimini ifade ediyoruz. Cift etkiler hakkinda bazi karakterizasyonlari inceliyoruz. Ayrica gift
etki durumunda Cayley’s teoreminin bir uyarlamasini ispatliyoruz.

Anahtar Kelimeler: Grup; etki; ¢ift etki.

1. INTRODUCTION

The concept of action is an important tool in many area of mathematics, especially in algebraic topology.
For instance, some categorical equivalences have been shown using the action of groupoid [2, 4]. Besides
of the group actions, the actions of other algebraic structures such as algebra, ring, algebroid and groupoid
are also studied [1, 5].

Anactionofagroup G onasetXisamap-: G x X — X satisfying the conditionse'x = x and g (h'x) =
(gh)x forall g,h € G and x € X, where e is the identity of G. On the other hand, we can also define the
action by using the concept of permutation, namely, an action of a group G with identity e on a set X is
the choice of a permutation 7,: X — X for each g € G such that 7, is the identity and, 7, o 7, = 74
forall g, h € G. Furthermore, two basic concepts come to mind when dealing with group action: orbit and
stabilizer. If there exists an action of G on X, then the set Orbsx = {g'x | g € G} is called the orbit of x.
The stabilizer of x is the set G, = {g € G | g'x = x} which is a subgroup of G.

In this work, we deal with double actions of groups on sets. We investigate double situations of the
concepts mentioned above. For this aim, we give definition of double action of a group on a set. In more
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detail, we define the double action as follows: Let us suppose that a group G has two actions on a set X
on the left as ” - ” and ” ° ”. Then, for every g,h € G and x € X, if g'(h°x) = h°(g'x) holds, then we say
that G acts doubly on X on the left by means of - ”” and ™ o”. Using the concept of permutation, we can
redefine the double action as follows. We say that G acts doubly on X, if it is possible to correspond a
permutation nfql of X x X to each pair of elements (g, h) € G X G such that 772 onpt = ng,’? for every
(g,h), (k,m) € G x G. Also, we present the concepts of double orbit and stabilizer for double actions.
Let G be a group doubly acting on a set X by means of ”- ”and ” o” and let x € X. Then, the double
orbit of x is the set DOrb;(x) = {y € X : gx =y = h°x, g, h € G}, and the stabilizer of x is the set
Gy ={(g,h) EGXG:gx=h"x=x, g h € G} which is the subgroup of the product group G X G.
Furthermore, we present the equivalence of two double actions, namely, we say that double actions of G
on sets X and X' are equivalent if there is a bijection ¢:X - X' such that ¢(gx) =
g (p(x)) and p(h°x) = h°(¢p(x)) forevery g, h € G and x € X. Additionally, we define the concepts of
transitive, effective, free and regular double actions. Besides of these, we prove an adaptation of Cayley’s
theorem in the case of double action of groups.

We consider that the concept of double action as a new concept will bring a new look to problems
particularly those in algebraic topology. Moreover, the concept of double action for the above mentioned
algebraic structures can be also defined.

2.PRELIMINARIES
This section of the paper is devoted to give basic facts related to the actions of groups on sets.

Definition 1. Let G be a group and X a nonempty set. A left action of G on X isamap -: G X X —
X written as (g, x) — gx satisfying

i)ex = xforall x € X, where “e” denotes the identity element of the group G.
ii) g (hx) = (gh)x forall g,h € G and x € X [2].

Given an action of G on X, we call X a G — set. We denote the action by (G,, X). Similarly, a right action
of G on X is defined. In this case, the group elements are written on the right instead of the left. Namely,
the first condition is written by x'g = x, and the second condition is written by (x'g)'h = x'(gh). But,
we will use the left action throughout the paper.

Example 1. Let G be agroup and X = G. Then G acts on itself by left multiplication [2].
Example 2. Let G be agroupand X = G. Then G acts on itself by conjugation [2].

Example 3. The trivial action of any group G on any set X is defined by g-x = x for all g € G and all
x € X [2].

Another way to think about an action of a group on a set is via the concept of symmetric group, which
this alternative definition will give us a very important theorem related to the group action: Cayley’s
theorem. For this aim, let us first recall the concept of symmetric group.

Let X be any set. A permutation of X is a function t : X — X which is invertible (i.e. it is both injective
and surjective). The set of permutations of X forms a group under composition of functions, called the
symmetric group on X. We denote it by Sym(X). Indeed, since the identity function Idy on X is a bijection
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from X to X, we have Idy € Sym(X), and so Sym(X) # @. For any t,¢p € Sym(X), since the
composition T o ¢ is a bijection from X to X, we have 7 o ¢p € Sym(X). Also, it is clear that the
operation o has associative property. For all T € Sym(X), we have T71 € Sym(X). It follows T o
™1 = Idy = 171 o 7. Thus, (Sym(X),°) is a group.

It is clear that if we take a group G instead of the set X, then we obtain group of the automorphisms of G.
Now let us again define the action of a group G on a set X via the concept of permutation.

Definition 2. An action of a group G on a set X is the choice of a permutation 7, : X — X foreach g € ¢
such that the following two conditions hold:

i) T, is the identity, namely t,(x) = x for each x € X,
ii) forevery g,h € G, 14 ° T}, = 145, [3].

If we consider together the Definitions 1. and 2., then we can state the following proposition which is give
the relation between the group G and the symmetric group Sym(X) of the permutations of X via the
concept of action of the group G on the set X:

Proposition 1. An action of a group G on a set X is the same as a group homomorphism from G to Sym(X)

[3].

By this proposition, we can easily say that there is no difference between an action of a group G on a set
X and a homomorphism f : G - Sym(X).

We can now state Cayley’s theorem.

Theorem 1. Every group G is isomorphic to a group of permutations [3].

Definition 3. Let G be a group actingonaset X. If x € X, thenthe set Orbsx = {gx| g € G}is
called the orbit of x or the orbit through x [2].

The set of orbits under the action of G forms a partition of X. Because they are the equivalence classes
of the equivalence relation given by

y~x & y=gxforsomeg €qG.
The set of all orbits of X under the action of G is written as X/G.

Definition 4. Let X be a G — set. Let x € X. The stabilizer of x isthesetG, ={g € G| gx = x}
[2].

Proposition 2. The stabilizer G, of x is a subgroup of G [2].
Definition 5. Let X be a G — set. Then
i) the action is transitive if X # @ and if forany x,y € X, thereexists g € G suchthat gx = y.

i) the action is faithful if for any g,h € G, there exists x € X such that gx # hx.
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iii) the action is free if for g,h € G, if there exists x € X suchthat gx = hx impliesg = h.

iv) the action is regular if it is both free and transitive. Equivalently, we have that for any x,y € X there
existsa unique g € G suchthat gx = y [2].

3.DOUBLE ACTIONS OF GROUPS

Definition 6. Let G be a group and X be a nonempty set. Let us suppose that G has two actions on X on
the leftas ” - ”and ” ° ”. For every g, h € G and x € X, if the interchange law

g (h°x) = h*(gx) ™)

holds, then we say that G acts doubly on X on the left by means of ” - ” and ” o”. The action of G on X
defined by this way is called left double action. Then, the set X is called a left double G — set. We denote
the left double action of G on X by (G, o, X).

Let’s state that there is no need in the above definition for a condition similar to condition (i) related to
the identity element given in Definition.1. Namely, since we have already had two actions such as ”-” and
”°” the equalities e'x = x and e’x = x are satisfied by themselves. And, when we take identity element
“e” in the interchange law (*), it is obvious that the interchange law is satisfied.

Example 4. Let us define two different actions of a group G on itself on the left as follows:
G X G -G
(9,x) » gx = gx,
and
G XG -G
(h,x) » h°x = xh™!

Then, the group G acts doubly on itself on the left by means of ” - ”” and ” o”. Namely, for all g, h,x € G,
we have the equality

ghx) = g(xh™) = gxh™) = (g0)h™" = h°(gx) = h°(g).
That is, the condition (*) in Definition. 6 holds. Consequently, (G, ,o, G) is a left double action.
Example 5. Let us consider the following two actions of a group G on itself on the left.
G XG> G
(9.%) » gx = gxg™",
and
o: G X G - G

(h,x) » h°x = x
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Then, for every g,h,x € G, since
g’x) = g(x) = gxg™ = h°(gxg™) = h°(gx)

the group G acts doubly on itself on the left by means of ” - ” and ” o”. Thus, (G, ,°, G) is a left double
action.

Proposition 3. If a group G is abelian, every left action of G on the set X is a left double action.

Proof. The proof follows easily from that the second condition of the action and the commutativity of the
group. Namely, let G be an abelian group and G acts on a nonempty set X on the left. Let us denote the
actionby-: G X X - X,(g,x) » gx.Then, foreveryg,h € G andx € X, we have

g (hx) = (ghyx = (hg)x = h(gx).
Thus, the abelian group G acts doubly on X on the left by the action ” - ”, which completes the proof.

Now, our current aim is to define double actions via permutations just as we have defined group
actions via permutations.

If (G,-,X) is an action, then we have a homomorphism
0: G - Sym(X)
gr 0@ =93: X > X
x o gg(x) = gx

such that 6(gh) = @gn = @4 ° @p = 6(g) o 6(h).

Similarly, if (G,o, X) is another action, then we have also a homomorphism
r: ¢ - Sym(X)
hw—Th =yp": X ->X
x = Phx) = h°x
suchthat I'(gh) = 9" = Y9 o Y" = I'(g) o I'(h).
After all, let (G,- ,o, X) be a double action. Then, let us define
®: G X G- SymX x X)

(gh) P @(gR)=nl: X XX > X xX
(x,y) = ng(xy) = (g0, ")

= (gx,h%y).

616




617 Giirsoy | Cumhuriyet Sci. J., Vol.40-3 (2019) 612-623
Unlike the homomorphisms 6 and I" just mentioned above, it is not so difficult to understand that @ is
defined on G x G because of its double state.
It is obvious that the Sym(X x X) is a group. Namely, since né(x,y) = (e'x,e’y) = (x,y) for all

(x,¥) € X x X, then n¢ is the identity element of Sym(X x X), where (e, e) is the identity of G X G.
Also the multiplication of Sym(X X X) is defined by

ne o nt (x,y) = 0k (i (x,9))

= g (kx,m*y)

(g (kx), h*(m°y))

((gk)x, (hm)°y)

= ngr (%)
forall (g,h), (k,m) € G xGand (x,y) € X X X.
The inverse of 772 is defined by 772: forany (g,h) € G X G.

Now let us show that @ defined above is a homomorphism.

Forany (g, h), (k,m) € G X G and (x,y) € X X X,

(g, W (k,m)(x,y) = P(gk,hm)(x,y)

= i (%)

((gk)x, (hm)°y)

(g (k'x), h*(m°y))
= o (k'x,m°y)

= g (F (%, ¥))

(g, P (k,m)(x,y). @)
Hence, @ is a homomorphism.

Considering all of these, we can also give a new definition of a double action of G on X as follows,
equivalently to the Definition 6:

Definition 7. Let X be a set and G a group. Then, we say that G acts doubly on X, if it is possible to
correspond a permutation r;",} of X x X to each pair of elements (g, h) € G X G such that ng ot = ngkm
for every (g, h), (k,m) € G X G.
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In other words, if there exists a homomorphism from G X G to Sym(X X X), then it is called ”G acts
doubly on X”.

After this definition, we state the Cayley’s theorem in case of the double action.
Theorem 2. Given a group G, the group G X G is isomorphic to a group of permutations.

Proof. For the proof, just as in the Theorem 1., we are going to utilize the advantage of the idea that the
left-multiplication is a permutation in the light of the above explanations for the group ¢ X G.

Define a map
@: G x G- Sym(G x G)
(gh) » @(gh) =1,

where I} is defined by I} (k,m) = (I;(k),I"(m)) = (gk,hm) forall (k,m) € G x G. It can easily
shown that I} is a permutation.

We want to show that @ is an injective homomorphism.

First, suppose that @(g,h) = ®(k,m), then lg = [y* as functions mapping G X G to G x G. For
functions to be equal they must equal at every point, and hence l}; (e,e) = I (e,e) implying (g, h) =
(ge, he) = (ke,me) = (k,m), and hence @ is injective.

It is easily seen that @ is a homomorphism just as similar to that one in the equation (1).
Thus, we have an embedding of G X G into the group of all permutations of the set G x G.

Definition 8. Let G be a group doubly acting on a set X by means of ”- ”and ” o” and let x € X. Then,
the double orbit of x or the double orbit through x, written DOrb (x), is the set

DOrbg(x) = Orbigyx N Orbgyx = {y EX : gx =y = h’x,g,h € G}.

Example 6. Let us consider the double action (G, ,o, G) in the Example 5. with the symmetric group G =
S3. Then we have the orbits Orbs, y(e) = {e}, Orbs, ,((12)) = Orbs, 1((13)) = Orbs, ,((23)) =
{(12),(13),(23)}, Orbs, ((123)) = Orb(s, 4((132)) = {(123),(132)} and Orbs, - (e) = {e},
Orb(s,((12)) = {(12)}, Orb(s,»((13)) = {(13)}, Orbgs,»((23)) = {(23)}, Orbs,((123)) =
{(123)}, Orbs, ) ((132)) = {(132)}. Hence the double orbits of double action (S3, ,°,S3) are the sets
of DOrbs,(e) ={e}, DOrbs,((12)) ={(12)}, DOrbs,((13)) = {(13)}, DOrbs,((23)) = {(23)},
DOrbs,((123)) = {(123)}, DOrbs,((132)) = {(132)}.

Example 7. Let us consider the double action (G,- ,o, G) in the Example 4. with the symmetric group G =
S5. In this case, with a standard calculation it is easily seen that all double orbits of S; for each x € S5
will be S;.

Proposition 4. Let G be a group and X a double G — set. Then, forevery x,y,z € X

i) x is in the double orbit through x.
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i) if y is in the double orbit through x, then x is in the double orbit through y.

iii) if y is in the double orbit through x and z is in the double orbit through vy, then z is also in the double
orbit through x.

Proof. i) For any elements g,h € G and x € X, we have gx = x = g = e and h°x = x = h = e. Since
e € G, x is in the double orbit through x.

i) If y is in the double orbit through x, then we have gx = yand h°x = y forsome g,h € G. Hence
gx =y = (g ) @x) =@y
= (g9 x = (g Dy
=ex=(g7)y
=x = (g Dy ()
and
Rx =y = ()0 = 0y
= (hth)yx=(h)y
se°x = (hH)°y
=>x=(h"1)y. 3)
From the equations (2) and (3), x is also in the double orbit through y.
iii) If y is in the double orbit through x, then we have
y=gx=h’x for3g,h € G,
and z is in the double orbit through y, then we have
z=my=n’y forIm,n € G.
Hence
z=my=>z=m(gx)=>z=(mg)x
and
z=n"y >z =n"(h"x) > z = (nh)°x.

Since mg,nh € G,z is in the double orbit through x. Hence, the proof is completed.

Thus, we obtain a relation on X defined by
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y ~x © yisinthe double orbit through x.
Corollary 1. The above relation is an equivalence relation.
The equivalence classes under this equivalence relation are called double orbits.

Proposition 5. Let G be a group and X a double G — set. The disjoint double orbits under the above
equivalence relation form a partition of X.

Proof. From Proposition.4 (i), we have x € DOrbgx, namely, for e € G ex = x = e°x. So it is obvious
that X c Uyex DOrbgx . Hence, we suppose that DOrbgsx N DOrbsy # @. Then, for at least one
elementz € DOrbs;x N DOrbgy , there exist g4, g2, h1, h, € G such that

zZ=gyrx =h'xandz =g,y = h,"y.

We want to show that DOrb;x = DOrbgy. For this, it suffices to show that DOrb;x < DOrbgy. Thus,
we conclude that DOrb;x = DOrbgy by symmetry.

From the hypothesis, for any element u € DOrbgx, there exist g,h € G such thatu = gx = h°x.
Sincex = (g, )z = (hy ")z, we have

9917 )z = (9917 )(92y) = (9917 92)y

u=gx=>u=g(gu )2
and

u=hx = u=h((hy )2 = (hhy')°z= (hhy ") (hy"y) = (hhy ™" hy)y
This means that u € DOrbgy. Thus, we obtain DOrbzx < DOrbgy.

By symmetry, we obtain DOrb;x = DOrb;y. Consequently, if the double orbits DOrb;x and DOrby
share even one point in common, then they are equal and thus a partition.

Definition 9. Let X be a double G — set. Let x € X. The stabilizer, denoted G,., of x is the set
G,={(gh)EGXG:gx=hx=x g,h € G}
which is the subset of the product group G X G.
Proposition 6. The stabilizer G, of x is the subgroup of the product group G x G.
Proof. G, is nonempty, since (e,e) € G, . Also, if (g1, h1), (g2, hy) € G, , then we have
gix = hy"x = xand g, x = h,"x = «x.
Hence
g1x = x 2 9g1(g2x) = x = (g192)x = x
and

hlox = X = hlo(hzox) = X = (h1h2)°x = X.
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Thus, (9192, h1hy) € G, © G X G. It is obvious that the multiplication in G x G is defined by
(91, h1) (g2, h2) = (9192, hih2), forall (g1,h1),(g2,h2) € G X G.
Thus, G, is closed under the multiplication.
On the other hand, if (g,,h,) € G,, then we have g;'x = h;" x = x. Hence,
grx = x> (g7 ) (G0 = (g x
= (7 gD x = (g ) x
=ex = (g )x
> x = (g7 )x
and
hx =x = (b (h°2) = ()" x
= (" h) x = (b )x
= e°x = (hy H°x
= x =(h, Y
So, it follows (g, ™' ,h, ') € G,. Thus, G, is closed under the inversion.
Consequently, the stabilizer G, is the subgroup of G X G.

Example 8. Let us consider the double action (G, ,o, G) in the Example 5. with the symmetric group G =
S3. Then, we obtain the stabilizer groups (S3). = {(e,e}, (S3)(12) = {((12),(12))}, (S3)13) =

{((13), (13)}, (53)(23) = {((23),(23))}, (53)(123) = {((123),(123))}, (53)(132) = {((132),(132))}

Proposition 7. Let G be a group doubly acting on a set X by means of ”- ”and ” o”. Then, for every
(91, 1), (92, h2) € Gy

g1x = gyxandh,"x = hy,"x
=
(g1,h1) and (g3, hy) lie in the same left coset of G,.

Proof. The conditions g;:x = g, x and h;°x = h,"x are equivalent to x = (g;"1g,) x =

(hy ™! hy)° x, which means (g5~ g5, hy " hy) € G,. Therefore, (g5, hy) and (gs, hy) act doubly in the
same way on x if and only if (g4, h,) and (g5, h,) lie in the same left coset of G, .

Definition 10. Double actions of G on sets X and X' are called equivalent if there is a bijection ¢: X — X’
such that
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¢(gx) = g (¢(x)) and p(h°x) = h*(¢(x))
forevery g,h € G and x € X.
Let us now give some types of the double actions.

Definition 11. The double action of a group G on a set X by means of the actions ”- ”and ” o ” is called
transitive if there is an element (g, h) € G X G such that

gx=y=h’xforanyx,y € X.

Example 9. Let us consider the double action (G, ,o, G) in the Example 4. with the symmetric group ¢ =
S5. By the Example 7., the double action (S3,-,0,S3) has unique orbit, so this double action is transitive.

Definition 12. The double action of a group G on a set X by means of the actions ”- ”and ” o ” is called
faithful (or effective) if there is a point x € X such that

gix # gyxand hy"x # hy" x for any (g1, hy), (g2, hy) € G X G.

Definition 13. The double action of a group G on a set X by means of the actions ”- ”and ” o ” is called
free if for (g1, hy1), (g2, h;) € G X G if there exists x € X such that g;'x = gy xandh;"x = h,"x

imply (g1, h1) = (g2, hy).

Definition 14. The double action of a group G on a set X by means of the actions ”- ”and ” o ” is called
regular if it is both free and transitive. Equivalently, for any x,y € X there exists a unique (g, h) € G X
G suchthat gx =y = h°x.

Example 10. The double action in Example 4. is faithful. Indeed, let us consider the actions

G XG> G

(9,x) » gx = gx,

and

o: G X G - G

(h,x) » h°x = xh™L.
There is a need to show that there exists an x € X such that
gi1x # gyxand hy°x # hy," x,

when (gq, hy) # (g2, h2).
Let g; # g,. Then

g1x = g1x
927X = ga2X

1

}:” 91% 2 gax = gixxt 2 gxxT! = gre lg,e = g1 # gy

and
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° — -1

f;ll ’; - ;“:_11 } = xhy! 2xhyt = x~lxhy! 2x~lxhy! = ehl! Zehst = hil Zhyl= hy # hy
2 - 2

Therefore, the double action is faithful.

Example 11. Let G be a group and H < G a subgroup. Let G/H = {xH : x € G} be set of the left
cosets. There is a natural action of G on G /H with the left multiplication:

-+ G XG/H-> G/H
(g,xH) = g (xH) = (gx)H.
Let us define another action as trivial action:
o: G X G/H - G/H
(k,xH) » k°(xH) = xH.
Then, we have
g (k*(xH)) = g(xH) = (gx)H = k*((gx)H) = k°(g (xH)).

Thus, G acts doubly on G /H by means of the actions” - ”"and ” o ”.
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Abstract. In this research, the concentrations of natural (226Ra, 232Th and 40K) and anthropogenic (137Cs)
radionuclides were measured in sediment samples collected from the Borgka Dam Lake using a high purity
germanium detector (HPGe). The activity values ranged from 4.79-21.46, 9.36—20.65, 238.01-721.26 and 0.79—
6.81 Bq kg-1 for 226Ra, 232Th, 40K and 137Cs respectively. The average 226Ra, 232Th and 40K activity
concentrations calculated for the sediment samples were found to be lower compared to world average values
reported by UNSCEAR. In addition, radiological hazard indices were determined and compared with the
international permissible values. The results of this study revealed that there is no significant health risk for
people exposed to sediment samples in this region.
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Tiirkiye’de Borcka Baraj Goliiniin Sediment Orneklerinde Radyoaktif
Kirliligin Degerlendirmesi

Ozet. Bu arastirmada, Borcka Baraj Gélii’'nden toplanan sediment 6rneklerinde dogal (226Ra, 232Th ve 40K)
ve yapay (137Cs) radyoniiklidlerin konsantrasyonlari yiiksek saflikta germanyum dedektorii  (HPGe)
kullanilarak 6l¢tilmiistiir. Aktivite degerleri 226Ra, 232Th, 40K ve 137Cs igin sirasiyla 4.79-21.46, 9.36—20.65,
238.01-721.26 ve 0.79-6.81 Bq kg-1 araliginda degismistir. Sediment 6rnekleri i¢in hesaplanan ortalama
226Ra, 232Th ve 40K aktivite konsantrasyonlari UNSCEAR tarafindan rapor edilen diinya ortalamasi
degerlerinden daha diisiikk bulunmustur. Ayrica, radyolojik tehlike indisleri belirlenmis ve uluslararasi izin
verilen degerlerle karsilagtirilmigtir. Bu ¢aligmanin sonuglari, bu bolgedeki sediment 6rneklerine maruz kalan
insanlar i¢in 6nemli bir saglik riski olmadigin ortaya ¢ikarmistir.

Anahtar Kelimeler: Bor¢ka Baraj Golii, Radyoaktivite, Sediment, Yasam boyu kanser riski.

1. INTRODUCTION

Naturally radioisotopes (226Ra, 232Th, and 40K) are connected with rock, sand, soil and
sediments in an environment. The man-made radionuclides left in our environment come from
anthropogenic sources such as nuclear weapons tests and nuclear accidents [1]. Human source
radionuclides, accidents in nuclear reactors, and fission products resulting from nuclear tests or
industrial activities are also sources of pollution that may have a significant impact on the water

environment [2]. Natural and anthropogenic radioisotopes can be transported to different
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distances after different processes and finally accumulate in sediment particles [3-4]. Due to the
Chernobyl nuclear power plant accident, the Marmara and the Black Sea region of Turkey was
contaminated with high artificial radioisotopes [5]. After the Chernobyl accident, the north-
eastern of Turkey in particular has been contaminated by artificial radionuclides. The radioactive
cloud resulting from the nuclear accident arrived the territory of Turkey on 5 May 1986 and the
country's different regions and ecosystems significantly polluted [6]. Therefore, the determination
of the distribution of natural and anthropogenic radionuclides in the environmental environment
is extremely important for environmental monitoring, nuclear protection and nuclear forensic
studies [5].

It is stated that the river sediments are the wear products of the rocks and they have mineralogical
properties of the original rock formation. Sediments play an important role in aquatic
radioecology, because they carry and accumulate pollutants (radioactivity, heavy metal, etc.) in
the environmental area. Therefore, the investigation of radioactivity levels in sediments in rivers
and lakes provides useful information related to environmental pollution. For these reasons,
monitoring and determining the activity concentrations and gamma-dose ratios of radionuclides

is an important issue for humanity [7].

Rivers play an important role in transporting sedimental particles and organic matter from land to
seas, but man-made obstacles such as dams prevent the transporting of these substances to marine

environment and so these particulate matters accumulate at the bottom of the Dam lakes.

In time, sediments deposited at the bottom of the lake are an important component for monitoring
the change of radioactive pollution in the region. In addition, radionuclides accumulating in the
lake contaminate the water environment in which they are in contact. Dam waters are frequently
used to irrigate agricultural lands located in the nearby area and therefore the determination of
radioactive pollution in sediment samples in lake environment shows the importance of this

research study [8].

To determine radioactivity levels at the dam lake and river sediments, some investigations have
been carried out in Turkey [1, 8-11]. However, the studies conducted to determine the
radioactivity levels of the sediment samples of the Dam lakes are limited in Turkey. Therefore,
in the present study, the activity concentrations of natural (**Ra, 2*2Th and “°K) and anthropogenic
(*¥"Cs) radionuclides in sediment samples collected from Bor¢ka Dam Lake have been surveyed.
Besides, radiological hazard indices such as the radium equivalent activity (Raeq), the external
hazard index (Hey), the absorbed dose rate in air (D), the annual effective dose equivalent (AEDE)
and the excess lifetime cancer risk (ELCR) were calculated and compared with the international

permissible values.
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2. MATERIALS AND METHODS

2.1. Study area and sampling
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Figure 1. The sampling stations in the Bor¢ka Dam Lake (Gedik et al., 2018)

Bor¢ka Dam is a dam built on the Coruh River in Artvin between 1998 and 2005 to produce
energy. Turkey's Northeast Anatolia region is located on the Coruh River Basin is located in the
lower Coruh basin. It is producing hydroelectric power. The body volume of the dam, which is
the type of the soil trunk filling, is 7.785.000 m?, the height from the stream bed is 86,00 m, the
lake volume is 419,00 hm? in the normal water level, and the water area in the normal water level
is 10.84 km?. The dam produces energy of 1.039 GWh per year with 300 MW power.
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In this research, three lake sediment samples were collected from each of the six sampling points
determined in Borgka Dam Lake in April 2016. The sampling stations in the Bor¢cka Dam Lake
are presented in Figure 1 and the coordinates of the sampling points and some physico-chemical
properties of the sediment samples collected from Bor¢cka Dam Lake are given in Table 1. The
coordinates of all sampling points were recorded using a GPS tool. Approximately 1-2 kg of
sediment samples were collected from each sampling point by means of an Ekman-Birge sampler;
then the collected samples were transferred to nylon bags and the bags were tightly sealed by
labeling them to prevent mixing and contamination of the samples. Subsequently, all samples
were transferred to the cold chain box and transported to the laboratory for the necessary analyses.
[12-13].
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Table 1. The coordinates of sampling points and some physico-chemical properties in sediment samples collected from Borgka Dam Lake.

Sampling North East Sampling depth pH sand (%) Silt+Clay (%) ;?'Laolr? E%aomcc)
ocation latitude longitude (m) (%)
BS-1 41°19'36" N 41°42'28"E 35 7.36 87.45 12.55 1.84
BS-2 41°19'45" N 41°38'49"E 1.3 8.17 98.13 1.87 0.79
BS-3 41°19'58"N 41°39'13"E 3.8 8.01 92.68 7.32 1.24
BS-4 41°20'05" N 41°39'46" E 7.6 7.90 21.57 78.43 1.62
BS-5 41°20"12" N 41°40'20"E 22.4 7.89 31.22 68.78 1.67
BS-6 41°20'24" N 41°40'53"E 33.7 7.90 89.92 10.08 1.19
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2.2. Characterization of sediments

Granulometric analysis of the samples was performed with the help of Retsch brand (Germany)
AS 200 model vibratory sieve shaker. After Granulometric analysis, sediments were classified as
sand (0.063-2 mm) and silt + clay (<0.063 mm) based on grain size. To determine the pH values
of the sediment samples, the samples were sieved by a 2 mm sieve and then left to dry in the oven
at 105 °C. Then 10 g of sediment sample was placed in the flask and 50 mL of deionized water (1
sediment: 5 water) was added. After the prepared mixture is stirred for about 1 hour,
measurements were made with the pH probe in the YSI brand multi-parameter probe [13]. A
Shimadzu SSM5000A Total Organic Carbon Analyzer device was used to measure the total
organic carbon (TOC) level of the sediment samples. The TOC content in the samples was
determined by the difference between total carbon (TC) and inorganic carbon (IC) values [14].

2.3. Sample preparation for activity measurements

After the sediment samples were transferred to the laboratory, the first stone particles and visible
impurities were removed. Each sample of the sediment was then homogenized in a mortar and
allowed to dry in an oven at 105 °C for 24 hours to remove moisture. Dried samples were sieved
with a 400 mesh (63 um) sieve. Approximately 118 g of each sample was placed in polyethylene
containers with cylindrical screw cap (5.5 cm diameter and 5 cm height) for gamma measurement
and sealed tightly [15]. Before starting the gamma activity analysis, the vessels were kept closed

for four weeks to achieve a balance between ??°Ra and the short-lived generation [16].

2.4. Gamma spectrometry measurement

The activity levels of 2Ra, 22Th, K and **Cs in all samples were measured using a coaxial
HPGe detector (Ortec, GEM55P4-95 model). Detailed explanations about the measurement
system are previously presented elsewhere [12, 16].

The gamma-energy lines of 351.9 keV (?**Pb) and 609.3 keV (*Bi) were used to represent the
226Ra series, while 911.1 keV (*2Ac) and 583.1 keV (?°¢TI) were used to represent the 232Th series.
The activity values of of °K and **’Cs were determined using their peaks at 1460.8 keV and 661.6
keV, respectively. In the calculation of activity, dry weight (dw) was taken into account for all
samples [12, 17].

The activity concentrations of the studied radionuclides (*Ra, 2*2Th, K and *¥’Cs) in the
samples measured by utilizing the equation given below were determined:

N
s.Py.t.m

C=

(Bq kg™ 1)
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where N is the net count rate of the gamma ray; ¢ is the photo peak yield of the detector, Py is the
absolute transition of gamma decay, t is the counting time in seconds, and m, the mass of the

sample from the kilogram unit.
The MDA of the current gamma system was determined using the equation presented below [18]:

oVB

a.Iy.t.w

MDA =

(2)

where MDA is in Bq kg2, o is the statistical coverage factor, which is equal to 1.645 (confidence
level 95%), and B is the background value for a certain radionuclide [12]. The MDA for the
studied radionuclides was calculated as 0.16, 0.24, 1.69 and 0.02 Bq kg* for ??°Ra, 2°2Th, ¥Cs
and “°K, respectively. In order to determine the accuracy of the measurement system, an example
of the certified reference material IAEA-447 was read in the system in triplicate in a similar
manner to the samples. In the reference sample, the concentrations of 2?6Ra, 2*2Th, ¥'Cs and “°K
were given as 25.04, 37.3, 371.11 and 550 Bq kg™, respectively. For the measurement system,
226Ra, 2%2Th, ¥’Cs and “°K values were calculated as 23.96, 35.7, 362.55 and 521 Bq kg?,
respectively. Accuracy, expressed as recovery of the reference substance, was found in the range
of 95-98 % for all radionuclides.

3. RESULTS AND DISCUSSION
3.1. Physiochemical properties of sediments

The physico-chemical parameters determined in sediment samples are presented in Table 1. In
the current study, it was found that the values of pH, Sand, Silt+Clay, and TOC ranged between
7.36-8.17, 21.57-98.13%, 1.87-78.43%, and 0.79-1.84%, respectively. The lowest pH and
highest TOC content were determined at the BS-1 location. It is known that this station is under
the influence of water culture and causes high organic substances due to uneaten feed, decayed

plants and live wastes and feces in such areas [13].

3.2. Natural radioactivity in sediment

The activity concentrations of 2°Ra, 2*2Th and “°K radionuclides detected in sediment samples
gathered from Borcka Dam Lake are shown in Table 2. It was observed that the concentrations
determined in this study ranged from 4.79 to 21.46 Bq kg (the mean concentration of 12.19 Bq
kgt) for 2Ra, from 9.36 to 20.65 Bq kg the mean concentration of 14.05 Bq kg™) for 232Th, and
from 238.01 to 721.26 Bq kg* (the mean concentration of 396.41 Bq kg™) for K. Also, the
highest 2%Ra and “°K concentration were detected in the BS-6 station, while the highest 2Th

concentration was detected in the BS-1 station
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Table 2. The activity concentrations of 2%6Ra, 22Th, $¥’Cs and “°K in sediment samples of Borgka Dam Lake.

Samré:\ilng ;%‘;ation 226Rg 232Th 137Cg 0K

BS-1 14.01 £0.49 20.65+0.83 6.81 £0.34 464.79 +23.24
BS-2 8.94+0.36 9.36 £ 0.56 0.79 £ 0.05 238.01 £9.52
BS-3 4.79+0.24 10.78 £0.54 1.03 £0.06 24496 + 11.76
BS-4 11.80 £0.50 14.14 £0.57 5.69+0.20 343,58 +13.03
BS-5 12.16 £ 0.61 14.96 £ 0.48 5.76 £0.26 365.84 +£21.95
BS-6 21.46+1.07 14.40 £0.94 5.10+0.19 721.26 +£46.88
Range 4.79-21.46 9.36-20.65 0.79-6.81 238.01-721.26
Mean 12.19 14.05 4.20 396.41

(N= Sampling size)

Moreover, the comparison of mean activity concentrations of the present study with published
results in sediment samples is shown in Table 3. The 2%Ra activity concentrations reported in the
Van Lake [1], the Metiterranean Central Basin [19], the Altinkaya Dam Lake [8], the Derbent
Dam Lake [8], the Kizilirmak Delta [11] and the Yangtze Estuary [20] are higher than our values,
but those for the Deriner, Bor¢ka and Muratli Dam Lakes [10] and the Vaigai River [21] are not.

The 22Th levels reported in the in the Van Lake [1], the Metiterranean Central Basin [19], the
Altinkaya Dam Lake [8], the Derbent Dam Lake [8], the Deriner, Bor¢ka and Muratli Dam Lakes
[10], the Vaigai River [21], the Kizilirmak Delta [11] and the Yangtze Estuary [20] are higher

than our values.

The “°K levels reported in the Van Lake [1], the Metiterranean Central Basin [19], the Altinkaya
Dam Lake [8], the Derbent Dam Lake [8], the Deriner, Borgka and Muratli Dam Lakes [10], the
Vaigai River [21] and the Yangtze Estuary [20] are higher than our values, but those for the the
Kizilirmak Delta [11] are not.

Consequently, the average values of °Ra, #2Th and “°K found in Borgka Dam Lake are lower
than the values recommended by UNSCEAR [22].

3.3. Artificial radioactivity in sediment
187Cs activity concentrations determined in this study were presented in Table 2. The mean activity
concentrations of **’Cs in sediment samples ranged from 0.79 to 6.81 Bq kg™ (with a mean value

of 4.20 Bq kgt). When the mean activity concentrations were compared according to the sampling
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stations, the highest concentration (6.81 Bq kg™') was detected in BS-1 and the lowest
concentration (0.79 Bq kg™) in the BS-2 station.

Furthermore, the results obtained in this study are compared with the results published in many
studies in the literature as shown in Table 3. As shown in Table 3, the values reported in all
previous studies for ¥’Cs were higher than those of this study.
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Table 3. Comparison of mean activity concentrations of the present study with published results in
sediment samples.

Location 26Ra (Bq 1) | 2Th Bgkg™) 187Cs (Bg kg™ | “K (Bgkg™) | References
Turkey
(Van Lake) 47.48 57.87 4.37 524 [1]
Italy
(Mediterranean 25.1 28.1 809.8 [19]
Central Basin)
Turkey .
(Altinkaya Dam Lake) 195 271 460 (8]
Turkey *
(Derbent Dam Lake) 188 255 365 (8]
Turkey
(Deriner, Borg¢ka and 11.47 18.3 13.5 510.2 [10]
Muratli Dam Lakes)
Indian
(Tamilnadu, Vaigai 7.45% 33.81 448.24 [21]
River)
(KIZIIIT;‘];:EVDCI ) 27.898" 14.184 9.890 62.372 [11]
China
(Yangtze Estuary) 24.3 40.9 628 [20]
Worldwide 35 30 400 [22]
Turkey Present
(Borcka Dasm Lake) 12.19 14.05 4.20 396.41 Study

*238U

3.4. Radiological hazard indices
3.4.1. Radium equivalent activity (Raeq):
Radium equivalent activity is calculated using the equation given below [23].

Raeq = CRa + 143CTh + 0077CK (3)

where, Cra, Cth and Ck were the activities of 22°Ra, 22Th and “°K (Bq kg?), respectively. The
results of radium equivalent activities (Raeq) for sediment are presented in Table 4. As noted in
Table 4, the radium equivalent activity value varied from 39.07 Bq kg to 97.59 Bq kg * with the
average of 62.81 Bq kg®. The determined average value were found to be less than the

recommended maximum permissible value of 370 Bq kg*[24].

3.4.2. External Hazard index (Hey)
The main aim of this index is to limit the radiation dose to dose equivalent limit of 1 mSvy [25].
Hex should not exceed the unity limit in order to ensure that the level of risk generated by the

radiation is negligible. Hex was determined using the formula described below [26].

CrRa , CTh Ck
= —Ra 4 2Th 4 °K o
Hex 370 + 259 + 4810 — 1 4)

Table 4 showed that the average hazard index values for all samples were less than unity, which

revealed that there was no harm to the farmers and populations living in the area studied.
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3.4.3. Absorbed dose rate in air (D)

The gamma dose rate absorbed in outdoor air exposed at 1 meter above the surface by knowing
the activity concentrations of 22°Ra, 22Th, “°K and **’Cs in the sediment can be determined using
the formula defined below [22, 27]:

D (nGyh™1) = 0.461 X Cgy + 0.623 X Crp + 0.0417 X Cx + 0.1243 X Cps (5)

where Cra, Ctn, Ck and Cc;s are the activity concentration values (in Bq kg™) of 2°Ra, 232Th, K
and ¥Cs, respectively, in the sediment samples. The detected activity concentrations were
converted into doses using dose conversion factors of 0.461, 0.623, 0.0417 and 0.1243 for ??°Ra,
282Th, K and ¥’Cs, respectively [22]. Looking at Table 4, the determined values of absorbed
gamma dose rate for the sediment samples ranged from 19.27 to 49.57 nGyh with an average
value of 31.43 nGyh™. The determined average doses for all samples is lower than the world
average value of 60 nGy h™* [28].

3.4.4. Annual effective dose equivalent (AEDE)

The annual effective dose equivalent (AEDE) was determined using the equation given below
[22]:

AEDE (mSv y?) = D (nGyh™) x 8760 h x 0.7 SvGy™ x 0.2x 10° (6)

According to Table 4, the determined values of the annual effective dose for the sediment samples
ranged from 0.024 and 0.061 mSvy, with a mean value of 0.039 mSvy* [22]. However, the
determined mean dose values for all samples was lower than the recommended limit value of
0.080 mSvy™,

3.4.5. Excess lifetime cancer risk (ELCR)

The excess lifetime cancer risk (ELCR) values were determined with the help of the relation given
below [22]:

ELCR = AEDE xDL xRF @

DL Here is the average life expectancy (about 78 years in Turkey) [15] and RF are factors
indicating the probability of a deadly carcinogen per sievert (Sv!). Because of stochastic effects,
ICRP 60 considers 0.05 for public [29]. When Table 4 was examined, it was seen that the ELCR
values ranged from 0.09 x 107 to 0.24 x 10 (with a mean value 0.15 x 107®). This average value
of ELCR is less than the world average (0.29 x 1073) [27].
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In addition, looking at Table 4, the average lifetime total dose rate was determined as 3.01 mSv.
This determined mean value is lower than recommended maximum permissible value of 4.90
mSv [22].

Table 4. Radiological parameters of the sediment samples collected from the Borgka Dam Lake.

Soion | Rem(Bakgh) | He | D(oynY (rﬁgval) L(;Lestér?rents(c;“ ELCR (x10%)
BS-1 79.33 0.21 39.55 0.049 378 0.19
BS-2 40.65 0.1 19.98 0.024 191 0.10
BS-3 39.07 0.11 19.27 0.024 184 0.09
BS-4 58.48 0.16 29.28 0.036 2.80 0.14
BS-5 61.72 0.17 30.90 0.038 2.96 0.15
BS-6 97.59 0.26 49.57 0.061 474 0.24
Min 39.07 0.11 19.27 0.024 184 0.09
Max 97.59 0.26 49.57 0.061 474 0.24
Mean 62.81 0.17 3143 0.039 3.01 0.5

3.5. Statistical Analyses

Pearson’s correlation coefficients were determined to evaluate the relationship between
radionuclides and some physico-chemical parameters in sediment samples and given in Table 5.
The correlation analysis revealed that 40K was substantially correlated with 226Ra (r = 0.957,
p<0.01), pH was substantially correlated with 232Th (r = -0.970, p<0.01) and Silt + Clay was
substantially correlated with Sand (r = -1.000, p<0.01). Besides, TOC was moderately correlated
with 232Th (r = 0.848, p<0.05) and 137Cs (r = 0.849, p<0.05), Depth was moderately correlated
with 232Th (r = 0.827, p<0.05) and 40K (r = 0.844, p<0.05) and 137Cs was moderately correlated
with 232Th (r = 0.888, p<0.05). The strong relationship between 226Ra and 40K shows that their
origin and behavior in the lake is the same, while the weak positive relationship between 232Th
and the other two radionuclides (226Ra and 40K) indicates that they may have the same origin
but their behavior in the lake environment differ [30]. It seems that there is no clear relationship
between pH and the activity concentrations of 226Ra, 40K and 137Cs in the sediment of the dam
lake, while there is a considerable negative relationship between pH of the sediment and the
activity of 232Th. For these relationships can be said that the radionuclides extracted from a
leached sediment into the water in neutral and alkaline media could decrease and weaken the

fixation of nuclides in the sediment [31]. The similar results of this study were consistent with the
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finding of literature [31-32] concerning about the effect of soil properties. In light of this
information, it can be said that the activity levels of artificial and natural radionuclides decrease
in sediment samples with increasing pH. Although no significant correlation was found between
137Cs and depth, a positive correlation was found between the two parameters. This can be
explained by the fact that 137Cs is correlated with the depth of the sediment, as expressed by
Szarlowicz et al. (2018) [33]. The concentration of 137Cs varies depending on the particle size of
the sediment, mineral composition, organic matter and total organic carbon content. The amount
of total organic carbon was found to be important in the deposition of 137Cs radionuclides in
sediments [14] and a significant relationship between the amount of total organic matter and
137Cs was reported in some studies in the literature [14, 34-35]. In this study, a positive
correlation was found between the amount of total organic carbon and 137Cs radioisotope in

accordance with the literature.

Table 5. Pearson correlation coefficients between radionuclides and some physico-chemical parameters in sediment

samples.
226Ra 232Th 187Cs K pH Sand  Silt+Clay = TOC Depth

226Ra 1
232Th 0.500 1
1¥7Cs 0.649 0.888" 1

40K 0.957*" 0.501 0.582 1

pH -0.352 -0.970™" -0.758 -0.391 1

Sand -0.024 -0.184 -0.532 0.114 0.023 1

Silt+Clay 0.024 0.184 0.532 -0.114 -0.023 -1.000™ 1

TOC 0.181 0.848" 0.849" 0.184 -0.800 -.0577 0.577 1
Depth 0.809 0.827" 0.771 0.844" -0.748 0.059 -0.059 0.530 1

Correlation is significant at the 0.01 level (two-tailed).
Correlation is significant at the 0.05 level (two-tailed).

4. CONCLUSION

The activity values of 2Ra, 2°Th, ¥’Csand “°K were determined in sediment samples collected from the
Borgka Dam Lake using gamma ray spectroscopy. The mean activity concentrations of ?°Ra, 2?Th, 1¥'Cs
and “°K were found to be 12.19 Bq kg?, 14.05 Bq kg, 4.20 Bq kg™ and 396.41 Bq kg, respectively. The
results show that the mean activity concentration values of ?*Ra, #2Th and “°K in the Bor¢ka Dam Lake
were lower than the world average values suggested by UNSCEAR. Also, the mean activity concentration

of B¥'Cs is lower than the results of previous studies in the literature. Additionally, the radiological hazard
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indices (Raeg, Hex, D, AEDE, and ELCR) were determined and compared with international permissible
values, and the results were lower than the limit values. The data obtained can be used by the researchers
as reference data for monitoring possible radioactive contamination of the Bor¢gka Dam Lake in the future.
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Abstract. In this study, the effects of the external fields (electric and tilted magnetic fields) and well parameters
on the optical absorption coefficients in GaAs/GaAlAs multiple (five) quantum wells under the applied electric
and tilted magnetic fields has been investigated theoretically. Firstly, the energy eigenvalues and eigen functions
of an electron confined in multiple quantum wells are calculated by analytically from Schrédinger equation
using the transfer matrix method within the effective mass approximation, Secondly, the linear, nonlinear and
total intersubband optical absorptions in GaAs/GaAlAs multiple quantum wells system are studied within the
compact density-matrix approach. It is shown that the parameters such as strenghts of the external fields and 6-
tilted angle values not only shift the peak positions in absorption spectrum but also considerably modify their
potential heights. In generally, electronic and optical properties of the quantum wells are very sensitive to the
applied external fields and well parameters. Therefore, we can conclude that the effect of the external fields can
be used to tune and control the optical properties of interest in the range of the far-infrared electromagnetic
spectrum.

Keywords: Multiple Quantum Wells, Optical Properties, Electric Field, Tilted Magnetic Field.

DIS ALANLAR ALTINDAKI COKLU KUANTUM KUYULARINDA
LINEER VE LINEER OLMAYAN BAND iCi OPTIK SOGURMA

Ozet. Bu calismada, elektrik ve egik manyetik alan altinda GaAs/GaAlAs ¢oklu (bes kuantum kuyusu) kuantum
kuyusunda dis alanlarin (elektrik ve egik manyetik alan) ve kuyu parametrelerinin optik sogurma katsayisi
iizerindeki etkileri teorik olarak incelenmistir. ilk olarak, coklu kuantum kuyularinda kusatilmis bir elektronun
o0zdeger ve Ozfonksiyonlari, etkin-kiitle yaklasimi ile transfer-matris metodu kullanilarak Schrédinger
denkleminden analitik olarak hesaplanmistir. Ikinci asamada, GaAs/GaAlAs ¢oklu kuantum kuyu sisteminde
dogrudan, dolayli ve toplam bandigi optik sogurma calisilmis ve optik gecisler i¢in kompakt yogunluk matris
yaklagimi kullanilmistir. Di1s alan siddetleri ve 0-egiklik agilar1 gibi parametrelerin sadece sogurma
spektrumdaki pik pozisyonlarini kaydirmakla kalmayip, aym zamanda yiiksekliklerini de 6nemli 6Slgiide
degistirdigi gosterilmistir. Genellikle, kuantum kuyularinin elektronik ve optik 6zellikleri, uygulanan dis
alanlara ve kuyu parametrelerine olduk¢a duyarlidir. Bu nedenle, dis alanlarin etkisini, uzak kizilotesi
elektromanyetik spektrum araliginda ilgili optik 6zellikleri ayarlamak ve kontrol etmek icin kullanilabilecegi
sonucuna varabiliriz.

Anahtar Kelimeler: Coklu Kuantum Kuyusu, Optik Ozellikler, Elektrik Alan, Egik Manyetik Alan.
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1. INTRODUCTION

In recent years, with great advances in semiconductor growth technology, semiconductor quantum wells
(QW) with different geometries such as square, parabolic, semiparabolic, rectangular have been grown
and due to their superior electronic and optical properties have considerably attracted great deal of
attention. In addition to the well-known square and parabolic quantum wells, such as semi-parabolic,
graded, V-shaped, inverse parabolic, PoschTeller, Tietz-Hua have been intensively studied also [1-13].
The electronic and optical properties of the QWSs are very sensitive to the applied external fields. These
and quantum confinement effects leads to the formation of discrete energy levels within the well, which
results in significant optical properties in the semiconductor QW system compared with that in the bulk
material [14,15]. Optical properties of these semiconductor QWs have the potential for device applications
such as far-infrared laser amplifiers, high-speed electro-optical modulators, photodetectors, etc.[16-18].

In a parabolic potential well eigenenergies of two-dimensional electrons subjected to a tilted magnetic
field have been solved analytically by Maan [19]. 1.S6kmen at all. have completely solve the Schrodinger
equation using a square multiple quantum wells as the confinement potential and it has obtained analytical
solutions with applying an orthogonal transformation to two-dimensional semiconductor heterostructures
under externally tilted magnetic field [20]. They have made the Hamiltonian of the system separable in
terms of the new coordinates after implementation of successive transformations [20-23]. In this
manuscript, It have been completely solved the Schrodinger equation using multiple square wells
potentials as the confining potential and obtained analytical solutions without making any approximations
as in Refs [20-23] for two dimensional semiconductor heterostructures under externally applied electric
and tilted magnetic fields. In this system, the electric field is applied along the growth direction (z-
direction) of the multiple square quantum wells whereas the magnetic field is applied to the (x-z) in-plane.
0 is the tilt angle between the direction of magnetic field and x-axis. After solving the Hamiltonian of the
system, the multiple quantum wells become narrower (wider) when the 0-tilted angle increases (decreases)
because the multiple quantum well widths are proportional with Lcos 0. Furthermore, potential heights of
the multiple quantum wells are proportional with VoCos2 6 so their potential heights decrease when the

0-tilted angle increases.

In recent years, several theoretical studies have been made on linear and nonlinear intersubband optical
absorption (AC) and refractive index changes(RIC) in single QWSs and multi-quantum wells under applied
electric and magnetic fields [24-32]. In this study, the effects of the electric and magnetic field strength,
different tilt angles (i.e. direction of the magnetic field) on total absorption coefficient including the linear
and third order nonlinear terms for the transitions between the ground and other excited states of an

electron in multiple (five) quantum wells are investigated.
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2. THEORY

Within the framework of an effective mass approximation, the electron Hamiltonian for the multiple (five)
quantum wells in the presence of magnetic field B ~ applied in x-z plane and electric field F ~ applied in

the z-direction (perpendicular to the growth direction), is given by:

1

L (B+ed) +V(@. )

H =

where m*, p~ and e are the effective mass, momentum vector and charge of the electron, respectively.
The magnetic field can be described by the vector potential A "=(0,x B sin 6 — z B cos 0,0) which is
applied in the (x—z) plane and where 8 is the angle between the magnetic field and the x-axis. The magnetic
field have been defined as B "=(Bcos 0,0,B sin 0) by using vector potential in Coulomb gauge. V/(z) is the

confinement potential of the electron and its functional form is defined by
V(2) = Vo XiLi[S(zs, — z) + S(z — zg,) — (N — 1)] — eFz, (2)

where S(z) is the step function, for i.th quantum well z=zLi and z=zRi are the left and right well
boundaries, respectively. N is the total number of quantum well. The wave function of the system by using

the translation symmetry in the y direction can be defined as

Y(r) = Exp(ikyy) o(x,z) ©)

After using the successive transformations which are proposed by Refs.[20-23], Hamiltonian can be
separable in terms of the new coordinates and the Schrodinger equation of the system taken into
consideration without making any approximation for the heterostructures subject to the electric and tilted
magnetic field can be solved. After these transformations, Hamiltonian in the zV'-direction is obtained as

follows

2

Lt imrw? (2 — 2'): + V(2') @)

2m*

H =

where @ (= eB/m") is the cyclotron frequency, z,(= hk,/eB = a%,ky) is the position of the orbit

center, ay (= (A/m* w)/2) is the magnetic length,
V(z'") = Vycos® O XiL,[S(z;, — 2') + S(2' — zg,) — (N — 1)] + eFcos 62’ (5)
is the confinement potential in z'-direction. And eigenfunction of the system is obtained
W(r) = Exp(ikyy") x(x") ¢(2") (6)
If we define & = ii — 28 together with the dimensionless variables- i = (5) (zo—2z"),E,y =E, /hw

and V, = V,/hw for z’-direction, Schrodinger equation in the new coordinate system is written as follows
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ERIG) n {(m +%) _i éz}qb(f) =0, (7)

agz
where m is the quantum number and the solution of this equation which corresponds to the motion in the

z'-direction is the Weber functions.

After the eigenvalues and their corresponding wave functions for the Hamiltonian in the Eq. (4) are
obtained, the expressions including the linear, third order nonlinear and total absorption coefficient (AC)

can be define clearly as follows [23-31 and references therein], respectively:

2
W) = ¢ [H_ Mil ovhli;
a‘(w) = w\/; (AE—hw)?+(AT;j)? @
4
I M'l' O) hFl
a(3)(0.),1):_2w\/£( ) | J| v J 212 (9)
ER \EoNrC [(AE—hw)2+(ﬁ1"tj)]

y <1 My = My ? (AE — hw)? — (RTy;)* + 2(AE)(AE — hw))
|2 |° (AE)? + (Aly;)°

a(w,) =a®(w)+a® (0, (10)

In these equations, n,. is the refractive index, u is the permeability of the system, gy, is electron density,

&o 1S the permittivity of free space, I, is the relaxation rate which is equals to the inverse relaxation time
T12, c is the speed of the light in free space, | (= %IE((»)IZ) is the optical intensity of the incident

electromagnetic wave with an angular frequency w which leads to the intersubband optical transitions,

e is the real part of the permittivity, AE = E; — E; is the energy difference between the ground and first

excited levels, M;; = |<¢(é")i

€|¢(§;)J,>| (i=1 and j=2) is the dimensionless electric dipole moment

matrix element.

3.RESULTS AND DISCUSSIONS

The values of the using parameters in calculations are: g, = 12.58, m* = 0.067 m, (where m, is the

free electron mass), V, = 228 [meV] (which corresponding to x=0.3 for Aluminum concentration),
n, =3.2, Ty, =0.148[ps], I =2.0x10°[W/m?], Ty, = 1/Ty3, uo = 4w x 1077 [Hm™1],

g, = 3.0 x 10?2 [m~3]. Effective well width, effective barrier height and the orbit center are chosen as

Ly = aﬁ(LW + Lp) cos6 (where Ly, is well width, L, is barrier width), V,¢r = ;—Z)cosze and z) =
H
V2L, o o
[2Ly + == cos6]. All results are for L,, = 80 [A] and L, = 15 [A].
H
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The schematic diagram of the multiple (five) quantum wells and squared wavefunctions of the electron in
the ground and first excited level for F=0 (blackline) and F=30kV/cm (redline) is seen in Fig.1. In
addition, effect of the 6 -tilted angle on the system is also clearly seen. The energy levels are quantized
by the combined effects of the magnetic field and barriers of the multiple quantum wells. The second
energy level is in an extended state in which is dominant effect of the magnetic confinement as seen in
0>60 (in Fig.1(c)). When the electric field is applied, electron becomes localize in the right side of the
well (triangle region, (please see Figs.1(a), (b) and(c)).

(c)

Figurel.The schematic diagram of the multiple (five) quantum wells and squared wavefunctions of the electron in the ground
and first excited level for F=0 (blackline) and F=30kV/cm (redline) a) 6 = 45° b) 6 = 60° ¢) 8 = 75°

In Fig.2, it’s plotted the first six electronic energy levels of the multiple quantum wells system as a
function of the z' for three different tilt angles for F=0 (in a, b, ¢) and F=30kV/cm (in d,e,f). These results
clearly show that there are two different types of the energy states; the states confined in multiple quantum
wells (the lowest states in Fig 2 (a, b and c)) and extended states (the higher states in Fig.2 (a, b and c)).
The energies of the lower states are less than effective potential height in small 6-tilt angle degrees (see
Fig.2(a, b, c)). The effective potential heights decrease as 0-tilt angle degree increases. Because the
effective potential height is proportional with cos? 8. Electronic energy levels are located at Landau

levels as they move away from the center of multiple quantum wells (i.e. in larger z’ values).
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Figure2.The first six electronic energy levels of the multiple quantum wells system as a function of the z” for three different tilt
angles for F=0 (in a,b,c) and F=30kV/cm (in d,e,f).
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It shows the variations of linear, nonlinear and total ACs as a function of the incident photon energy for

different tilt angles that are given in Fig. 3: a) F=0 b) F=30kV/cm electric field values.

As the tilt angles increases, AE energy difference between the related energy levels increases and thus the

total AC shifts to the blue and this behavior is seen clearly in Fig.3(a).
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Figure3.The variation of linear, nonlinear and total absorption coefficients as a function of the photon energy for different tilt
angles and a) F=0 b) F=30kV/cm electric field values. ¢) The variation of the energy differences between the related energy
levels- AE as a function of the tilt angles for two different electric field values.

When the electric field is applied, electron becomes localize in the right side of the well (Figs.1(a), (b)
and(c) redline) since QWs bend in the opposite direction to the electric field and thus the peak positions
of the ACs shifts towards to higher photon energies since AE increases with the electric field (Figs.3 (b)).
It’s seen that in Fig.3 (c) at F=30kV/cm, as the tilt angle increases from 6=45° to 6=60° AE increases and
thus total AC shifts to the blue. For further angle values (6>60°), the peak of the total AC slows down
shift to the blue since AE decreases. This behavior of total AC spectra is a direct consequence of the
increment or decrement in the energy differences between the ground and first excited levels with
increasing angle values, respectively. In addition, the presence of the electric field is eliminated saturation
when 0 tilt angle value increases (see Fig.3(b)). In order see better the effects of the electric field strength
on the AC spectrum, it is plotted the variation of the energy differences between the related energy levels-

AE as a function of the tilt angle for two different electric field values in Fig. 3 (c). This is expected,
effective well width and effective potential height (L.ss = @cos 0, Verr = Yo 0052 6) decrease with
2ay hw

increasing angle values and this behavior is pronounced for 6 > 30°. In this case, electron in the ground

and first excited level is localized in the bottom part of the well in 6 < 60 angle values, whereas for

0 > 60 electron in the first excited level is localized in the upper part (magnetic confinement) while its

ground level is in the bottom part of the well as seen in Figs. 1(a) and (b).

As a result, it is investigated the effect of the electric field on total absorption coefficient including the

linear and third order nonlinear terms in the multiple GaAs/GaAlAs quantum wells for a constant tilted
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magnetic field. Furthermore, electric field strength as well as the effects of the magnetic field direction

(i.e. different tilt angles) and the well parameters on the optical properties have been investigated.

4. CONCLUSION

In this study, it is investigated the effects of the electric field strength and direction of the magnetic field
on total absorption coefficient including the linear and third order nonlinear terms in the GaAs/GaAlAs
multiple quantum wells under the external electric and magnetic field. The obtained results show that
absorption coefficient change is sensitive to the electric field and direction of the magnetic field. By
changing the direction of the magnetic field and existence of the electric field, we can obtain a blue or red
shift, without the need for the growth of different samples. This also gives a new degree of freedom in
various device applications based on the intersubband transition of electrons.
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Abstract. Water resources management is one of the most important issues of today. Satellite remote sensing
have been successfully used to detect the presence of water bodies. In this study, four remote sensing methods:
(1) normalized difference water index (NDWI), (2) support vector machine (SVM), (3) geographic object-based
image analysis (GEOBIA) and (4) NDWI supported GEOBIA (GEOBIA_NDW!I) were examined for water
body area detection. For this purpose, Atikhisar Dam Lake, the only water source of Canakkale central district
of Turkey was selected as study area. As remote sensing data nine multitemporal Landsat-8 Operational Land
Imager (OLI) multispectral satellite images between 2013 and 2017 were used. For the accuracy assessment,
area values extracted from the used methods were tested with in-situ measurement lake area values. The main
issues discussed in this study can be specified as follows: (i) Is pixel-based classification SVM or object-based
image classification GEOBIA more successful in the water body detection?, (ii) Are the image classification
methods (SVM and GEOBIA) or the water index (NDWI) more successful in the water body detection? and
(iif) What is the contribution of NDWI to GEOBIA_NDWI (GEOBIA_NDWI) classification in the water body
detection? The results show that meteorological factors and irrigation were influential in lake area variations.
NDWI was found to be superior to other methods in determining water body and allowed for better detection
of the lake boundary. Additionally, NDWI made a better separation of the land cover classes adjacent to water
at the border. The object based GEOBIA was better than the pixel based SVM for distinguishing water and
other land cover classes adjacent to border. GEOBIA_NDWI lake area results were more accurate than the
standard object-based classification. Mixed pixels out of the lake area was determined less in the NDW!I and
GEOBIA_NDWI results.

Keywords: Water body detection, NDWI, SVM, GEOBIA, GEOBIA_NDWI.

Su Kiitlesi Belirlemede Farkh Siniflandirma Yontemlerinin
Karsilastirilmasi: Atikhisar Baraji (Canakkale) Ornegi

Ozet. Su kaynaklar1 yénetimi giiniimiiziin en énemli konularmin baginda gelmektedir. Su kiitlelerinin varligiin
tespitinde uydudan uzaktan algilama basari ile kullanilmaktadir. Bu ¢aligmada, (1) normalize edilmis fark su
indisi (NDWI), (2) destek vektor makinalart (DVM), (3) cografi nesne-tabanli goriintii analizi (GEOBIA) ve
NDWI destekli GEOBIA (GEOBIA NDWI) uzaktan algilama yontemleri su kiitlesini belirleyebilmek icin
incelenmistir. Bu amagla, Tiirkiye’nin Canakkale I1’inin Merkez Ilge’sinin tek su kaynag1 olan Atikhisar Baraj
Golii caligma alani olarak tercih edilmistir. Uzaktan algilama verisi olarak, 2013 ve 2017 yillar1 arasinda temin
edilmis, dokuz adet ¢ok zamanh Landsat-8 Operational Land Imager (OLI) multispektral uydu goriintiisii
kullanilmigtir. Kullanilan yontemlerden elde edilen sonuglarin dogruluk analizi i¢in, yerinde 6lgiilen gol alani
degerleri kullanilmigtir. Bu c¢alismada ele alinan ana konular su sekilde siralanabilir: (i) Piksel tabanli
smiflandirma DVM mi yoksa nesne tabanli siniflandirma GEOBIA mu su kiitlesi belirlemede daha basarilidir?,
(i1) Goriintii siniflandirma yontemleri mi (DVM ve GEOBIA) yoksa su indisi mi (NDWI) su kiitlesi belirlemede
daha basarilidir? ve (iii) NDWI'in GEOBIA NDWTI siniflandirmasina su kiitlesi belirlemede katkis1 nedir?

* Corresponding author. Email address:  emreozelkan@comu.edu.tr
http://dergipark.gov.tr/csj  ©2016 Faculty of Science, Sivas Cumhuriyet University
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Sonuglar meteorolojik etkenlerin ve sulamanin g6ldeki degisimlerde etkili oldugunu gostermektedir. NDWI gl
alan1 belirlemede daha basarili bulunmustur ve g6l sinir1 belirlemede daha iyi sonug vermektedir. Ek olarak,
NDWI g6l kenarinda su ile temas eden siniflar1 daha iyi ayirabilmektedir. Nesne tabanlit GEOBIA suyla temas
eden arazi Ortiisii siniflarini piksel tabanli DVM’den daha iyi ayirabilmektedir. GEOBIA_ NDWI sonuglari
standart nesne tabanli simiflandirmadan daha dogrudur. NDWI ve GEOBIA NDWI sonuglarinda goél alani

disinda su olarak atanmis piksel sayist daha azdir.

Anahtar Kelimeler: Su kiitlesi belirleme, NDWI, DVM, GEOBIA, GEOBIA_NDWI.

1. INTRODUCTION

Water is the most vital resource for the continuity
of all life on earth. Water resources management is
the most important issue of today due to the
decreasing water resources and increasing water
demand [1].

climate change that continually increase their

Moreover, global warming and

destructive effect makes the precision water
resources management important more than ever in
the management of the agricultural irrigation [2, 3].
Since the lack of water adversely affects whole life,
water resources need to be managed in the most

accurate and effective manner [4, 5].

The most basic and known way to detect the
location, size and content of the water bodies is to
make in situ measurements and observations.
However, these measurements and observations
are not effective as time and cost. Continuity of
observations and measurements is extremely
important especially in arid and semi-arid climates,
where monthly and seasonal

changes are

significant. Remote sensing is widely used
efficiently in the management of water resources
[6, 7]. Remote sensing from the satellite provides a
great advantage in monitoring water bodies owing
to the ability to extract information about large
areas at once [7]. In other words, satellite remote
sensing makes continuous monitoring of water
resources possible in a time- and cost-effective way

[4, 6].

There are several remote sensing methods for
detecting water bodies, and image classification
and water indices are some of the most preferred
[8-11]. The

classification are generally divided into supervised

methods methods of image

and unsupervised, and, however, supervised
classification is most preferred in terms of accuracy
and reliability [12]. Some of the popular supervised
classification methods are Maximum Likelihood,
Spectral Angle Mapper, Neural Network and
Support Vector Machine (SVM) [12, 13]. On the
other hand, image classification methods are
divided into pixel and object-based [14]. While the
pixel-based classification classifies the pixels
according to the spectral characteristics of the
image, the basic approach in the object-based
classification is to create homogeneous image
objects from image pixels with similar spectral
properties and to classify these objects by taking
into account the spectral, statistical, texture and
geometric characteristics defined for these objects
[15, 16]. The most commonly used object-based
classification method is eCognition's geographic
object-based image analysis (GEOBIA) software

system [17].

Water indices are the most effective and easy way
to detect water bodies with remote sensing. Water
indices are composed of simple algorithms

performed by spectral bands considering the
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spectral properties of water that are high
reflectance in visible and low reflectance in
infrared regions such as normalized difference
water index (NDWI) [18] and modified NDWI
[19]. In spite of their simple structures and working
principles, water indices can produce faster and
more accurate information than other methods [9].
There are many successful studies conducted with
SVM [20], GEOBIA [21] and NDWI [22] methods
for determining the water body. On the other hand,
the water body extraction studies, where GEOBIA
is supported by indices such as NDWI comprising
the most basic and useful band arithmetic, are also

increasing [23-25].

In this study, the water body area detection

capability of four methods: (1) normalized
difference water index (NDWI), (2) support vector
machine (SVM) - a supervised classification
method, (3) geographic object-based
analysis (GEOBIA) and (4) NDWI supported
GEOBIA (GEOBIA_NDWI) were investigated.

As a study area Atikhisar Dam Lake in Canakkale

image

province of Turkey was selected and as remote
Landsat-8
Imager (OLI) multispectral

sensing data nine multitemporal
Land
satellite images between 2013 and 2017 were used.

Operational

Contrary to the classical approach in accuracy
assessment such as using high spatial resolution
images, maps, ground control points with GPS,
etc., the extracted lake area values using remote
sensing methods were verified by in-situ measured
lake area values. Considering the above
assessments and approaches, the main issues
discussed in this study can be specified as follows:
(i) Is pixel-based classification (SVM) or object-

based image classification (GEOBIA) more

successful in the water body detection?, (ii) Are the
image classification methods (SVM and GEOBIA)
or the water index (NDWI) more successful in the
water body detection? and (iii) What is the
contribution of NDWI to GEOBIA
(GEOBIA_NDWI) classification in the water body
detection?

2. MATERIALS AND METHODS
2.1 Study Area

The study area is Atikhisar Dam Lake located
between 26°31'2.22" 26°33'10.30"
meridians and 40°7'36.31" - 40°3'49.67" northern

eastern

parallels within the borders of Canakkale city
established in the west of the Turkey (Figure 1).
Atikhisar Dam is crucial for the region since it is
the only water source of the central district and
serves as a multi-purpose dam providing drinking
water, irrigation, flood protection, etc [4]. The
study area is located in the Marmara climate, which
is a regional transition zone between the Black Sea
and Mediterranean climates [26]. According to
Turkish State Meteorological Service long term
data: (a) The rainiest and driest months are
December with 106.8 mm and August with 6.4
mm, respectively and (b) The hottest and the
coldest months are July with 250C and January
with 6.10C, respectively.

2.2 Field Data

In the study area, all water level measurements are
performed by the General Directorate of State
Hydraulic Works (DSI) on the first day of the
month. Field data from DSI observation and
measurement station were acquired between 2013
and 2017. The remote sensing water body detection
methods' results were verified by in-situ water area

measurement values. As explained in the next
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section, only nine in-situ measurement data could
be used because of the atmospheric constraints
(fog, haze and cloud) in obtaining satellite images
(Table 1). Additionally, the meteorological data

W00E

200 200 km
N

WOUE

(only precipitation for this study) from Turkish
State Meteorological Service (MGM) was used to
interpret results.

IFOVE AOVE A5°00°E

T
IFVOCE 40COE

Figure 1: Study area.

Table 1: List of used images and difference from in-situ measurement day of image acquisition date.

No Image Acquisition Date

Path/Row  Difference from In-situ Measurement Day

1 02.05.2013 181/32
2 30.09.2013 182/32
3 02.07.2015 182/32
4 02.06.2016 182/32
5 01.10.2016 181/32
6 02.11.2016 181/32
7 02.04.2017 182/32
8 30.06.2017 181/32
9 02.09.2017 181/32

1

N = = = = = T = T =

2.3 Remote Sensing Data and Processing

The dates and numbers of the images used were
determined by considering the dates of in-situ
water level measurements performed on the first
day of the month. Satellite images are procured on
the same day as the local data or with a maximum
difference of one day. On the other hand, during the
selection of the images, attention was given to
ensure that the study area is not covered by fog,

haze and cloud. A total of nine Landsat 8

Operational Land Imager (OLI) multitemporal
satellite images over the study area between 2013
and 2017 were utilized in this study (Table 1). In
the process of preprocessing the remote sensing
data, 15m spatial resolution surface reflectance
images were produced by using ENVI software's
Quick Atmospheric Correction (QUAC) and
(NNDiffuse)

nearest-neighbor  diffusion-based

pan-sharpening algorithms.
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In this study, the water body area detection
capability of four methods: (1) NDWI, (2) SVM —
a supervised classification, (3) GEOBIA and (4)
GEOBIA_NDWI were investigated and these
classification methods can be explained as follows:

(1) NDW!I is one of the most commonly-used
indices to detect water bodies, and was composed
of the green (high reflectance of water) and near-
infrared (NIR) (low reflectance of water) spectral
bands of Landsat initially [18] and then used for
different remote sensing data [22]. The results of
the NDWI formula NDWI = (Green - NIR)/(Green
+ NIR) range from -1 and 1. In the study of
McFeeters, NDWI's values greater than 0 are
considered as water and values below 0 mean other

land use/cover classes [18].

(2) SVM is a supervised classification algorithm
based on statistical learning theory [12]. The
working principle of SVM is based on the principle
of defining the most appropriate decision function
which can distinguish classes, in other words,
defining the hyper-plane that separates the classes
In the SVM

classification, the default set of parameters (Kernel

in the most accurate way [12, 16].

Type: Radial Basis Function, Gamma in the Kernel
Function: 0.143, Penalty Parameter: 100, Pyramid
Levels: 0, and Classification Probability
Threshold: 0) were employed by training region of
interest values of land cover classes (water,

vegetation and others).

(3) The basic approach in GEOBIA is to create
homogeneous image objects (i.e. segmentation)
from image pixels with similar spectral
properties/signatures and then to classify these
objects by considering the spectral, statistical,

texture and geometric characteristics defined for

these objects [15, 17]. In this context, the GEOBIA
method of eCognition software was applied for
object-based image classification. For the purpose
of consistency, the same set of parameters (image
layer weights: 1 for visible bands and 2 for infrared
bands for better discrimination between water and
other classes, scale parameter: 10, shape: 0.1 and
compactness: 0.5) were utilized in segmentation
process. The next stage after the segmentation is
the classification of the segments, and in this study
two options (methods 3 and 4) were preferred at
this stage. The first is standard GEOBIA the
likelihood

classification algorithm to objects training by the

implementation of the maximum

samples from each land cover classes (water,
vegetation and others), which is basically similar to

the supervised classification [14, 27].

(4) The second approach in GEOBIA is to classify
the objects according to the threshold values of
another data set that may be bands of the satellite
image from which the objects/segments are
generated, or index images generated from this
[25, 28]. In the GEOBIA_NDWI

classification, water class assignment was done

image

according to the acceptance that the objects’ NDWI

values greater than O are considered as water.

2.4 Data Analysis

The capability of the four methods (NDWI, SVM,
GEOBIA, and GEOBIA_NDWI) was examined
employing root mean square error (RMSE) and
Pearson's correlation coefficients (R) to correlate
the computed data from remote sensing methods

with validation data (i.e. field data).

654




655

Ozelkan | Cumhuriyet Sci. J., Vol.40-3 (2019) 650-661

3. RESULTS AND DISCUSSION

NDWI, SVM, GEOBIA, and GEOBIA_NDWI
methods’ water body detection performances were
investigated to examine the superiority between the
pixel-based and the object-based classification, the
superiority between the NDW!I and the image
classification methods and the contribution of the

NDWI to the object-based classification.

The in-situ values showed that the lake generally
reaches its largest and narrowest limits at the end
of the rainy (between September and May) and the
dry (between June and August) periods,
respectively. According to the used data set, the
average lake area value is 2.917 km? and standard
deviation is 0.546 km? (Table 2). The lake area was
narrowest on November 02, 2016 with 2.156 km?
(Figure 2). Under normal conditions, November is

in the rainy season, however the main reason why

the lake is narrowest on November 02, 2016 was
the precipitation in September and October
declined by 92% compared to the long-term
average data that was a severe meteorological
drought. On the other hand, the second reason of
lack of water in lake area was agricultural irrigation
in September. On the other side, although it was not
the end of the rainy season, the lake reached its
largest area on May 2, 2013 with 3.692 km? (Figure
2). The extreme precipitation in January, February
and April being almost twice the long-term average
is the main reason of this early formation before the
end of the rainy season. In addition, although July
2, 2017 was in the dry period, 3.434 km? of lake
area was formed, and the biggest reason for this is
excessive precipitation (65 mm) that is more than
twice the long-term average precipitation occurred
in June 2017.

Table 2: Average, standard deviation, RMSE and average of deleted mixed pixels out of the lake area values of NDWI, SVM,
GEOBIA and GEOBIA_NDW!I (NDWI supported GEOBIA).

NDWI SVM GEOBIA GEOBIA_NDWI In-situ Measurement
Average lake areas (km?) 2.908 3.068 3.050 2.939 2.917
Standard Deviation (km?) 0.490 0.631 0.654 0.507 0.546
RMSE (km?) 0.067 0.177 0.179 0.083
Average of deleted mixed pixels 0.010 0.037 0.032 0.010

out of the lake area (km?)

All water body extraction methods produced
minimum and maximum values on the same dates
as in-situ lake measurements. When the average of
the lake area values produced by the methods is
examined, it is determined that the average of the
lake area values produced by NDW!I is the closest
to the in-situ measurement values (Table 2). The
second one is GEOBIA_NDWI and the worst is

SVM. According to standard deviation value of the

results the closest method to the in-situ values is
GEOBIA_NDWI, the second is NDWI and the
worst GEOBIA. In addition, the best results for the
RMSE NDWI,
GEOBIA_NDWI, SVM and GEOBIA from low
RMSE to high. On the other hand, pixels or objects

values are followed by

remaining outside the lake area and mixed with
other land use/cover classes were determined and

deleted manually. Table 2 shows the mean of the
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deleted mixed pixel areas (i.e. assignment of water
to non-water classes) resulting from the application
of each method. The results show that NDWI and
GEOBIA_NDWI

mixed pixels. While the maximum mixing with

methods produced the least

other classes was occurred by SVM, there is only
0.25 km? difference between the best and worst
method. Each data set from investigated four
methods have a high positive correlation over
0.990 with the data set composed of in-situ
measured area values, and only 0.007 difference is
available between the lowest (GEOBIA_NDWI)
and highest (NDWI and SVM) correlation values
(Figure 3). As a result of the evaluations, a scoring
was performed using RMSE, deleted mixed areas
and correlations. The methods generated smaller
RMSE and mixed area were evaluated as more
successful. On the other hand, for positive
correlation, the greater the correlation value means
that the R value is close to 1, i.e. the lower the value

of 1 minus R (1 - R), the higher the correlation.

When the simple evaluation equation = (RMSE +
Deleted Mixed Pixels + (1 - R)) was applied,
success ranking of the methods is as follows:
NDWI > GEOBIA NDWI > GEOBIA > SVM.

Additionally, it was determined that the borders of
the
successfully with NDWI that use the advantage of

lake area could be determined more

high reflectance in visible and low reflectance in
near infrared of water. Due to the positive effect of
NDWI, GEOBIA_NDW!I was found to be second.
However, mixing with classes in contact with water
at the boundary line was found to be less with
GEOBIA compared to SVM. Although all the
methods tested in this study produced reasonable
results, the results produced with NDWI were
superior to others. When all findings were
evaluated together, it was concluded that all the
methods tested in this study produce reasonable
results, but the results produced with NDWI are

superior to others.
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Lake Area
- SVM - 02.11.2016

B svm -02.05.2013

Lake Area

I NDWI - 02.11 2016
B ~owi -02.05.2013

Lake Area

[ GEOBIA_NDWI - 02.11.2016
I GEOBIA_NDWI - 02.05.2013

Lake Area

[ GEOBIA-02.11.2016
I GEOBIA-02.05.2013

Figure 2: Lake area results from 02.05.2013 (maximum) and 02.11.2016 (minimum): a) NDWI, b) SVM, c) GEOBIA and d)
GEOBIA_NDW!I (NDWI supported GEOBIA).
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Figure 3: Correlations between in-situ and investigated methods’ values: a) NDWI, b) SVM, c¢) GEOBIA and d)

GEOBIA_NDWI (NDWI supported GEOBIA).

4. CONCLUSION

Increasing of human population, decreasing of
sources, global warming and climate change are all
the vital problems that cause most vital problem
lack of water. Water resource management must be
the most prominent issue today and future
especially for arid and semi-arid climate regions. In
this context, satellite technologies and remote
sensing methods, which allow time- and cost-
effective analyze of wide areas, should be used in
in  water

the most efficient way resources

management.

In this study, the capability of the four remote
sensing methods (NDWI, SVM, GEOBIA and
GEOBIA_NDWI) was examined for water body
extraction. By using these four methods, the
superiority between the pixel-based and the object-
based classification, the superiority between the
NDW!I and the image classification methods and
the contribution of the NDWI to the object-based
classification were tested. The main findings of this

study can be listed as follows:

Meteorological factors and irrigation were

found to be effective in lake area variations.
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e Sophisticated image classification methods
tested in this study rely on human expertise and
contain high computation, but simple NDWI
water index could detect water bodies more

accurate, faster and easier than others.

e NDWI allowed for better identification of the
lake boundary and a better separation of the
land cover classes adjacent to water at the

border.

e The object-based classification was better than
the pixel-based classification for distinguishing
water and other land cover classes adjacent to
border.

e GEOBIA supported by NDWI
(GEOBIA_NDWI) produced better results than

the standard object-based classification.

e Deleted mixed pixels out of the lake area was
determined less in the results of NDWI and
GEOBIA_NDWI.

This study demonstrates the role and importance of
remote sensing in natural resources management,
and specifically the results clearly show that the
practical, easy and fast NDWI water index, which
is created according to the spectral features of
water, provides great advantages in the
management of water resources. Future research
will include more classification methods, different
parameter values of the classification methods and
the effect of other meteorological parameters such

as evaporation on the water body change.

Acknowledgments

The author would like to thank the United States
Geological Survey (USGS) for the Landsat satellite
images, the General Directorate of State Hydraulic

Works (DSI) for the in-situ lake measurement data,
and the Turkish State Meteorological Service
(MGM) for the meteorological data.

REFERENCES

[1] Demirel K. and Kavdir Y., Effect of Soil
Water Retention Barriers on Turfgrass
Growth and Soil Water Content, Irrigation
Science, 31-4 (2013) 689-700.

[2] Geng L., Demirel K., Camoglu G., Asik S. and
Smith S. Determination of plant water stress
using spectral reflectance measurements in
watermelon (citrullus wvulgaris), American-
Eurasian Journal of Agricultural &
Environmental Sciences, 11-2 (2011) 296-
304.

[3] Camoglu G., Demirel K., Genc L. Use of
infrared thermography and hyperspectral data
to detect effects of water stress on pepper,
Quantitative InfraRed Thermography Journal,
15-1 (2018) 81-94.

[4] Ozelkan E. and Karaman M., The Analysis of
the Effect of Meteorological and Hydrological
Drought on Dam Lake via Multitemporal
Satellite Images: A Case Study in Atikhisar
Dam Lake (Canakkale), Omer Halisdemir
University Journal of Engineering Sciences,
7-2 (2018) 1023-1037.

[5] Karaman M., Budakoglu M., Uca Avci Z.D.,
Ozelkan E., Biilbiil A., Civas M. and Tasdelen
S., Determination of Seasonal Changes in
Wetlands Using CHRIS/Proba Hyperspectral
Satellite Images: A Case Study from Acigol
(Denizli), Turkey, Journal of Environmental
Biology, 36 (2015) 73-83.

[6] Liu Z., Yao Z. and Wang R., Assessing
Methods of Identifying Open Water Bodies
Using Landsat 8 OLI Imagery, Environmental
Earth Sciences, 75-10 (2016) 1-13.

[7] Karaman M., Ozelkan E. and Tasdelen S.,
Influence of Basin Hydrogeology in the
Detectability of Narrow Rivers by Sentinel2-
A Satellite Images: A Case Study in
Karamenderes (Canakkale), Journal of
Natural Hazards and Environment, 4 (2018)
140-155.



Ozelkan | Cumhuriyet Sci. J., Vol.40-3 (2019) 650-661

[8] Ji L., Zhang L. and Wylie B., Analysis of
Dynamic Thresholds for the Normalized
Difference Water Index, Photogrammetric
Engineering & Remote Sensing, 75-11 (2009)
1307-1317.

[9] DuZz,LiW., ZhouD., TianL., Ling F., Wang
H., Gui Y. and Sun B., Analysis of Landsat-8
OLI Imagery for Land Surface Water
Mapping, Remote Sensing Letters, 5-7 (2014)
672-681.

[10] Giirsoy O., Atun R. Investigating surface
water pollution by integrated remotely sensed
and field spectral measurement data: A case
study, Polish Journal of Environmental
Studies, 28-4 (2019) 2139-2144.

[11] Giirsoy O., Birdal A., Ozyonar F., Kasaka E.
Determining and monitoring the water quality
of Kizilirmak River of Turkey: First results,
ISPRS - International Archives of the
Photogrammetry, Remote Sensing and Spatial
Information Sciences, XL-7/W3 (2015) 1469-
1474,

[12] Kavzoglu T. and Célkesen 1., Destek Vektor
Makineleri ile  Uydu  Goriintiilerinin
Siiflandirilmasinda Kernel Fonksiyonlarinin
Etkilerinin Incelenmesi, Harita Dergisi, 144
(2010) 73-82.

[13] Giirsoy O and Altun R., Comparison of
Spectral Classification Methods in Water
Quality, Cumhuriyet Science Journal, 39-2
(2018) 543-549.

[14] Kalkan K. and Maktav D., Nesne Tabanli ve
Piksel Tabanli Siniflandirma Y dntemlerinin
Karsilastirilmast (IKONOS Ornegi). In: III.
Uzaktan Algilama ve Cografi Bilgi Sistemleri
Sempozyumu, 12-15 October, Gebze -
Kocaeli, Tiirkiye, 2010.

[15] Belgiu M. and Dragut L., Comparing
Supervised and Unsupervised Multiresolution
Segmentation Approaches for Extracting
Buildings from Very High Resolution
Imagery, ISPRS Journal of Photogrammetry
and Remote Sensing, 96 (2014) 67-75.

[16] Célkesen 1., Yomralioglu T. and Kavzoglu T.,
Obje Tabanli Simflandirmada Bolgeleme
Esasma Dayali Olcek Parametresi Tespiti:
WorldView-2 Uydu Gériintiisii Ornegi, Harita
Dergisi., 154, (2015) 9-18.

[17] Blaschke T., Object Based Image Analysis for
Remote Sensing, ISPRS Journal of
Photogrammetry and Remote Sensing, 65
(2010) 2-16.

[18] McFeeters S.K., The Use of Normalized
Difference Water Index (NDWI) in the
Delineation of Open Water Features,
International Journal of Remote Sensing, 17
(1996) 1425-1432.

[19] Xu H., Modification of Normalised
Difference Water Index (NDWI) to Enhance
Open Water Features in Remotely Sensed
Imagery, International Journal of Remote
Sensing, 27-14 (2006) 3025-3033.

[20] Possa E.M. and Maillard P., Precise
Delineation of Small Water Bodies from
Sentinel-1 Data using Support Vector
Machine Classification, Canadian Journal of
Remote Sensing, 44-3 (2018) 179-190.

[21] Uca Avci Z.D., Karaman M., Ozelkan E.,
Kumral M., Budakoglu M., OBIA Based
Hierarchical Image Classification for
Industrial Lake Water, Science of the Total
Environment, 487 (2014) 565-573.

[22] Karaman M., Budakoglu M., Uca Avci D.U.,
Ozelkan E., Bulbul A., Civas M., Tasdelen S.,
Determination of Seasonal Changes in
Wetlands Using CHRIS/Proba Hyperspectral
Satellite Images: A Case Study from Acigol
(Denizli), Turkey, Journal of Environmental
Biology, 36-1 (2015) 73.

[23] Korzeniowska K. and Korup O., Object-Based
Detection of Lakes Prone to Seasonal Ice
Cover on the Tibetan Plateau, Remote
Sensing, 9-4 (2017) 339.

[24] Olmanson L.G. and Bauer M.E., Land cover
Classification of the Lake of the Woods/Rainy
River Basin by Object-Based Image Analysis
of Landsat and Lidar Data, Lake and
Reservoir Management, 33-4 (2017) 335-346.

[25] Kaplan G. and Avdan U., Object-based Water
Body Extraction Model Using Sentinel-2
Satellite Imagery, European Journal of
Remote Sensing, 50-1 (2017) 137-143.

[26] Sensoy S., Demircan M., Ulupmar Y. and
Balta Z., Tiirkiye iklimi, Turkish State
Meteorological ~ Service Report. URL:
https://www.mgm.gov.tr/FILES/genel/makal



661 Ozelkan | Cumhuriyet Sci. J., Vol.40-3 (2019) 650-661

e/13_turkiye_iklimi.pdf Retrieved February
10, 2019.

[27] Chen G., Ozelkan E., Singh K.K., Zhou J.,
Brown M.R. and Meentemeyer R.K.,
Uncertainties in Mapping Forest Carbon in
Urban Ecosystems, Journal of Environmental
Management, 187 (2017) 229-238.

[28] Ozelkan E., Saglik A., Siimer S.K., Bedir M.
and Kelkit A., Kentlesmenin Tarim Alanlari
Uzerine Etkisinin Uzaktan Algilama ile
Incelenmesi—Canakkale Ornegi, Canakkale
Onsekiz Mart Universitesi Ziraat Fakiiltesi
Dergisi, 6 (2018) 123-134.



Crmibswrlyet Sclience Jorrnal
cs)

e-1SSN: 2587-246X

ISSN: 2587-2680 Cumhuriyet Sci. J., Vol.40-3(2019) 662-669

The Oxidation of 4-(4-Formylphenoxy) Phthalonitrile to 4-(4-
Carboxylphenoxy) Phthalonitrile at Ambient Conditions

Pinar SEN Y """ Giines DEMIRTAS?""', Necmi DENGE 2", Davut AVCI """, Salih Zeki YILDIZ*

1 Centre for Nanotechnology Innovation, Department of Chemistry, Rhodes University, Grahamstown, 6140, South
Africa
2 Ondokuz Mayis University, Faculty of Arts and Sciences, Department of Physics, 55139 Samsun, Turkey
3 Sakarya University, Faculty of Arts and Sciences, Department of Physics, 54187, Serdivan, Sakarya, Turkey
4 Sakarya University, Faculty of Arts and Sciences, Department of Chemistry, 54187, Sakarya,
Turkey

Received: 21.06.2018; Accepted: 19.09.2019 http://dx.doi.org/10.17776/csj.435439

Abstract. The substituted phthalonitriles have been used to prepare soluble phthalocyanine species in recent
years. One of the most used phthalonitrile derivatives for the target product is 4-nitrophthalonitrile. In this
study 4-(4-formylphenoxy) phthalonitrile was prepared as the substituted phthalonitrile derivative by the
nucleophilic substitution reaction of para-hydroxybenzaldehyde with 4-nitrophthalonitrile. During the
crystallization of the product by slow evaporation technique, it readily self-oxidized to 4-(4-carboxylphenoxy)
phthalonitrile at ambient condition open to air. The crystal structure of the molecule was determined by XRD
technique. The molecule crystalizes at triclinic space group P-1 and the unit cell parameters of crystal are
a=6.3591 (10) A, b=7.5464 (11) A, c=13.819 (2) A, 0=88.434 (11)°, f=87.942 (12)°, y=80.111 (12)° and Z=2.
The crystal structure has intermolecular O—H-*O, C—H--*N and C—H---O hydrogen bonds. In addition to
these hydrogen bonds, C—N--Cg and Cg:--Cg interactions are present between molecules. In the crystal,
intermolecular O—H--O hydrogen bonds occur between molecular units in a dimeric molecular form.
Molecular structure, vibrational frequencies and *H and *C NMR chemical shifts of the target compound
have been calculated by using B3LYP method with 6-311++G(d, p) basis set, as well.

Keywords: Substituted phthalonitrile, Crystal structure, Oxidation, Theoretical calculation.

4- (4-formilfenoksi) ftalonitrilin 4- (4-karboksilfenoksi) ftalonitril'e
Ortam Kosullarinda Oksidasyonu

Ozet. Siibstitiie ftalonitriller, son yillarda ¢oziiniir ftalosiyanin tiirlerini hazirlamak i¢in kullanilmaktadir.
Hedef iiriin i¢in en g¢ok kullanilan ftalonitril tiirevlerinden biri, 4-nitroftalonitrildir. Bu ¢alismada, 4-(4-
formilfenoksi) ftalonitril, para-hidroksibenzaldehidin 4-nitroftalonitril ile niikleofilik yerdegistirme
reaksiyonu ile siibstitiie ftalonitril tiirevi olarak hazirlanmistir. Uriin yavas buharlastirma teknigi ile
kristallendirilmesi  sirasinda, havaya agik ortam kosullarinda, 4- (4-karboksilfenoksi) ftalonitril'e
kendiliginden oksitlenmistir. Molekiiliin kristal yapist XRD teknigi ile belirlendi. Molekiil, triklinik uzay
grubu P-1'de kristallenmistir ve kristalin birim hiicre parametreleri a = 6.3591 (10) A, b =7.5464 (11) A, ¢ =
13.819 (2) A, a = 88.434 (11) °, 87 = 87.942 (12) °, y = 80.111 (12) ° ve Z = 2’ dir. Kristal yapi
molekiilleraras1 O — H - O, C — H - N ve C — H - O hidrojen baglarina sahiptir. Bu hidrojen baglarina
ek olarak, molekiiller arasinda C — N -+ Cg ve Cg -+ Cg etkilesimleri mevcuttur. Kristalde molekiillerarasi
O — H -+ O hidrojen baglari, bir dimerik yap1 iginde molekiiler birimler arasinda meydana gelir. Hedef
bilesigin, molekiiler yapisi, titresim frekanslar1 ve *H ve 3C NMR kimyasal kaymalar1 da 6-311 ++ G (d, p)
temel seti ile B3ALYP metodu kullanilarak hesaplanmistir.

Anahtar Kelimeler: Siibstitiie ftalonitril, Kristal yap1, oksidasyon, teorik hesaplama.
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1. INTRODUCTION

Phthalonitriles are known a starting material in the
synthesis of symmetrically and unsymmetrically
phthalocyanines [1]. Substituted phthalonitriles
are the most important phthalocyanine precursors
due to the substituent effect on the phthalocyanine
properties. Synthesis of phthalonitriles carrying
functional groups leads to functionalized
phthalocyanines which are of great importance for
the targeted applications such as catalysis [2],
liquid crystals [3], photosensitizers for PDT [4],
non-linear optics [5], nanotechnology [6] and dye-
sensitized solar cell [7]. Tetra-substituted
phthalocyanines are generally obtained from
mono-substituted phthalonitriles [8].

Phthalocyanines (Pcs) carrying purposive groups
such as carboxyl, amines and hydroxyl groups are
attractive  target for chemists due to
phthalocyanine-based multicomponent systems as
new molecular materials [9-12].

Schif bases are one of the parts of used chelate
compounds for the advancement of coordination
chemistry since it could generate complexes with
most transitions metals. The imine formation via
aldehyde groups is a complementary system with
excellent building block potential for further
applications. It is very important to produce Pcs
containing the aldehyde group from the
corresponding phthalonitrile since they may carry
out further chemical reactions on the macrocycle
rings to prepare Schiff’s base metal complex
substituted phthalocyanines. Therefore, we have
recently described a model study; the synthesis,
characterization and fluorescence properties of
two salicyhydrazon Zn complexes substituted
zinc-phthalocyanine as a new functionalized
material. It was obtained the reaction of the metal
salt with imine group achieved from aldehyde
group on Pc [13].

In this study, we have presented the self-oxidation
of 4-(4-formylphenoxy) phthalonitrile to 4-(4-
carboxylphenoxy) phthalonitrile  which  was
observed during the experimental procedure. The
synthesis and  characterization of  4-(4-

formylphenoxy)  phthalonitrile  have  been
performed to prepare an alternative starting
material for the synthesis of different aldehyde
substituted ~ phthalocyanines.  During  the
crystallization process of the aldehyde substituted
phenoxy phthalonitrile prepared as the starting
material, it was determined that the target product
self-oxidized to the acid form by air oxygen at
ambient condition. So the obtained results were
decided to present. The structural crystallographic
characterization of oxidized form is studied. The
theoretical calculations were also performed for
both the aldehyde and acidic forms.

2. EXPERIMENTAL AND THEORETICAL
PROCEDURE

2.1. Materials and measurements
4-Hydroxybenzaldehyde, deutorated chloroform,
dimethylformamide (DMF), dichloromethane
(DCM), hexane and chloroform were obtained
from Sigma-Aldrich. The drying and cleaning of
all solvents were performed as determined by
Perrin and Armarego [14]. The reported literature
was followed for the preparation of 4-
nitrophthalonitrile [15]. Thin-Layer
chromatography (TLC) containing silica gel 60
HF2s, as an adsorbent was used to check the
progress of the reaction. Column chromatography
with silica gel (Merck grade 60) was applied to
provide the purification. Melting points (m.p.)
were found out with the Barnstad-Electrotermel
9200. Infrared spectra were obtained by using
Perkin Elmer Spectrum two FT-IR
spectrophotometer existed with Perkin Elmer
UATR-TWO diamond ATR. 'H ve *C NMR
spectra were gained with Varian Mercury Plus
300 MHz spectrometer.

2.2. Computational Details

The ground state geometry of 4-(4-
formylphenoxy)phthalonitrile was taken into
account by using density functional theory (DFT)
with B3LYP (Becke’s three-parameter hybrid
functional using the LYP correlation functional) at
6-311++G(d,p) level [16,17]. In this work,
Gaussian 09W program package [17] and Gauss-
View molecular visualization program [18] were
used to find out the optimized geometry of the
structure, IR spectra, *H and **C NMR chemical
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shifts of 4-(4-formylphenoxy) phthalonitrile.
Furthermore, the theoretical harmonic vibrations
of the molecule were scaled by 0.9608 and these
frequencies were compared with the experimental
results.

2.3. Synthesis

2.3.1. 4-(4-formylphenoxy)phthalonitrile, 1

The expected compound (1) was obtained as a
cream colored powder according to published
procedure [19]. The purification of the compound
was achieved with the column chromatography on
silica-gel by using chloroform as mobile phase.
Yield 1.3 g, 90.0 %. m.p: 154 °C. FT-IR (PIKE
MIRacle™ ATR) v max/cm™: 3104-3043 (Ar,C-
H), 2858, 2746 (Aldehyde C-H), 2238 (C=N),
1691 (C=0), 1606-1502 (Ar, C=C), 1489-1309
(Ar C-C), 1255 (Ar-O-Ar), 1209, 1155, 1111,
1087, 950, 858, 839, 821. *H-NMR (CDCls) §
(ppm) : 10.03 (s, 1H), 8.01 (d, 2H), 7.81 (d, 1H),
7.40 (d, 1H), 7.35(d, 1H), 7.23 (d, 2H). **C-NMR
(CDCl3) & (ppm): 190.68, 160.34, 159.10, 135.94,
134.09, 132.64, 123.03, 122.89, 120.59, 118.21,
115.32, 114.90, 110.56.

2.3.2. 4-(4-carboxylphenoxy)phthalonitrile, 2
4-(4-formylphenoxy)phthalonitrile 1) was
attempted to crystallize in chloroform by slow
evaporation technique to obtain single-crystal.
Single-crystal X-ray studies showed that during
the crystallization of this compound, it oxidized to
4-(4-carboxylphenoxy) phthalonitrile by exposing
the air oxygen at ambient condition. FT-IR (PIKE
MIRacleTM ATR) [ max/cm-1: 3400-2552 (O-
H), 3087-3039 (Ar,C-H), 2231 (C=N), 1673
(C=0), 1603-1503 (Ar, C=C), 1487-1421 (Ar C-
C), 1250 (Ar-O-Ar), 1210, 951, 845.1H-NMR
(CDCI3) & (ppm): 8.15 (d, 1H), 8.02 (d, 1H), 7.93
(s, 1H), 7.54 (d 1H), 7.25 (d, 2H).13C-NMR
(CDCI3) 6 (ppm): 224.16, 167.25, 162.14, 134.42,
130.13, 123.54, 122.53, 120.50, 117.27, 115.78,
114.58, 113.82, 108.27.

2.4. X-Ray Crystal Structure Determination

Single crystal X-ray data were picked up with a
Stoe IPDS Il [20] single crystal diffractometer at
296 K and were used monochromated MoK,
radiation. Cell refinement and data reduction were
performed with X-AREA [20] and X-RED [20]
programs. It was used SHELXS-97 [21] program

to solve structure and SHELXL-97 [21] program
to refine structure. ORTEP-3 for Windows [22] to
obtain figures, WinGX [23] and PLATON [24]
software to prepare material for publication were

used.

All  hydrogen

atoms

were  positioned

geometrically (C-H=0.930 A, O-H=0.820 A) and

treated as
Uiso(H)zl.SUeq(O) .

riding  with
The

Uiso(H)zl.ZUeq(C),
crystal data and

refinement of the compound 2 are shown in Table

1.

Table 1. Crystal data and structure refinements of the title
compound

Formula C15HsN203

Crystal System Triclinic

Color / Shape
Crystal size
Temperature

Space Group

Unit Cell Dimensions

=N ] O T o

4
h/k/l

Volume
Z
Density (calculated)

Radiation

Absorption  coefficient
(1)

Absorption correction
F(000)

0 Ranges

Observed reflections,
I>26(I)

Independent Reflections
Measured Reflections
Data / Restrains /
Parameters

Maximum shift / error
S
Final R indices [I>20(1)]

Largest diff. Peak and
hole

Colorless / Plate
0.64x0.29%0.05 mm
296 K

P-1

6.3591 (10) A
7.5464 (11) A
13.819 (2)A

88.434 (11)°
87.942 (12)°

80.111 (12)°
-7,71-9,9/-17,17
652.70 (17) A3

2

1.344 mg/m3
MoKa (2=0.71073 A)
0.10 mm*?

Integration X-RED
272

2.7°/26.5°

721

1460 (Rint=0.100)
5818
1463/0/182

0.00
1.04
R1=0.055, wR(F?)=0.111

0.09 €A, -0.11 €A
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3. RESULT AND DISCUSSION

3.1. Synthesis and Spectroscopic
Characterization

The synthetic pathway to obtain 4-(4-

carboxylphenoxy) phthalonitrile can be presented

as seen in Scheme 1.
0]
NC d
g ”
CN (0)

o}
NC <:> {
+ Ho
L :
—_—
NC NO. K,CO; DMF
4-(4-formylphenoxy)phthalonitrile

0]
1)

@) | [0]
o
NC d
o
cN o
4-(4-carboxylphenoxy)phthalonitrile
2
Scheme 1. Reagent and conditions: (i). 4-

hydroxybenzaldehyde, DMF, K,COs, (90%); (ii)
in air at room temperature

The 4-(4-formylphenoxy)phthalonitrile (1) was
obtained as powder from the reaction of 4-
hydroxybenzaldehyde and 4-nitrophthalonitrile in
presence of KoCO; in DMF by keeping on stirring
at ambient temperature for 24h. 4-(4-
carboxylphenoxy)phthalonitrile (2) was obtained
with the oxidation of 4-(4-formylphenoxy)
phthalonitrile at ambient condition by air during
the slow evaporation crystallization process of
compound 1.

The verification of the obtained products was
provided by spectroscopic methods including H
NMR, ¥C NMR, FT-IR, and melting point. All
spectral data confirm the proposed structures.

When the results of 1 to p-hydroxybenzaldehyde
are compared, the replacement of the —OH peak
with new bands at 1691 cm™, 1255 cm?, and
2237 cm't, belonging to the -C=0, Ar-O-Ar and -
C=N vibrations respectively clearly indicate the
formation of 1. The aldehyde C-H vibrations were
detected as the Fermi resonance in between 2858
cm?® and 2746 cm! at the FT-IR spectrum of 1,
supporting this event, as well.

In the FT-IR spectrum of 2, the oxidation of 1 was
confirmed by the shifting of C=0 stretching
vibration from 1691 cm™ to 1673 cm™ due to
resonance of carboxyl group with the phenyl ring
and the C=0 band was calculated at: 1746 cm™
using B3LYP method with 6-311++G(d, p) basis
set. The O-H vibration appeared at 3400-2552 cm’
L as the broad and distorted typical organic acid
vibrations due to the strong inter and
intramolecular hydrogen bond formation, and the
O-H vibration bands were calculated at; 3662 cm™
using B3LYP method with 6-311++G(d, p) basis
set. Furthermore, the disappearances of bands at
2858-2746 cm™ region, which are arised from the
Fermi resonance, confirm the conversion of the
aldehyde group, as well. The shifting of the
significant C=N vibration of 1 at 2239 cm? to
2231 cm* for 2 supports the proposed conversion
as shown in Fig. 1. The aromatic C-H vibrations
of both molecules are also appeared at different
wavelengths at 3104-3043 cm™ for 1 and at 3087-
3039 cm for 2, as expected. The C-H vibration
bands were calculated at; 3216-3195 c¢cm™ for 2
using B3LYP method with 6-311++G(d, p) basis
set.

2000 1500 1000 €00

Figure 1. FT-IR spectra of 1 and 2

The *H NMR and **C NMR data gave satisfactory
information about the obtained molecules via the
proposed conversions. In the *H NMR spectra of 1,
the disappearances of OH peak of p-
hydroxybenzaldehyde and the appearance of new
peaks in aromatic region (8.01-7.23 ppm) are the
proof for the formation of 1. The aldehyde proton
signal was predicted as 10.03 ppm which was
different from the starting material. Also in this
study, the aldehyde proton signal and the aromatic
region were calculated as 10.05 ppm and 7.77-
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7.01 ppm respectively at the *H NMR spectrum of
1 using B3LYP method with 6-311++G(d, p)
basis set. In the *C NMR spectrum of 1 the
appearance of the signal at 115.32 and 114.90
ppm (that calculated at; 119.02 and118.74 ppm
using DFT) belonging to the nitrile carbon atom is

the clearly different from p-hydroxy benzaldehyde.

In the *H NMR spectra of 2, the expected O-H
proton of carboxylic acid group was not observed
in the region. It has shifted strongly to the upper
field and disappeared which was the evidence of
the strong hydrogen bond formation between the
acid molecules which caused to dimeric molecular
form determined by the crystallographic studies.
The other signals belonging to the acid form (2)
were determined in the aromatic region which was
totally different from the aldehyde form (1). In the
13C NMR spectra of 2, the expected carbon signal
of carboxylic acid group was observed at 224.16
ppm which differs from compound 1.

In this study, the total energy of the molecules (1)

and (2) were calculated as -836.54 and -911.80 a.u.

respectively using B3LYP method with 6-
311++G(d, p) basis set. According to the above
results it can be said that molecule 2 is more
stable from molecule 1 which obviously illustrates
why the aldehyde form of the prepared molecules
(1) easily self-oxidize the acid form (2) by air
oxygen during the crystallization process.

3.2. Synthesis and
Characterization
The asymmetric unit of the title compound is
given in the Fig. 2. The molecule has two cyano
groups and the triple C—N bond distances belong
to these groups are 1.138 (6) A for C1—N2
and .147 (6) A for C8—N1.These bond distances
were calculated 1.155 A for C1—N2 and 1.154
A for C8—N1. These triple C—N bond distances
agree with the literature [25, 26]. The N2—C1—
C2 and N1—C8—C7 bond angles are 178.7 (6)°
and 179.0 (5)° and these angles were calculated at;

Spectroscopic

178.4° and 178.3° respectively. These bond angles
deviate a small amount from linearity, because of
the intermolecular hydrogen bonds. The C—C
aromatic bond distances range from 1.411 (5) A to

1.368 (6) A. Two aromatic rings are present in the
molecule and these rings are almost planar (r.m.s.
deviations are 0.0061 A for C2/C7, 0.0035 A for
C9/C14) and dihedral angle between these rings is
67.19 (15)°. The aromatic rings are linked via
oxygen atom and C5—O03—CI11 bond angle is
119.3 (4)°. Some selected bond distances, bond
angles and torsion angles are given in Table 2.

Le

/”\D

c S

Figure 2. (a) Optimized molecular structure (with
B3LYP/6-311++G(d,p) level) of acid form (2), (b)
Optimized molecular structure (with B3LYP/6-
311++G(d,p) level) of aldehyde form (1), (c) The
experimental geometric structure of the title
compound.
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Figure 3. (a) Experimental and (b) theoretical

dimer structure of the title compound
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Table 2. Some selected bond distances, bond angles and torsion angles of the title compound (A, ©)

Atoms Experimental B3LYP Atoms Experimental B3LYP
Cl1—N2 1.138 (6) 1.155 C8—N1 1.147 (6) 1.154
01—C15 1.249 (5) 1.200 02—C15 1.299 (5) 1.359
03—C5 1.373 (5) 1.367 03—C11 1.398 (6) 1.387
N1—C8—C7 179.0 (5) 178.3 N2—C1—C2 178.7 (6) 178.4
01—C15—02 121.0 (5) 119.9 C5—03—C11 119.3 (4) 121.2
01—C15—C14 1225 (5) 123.1

C6—C7—C8—N1 -107 (31) 105.651 N2—C1—C2—C3 41 (24) 42.295
C13—C14—C15—01 4.0(7) 4.101

Table 3. Hydrogen-bond geometry (A,°)

D—H---A D—H H---A D---A D—H:---A
02—H2---01' 0.82 1.82 2.632 (5) 171
C3—H3---N2" 0.93 2.55 3.477 (6) 178
C4—H4---01' 0.93 2.57 3.475 (6) 163
C6—H6---N1V 0.93 2.53 3.450 (5) 170

Symmetry codes: (i) —X, —y+2, —z; (ii) —x+3, =y, —z+1; (iii) x+1, y—1, z; (iv) —x+1, =y+1, —z+1.

The crystal structure has intermolecular O—H:--O,
C—H-N and C—H-+O hydrogen bonds. While
the carboxyl groups of the molecules establish

RZ(8) dimers via intermolecular O—H--O

hydrogen bonds belong to graph set notation in
the crystal structure, the cyano groups of the
RZ(10)
intermolecular C—H-N hydrogen bonds. The
C—H-N hydrogen bonds create a hydrogen-
bonded chain running parallel to the [-110]
direction. The geometric parameters of O—H---O
hydrogen bond are 0.82 A, 1.82 A, 2.632 (5) A
and 171°. The O—H-O hydrogen bond are
calculated at; 1.014 A, 1.608 A, 2.622 A and
1.039 A, 1.608 A, 2.2.647 A, respectively, using
B3LYP-6-311++G(d, p) basis level as seen Fig. 3.
In addition to these hydrogen bonds, C—N---Cg
and Cg---Cg interactions are present in the crystal
structure. The geometric parameters of hydrogen
bonds are given in Table 3.

molecules create motifs via

4. CONCLUSION

We have reported the synthesis of 4-(4-
formylphenoxy)phthalonitrile (1) as an aldehyde-
substituted  phthalonitrile  playing a key
component in the chemistry of phthalocyanine. It

is crucial to obtain phthalocyanines containing
reactive functional groups in this way in order to
be able to further chemical reactions on Pc
macrocycles. During the crystallization process of
the compound (1), we observed that aldehyde
groups oxidized easily to carboxyl group even
with air O,. The new carboxyl phthalonitrile
derivative obtained by self-oxidation of aldehyde
group has been characterized by FT-IR, *H-NMR,
13C-NMR. The crystal structure of the molecule (2)
was determined by XRD technique and also,
theoretical calculations were performed. X-ray
diffraction data show that the crystal structure has
O—H--0O, C—H--N, C—H---O hydrogen bonds.
In addition to these hydrogen bonds, the crystal
structure has also C—N--Cg and Cg-Cg
interactions. Hydrogen bonds together with these
interactions are effective in crystal packaging. The
molecule (2) is more stable than compound (1)
with respect to the calculated total energies of the
molecules. Furthermore, all crystallographic data
agree with the theoretical bond lengths, angles,
dihedral angles of the compound 2.

APPENDIX A. SUPPLEMENTARY DATA
CCDC 1041091 contains the supplementary
crystallographic data for this paper. This data can
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be obtained free of charge via
https://lwww.ccdc.cam.ac.uk/services/structure_de
posit/, or from the Cambridge Crystallographic
Data Centre, 12 Union Road, Cambridge CB2
1EZ, UK; fax: (+44) 1223 336 033; or e-mail:
deposit@ccdc.cam.ac.uk.
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Abstract. In this work, by using both an integral identity and the Holder, the power-mean integral inequalities
it is established several new inequalities for two times differentiable arithmetic-harmonically-convex function.
Also, a few applications are given for some means of real numbers.

Keywords: Convex function, Arithmetic-harmonically-convex function, Hermite-Hadamard’s inequality.

Iki Kez Tiirevlenebilen Aritmetik-Harmonik Konveks Fonksiyonlar I¢in
Hermite-Hadamard Tip Esitsizlikler

Ozet. Bu calismada, hem bir integral 6zdeslik hem de Holder ve power-mean integral esitsizlikleri
kullanilarak iki kez tiirevlenebilen aritmetik-harmonik konveks fonksiyonlar igin birkag¢ yeni esitsizlik elde
edilmistir.

Anahtar Kelimeler: Konveks fonksiyon, Aritmetik-harmonik konveks fonksiyon, Hermite-Hadamard
esitsizligi.

1. INTRODUCTION

Theory of convex sets and convex functions play an important role in mathematics and the other pure
and applied sciences. Convexity theory has appeared as a powerful technique to study a wide class of

unrelated problems in pure and applied sciences.

Definition 1.1 A function f: I € R — R is said to be convex if the inequality

fiax+ (A =-0y) <tf(x)+ A -)f )

valid for all x,y € I and t € [0,1]. If this inequality reverses, then f is said to be concave on the interval

I # @. This definition is well known in the literature.

Theorem 1.2 Let f:1 € R —» R be a convex function defined on the interval I of real numbers and

a,b € I with a < b. The following inequality holds:

b
f (a * b) < L f(x)dx < w (1)

2 “b—a

* Corresponding author. Email address:  huriyekadakal@hotmail.com
http://dergipark.gov.tr/csj  ©2016 Faculty of Science, Sivas Cumhuriyet University
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This double inequality is known in the literature as Hermite-Hadamard integral inequality for convex
functions. See [2, 4], for the results of the generalization, improvement and extension of the famous
integral inequality (1).

Definition 1.3 [5] A function f:1 c R — (0, ) is said to be arithmetic-harmonically (AH) convex

function if for all x,y € I and t € [0,1] the equality

fOfW)
tf) + @A -1)f ()

holds. If the inequality (2) is reversed then the function f(x) is said to be arithmetic-harmonically (AH)

ftx+ (A —-1t)y) <

(2)

concave function.

In this study, in order to establish some new inequalities of Hermite-Hadamard type inequalities for
arithmetic harmonically convex functions, we will use the following lemma obtained in the specials
case of identity given in [3].

Lemma 1.4 Let f:1 € R - R be two times-differentiable mapping on I° and "' € L[a, b], where

a,b € I° with a < b, we have the identity

bf(b) —af(a) -

beI(b) _ azf’(b) ~ fb 1 fbxzf”(x)dx' (3)

> j f(x)dxz—i

a

For shortness, throughout this paper, we will use the following notations for special means of two

nonnegative numbers a, b with b > a:

1. The arithmetic mean

a+b
A:= A(a,b) =5 a,b >0,

2. The geometric mean
G:=G(a,b) =Vab, a,b=0

3. The logarithmic mean
b—a
L:= L(a,b) ={m' a#zb. 4pso
a, a=0>b

4. The p-logaritmic mean

bp+1 _ ap+1 %
Lp:=Ly(a,b) = (m) » a#bpeR\{-10}; 45> 0.

a, a=>b

These means are often used in numerical approximation and in other areas. However, the following

simple relationships are known in the literature:

HSGLZLLZI<A
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It is also known that L,, is monotonically increasing over p € R, denoting Lo =/ and L_; = L.

2. MAIN RESULTS

Theorem 2.1 Let f:1 < (0,00) = (0,00) be a two-times differentiable mapping on I°, and a,b € I°
with a < b. If |f"'| is an arithmetic-harmonically convex function on the interval [a, b], then the

following inequality holds:

)IfFIf" (@)= If"(b)| # 0, then

bf(b) —af(@) b2f'(b)—a’f'(b) 1 (P
b—a  20b-a _b—aL f(x)dx
G- @IF'BI[1 (PP=a® c?
= 2 [Bf< z ¢ a)cf)+L(If”(a)l,|f”(b)l)’ )

i) IFIf" (@] = If"(b)] = 0, then

bf(b) —af(a) Db*f'(b) —a’f'(h)

1 (P |f" (b))
b—a 206 — a) b—afa fryax

- [24(a?,b?) + G%(a, b)),

<

where
Bf = By(a,b;n) = |f"(a)| — |f" (b))

blf" ()| —alf" (@)
Bs '

Cf = Cf(a,b;n) =

Proof. i) Let [f"(a)| —|f"(b)| # 0. If |f"'] is an arithmetic-harmonically convex function on the

interval [a, b], using Lemma 1.4 and the following inequality

If " @If" b))l
If" )+ = If" (@)

_ (b —a)lf"@IlIf" )|
b —=0If" D)+ (x —DIf" (@I

b—x XxX—a

R = = R =
b-a

we get

! _ ! b
OO [*

bf(b) —af(a) -
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b
f X2|f" () dx

Nl»—k

[EnN

1 x2(b = alf"@IIf" B .
" 2)g =0)If"D)] + (x = a)|f"(a)]

_ (b—a)lf”(a)llf"(b)lfb x?
2 (b =0lf"D] + (x = a)|f"(@)]

A\

dx. (5)

From here, we can write the following inequality

b2f'(b) — a?f'(b)  [°
bf ) - af (@ - [ sy
_ G-l @I @I (2
2B, fa P

_ (b =alf"@llf" )l Ct
B 2B; f( Cf+x+cf>dx

_ G- alf"@IIf" ) [

28, 5 —xCr + Cf
_ 1 " [1,2 _ 2
e e S
b =alf"@IIf" )| [b* = a® If" (@l
= 28, S——b-a)+ Cfn <—|f”(b)|)]

_G-alf"@IlIf"®)I[1 (b? —a® Cf
- 2 _B_f< 2 - “)Cf> LA @L IO
So, we get the desired inequality.

i) Let |[f""(a)] — |f""(b)| = 0. Then, substituting |f""(a)| = |f"' (b)] in (5), we obtain

bf(b) —af(a) b*f'(b) —a’f'(b) 1 (b
b—a  2(b-a) _b—afaf(x)dx
f"(b)
= lf”6(b)| [24(a? b?) + G%(a,b)]. (6)

This completes the proof of theorem.

Theorem 2.2 Let f:1 c (0,) — (0, o) be two-times differentiable mapping on I°, and a, b € I° with
a < b. If |f""|? is an arithmetic-harmonically convex function on the interval [a, b], then the following

inequality holds:
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)IfFIf" (@)1= |f"(b)|? # 0, then

bf(b) —af(a) b*f'(b) —a’f'(h) 1
‘ b—a  2(b-a) _b—aLf@Mx

_1 o By@b)Edf @l If®)D
<3 -
LA @1 GDLEL U@L I B

i IFIf"(@]7 =" (B)|? = 0, then

()

bF®) —af(@ b)) —af'b) 1 )
A T f FEdx| < 17 B3 (a,b),
where
1 1
S4s=1.
b q

Proof. i) Let |[f"(&)|? —|f"(b)|? = 0. If |f"|? for g > 1 is an arithmetic-harmonically convex
function on the interval [a, b], then using Lemma 1.4, well known Holder integral inequality and the

following inequality

" Npn(b—x  x—a* b —a)lf"(@f"(b)|1
If (x)lq_|f (b—aa+b—ab)| =SB0l D+ = Dlf (@7

Wwe can write,

b2f'(b) — a*f'(b)

b
bf(b) - af @ - > T2~ | fadx

%(fb zpdxf (fb |f”(x)|qu>%

) : (b — DIf" @I B
=3(0-aif@n) (f G =Dl DI + - DI @ d")

1

Q|

(8)

From here, we get

bZ /b 2 ,b b
bf(b) —af(a) — f()zaf()—ff@mx
1 1 14 " (b—a)|f”(b)|q %
<2 (- 13, 0, b)(b - i — LA O 1( [ %m)
[IF"(B)|9 — |f"(a)|9]a \" G-DIf" (@]

DI, ool

1
=—(b—a)L3,(a,b) "o
’ ! [f" )9~ |f"(a)]9]a b-a)|f" (@)
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1 Y (I = DI B~ In(b — @)L @]
=2 (b~ )L, @b)f " @IIf (b)|< ORI @R )
R b (IF B = Inlf (@]
==~ a3, (@ b @IIf (b)|< O @F )
2 2 " "
=% b 13,(a, b)GZ(If" (@), If " (B)]) )
(LA @LIF BDLE LA @I 1 BID]°
where

b
f x®Pdx = (b — a)LZZ(a, b),
Inlf" W) — nlf" @17 _ In|f"B)| = nlf" (@1 qllf" )] —~ If" (@]

lf" ) —1f" (@4 "= 1f"@ 1M —=1f" (@1

= [LAf" @ IF " BDLEZAF @I BD] -
Therefore, the required result is obtained.

i) Let |[f""(a)|? — |f""(b)|? = 0. Then, from (8) we obtain the following:

bf(b) —af(a) b?*f'(b) —a*f'(b) 1 (P
b—a  2(b-a) _b—afaf(x)dx

This completes the proof of the Theorem.

1
<SIF O, @b).  ©)

Theorem 2.3 Let f:1 c (0,0) — (0, ) be two-times differentiable mapping on I°, and a, b € I° with
a<b.If |[f"|9q =1 is an arithmetic-harmonically convex function on the interval [a, b], then the
following inequality holds:

)IFIf" (@)1= |f"(b)|9 # 0, then

bf(b) —af(a) b2 f'(b)—a’f'(b) 1 (P b—a I
O _b_afa f@dx| < ——=If"@IIf"®lL, *(ab)
1 (b2-q2 c? %
X[E( 2 _(b_“)Cf)+L(|f"(a)|qf,|f”(b)m]' (19)

i IFIf7" @] = |f" ()] = 0, then

bF(B) —af(@) bBAFI(B)—aif'(h) 1 (P
‘ b—a  20b-a _b—afaf(x)dx
< 21 ()24, b?) + G2(a, b)),

where
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Bq s =Bgs(a,b;in) = |f" (@7 —|f"(b)|

blf" (D)7 = alf"(a)]1
Bq.f .

Cq,f = Cq,f(a,b; n) =

Proof. i) Let |[f"(a)|? — |f"(b)|? # 0. If |[f"|9 for ¢ = 1 is an AH-convex function on [a, b], then

using Lemma 1.4 and well known power-mean integral inequality, we have

b2f'(b) — a?f'(b)  [°
) - ar@ - LEZTO [y

(11)

1-% L

b /b q
< %(L xzdx> (fa x2|f”(x)|qu>
1, T 20—l @I D)1 a
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0D | L[

a Car a
,b) |— —C,r+ . d
(@) Bq,r Ja (x o+ Cq,f) x]

1

1

b —a n n 2
= —— 1" @IIf" BIL,

1

b—a 2(1-2) [ 1 (b%—a? b+Cyr\\|°
=%y "L Y (a,b)|— —(b—a)C, s+ C21 q'
> IF @I BIL, ¥ (a,b) Bq,f( > (b —a)Cqs + Cqrln a+Cyy

, 1 (/b2 — a? ) c Ct?,f %
(@ )%( 7 6= s ) par e

Therefore, we get the following inequality:

(-2

b_a n n 2
= ——If"@IIf" ®IL,

bf(b) —af(a) Db f'(b) —a*f'(b)
b—a 2(b—a)

1 b
P af f(x)dx

(:-3)

b —a n n 2
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1

x[l<b2_a2—b— C>+ G ]q
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i) Let |[f""(a)]? — |f""(b)|? = 0. By using the inequality (2.8), we have

bf(b) —af(a) b*f'(b) —a’f'(h) 1 (P
‘ b—a  2(b-a) _b—afaf(x)dx
< %If”(b)l[ZA(az,bz) +G%(a,b)]. (12)
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This completes the proof of the Theorem.

Corollary 2.4 If we take g = 1 in the inequality (10), we get the following inequality:

bf(b) —af(a) b*f'(b) —a*f'(b) 1 (b
b—a  2(b-a) _b—afaf(x)dx

a2 sz

LAf" @1 1" D]

1
Elf”(a)llf”(b)l[ < —(b—a)Cf>+
3. APPLICATIONS FOR SPECIAL MEANS

If p € (—1,0) then the function f(x) = xP,x > 0 is an arithmetic harmonically-convex function [1].

Using this function we obtain following propositions related to means:

Proposition 3.1 Let 0 < a < b and p € (—1,0). Then we have the following inequalities:

2
42 GP(a, b)
bps2(®b) = (mgj(a,b))

(» + DL (a, b)
1P~ (a,b)L(a, b)

—pA(a,D)IF "1 (a,b) — (p + DL (a,b)

xp+2

—_— . Under th
(p+1)(p+2),x>0 Under the

Proof. Let p € (—1,0). Then we consider the function f(x) =
assumption of the Proposition
"l = xP

is an arithmetic harmonically-convex function. Therefore, the assertion follows from the inequality (4)
xD+2

in the Theorem 2.1, for f: (0,0) - R, f(x) = P+ (p+2)

Proposition 3.2 Let a,b € (0,) with a < b, g > 1 and m € (—1,0). Then, we have the following

inequality:
Clab) < p(ab)fff(ab)
@t Lq(a b)L 7 . (a,b)

Proof. The assertion follows from the inequality (6) in the Theorem 2.2. Let

m

M2
xa’ , x € (0, ).

1
fx) =7 .
(Z+1)(Z+2)
Then |f"(x)|? = x™ is an arithmetic harmonically-convex on (0, ) and the result follows directly

from Theorem 2.2.

Proposition 3.3 Let a,b € (0,) with a < b, g > 1 and m € (—1,0). Then, we have the following

inequality:
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QN

?+2
L%+2 (a,b) <

[ G@b) 12070 )

mL™ " (a,b)| 2

1

q

{(m + 1)21L2™(a, b) (13)

L@ iap) Mt Din@b) —mAe bl b)}

Proof. The assertion follows from the inequality (8) in the Theorem 2.3. Let

LT
xa

1
'O e e

x € (0, ).

Then |f""(x)|? = x™ is an arithmetic harmonically-convex on (0, o) and the result follows directly

from Theorem 2.3.

Corollary 3.4 If we take g = 1 in the inequality (13), we get the following inequality:

Lni5(ab) <

G*™(a,b) (m+1)°LF"(ab) m _ m-1
R D) [L(a.b)L’J,t:i(a.b) (m + L5 (a, b) = mAGa, L4 o b))
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Abstract. The Palladium is considered as the catalyst for coupling reaction and useful metal in industry. The
thermo-physical, chemical reactivity and biological interaction are considered the most expected parameters for
use in any area of the chemical industry, the pharmaceutical industry, and academia. The palladium (I1) complex
ion with different amine ligands are considered under theoretical study by the method of density functional
theory (DFT). Some thermo-physical parameters such as free energy, entropy, dipole moment, binding energy,
nuclear energy, electronics energy, heat of formation, reactivity properties of molecule like Highest Occupied
Molecular Orbital (HOMO), Lowest Unoccupied Molecular Orbital (LUMO), HOMO-LUMO gap, ionization
potential, electronegativity, hardness, softness and electron affinity, and biological properties of molecules like
charge density, surface area grid, volume, LogP, polarizibility, refractivity, molecular mass, PIC50 were
calculated using the computational program of DFT method. The value of HOMO LUMO gap is 10.78, 0.59,
0.50, and 10.73 and PIC50 is -20.41, -8.46, -1.69, and 1.83 for L01, L02, L03, and L04 respectively while the
chemical stability is same for L02, and LO3, similarly LO1 and L04. The QSAR study provides information
about their correlation and biological activity as drugs whereas the biological activity was increased with
increasing methyl groups. The four palladium (Il) complex ions with amine ligands have strong biological
activity for LO3 and LO04, and occur the correlation on thermophysical, chemical reactivity.

Keywords: Palladium, alkylamine, QSAR, HOMO, LUMO, vibrational spectroscopy and PIC50

Palladium (II) Kompleks Iyondaki Primer, Sekonder ve Tersiyer Amin
Ligandlariin Termo-Fiziksel, Kimyasal Reaktivite ve Biyolojik
Ozelliklerle Karsilastirilmasi: DFT Calismasi

Ozet. Palladyum kenetlenme reaksiyonlari i¢in katalizor olarak dikkate alimir ve sanayide kullamsh bir metaldir.
Termo-fiziksel, kimyasal reaktivite ve biyolojik etkilesim, kimya endiistrisi, ila¢ endiistrisi ve akademi de en
cok dikkate alinan parametrelerdir. Farkli amin ligandlar1 iceren Pd (II) kompleks iyonu, calismanin teorik
kisminda DFT yontemi kullanilarak incelenmistir. Serbest enerji, entropi, dipol moment, baglanma enerjisi,
niikleer enerji, elektronik enerji, olusum 1sis1 gibi termo-fiziksel parametreler, HOMO enerjisi, LUMO enerjisi,
HOMO-LUMO enerji araligi, iyonlasma enerjisi, elektronegatiflik, sertlik, yumusaklik ve elektron ilgisi gibi
reaktivite dzellikleri, ylik yogunlugu, ylizey alani, hacim logP, Polarlanabilirlik, refraktivite, molekiiler kiitle,
PIC50 gibi biyolojik 6zellikleri DFT methodu yardimiyla hesaplanmistir. LO1, 102, L03 ve L04 icin HOMO-
LUMO enerji araligi degerleri 10.78, 0.59, 0.50 ve 10.73; PIC50 degerleri sirasiyla -20.41, -8.46, -1.69 ve 1.83
tiir. L02 ile LO3 {in, LO2 ile L04 iin kimyasal kararliliklar1 hemen hemen aynidir. QSAR ¢aligmasi molekiillerin
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biyolojik aktiflikleri hakkinda bilgi saglar. Amin ligandlarini igeren dort Pd(Il) kompleks iyonu L03 ve L04

icin giiclii biyolojik aktiviteye sahiptir.

Anahtar Kelimeler: Palladyum, alkil amin, QSAR, HOMO, LUMO, titresim spektroskopisi ve PIC50

1. INTRODUCTION

Palladium is a soft, rare, silvery-white metal that
is valued for its catalytic properties and shares
many of the characteristics common to the
platinum group metal [1]. It has a face-centered
cubic  crystalline  structure at  ordinary
temperatures and it is strongly resistant to
corrosion in the air and to the action of an acid.
The largest uses of palladium are as metal in the
field of jewelry [2], dentistry, watch making,
blood sugar test strips, aircraft spark
plugs, surgical instruments, and electrical
contacts [3]. On the other hand, these are
currently attracted considerable interest because
they're potentially beneficial as pharmaceutical
ingredients, a bioactive molecule,
pharmacological properties [4-6]. Palladium
complexes have been worked against cancer cells
[7-9]. However, although palladium has less
cytotoxic effects than platinum, palladium has
good cytotoxic effects as well for use as bioactive
molecules of the area drug design [10, 11].
Palladium complexes with aromatic N-containing
ligands, e.g., derivatives of amine, pyridine,
quinoline, pyrazole, and 1, 10-phenanthroline has
shown very promising antitumor characteristics
molecules. Some of these complexes, especially
the trans complexes with non-planar heterocyclic
amine ligands have been found to overcome
multifactorial cis platin resistance in human
ovarian cell lines. On the other hand, Pd(II)
complexes or complex ions have been widely
explored due to their catalytic efficiency, e.g., for
various carbon-carbon and carbon-nitrogen bond-
forming reactions. The most palladium (0),
palladium (I1) on carbon makes some versatile
catalyst of organic syntheses such as Heck
reaction, Suzuki coupling, Tsuji-Trost reactions,
Wacker process, Negishi reaction and Stille
coupling, etc [12-15]. While most studies of
palladium have concentrated on the reactivity of
its complexes, little information about their
electronic  structures has been obtained.

Organometallic  transition-metal ~ complexes
utilizing nitrogen ligands with ionic or polar
substituent have been found to catalyze a large
variety of chemical transformations in aqueous
solution. Palladium is one of the most
catalytically versatile transition metal. The
nitrogen-containing ligand assisted palladium
catalyzed Suzuki coupling reaction is the most
frequently employed methods of carbon-carbon
bond formation in organic synthesis [14]. In the
literature, the molecular structure of a complex
containing palladium atom have been studied for
years, however electronic structure of this
molecule have been worked out quite a bit.

Taking into account all the benefits in
thermophysical, chemical reactivity, biological
profile, the computational chemistry is the best
tools in present time of chemistry, physics,
material  science, pharmaceutical science,
molecular engineering, and biochemistry. To
save time and cost, computational computer
programming is used on making the correlation
of the thermophysical, chemical and biological
activity of some palladium complexes. A
thermodynamic system is a definite macroscopic
area or space in the universe in which one or more
thermodynamic processes take place. This
system has a specific volume consisting of
molecules and atoms with continuous movement
and concussion by the interaction with the
external surrounding. The internal properties and
its interaction with the surrounding determine the
system behavior [16-18].

A thermodynamic system can switch from initial
state through the intermediate state to the final
state which is called transformation of state or
thermodynamics process [17, 19]. Using the
computational simulation of the examined
palladium complexes, It would be calculated by
the various method of computational methods. As
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the anion has an effective influence on biological
activity, the relationship of substituent group in
benzene rings was estimated using computing
parameters [20, 21]. The most beneficial of the
study is the safe the money including conducting
a chemical experiment in laboratory and
consumption of time in the laboratory at which
the most errorless method is the Density
functional theory (DFT) [22, 23].

The Density functional theory (DFT) finds an
increasingly broad application in the chemical
and materials sciences for the interpretation and
prediction of complex system behavior at an
atomic scale. Specifically, DFT computational
methods are applied for the study of systems to
synthesis and processing parameters. The Density
Functional Theory (DFT) is used to determine
chemical structures of molecules and structural
changes in molecules. Especially, the B3LYP
method is widely used because it yields results
very close to experimental results. Moreover, the
DFT is a very useful method for predicting the
experimental results.

In this study, the palladium (Il) complex was
synthesized and optimized with DFT/B3LYP.
Some geometrical parameters and HOMO-
LUMO energy level of the complex were
calculated at B3LYP. Their molecular structural
relationship, HOMO, LUMO, and quantum
chemical properties and LogP plays the role of
the chemical reactivity, biological activity and
hydrophobicity and hydrophobicity of chemicals
in relation with living cells activity and associated
mechanistic interactions.

2. COMPUTING

SIMULATION
The molecular modeling program permits to build
and analyze different molecular structures and
determine the molecular, electronic, and biological
properties. In order to create the spatial chemical
structure of each calculated molecule, the two-
dimensional structure of the molecule shall be built
step-by-step by drawing. Then hydrogen atoms are
automatically added from building option and
chemical structure is converted into a 3D structure.

METHODS FOR

The first step in getting the main characteristic
parameters of molecules is to optimize the
molecular structure to obtain a configuration
characterized by minimum free energy. In sitting
the DFT was fixed via 6G-31G*, and B3-LYP [24-
26]. After completing optimization, the theoretical
properties of the studied compound such as free
energy, entropy, dipole moment, binding energy,
nuclear energy, electronics energy, the heat of
formation, the HOMO, LUMO are recorded. The
QSAR properties of molecules like charge density,
surface area grid, volume, LogP, polarizability,
refractivity, molecular mass, were calculated.

3. RESULTS AND DISCUSSIONS

3.1. Optimized Structure

The symmetry is a very powerful tool to establish
the molecular symmetry calculation. In fig-01,
Tetraamine palladium (I1) complexes ion (L01),
Tetra(methylamine) palladium (1) complexes ion
(LO2), Tetra(dimethylamine) palladium (1)
complexes ion (L03) and Tetra(trimethylamine)
palladium (Il) complexes ion (L04) molecular

orbital diagram having both of molecular
symmetry and asymmetry properties are
represented.

Figure 1. Optimized structure of palladium (I1) complex
ions with different amine ligands

3.2. Bond Length

In general, the bond length between two atoms is
approximately the sum of the covalent radii of the
two atoms. For covalent bonds, bond energies and
bond lengths depend on many factors like electron
affinities, sizes, electronegativity, chemical
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reactivity, ionization potential, and chemical
stability of atoms involved in the bond. The bond
length of atoms in complexes ions are given in fig-
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Figure 2. Bond length of palladium (1) complex ions with different amine ligands

3.3. Bond Order

The bond order indicates the chemical stability.
The higher the bond order indicates the stronger the
pull between the two atoms and the shorter the
bond length. The shorter bond length indicates the
higher required energy, as a result, the rate of
reaction decreases and chemical reactivity
decreases [27]. From figure 03, the bond order
between all atoms in a molecule is obtained in same
and that is one.

3.4. The Atomic Charges

The atomic charge is the most important
parameters for calculation of thermophysical
properties and thermodynamics shown in fig 4. In
LO01, the atomic charge of palladium atom is 1.057,
and a nitrogen atom in amine ligands almost 0.300
to 0.397 and carbon atom in the methyl group is
3.96 to 3.99.
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Figure 4. Atomic charge of palladium (I1) complex ions with different amine ligands
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Figure 5: Orbital picture of HOMO and LUMO palladium (1) complex ions with different amine ligands
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3.5. HOMO-LUMO

The energy levels of the molecular orbitals order
HOMO and LUMO for palladium (Il) complexes
ion with different amine ligands give information
on the possible electronic transition and chemical
stability. The HOMO and LUMO also indicate the
electrophilic and nucleophilic attraction region in
the molecule. The LUMO-HOMO gap is the most
important parameter for chemical reactivity [28].

Table 1. Data for HOMO LUMO in different transition state

The shorter LUMO- HOMO gap is considered as
the high reactivity, they are highlighted in figure 5
(color: green is a positive value and blue is a
negative value). The HOMO can be through the
outermost orbital containing electrons tends to give
these electrons such as an electron donor. On the
other hand, LUMO can be through the innermost
orbital containing free places to accept an electron.

L01 L02 L03 L04
HOMO(0), eV -16.1487 -18.05713 -23.64721 -37.68882
HOMO(-1), eV -5.360071 -17.45854 -23.14531 -26.95374
HOMO(-2), eV -4.970126 -17.22483 -21.69175 -19.8055
LUMO, (0), eV -5.360071 -17.45854 -23.14531 -26.95374
LUMO, (-1), eV -16.1487 -18.05713 -23.64721 -37.68882
LUMO, (-2), eV -17.39359 -18.3907 -23.9424 -37.84376
3.6. Chemical reactivity by DFT Calculations Egap = (Erumo — Enomo) = IP —EA

The Energy of the HOMO is directly related to the
ionization potential and LUMO Energy is directly
related to the electron affinity. The energy
difference between HOMO and LUMO orbital is
called an energy gap which is an important
parameter that determines the stability of the
structures. The energy gap is used in determining
molecular electrical transport properties. In
addition, according to Koopmans’ theorem the
energy gap, Egap, defined as the difference
between HOMO and LUMO energy [29].

The ionization potential (1) and electron affinity
(A) can be estimated from the HOMO and LUMO
energy values as following

I = —Enomo (1)
A= —-Eymo (2)

Table 2: Data for HOMO, LUMO, IP, EA, and LUMO- HOMO gap, (AE)

LO1 L02 L03 L04
HOMO, eV -16.1487 -18.0571 -23.6472 -37.6888
LUMO, eV -5.3601 -17.4585 -23.1453 -26.9534
AE, (LUMO-HOMO gap), eV 10.7804 0.5986 0.5019 10.7354
lonization potential (1),eV 16.1487 18.0571 23.6472 37.6888
Electron affinity (A),eV 5.3601 17.4585 23.1453 26.9534

3.7.  Chemical reactivity by DFT Calculations
Entropy and enthalpy is an important part of
thermodynamics, which allows physics and
physical chemistry to participate in any system
throughout physical and chemical change. Entropy
and enthalpy are closely related to each other.

Entropy can be understood as the discharge
condition of any substance, i.e., whose entropy
value is greater than its distortion in the reaction

of the participant. Table 3 shows that at the zero
temperature without electric field, the value of
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entropy of optimized molecule is zero. On the other
hand, it is found from table 4 that entropy and heat

of capacity is increased with increasing
temperature.
Table 3: Thermophysical properties
Properties LO1 L02 L03 L04
Total energy, (kcal/mol) -3159536.19 -3273037.55 -3311028.49 -3015629.47
Entropy, (kcal/mol-deg) 0 0 0 0
Free energy, (kcal/mol) -3159536.19 -3273037.55 -3311028.49 -3015629.47
Heat capacity, (kcal/mol- 0 0 0 0
deg)
Dipole moment, (D) 0 0 0 0
RMS gradient, (kcal/mol) 0 0 0 0
Binding energy, (kcal/mol) -3159536.19 -3273037.55 -3311028.49 -3015629.47
Electronic energy,(kcal/mol)  -3580683.64 -3976688.55 -4438431.58 -4654099.65
Nuclear energy, (kcal/mol) 421147.450 703650.999 1127403.091 1638470.185
Table 4: Entropy and Heat capacity in different temperature
273 K 298 K 323 K
Entropy Heat Entropy Heat Entropy Heat
capacity, capacity, capacity,
(kcal/mol- (kcal/mol- (kcal/mol-
deg) deg) deg))
LO1 0.07008 0.010338 0.0712 0.0107 0.0722 0.0112
L02 0.07046 0.007458 0.0713 0.0077 0.0721 0.0080
L03 0.07200 0.007138 0.0729 0.0074 0.0737 0.0077
L04 0.07498 0.008278 0.0758 0.0085 0.0768 0.0088

3.8. Vibrational spectrum

The vibrational spectrum is the characteristic peak
of any molecule for identification similar to the
FTIR peak. To optimize these molecules for
vibrational peak obtain the identified peak in the
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different region about 0 to 5800 cm™ at which the
main  characteristic peak of tetraamine
palladium(ll) complex ion is almost 4200-4300,
3825- 3900 and 3600-3550 cm™ and represented in
fig-06.

I A L -

-8, 39

AN
AT T r—
-108.06

| S T R A 1 AN

-127.50



687

Islam et al. / Cumhuriyet Sci. J., Vol.40-3 (2019) 679-694

13665 709 I"

1
r|
Intensity
mmmcl)

L 04

975,04 Woave Number [1./cm)

!;l .

(T TN 7o i

| A
15E97.05

Figure 6. Vibrational spectrum

Table 5. Data for a vibrational spectrum of palladium (I1) complex ions

Normal Degeneracy Frequency Intensity Symmetry
mode
LO1 1 1 178.65 18.201 1A
L02 1 1 149.0 0.994 1A
L03 1 1 124.84 0.517 1A
L04 1 1 -14541.96 37.383 1A
3.9.  UV-visible Spectrum and anti-bonding levels tend to cancel one

UV-visible Spectrum provides a powerful
technique by which the nature of metal ligands
bonding may be identified. A remarkable
covalency between almost all of the upper filled
molecular orbitals of the ligand cluster and the
metal d orbitals of suitable symmetry can be
calculated. Those interactions which arise from
ligand orbitals of n symmetry primarily involve
filled metal 4dxz and 4dyz orbitals and, although
of importance, do not result in significant Pd (I1)
overlap since contributions due to filled bonding
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another. However, the interactions with orbitals
of symmetry involve empty 4dxy and 5s metal
orbitals and result in important ligand-to-metal
charge transfer [30].

The UV-visible spectrum of the tetra-amine
palladium (1I) complex ion shows in fig 7 with
table 6, a strong transition (e near 250 and 360
nm, as well as an ultraviolet band of weaker
intensity near 320 nm.
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Figure 7: UV-visible Spectrum

Table 6. Data for different transition state, spin multiplicity, wavelength and oscillator strength for UV —visible spectrum

Transition Degeneracy Spin Wavelength Oscillator
Multiplicity Strength
LO1 1 1 Triplet 541.79 0.0
L02 1 1 Triplet 519.22 0.0
LO3 1 1 Triplet 534.98 0.0
LO4 1 1 Triplet 829.14 0.0

4, THE BIOLOGICAL ACTIVITY OF
OPTIMIZED MOLECULES

The distribution electrostatic potential in

case of 3D mapped structure
The stability of the studied molecular structure is
given by the higher negative values of total
energy. The biological activity of a compound
can be estimated on the basis of the energy
difference AE frontier orbitals given in table-07.
This difference, AE represents the electronic
excitation energy which is possible in a molecule.
The electrostatic potential in view of the 3D
mapped structure in fig 08 indicates positive and
negative charge region and the charged surface
area in a molecule that is considered as the best
tools to estimate the biological activity parameter
[31].
According to the mechanism of antimicrobial
activity and antimicrobial agents of bioactive

LO01

41.

T

LO3

molecules, the positive charge end of molecules
is responsible to damage the plasma membrane of
pathogens [32]. To kill the different human
pathogenic microorganism, the region of
molecules was used the positive charge area of
the molecule. In this case, the most important
factors are explained that the higher surface area
having a positive charge is considered as the high
antimicrobial activity.

The three-dimensional geometry of molecular
electrostatic potential distribution highlights the
existence of three regions with increased
electronegativity in the whole molecule of LO1,
L02 and highly positivity in L03 and L04 shown in
fig-08 and which play a role in their coupling to
different structures in which ions are positively
charged.

LO2

LO4
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Figure 8: The 3D geometry of the distribution electrostatic potential

Table 7. Data of electrostatic potential energy difference of two levels

LO1 LO2 LO3 LO4
El +0.318 +0.192 +2.907 +0.754
E2 -0.472 -0.519 -4.463 -5.654
AE=E2-E1 -0.790 -0.711 -7.370 -6.408
Here, E1 = Electrostatic potential energy in quantities. These are calculated as following

positive value, E2 = Electrostatic potential energy
in negative value and AE = Electrostatic potential

equations, and given in table 08.

I+A

energy difference of two level. (W = — = ©)
4.2. Chemical reactivity () = -4 (4)
The HOMO and LUMO energies are used for the 2
determination of global reactivity descriptors. It is (s) = 1 (5)
important that electrophilicity (w), the chemical n
potential (i), electronegativity (), hardness (1) and 1+4
softness (S) be put into a molecular orbital’s ) = 2 6)
framework. We focus on the HOMO and LUMO )
energies in order to determine the interesting (@) = g—n (7
molecular/atomic  properties and  chemical
Table 8. Chemical reactivity
L01 L02 L03 L04
Hardness, (1) 5.3943 0.2993 0.2509 5.3677
Softness, (S) 0.1854 3.3411 3.9856 0.1863
Electrophilicity (o), 10.7203 526.7949 1090.8466 97.3092
Chemical potential, (p) -10.7544 -17.7578 -23.3963 -32.3211
Electronegativity, () 10.7544 17.7578 23.3963 32.3211
important parameter. Greater charge surface area
4.3. Quantitative  structure -  activity of a molecule can be able to kill more pathogens.

relationships (QSAR)
The molecule with minimum binding energy will
have the maximum binding affinity and having
the maximum binding affinity, indicating as the
best molecule for drug leads molecules targeting
computationally. In case of the biological activity
of amolecule, the surface area is considered as an

The greater positive charge surface area means a
higher biological activity. On the other hand, a
negative value of logP indicates the
hydrophilicity and positive LogP indicates the
hydrophobicity that plays an important role in
biochemical interactions and bioactivity [33, 34].
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Hydrophobic drugs tend to be more toxic
because, in general, are kept

longer, have a wider distribution in the body, are
somewhat less selective in their binding to
molecules and finally are often extensively
metabolized.

Finally, the correlation of LO1, L02, L03, and L04
complexes ion are increased the biological activity
as increasing the size of ligands with fine
correlation showing in table Q9.

4.4. Calculation of PIC50

The correlation between the biological activity and
descriptor is developed by Zineb Almi et.al. 2014
[35] for the PIC50 value calculation from the
Hyperchem simulation value that is given in the
following equation as:

Table 9. Data for QSAR study

PIC50 = 3.028 — 0.542logP + 0.352 HE — 1.272 Pol
+ 0.863MR — 0.038 MV
—0.024MW + 19.120q01
+ 0.024SAG

Here, HE = Hydration Energy, Pol = Polazibility,
MR = Molecular Refractivity, LogP = Partition
coefficient, MV = Molar Volume, MW = Molar
Weight, SAG = Surface Area Grid, g01 = atomic
net charges.

According to Zineb Almi et.al. 2014 [35], the
biologically active molecule have PIC50 less value
-200. From the table 10, the computed molecule of
palladium (I1) complex ion has the value of more
20 to 225 that means have biological activity and
increasing length or number of methyl groups in
amine ligands, the biological activity increases. In
the LO3 and LO4 have the highest biological
activity near to standard bioactive molecules.

Lo1 L02 LO3 LO4
Partial charge (e) 0.00 0.00 0.00 0.00
Surface Area(grid), 286.86 365.65 412.23 439.46
Volume, A’ 401.50 586.90 713.83 806.95
Hydration Energy kcal/mol -43.34 -10.91 0.86 4.79
Log P -3.91 -2.93 -1.94 -0.95
Polarizibility, A3 4.74 12.08 19.42 26.76
Mass (amu) 174.52 230.63 286.74 342.84
Table 10. Data of PIC50
LO1 L02 LO3 LO4
PIC50 -20.41 -8.46 -1.69 1.83

4.5. Correlation and comparison study in case
of substituent groups in amine ligands

In the case of chemical reactivity, the LUMO-
HOMO gap in presence of H atom in NHsand
3CH3 in N-atom is 10.7804 and 10.7354 eV
which is larger value meaning lower reactivity
and almost the same. On the other hand, attaching
one and two methyl group in amine ligand, the
LUMO-HOMO gap is 0.5986 and 0.5019 eV
which means that attaching two

methyl groups has higher reactivity that one
methyl group.

The most important  comparison  in
thermophysical properties is explained that with
increasing the temperature, the entropy and heat
capacity increases in poor amount and with
increasing methyl group in amine ligand the
entropy change is an amount of 0.00 0.00038,
0.00154 and 0.0029 kcal/mol. The heat capacity
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is also decreased as 3CH; < 2CH3 < CHz; < H or
primary < secondary < tertiary.

Table 11: Correlation among all palladium (1) complex ions

mL01

ml02 wmLOo3

mL04

Polarizibility

Refractivity

Pi, Refractivity, (MR) Surface Area, (SA)
Pi, Biological Biological SA Biological
activity activity activity
H 0.0 - 0.0 - 0.0 Correlation
CHs -0.98 Less +19.59 Less +78.79 occurs
2CH;s -1.97 Less +39.17 Less +125.37
3CH;3 -2.96 Less +58.76 Less +152.60
2000000 -
1000000 - J
0 mL01
~1000000 - w102
-2000000 w103
-3000000" mL04
-4000000 -
-5000000
Figure 9. Comparison of thermophysical properties
80 -
60 -

Figure 10. Comparison of QSAR
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E, (LUMO-HOMO gap), eV
=04
mL03
mL02
mL01
-50 -40 -30 -20 -10 0 10 20
Figure 11. Comparison of the gap with chemical reactivity
900 -
800 A
700 A
600 - HLO01
500 A
400 - mL02
300 -
200 - mLo3
100 -+ mL04
0 — E—
-100 ~“—-Surface Volume, Hydration Mass-(amu)
Area(grid), Energy
kcal/mol

Figurel2. Comparison of molecular properties

From figure 9, 10, 11, 12, it was found that
biological activity increases with the increase the
alkyl groups in palladium (1) complex ions.

5. CONCLUSION

The DFT method was used to characterize and
optimize of palladium (1) complex ions with
amine ligands and the thermophysical and
chemical and biological properties were recorded.
From the spectroscopy studies, the vibration,
degeneracy, symmetry, and splitting of d orbitals
give the information in the analytical method. In
the case of HOMO, LUMO, and HOMO - LUMO
gap can be informed that palladium (Il) complex
ions with amine ligands are chemically reactive for
further uses. As the value of LogP is negative,
palladium (11) complex ions with amine ligands are

hydrophilic nature that is why the toxicity is very
less and supports the safe uses in all areas.
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Abstract. In the present work, 15 4-(1-(prop-2-in-1-yl)-1H-benzoimidazole-2-yl)-N'-
(substitutedmethylene)benzohydrazide derivatives (4a-40) were re-synthesized to evaluate their antifungal
activity. Structure identification of synthesized compounds was elucidated by 'H-NMR, *C-NMR, and
HRMS spectroscopic methods. Inhibitory potential of the re-synthesized compounds was investigated against
Candida supp. The compounds 4e and 4l showed significant anti fungal activity. Consistent with the activity
studies, 4e was found to be potent derivative with its MICso value of (1.95 pg/mL) against Candida glabrata.
And 41 was found to be potent derivative with its MICsp value of (1.95 pg/mL) against Candida krusei.

Keywords: Benzimidazole, Hydrazone, Antifungal activity, NMR, HRMS

Baz1 Benzimidazol-Hidrazonlarin Antifungal Etkinligi

Ozet. Mevcut ¢alismada, 15 4-(1-(prop-2-in-1-il)-1H-benzimidazol-2-il)-N’-(siibstitiiemetilen) benzohidrazit
tirevleri (4a-40), antifungal aktivitelerini degerlendirmek iizere yeniden sentezlendi. Sentezlenen bilesiklerin
yap1t tammlamalar1 *H-NMR, *C-NMR ve HRMS spektroskopik yontemlerle agiklandi. Yeniden sentezlenen
bilesiklerin antifungal etkinlikleri Candida tiirlerine karsi degerlendirildi. Bilesik 4e ve 4l 6nemli aktivite
gosterdi. Aktivite ¢alismalar1 ile uyumlu olarak, 4e bilesigi Candida glabrata'ya karst 1.95 pg / mL MICsp
degeri ile gii¢li bir tiirev olarak bulundu. Ayn1 zamanda 4l bilesigi Candida krusei’ye karsi 1.95 pg / mL
MICso degeri ile giiglii bir tiirev olarak bulundu.

Anahtar Kelimeler: Benzimidazol, Hidrazon, Antifungal aktivite, NMR, HRMS

1. INTRODUCTION

Life loss depending on fungal infections are more
than 1.35 million per year worldwide [1].
Aspergillus spp., Cryptococcus neoformans and
Candida spp. are still the three main pathogens of
fungal infections. Over the last few decades, the
occurrence of systemic fungal infections has
increased considerably in immunocompromised
hosts, particularly patients who receive cancer
chemotherapy or patients with AIDS and
undergone organ transplantation [1-3]. Some
research teams stated that Candida albicans (C.
albicans) which caused severe mucosal infections

* Corresponding author. Email address:
http://dergipark.gov.tr/csj

dosmaniye@anadolu.edu.tr

with potentially fatal invasive infections was the
most common fungus in these patients [4, 5]. On
the other hand, only a restricted number of
antifungal agents are formerly accessible to treat
these life-threatening fungal infections [6].
Presently, clinical antifungal agents can be
separated into four classes: Echinocandins (such
as Micafungin and Caspofungin), antimetabolites
(such as 5-fluorocytosine) polyenes (such as
Nystatin and Amphotericin B) and azoles (such as
Itraconazole and Fluconazole) [2,3].

©2016 Faculty of Science, Sivas Cumhuriyet University
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Azoles inhibits lanosterol  14-o-demetilase
enzyme; which is responsable for converting
lanosterol into ergosterol. Ergosterol is the major
component of fungal cytoplasmic membranes and
responsable for bioregulation of membrane
assymmetry [7]. Azoles are first-line drug for
fungal infections due to their wide antifungal
spectrum, high potency and low toxicity [8].
However, some problems remain, such as severe
drug resistance, cytotoxicity. However, emergence
of drug resistance, environmental hazards and
other problems objectively indicate the urgent
need for novel antifungal agents [2,9].

Nitrogen heterocycles are common structural
motifs in compounds with antifungal activity [4].
Benzimidazole that was an important heterocyclic
nucleus that has been used extensively in
medicinal chemistry is a component of vitamin
B12 and is related to the DNA base purine and the
stimulant caffeine. Substituted benzimidazole

displays a broad spectrum of potential
pharmacological activities such as
antiinflammatory,  anti-tubercular, anticancer,

antibacterial, antiviral and antifungal activity. [5-
7, 9, 10-17]. In addition to benzimidazole
derivatives, hydrazone based compounds, which
bear an azomethine -NHN=CH- functional group,
have showed antifungal activity [18,19].

Based on the above information, antifungal

activities of the compounds containing

benzimidazole and hydrazone residues were the

subject of curiosity. For this purpose, we

resynthesized some benzimidazole-hydrazone

based upon the studies that reported the

antifungal potentials [20].

2. MATERIALS AND METHODS

2.1. Chemistry

All chemicals used in the syntheses were
purchased either from Sigma-Aldrich Chemicals
(Sigma-Aldrich Corp., St. Louis, MO, USA) or
Merck Chemicals (Merck KGaA, Darmstadt,
Germany). Melting points of the obtained
compounds were determined by MP90 digital
melting point apparatus (Mettler Toledo, OH,
USA) and were uncorrected. The IR spectra were
obtained on a Shimadzu, IR Prestige-21
(Shimadzu, Tokyo, Japan). 'H NMR and *C

NMR spectra of the synthesized compounds were
registered by a Bruker 300 MHz and 75 MHz
digital FT-NMR spectrometer (Bruker Bioscience,
Billerica, MA, USA) in DMSO-ds, respectively.
Splitting patterns were designated as follows: s:
singlet; d: doublet; t: triplet; m: multiplet in the
NMR spectra. Coupling constants (J) were
reported as Hertz. M+1 peaks were determined by
Shimadzu LC/MS ITTOF system (Shimadzu,
Tokyo, Japan). All reactions were monitored by
thin-layer chromatography (TLC) using Silica Gel
60 F254 TLC plates (Merck KGaA, Darmstadt,
Germany).

2.1.1. General procedure for the synthesis of

target compounds (4a-40)

In order to determine the antifungal activity,
synthesis studies were carried out for compound
4a-40. Synthesis studies was performed by means
of previous study reported by our research group
[20].

2.2. Antifungal Activity

The in vitro antifungal activities of all
resynthesized derivatives 4a—40 were screened at
between 1 mg/mL-1.95 pg/mL concentrations
using various Candida strains including C.
albicans (ATCC 90030), C. glabrata (ATCC
90030) C. krusei (ATCC 6258) and C.
parapsilopsis (ATCC 22019) and following the
protocol of the EUCAST in keeping with the
previous studies reported by our research group
[21, 22].

3. RESULTS AND DISCUSSIONS

3.1. Chemistry

The compounds 4a-40 were re-synthesized as
summarized in Scheme 1. Compound 1 was
synthesized under microwave irradiation using
1,2-phenylenediamine and methyl 4-
formylbenzoate. Reaction of Methyl 4-(1H-
benzo[d]imidazol-2-yl)benzoate and propargyl
bromide gave the compound 2. Reaction of the
methyl 4-(1-(prop-2-in-1-yl)-1H-
benzo[d]imidazole-2-yl)benzoate 2 and
hydrazine hydrate gave 4-(1-(prop-2-in-1-yl)-
1H-benzo[d]imidazole-2-yl)benzohydrazide (3).
Reaction of compound 3 and aldehydes afforded
to the target compounds (4a-40).
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Structural elucidation of the synthesized
compounds (4a-40) was carried out by spectral
analyses including IR, *H-NMR, **C-NMR and

NH, o o { 0
[ I a
" >—©—< - />—©—< —
NI, H o N o
)

HRMS. All the results of the analysis are in
accordance with our previous report [20].

‘b

= =
N/: 0 ©iN/ o
©iN/ HN—NH, N/ : o—
@
3
o
Q N O
A, = O~
N HN—N
(4a-do)
Comp. Ar Comp. Ar
4a Thiophen-2-yl 4i 4-Methoxyphenyl
4b 5-Nitro-thiophen-2-yl 4j 2-Methoxyphenyl
4c Pyrrol-2-yl 4k 3-Methoxyphenyl
4d 1-Methyl-pyrrol-2-yl 41 3-Hydoxyphenyl
4e Pyridin-3-yl 4m 3,5-Dihydoxyphenyl
4f 4-Fluorophenyl 4n 3,5-Dimethoxyphenyl
49 4-Chlorophenyl 40 2,3-Dimethoxyphenyl
4h 4-Hydroxyphenyl

Scheme 1: Synthesis way of the compounds 4a-40. Reagents and Conditions: a: NaS:0s /DMF, Microwave irradiation, 240
°C, 10 bar, 5 + 5 min. b: NaH/DMF, propargyl bromide, r.t, 20 h. ¢c: NH2NH2.H20 (%100), Microwave irradiation, 150°C, 10

bar, 10 min. d: EtOH/CH3COOH, reflux, 2 h.

Table 1. MICso (ug/mL) values of compounds 4a-40.

Comp. C. albicans C. glabrata
4a >1000 >1000
4b >1000 >1000
4c >1000 >1000
4d 1.95 >1000
4e 125 1.95
4f >1000 >1000
49 >1000 >1000
4h 1.95 >1000
4i >1000 >1000
4j 1.95 >1000
4k >1000 >1000
4l 15.63 >1000
4m >1000 125
4n >1000 >1000
40 >1000 >1000

Ketoconazole 0.98 1.95
Fluconazole 0.98 1.95

C. krusei C. parapsilosis
62.50 >1000
>1000 >1000
62.50 >1000
>1000 >1000
>1000 >1000
>1000 >1000
>1000 >1000
>1000 15.63
>1000 >1000
>1000 >1000
>1000 >1000

1.95 >1000
7.81 >1000
>1000 >1000
31.25 >1000
1.95 1.95
1.95 0.98

3.2.  Antifungal Activity

According to the protocol of the EUCAST
reported previously by our research group [21,
22], all obtained compounds 4a-40 were
screened for their in vitro antifungal activity
against four pathogenic fungi;

C. albicans (ATCC 90030), C.glabrata (ATCC
2001), C. krusei (ATCC 6258), C. parapsilosis
(ATCC 22019). Ketoconazole and fluconazole
were used as reference drugs. The results of
antifungal activities are listed in Table-1.
Compounds 4d, 4h and 4j were determined to
have MICsy values of 1.95 pg/ml against C.
albicans. On the other hand, Compounds 4e and
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41 were determined to have MICso values of 1.95
pg/ml against C. glabrata and C. Kkrusei,
respectively. This MICso values is the same as the
MICsy values of reference drugs against C.
glabrata and C. krusei. Compound 4e bearing
pyridin-3-yl possessed good activity against C.
glabrata with an MIC value of 1.95 ug/mL.
Compound 41 including  3-hydroxyphenyl
possessed good activity against C. krusei with an
MIC value of 1.95 pg/mL. However compound
4m bearing 3,5-dihydoxyphenyl had weak
antifungal activity. This information suggests that
the hydroxy group brought to the fifth position of
phenyl ring reduces the antifungal activity. The
lack of activity of the methoxy-containing
derivative in the third position of phenyl (4k)
indicates that the replacement of the hydrogen and
methyl group of the hydroxyl group decreases the
This information suggests that hydroxyl hydrogen
in the third position of phenyl ring enhances
activity propably by making hydrogen bonds.

4, CONCLUSION

In summary, a series of benzimidazole-hydrazone
derivatives were re-synthesized and evaluated for
their antifungal activity. The primary results

indicated that obtained compounds 4a—40
displayed antifungal activities within different
ranges. Compounds 4e and 4l displayed

significant activity against C. glabrata and C.
krusei, respectively. Compound 4e bearing
pyridine-3-yl and compound 4l bearing 3-
hydroxyphenyl came to the fore in the series. We
assume that the aromatic ring bound to the
hydrazone group contributes to the antifungal
activity by means of long-pair electron in third
position. However, if the hydroxyl group at
position third of phenyl ring is replaced by a
methoxy group, the activity decreases activity.
This information suggests that the steric hindrance
of the methyl group abolishes the effect of the
long-pair electron, or that the hydroxyl hydrogen's
ability to form hydrogen bonds contributes to
activity.
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Abstract. In this paper, certain recurrence relations for the moments of minimum order statistics of a random
sample of size n arising from exponential distribution are obtained. The usefulness of these relations in
evaluating the moments of exponential minimum order statistics is also discussed.
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owe o

Ustel Dagihmdan Minimum Sira Istatistiginin Momentleri I¢in
Yinelenme Iliskileri

Ozet. Bu ¢alismada, iistel dagilimdan elde edilen n birimlik bir rasgele 6rneklemin minimum sira istatistiginin
momentleri igin belli yinelenme iliskileri elde edilmistir. Ustel minimum sira istatistiginin momentleri
degerlendirilmesinde bu iligkilerin yararliligt ayrica tartisilmustir.

Anahtar Kelimeler: Ustel dagilim, Minimum sira istatistigi, Momentler, Yinelenme iliskileri.

1. INTRODUCTION

The use of recurrence relations for the moments of order statistics is quite well-known in the statistical
literature (see, for example [1] and [2]). For improved forms of these results, it can be seen in [3] and [4].
Balakrishnan et al. have reviewed many recurrence relations and identities for the moments of order
statistics arising from several specific continuous distributions such as normal, Cauchy, logistic, gamma
and exponential [5]. For some recent results on moments of the order statistics arising from some other
important specific distributions [6] and [7]. David and Nagaraja have given an account of the recurrence
relations for the moments of order statistics arising from arbitrary as well as some specific distributions
[8]. There are other studies on this subject (see, for example, [9], [10], [11], [12], [13] and [14]). Hence
the aim of this paper is to consider minimum order statistics of a random sample of size n drawn from
exponential distribution and derive some recurrence relations for the moments of the minimum order

statistics.
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http://dergipark.gov.tr/csj  ©2016 Faculty of Science, Sivas Cumhuriyet University
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2. MATERIALS AND METHODS
2.1. Minimum Order Statistics from Exponential Distribution

Let X be a random variable whose distribution function (d.f.) and probability density function (p.d.f.)

are F(x) and f(x) respectively. Let X,,X,,..., X, have independent and identical d.f. F(x) and p.d.f.
f(x). X, <X, <..<X,, denotes the order statistics of these random variables. For 1<r <n, the

In —

p.d.f.of X, isgiven by

(%) [FOOT ™ [1-F(x)]"" (%)

. n
(r=)'(n-r)!
For r =1, the p.d.f. of X, is given by
fL. () =n[1-F)]"" f(x)
Let X,,X,,..., X, have independent and identically distributed exponential distribution with 6 mean
parameter. Then, d.f. and p.d.f. are F(x) and f(x) respectively
F(x)=1-e™° , x>0, 0>0

69)
f(x):%e‘x/e , x>0, 0>0

The p.d.f. of X, isgiven by

_ —X/0 n11 —x/e_n -nx/0
f(x)=n[e™"] ge=ge 2)

Xy, ~ Exp(6/n)

2.2. Recurrence Relations for the Moments of Exponential Minimum Order Statistics

Theorem 1. Let X, X,,..., X, have independent and identically distributed exponential distribution with

O mean parameter (i.e., if Eq. (1) then). Then, the k™ (k=1,2,3,...) moments of minimum order

statistics (X, ) is given by

k
8 =E0ct) =k 2 ®

Proof.

uiy =E(X},) = Tkarn (x)dx = Txk N om0y — ETXke_nx/edX
0 o © 0o
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Let’s remember that Txa"le"x/ﬁdx =T'(a)B* and T'(at) = (. —1)! , v € Z" . Then,
0

w9 — E(x< )= 2T xke ™00y = Dk 4+ (Q]M _ k.(ﬁjk
n In e 0 e n - n

Corollary 1. By Theorem 1, the expected value (1" moment), 2" moment and the variance of X,, are

given by

0
MJ(_lrz = Ml:n = E(Xl:n) = H

e 2
8 =E0c) =22 |

n n n

Theorem 2. If X random variables have exponential distribution with 6 mean parameter (i.e., if Eq. (1)

then), the (k+1)"™ moments of X, is given by

. 0
pid = (k +1);u£? @)

Proof.

k+1
Wl B = (k+1)![9] ~ k) 2
n n

Theorem 3. If X random variables have exponential distribution with 6 mean parameter (i.e., if Eq. (1)

then), the (kK + ()" moments of X, is given by

¢
e = (k+0)...(k+) [%j Hep )

Proof.

(

. . 0 k+¢ )
0 =E<xznf>=<k+f>!(ﬁj :<k+e>...<k+1>(ﬁj W

Theorem 4. If X random variables have exponential distribution with 8 mean parameter (i.e., if Eq. (1)

then), the k" moments of X, , is given by
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e k
O gt L 6
Minia (n+1j (6)
Proof.
e k
W, =B ) = k!(n—ﬂj

Theorem 5. If X random variables have exponential distribution with 6 mean parameter (i.e., if Eq. (1)

then), the (k+1)"™ moments of X, , is given by

. 0
W = (k) [—ju;zal %
n+1
Proof.
e k+1 9
kD) — B Y= (k+D))| — | =(k+1)| — |u
uln+l ( ]_n+1) ( ) n+1 ( ) n+1 Mi_n+1

Theorem 6. If X random variables have exponential distribution with 6 mean parameter (i.e., if Eq. (1)

then), the (kK +£)" moments of X, , is given by

. 0 )
2 = 0.0 22 i, ®

Proof.

N . e k+¢ e (
W0 Z E(XE) = (Kt f)!(—j (ke f)...(k+1)[—j W,
n+1 n+1

Theorem 7. If X random variables have exponential distribution with 6 mean parameter (i.e., if Eq. (1)

then), the k™ moments of X, . is given by

e k
W =k![ j ©

Ln+m

Proof.

e k
W ZE(XE, )= k![ j
n+m
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Theorem 8. If X random variables have exponential distribution with 6 mean parameter (i.e., if Eq. (1)

then), the (k+ ()" moments of X is given by

Ln+m

. IR
= e 0t 0, 10
n+m

Proof.

(

k+¢
m&z=eoqu=wk+o{—ﬁ—j =4k+0mW+D(—E—juﬁm
n+m n+m

Theorem 9. If X random variables have exponential distribution with 6 mean parameter (i.e., if Eq. (1)

then), the k™ moments of X, , is given by

k
w _[_N (k) 11
Hina ( n +1) My (11)

Proof.

0 ) 0
® — kIl —— | and u® =k =
Mynia (n +1) My n

(k) _ (k)
ul:n+l - Cl“l‘n

k k
k!(iJ :clk!(ﬁj
n+1 n

k
R L
' [n+1)

Theorem 10. If X random variables have exponential distribution with 6 mean parameter (i.e., if Eq.

(1) then), the K™ moments of X, . is given by

Ln+m

k
n
=] 2 @

Proof.

k k
mmm=k( 0 j mdm2=k{9j
n+m n

(k) _ (k)
Minsem = CZl'll:n
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Theorem 11. If X random variables have exponential distribution with 6 mean parameter (i.e., if Eq.

(1) then), the (k + €)™ moments of X, , is given by

k+(¢
+ n +
2 =0 g 03

Proof.

k+( k+(
) = (k+f)![ij and ) = (k+f)![9]
n+1 ' n

(k+0) _ (k+0)
Wing = Csul:n

(k+€)!( 0 j+ :cs(k+f)!(9j+
1 n

n+
k+(
c = n
* {n+1

Theorem 12. If X random variables have exponential distribution with 6 mean parameter (i.e., if Eq.

(1) then), the (K + €)™ moments of X, is given by
n k+(
e (19
n+m

Proof.

(k+0) 0 Kt (k+0) 0 k+(
o =K+ 0 —— 1  and pi? =(k+0)! =
n+m n

(k+0) (k+0)

M]_'n+m = C4“:L'n

(k+1z)!(i] + :c4(k+f)!(9) +
n+m n

k+(
o [
* ln+m
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Theorem 13. If X random variables have exponential distribution with 6 mean parameter (i.e., if Eq.

(1) then), the (k +£)" moments of X, is given by
k
(0 _ (k+€)...(k[+1) o N e (15)
(n+m) n+m

Proof.

0 6 k+( © e k
W =K+ ——| and p’ =kl —
n+m n

(k+0) _ (k)
Winem = Csul:n

kv = j”:cskg[ﬁj
n+m n

. :(k+€)...(k+1)e(( n ]k

® (n+m)‘ n+m

Theorem 14. If X random variables have exponential distribution with 6 mean parameter (i.e., if Eq.

(1) then), the (k + €)™ moments of X, is given by

+ n+m)~
M = (K+0)...(k+1)0° (nTz)M‘k’ (16)

In+m

Proof.

0 e k+( © e k
MJ_'n = (k + f)I - and ”’1:n+m = kl
n n+m

(k+0) __ (k)
“':L'n - C6“].'n+m

ke 2] —cp -2
n n+m

k
c, =(k+ﬁ)...(k+1)e‘(”n+T”[‘)

3. CONCLUSION

In this study, the k™ moments of X, and some recurrence relations related to this k" moments are

presented. The recurrence relations for the moments of minimum order statistics are important in the
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theory of order statistics. The moments of minimum order statistics can be obtained by some other

moments of minimum order statistics.

REFERENCES

[1] Arnold B.C., Balakrishnan N. and Nagaraja H.N., A First Course in Order Statistics, John Wiley,
New York, 1992.

[2] Malik H.J., Balakrishnan N. and Ahmed S.E., Recurrence Relations and Identities for Moments of
Order Statistics-1: Arbitrary Continuous Distributions, Commun. Statist.—Theo. Meth., 17 (1988)
2623-2655.

[3] Samuel P. and Thomas P.Y., An Improved form of a Recurrence Relations on the Product Moments
of Order Statistics, Commun. Statist.—Theo. Meth., 29 (2000) 1559-1564.

[4] Thomas P.Y. and Samuel P., A Note on Recurrence Relations for the Product Moments of Order
Statistics, Statistics & Probability Letters, 29 (1996) 245-249.

[5] Balakrishnan N., Malik H.J. and Ahmed S.E., Recurrence Relations and Identities for Moments of
Order Statistics-11: Specific Continuous Distributions, Commun. Statist.—Theo. Meth., 17 (1988)
2657-2694.

[6] Ragab M.Z., Generalized Exponential Distribution: Moments of Order Statistics, Statistics, 38
(2004) 29-41.

[7] Thomas P.Y., On the Moments of Extremes from Generalized Gamma Distribution, Commun. Statist.—
Theo. Meth., 25 (1996) 1825-1836.

[8] David H.A. and Nagaraja H.N., Order Statistics, 3" edn., John Wiley & Sons, New York, 2003.

[9] Bekei M., Recurrence Relations for the Moments of Order Statistics from Uniform Distribution,
Scientific Research and Essay, 4-11 (2009) 1302-1305.

[10] Khan R.U., Kumar D. and Athar H., Moments of Generalized Order Statistics from Erlang-Truncated
Exponential Distribution and Its Characterization, Int. J. Stat. Syst., 5-4 (2010) 455-464.

[11] Khwaja S.K., Athar H. and Nayabuddin, Recurrence Relations for Marginal and Joint Moment
Generating Function of Lower Generalized Order Statistics from Extended Type | Generalized
Logistic Distribution, J. Appl. Stat. Sci., 20-1 (2012) 21-28.

[12] Ismail A.A. and Abu-Youssef S.E., Recurrence Relations for the Moments of Order Statistics from
Doubly Truncated Modified Makeham Distribution and Its Characterization, Journal of King Saud
University-Science, 26 (2014) 200-204.

[13] Nayabuddin and Athar H., Recurrence Relations for Single and Product Moments of Generalized
Order Statistics from Marshall-Olkin Extended Pareto Distributions, Comm. Statist. Theory
Methods, 46-16 (2017) 7820-7826.

[14] Zarrin S., Athar H. and Abdel-Aty Y., Relations for Moments of Generalized Order Statistics from
Power Lomax Distribution, J. Stat. Appl. Pro. Lett., 6-1 (2019) 29-36.



Caumihswriyet Sclionce Jornal
cs)

e-1SSN: 2587-246X

ISSN: 2587-2680 Cumhuriyet Sci. J., Vol.40-3 (2019) 708-714

Winter Season Analysis of Global Warming Impact on Sivas Province

Mustafa ERTURK "2/ Kenan BALCI "%, Can COSKUN 3
Y Balikesir University, Balikesir Vocational School, Department of Electricity and Energy, Balikesir, TURKEY
2 Recep Tayyip Erdogan University, Turgut Kiran Maritime Faculty, Rize, TURKEY
8 [zmir Democracy University, Faculty of Engineering, Mechanical Engineering Department, Izmir, TURKEY

Received: 07.10.2018; Accepted: 27.09.2019 http://dx.doi.org/10.17776/csj.468064

Abstract. The climate has undergone various levels of change since the existence of the Earth. With the
industrial Resolution, humankind has begun to be influential in climate change. Industrial revolution lead to
unsteady greenhouse gases emissions that led to the global warming and consequent climate change impacts at
different scales in various regions of the world. Accordingly, the seasonal periods started to change especially
for seasons of Spring and Fall and consequently undesirable changes in the natural events started to occur such
as excessive rain, outdoor temperatures above seasonal normal levels. Nowadays, global climate change is one
of the most significant problems that mankind has to front with respect to its results. Due to global warming the
Turkish province of Sivas is in a sensitive position because of its location. In this study, Sivas province is studied
in terms of monthly and seasonal temperature trends. The temperature trends are analyzed by the use of linear
regression techniques and the results indicate a significant rise in temperature trends.

Keywords: Sivas, Global climate change, Temperature, Winter seasons.

Kis Sezonunda Sivas Ilinin Kiiresel Isinma Etkisinin Incelenmesi

Ozet. Diinyanin varolusundan giiniimiize iklim birgok defa degisim gostermistir. Sanayi devrimi ile birlikte
insanoglu iklim degisikligi tizerinde etkili olmaya baglamistir. Sanayi devrimiyle birlikte atmosferdeki sera
gazi miktarinin siirekli olarak artmasi diinyanin kiiresel olarak isinmasina neden olmustur. Bu durum gegis
mevsimleri (ilkbahar, sonbahar) siirelerinin azalttig1 igin yeryiiziinde istenmeyen doga olaylarina (asir1 yagmur,
mevsim sicakliklari iizerinde goriilen dis hava sicakliklar1) neden olmaktadir. Giiniimiizde kiiresel iklim
degisikligi, sonuglari itibariyle insanoglunun karsilastigi en 6nemli problemlerden biri olarak gosterilmektedir.
Sivas ili de konumu itibariyle kiiresel iklim degisikliginden etkilenen hassas bir konumda yer almaktadir. Bu
calismada, Sivas ili 6zelinde aylik ve mevsimlik sicaklik trendleri incelenmistir. Lineer regresyon teknikler
kullanilarak sicaklik trendleri analiz edilmistir. Sonuglar, sicaklik trendleride anlamli artisa isaret etmektedir.

Anahtar Kelimeler: Sivas, Kiiresel iklim degisikligi, Sicaklik, Kis sezonu.

1. INTRODUCTION

Fossil fuels burnings result in the emission of
carbon dioxide into the atmosphere and
contributes to global climate change by causing
greenhouse gas effect. Radical changes in fossil

fuel based technologies are necessary in order

* Corresponding author. Email address: ~ mustafaerturk65@gmail.com

to reduce this threat to the environment [1]. In
energy systems, both improvements in energy
efficiency and the use of renewable energy
sources are some of the most effective means of

reducing CO2 emission [2]. In the last five
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years, there has been an important increase in
sustainability and eco-friendly production
processes and the use of renewable energy

sources for the products [3].

The change in global temperature averages
trend does not demonstrate an equal distribution
in all geographies. The heating trend between
40° and 70° degrees north latitudes occurs at a
higher level. In the countries located at middle
and high latitudes, the effect of global climate
change is observed at a higher level [4].

Due to its regionally different climate structure,
Turkey is one of the countries, which will be
highly affected from the impacts that may occur
in relation to the global climate change.
Different regions of Turkey are impacted by the
global climate change in different ways and at
various levels. Areas that will be the most
affected from the global change appear to be the
arid, semi-arid and sub-humid regions [5].
Thus, the central Anatolia region happens to be
one of the places that will be mostly affected
due to its geographical position. In the master
thesis the changes and trends in the rainfall and
temperature data due to the global warming
process [6]. The author revealed the reality of
Turkey's global climate change. Barak (2009)
stated as a result of its semi-arid feature climate
is the biggest factor that affects the Central
Anatolia Region [7]. As known, those regions
with semi-arid climate respond to climate
changes rather quickly. In the thesis study,
Barak (2009) determined the areas, which were
locally affected from the climate change. It is
stated that some regions with steppe climate
have evolved into semi-desert steppe climate. In

some areas, evaporation rate is found to increase

and it was stated that the greatest factor that play
role in that increase is the rise in temperature.
Especially, between the years 1991-2006, the
impact of global climate change was identified

to be at the highest level.

Sivas province constitutes the basis of this study
and it is located in the Central Anatolia Region
as one of the provinces sensitive to climate
changes due to its location. As a result of this,
vegetation and natural resources are damaged to
a great extent in Sivas and Kayseri provinces.
Especially, these provinces are the main areas,
where environmental problems such as drought
and flood may occur. Moreover, this problem
leads to a great amount of pressure on water

resources [8].

In this study, temperature trends are analyzed on
monthly, seasonal and annual basis by using the
data obtained from the meteorology stations in
Turkey. An analysis is performed on what level
global climate change is effective in the winter

period in Sivas.

2. MATERIALS AND METHODS

In this study, outdoor temperatures data are
obtained from the Meteorological Service of
Turkey at meteorology stations throughout
Turkey for the trend determination in the
outdoor temperatures. The Thom test was used
to determine the degree of homogeneity of these
data series. The results of the test revealed that
in general, the data had a homogeneous
structure. Moreover, the non- parametric Mann
and Kendall correlation coefficient is used.
Subsequently, the linear trends of temperatures
are calculated for Sivas province. The linear

trend and Mann-Kendall results are evaluated.
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Python, open source software, is used to
perform the analyses. Outdoor temperature
values are analyzed in different categories with
this software. Overall, the analyses are carried
out in the form of hourly, daily, monthly and

annual bases.

2.1 Determination of Outdoor Temperature

Distributions for Sivas

The distributions obtained from the software
enabled the hourly, monthly, seasonal and

annual analyses of outdoor temperatures as

Monthly basis percentage distribution (%)

-30 -25 -20 -15 -10 -5

presented below. The monthly distribution of
outdoor temperature of Sivas province in the
winter season is given in Figure 1. It can be seen
that on a monthly basis, during the period
between November and June the outdoor
temperatures change between - 28°C and 28°C.
On the other hand, during the period between
December and March the peak point is around
0°C with a rate of 7%. Furthermore, the outdoor
temperature distribution in Sivas province

during winter season is given in Figure 2.

== November

== December
January

= February

- March

= April

Outdoor Temperature(°C)

Figure 1. The monthly distribution of outdoor temperature of Sivas province in the winter season.
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Figure 2. The distribution of outdoor temperature of Sivas province in the winter season.

The average annual winter outdoor temperatures is presented in Figure 2,and it is obvious that the most
common temperature range for Sivas province is from -1 °C to 0°C. During the winter period,
temperature occurrence is observed on the average as 218 hours in this area. The temperature range
occurrence in the winter season reaches to 56°C. When the winter period is taken into consideration, the
average temperature is at a level of 4°C. In figure 3, the fluctuation in the average temperature changes

for the last 32 years is demonstrated.

6

wn

Winter Season Average QOutside Temperature (°C)
(95}
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Duration (Year)

Figure 3. The global climate change effects on winter season average outside temperature
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2.2 The Impact of Global Climate Change on Heating

Various methods are used for determining heating energy demand. One of these methods is Degree-
Hour (DH) method. In this method, outdoor temperature data of 8760 hours is used. It is calculated in a
different way for the heating season and the cooling season. The heating DH value used in this method

can be obtained through the following formula:
DS =¥ (T =T,); for (T, <T,); (1)

In this equation, T, is the outdoor temperature and Ty, expresses the temperature taken as reference for
heating. N stands for the number of hours below the reference temperature. Heating energy demand
appears as a result when outdoor temperature falls below the reference degree. The heating DH values
are determined for Sivas and presented in Figure 4. A downward trend in heating DH values can be seen
and a level of 154 °C- hour is detected in the heating DH value in terms of the winter season. When a
value of 100142 °C DH is taken as reference for an average of 32 years, it yields to a decrease of 0.15
% on a yearly basis. On the other hand, at a period of 100 years it is possible to forecast a 15% decrease

in the need for heating energy.
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100000

95000

90000

Heating Degree-Hour (°C-hour )

85000

80000
0 2 4 6 8 o 12 14 16 18 20 22 24 26 28 30 32
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Figure 4. The change trend in heating degree-hours for the winter season

3. DISCUSSION AND RESULTS

When the data set obtained from all over Turkey the context of the Central Anatolia region seem
is examined, the two provinces which will be to be Sivas and Kayseri. When the context of

impacted by the global climate change within winter period is considered, Giiriin district is the
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most affected, in addition to Kangal, Altinyayla
and Divrigi counties in Sivas due to global
warming. As can be seen in Figure 5, within a
100 year perspective for Sivas, it can be
forecasted that the temperature rise will be
between 3.1 °C and 3.9 °C during the winter
season. With the impact of global climate
change, the average temperature in winter is
predicted to rise from 4 °C to 7°C or 8 °C in the
context of counties. This temperature increase
within Sivas is at a level far above the average
temperature rise in winter in Turkey. In the

context of the winter season, when Turkey is

regarded as a whole, provinces that require
precautions are Sivas, Kayseri, Malatya, and
Kahramanmaras. The governors of these four
provinces may gather and form a platform and
take common actions about global climate
change. With this platform, a program and
structure can be established that will make the
most of government subsidies as the provinces
that are most affected by the global climate
change. Within Sivas context, detailed studies
may be carried out in order to detect the effects

of global climate change on economic activities.

Temperature Rise Scale

00ile 14~
14ile 22 ¢
221le 26 °
26ile 29 *
29ile 3.1 °

31ile 33 *
33ile 35 ¢
35ile 39 ¢
39ile 47 ¢
Ml :7ile60-

WL [
BE00

Figure 5. Map of future average outdoor temperature change over 2018-2118 period for the winter season

As known, the economic activities in Sivas are
based on agriculture to a great extent. It is
known that 70% of the economically active

populations work in the agricultural sector.

After agriculture, livestock farming comes in
the second place as a source of income. In terms
of agricultural production, grains and legumes

are very important. The amount of cereal
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products varies each year in relation to seasonal
conditions and they are most affected by the
global climate change. The main agricultural
products are wheat, rye, beans, lentil, sugar beet
and potatoes. During the last few years, there
has been a decrease in the wheat production due
to the rising effects of global climate change.
This shortage in wheat production causes an
increase in the cost of bread and this triggers
food inflation. The decline in wheat production
affects not only Sivas, but Turkey in general. By
establishing a common platform for Sivas,
Kayseri, Malatya and Kahramanmaras cities,
public and statewide awareness may be raised.
After detecting the problem, action might be
taken. The aim of this study is to provide a spark
for these four provinces, which are the most
affected ones by the negative impacts of global
climate change, and hence, it is necessary, to
take action and lessen from these negative
effects. By the pioneering role of the
universities in these aforementioned provinces,
they may act together and this may inspire the

state to act immediately on this issue.
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Abstract. In this study, the protein content of the bread, that is also known as rich in carbohydrate content, is
enriched by using strip loin beef (M. longissimus dorsi) powder as the additive. In order to meet the daily
protein needs of individuals, bread was prepared with the addition of certain amounts (3%, 5%, 7%, and 10%)
of beef minced powder to the wheat flour. The protein content of the bread samples with the addition of strip
loin beef (M. longissimus dorsi) powder were increased from 14.41%, 16.03%, 17.43% and 20.33% for
enriched bread, respectively. The total colour darkness of the interior of the bread was increasing with the
increasing level of strip loin beef (M. longissimus dorsi) powder. Extensograph analysis, amylograph analysis,
gluten, gluten index, sedimentation, delayed sedimentation, moisture (%) and ash (%) analysis were
performed in enriched bread flours. As a result of physico-chemical, rheological and microbiological analysis,
it has been determined that protein content increases due to the enrichment rate of meat powdered bread.
Sensory analysis questionnaire was conducted to determine the acceptability of the breads by consumers.
According to the survey; Questions were asked about the external properties of the bread (crust texture, crust
color, form in general), and internal properties (texture, color, chewability, pore structure, taste and odor). The
aim of this research is to increase the protein content of bread and to develop an alternative new product that
can be consumed by consumers.

Keywords: Bread, strip loin beef, microbial quality, protein.
Ekmek Zenginlestirmede Dana Kontrfile (M. Longissimus dorsi) Tozunun
Kullanim ve Bazi Kalite Parametrelerinin Belirlenmesi

Ozet. Bu calismada, karbonhidrat icerigi bakimindan zengin olarak bilinen ekmegin protein icerigi, katki
maddesi olarak kiyma haline getirilmis kontrfile (M. longissimus dorsi) tozu kullanilarak zenginlestirilmistir.
Bireylerin giinliik protein ihtiyacini kargilamak i¢in, bugday ununa belirli miktarlarda (%3, %S5, %7 ve %10)
kiyma tozu ilavesiyle ekmek hazirlanmistir. Dana kontrfile (M. longissimus dorsi) tozu ilavesi ile ekmek
numunelerinin protein igerigi, sirasiyla %14.41, %16.03, %17.43 ve %20.33 arttirilmistir. Ekmegin i¢
kismindaki toplam renk koyulugu, dana kontrfile kiyma (M. longissimus dorsi) tozu ile artmustir. Ekstensograf
analizi, amylograph analizi, gliiten, gliiten indeks, sedimantasyon, gecikmeli sedimantasyon, nem (%) ve kiil
(%) analizleri zenginlestirilmis ekmek unlarinda yapilmistir. Fiziko-kimyasal, reolojik ve mikrobiyolojik
analizler neticesinde kiyma tozlu ekmegin, zenginlesme oranina bagli olarak protein igeriginin arttig1
belirlenmistir. Uretilen ekmeklerin, tiiketiciler tarafindan kabul edilebilirligini tesbit etmek amaciyla duyusal
analiz anketi yapilmistir. Ankete gore; ekmegin dig Ozellikleri (kabuk tekstiirii, kabuk rengi, genel olarak
sekli), ve i¢ oOzellikleri (tekstlr, renk, ¢ignenebilirlik, gozenek yapisi, tat ve koku) ile ilgili sorular
sorulmustur. Bu aragtirma ile ekmegin protein orani arttirtlarak, tiiketiciler tarafindan tiiketilebilecek alternatif
bir yeni iiriin gelistirilmesi amaglanmistir.

Anahtar Kelimeler: Ekmek, kontrfile, mikrobiyolojik kalite, protein.
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1. INTRODUCTION

Nutrient intake of the individual is influenced by
the nutrient consumption that is used in
connection with the habit of eating, economic
reasons, mental state, cultural structure, climate
condition, appetite and diseases [1]. Nutrition is
very important for the individual's body, soul and
mental health to be good and to maintain this
condition. A balanced diet is known as the
consumption of food components by the
appropriate amount and type. People are required
to take the basic compounds they need regularly
with their food. Otherwise, the human body has to
meet the missing compounds from the stores in
the body. Nutrients must be consumed in a
sufficient and balanced way with the basic
condition of healthy living. This will reduce
disability, premature death and diseases that may
occur with nutritional deficiencies [2.3].

All of the countries in the world consume
nutrients of vegetable origin more than the animal
origin for calorie consumption. In developed
countries, nutrients from animal origin are
consumed more to meet protein needs. In our
country, a large part of the daily energy need is
obtained by bread consumption [4].

In bread making, wheat flour, yeast, salt and water
in a certain ratio are mixed, kneaded and the
resulting dough is cooked after fermentation [5].
The bread has nutritious and satisfying properties
as well as being easily supplied and cheap. In
addition, the fact that the bread has a unique
neutral flavor allows it to be consumed together
with other foodstuffs [3].

Bread with a high energy level and carbohydrate
content cannot meet the body's need for vitamins,
proteins and minerals. However, cereals are not
sufficient in terms of essential amino acids,
compared to animal nutrients [6].

Meat proteins with more nutritive value than
vegetable proteins contain a balanced and
sufficient amount of exogenous amino acids that
the organism cannot synthesize and must be taken

substances such as vitamin B12, phosphorus,
sodium, potassium, iron, magnesium and zinc. In
terms of healthy nutrition, it is important to
provide at least 40-50% of the daily protein
requirement with animal proteins [7].

In this study, it is aimed to increase the protein
content of the bread that can be consumed every
meal and investigate some chemical and
microbiological properties of bread produced
using wheat flour and strip loin beef powder. In
addition, the effects of strip loin beef powder,
which is used at different rates during bread
production, on the quality changes caused by the
storage period were also investigated. In the
literature, bread experiments were made by using
different the enrichment components [8-16].
However, there is no study on using strip loin beef
in the enrichment bread.

2. MATERIALS AND METHODS

2.1. Materials

In this study, the sample of beef loin meat
obtained from butchers and grocery stores in
Giresun province was brought to the laboratory by
protecting the cold chain. After the meat sample
was minced in a meat grinder, the beef loin
sample was dried at 150 °C in the drying cabinet
for 2 hours. The dried minced meat samples were
powdered by blender. In the study, the reason for
the use of beef loin is to minimize the fat content
and to minimize the quality losses of the minced
meat. In addition, wheat flour obtained from
Ulusoy Un A.S. (Samsun) and instant dry yeast,
salt, sugar, oil (riviera olive oil), water (packaged)
are used in bread production. No additives were
used in bread production. Fakir Pane Deluxe
bread baking machine, 500 g program and dark
color setting were used for bread baking
experiments.

with  foodstuffs. It also contains mineral

Table 1. Dough formulations prepared for bread production

. . Strip Loin
Enrichment Flour Salt Oil

Water (ml Yeast Sugar Beef Powder

0% 463 330 6 3 28 10 0
3% 448 330 6 3 28 10 15
5% 438 330 6 3 28 10 25
7% 428 330 6 3 28 10 35
10% 413 330 6 3 28 10 50
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2.2. Methods

The ash [17] and moisture [18], gluten [19],
gluten index [20], sedimentation [21] value of
flour samples were determined according to ICC
Standard Methods. The amylograph [22] and
extensograph [23] analysis were conducted to
examine the rheological properties of dough.

The protein content of the whole bread samples
was measured according to the AACC method
24].

[Bre]ad made from bread-baking machine, was
analyzed in terms of pH [6], water activity (aw)
(Aqua Lab Dew Point Water Aktivity Meter,
4TE,USA), moisture [6], protein [6], color
(HunterLab, Reston, Virginia, USA) and
microbiological (yeast-mold) [25] qualities. After
being divided into slices (2 cm thickness), the
bread was packed in a room conditions (+18°C-
(+24 °C) for 3 days. Bread was analyzed on the
18t 2M 3 and 4" days of the preservation and
quality changes were examined day by day. The
study was carried out in three parallel with two
replications.

2.3. Sensory analyses

Control and meat powdered bread were scored on
the first day of production by 9 different panelists
according to sensory ratio scale. In the
questionnaire, control group and meat powdered
bread; questions were asked about crust texture,
crust color, general form and inner texture, inner
color, chewability, pore structure, taste, odor and
overall acceptability. Survey of the questionnaire
is numbered as 1 (poor), 4 (excellent). The survey
panel group consisted of 9 randomly selected
participants.

2.4. Statistical analysis
Data were analyzed using One way ANOVA and
Duncan’s post hoc tests by using IBM SPSS 24
software (SPSS Inc., Chicago, IL, USA) with a
significance level of 5%.

3. RESULT AND DISCUSSION
3.1. Results

Table 2. Analysis results of wheat flour enriched with strip loin beef powder

Strip Loin Beef . .

Powder  Additive Gluten IGnléjgin gﬁdlmentatl Moisture (%) Ash (%)
Rates

0% 28,960,582 88 +1 42 122 13,45+0,242 0,54+0,05°
3% 30,750,962 90 +2 38 42 13,11+0,172 0,61+0,03%
5% 31,12+1,6% 9345 36 +1be 13,07+0,16%¢ 0,68+0,04%
7% 33,63+1,78P 93 1 331°¢ 12,80+0,22% 0,72+0,04%
10% 34,55+2,61° 94 +4 32 +14 12,59+0,05¢ 0,80+0,09¢
P 0,013 0,196 0,000 0,002 0,000

*: The difference between the averages (+; standard deviation) is significant indicated in different letters in the

same column (p<0.05).

Table 3. The results of extensograph analysis of wheat flour enriched with strip loin beef powder

Mincer

Powder 2 Elongation Elongation Max. Resistance . .
Additive Energy (cm?) Resistance (BU)  (mm) (BU) Ratio Max. Ratio
Rates

0% 109,+£32 571,434 134,49 666,50+15,5% 4,45+035 5,20:£0,2
3% 107,50+2,52 5214472 128,50+1,5 651,£192 3,90+0,6 4,90+0,5
5% 100,50+5,5b 501,£93 128,50+6,5 611,29 3,95+0,25 4,75+0,15
7% 94,50+2,5b 478 +14P 128,+1 592,50425,5¢ 3,85+0,15 4,75+0,25
10% 94,£63 472,50+£38,5% 125,50+1,5 585,+373¢ 3,70+0,3 4,55+0,35
P 0.003 0.022 0.397 0,005 0,197 0,214

* The difference between the averages (+; standard deviation) is significant indicated in different letters in the

same column (p<0.05).
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Table 4. Results of amylograph trials of strip loin beef powder additional wheat flour

0% 3% 5% % 10% P
Max. gelatinization (AU) ~ 906+112 775+2.55 706£3¢  666+12.59 608+3.5¢ 0.000

*: The difference between the averages (+; standard deviation) is significant indicated in different letters in
the same row (p<0.05).

Table 5. Ash and protein content of bread enriched with strip loin beef
powder at different rates

Addition Rate (%) Ash content (%) Protein content (%)

0% 0,69 £0,0152 13,87 + 0,052
3% 0,83 + 0,003 1441 +0,412
5% 0,88 +0,007¢ 16,03 +0,15°
7% 0,92 + 0,009 ¢ 17,43 +0,15¢
10% 1,06 + 0,030 ¢ 20,33 + 0,254

a, b, c, d : The difference between the averages (+; standard deviation) is
significant indicated in different letters in the same column (p<0.05).

Table 6. pH, moisture and aw values of bread enriched with different addition rate

£ Storage
‘éi Period Rate 0% Rate 3% Rate 5% Rate 7% Rate 10%
£ (days)
0 4,59 + 0,032 4,63 +0,02%® 4,67 +0,07™ 4,80 + 0,08° 4,83 +0,02¢
T 1 4,50 + 0,102 4,74 +0,05P 4,73 +0,11° 4,81 + 0,04 4,79 +0,05P
o 2 452+0,412 4,81 +0,11° 4,81 +0,10° 4,81 +0,03P 4,89 + 0,05
3 4,12 +£ 0,052 4,62 +0,16° 491 +0,08° 4,74 + 0,07 4,92 £0,05°¢
o 0 36,57+0,36"2 37,80+0,3040 39,52+0,36¢ 40,32+0,16Ad 40,99+0,12Ad
2 1 37,45+0,2482 38,80+0,2380 39,39+0,21A¢ 40,97+0,158¢ 41,28+0,21A
5] 2 38,52+0,36C2 39,25+0,158P 40,39+0,228¢ 41,77+0,21¢d 42,81+ 0178¢
Z o 3 40,50+0,0402 41,51+0,47¢P 42,37+0,23%¢ 43,67+0,19°¢ 4530+0,21°¢
0 0,96 + 0,002 0,97 £ 0,003 0,97 + 0,005 0,98 + 0,003 0,98 + 0,002
> 1 0,98 £ 0,004 0,98 + 0,005 0,99 £ 0,004 0,98 = 0,005 0,99 £ 0,010
«© 2 0,98 + 0,008 0,98 £ 0,002 0,99 = 0,003 0,99 = 0,005 0,99 £ 0,005
3 0,998 + 0,001 0,998 + 0,001 0,998 + 0,001 0,998 + 0,001 0,998 + 0,001

A, B, C, D; The difference between the averages (+; standard deviation) is significant indicated in different letters
in the same column (P<0.05).
a, b, ¢, d, e; The difference between the averages (+; standard deviation) is significant indicated in different letters

in the same row (P<0.05).

Table 7. L *, a *, b * values of the inside of bread enriched with different addition rate

=
3
© Storage Period
2 (days) Rate 0% Rate 3% Rate 5% Rate 7% Rate 10%
0 77,44 +£0,757 70,58+0,074 68,64 £0,404° 66,18+1,96Ad 67,53+0,334¢
1 75,67 +1,0988 69,32+2,408b 65,71 £0,528¢ 63,14+1,878d 62,79 £1,808¢
2 72,26 £0,18%  67,20+2,04%2 64,38+0,5180 62,62 £2,31C  62,44+1,7084
L* 3 70,22 +1,4752 67,48+2,47050 65,53 £0,71¢¢ 64,31+2,17°4 60,27 £2.21C¢
0 2,02 +0,3142 3,54+ 0,167 4,36 +0,074° 5,49 + 0,08Ad 6,67 £0,19%¢
1 1,62 £0,572 3,24 +£ 0,554 3,88 £0,29A8¢ 5,23 +0,33Ad 6,19 £0,234¢
2 1,70 £ 0,15%2 2,55+0,1280 3,69 +0,328¢ 5,02 £ 0,398d 6,03 +£0,26"¢
a* 3 1,53 +0,1682 2,56 +0,07¢P 3,63 +0,10¢¢ 4,96 +0,57¢ 6,05 + 0,568¢
0 22,18 £0,48%2 24 39+0,54A 25,50 £0,55”¢ 25,94 +0,80A°  25,65+0,29Ad
1 21,22 £1,9082  23,03+],7480 23,72 £0,278¢  23,27+1,33Ad 24,44 +1,248e
2 21,66 +2,25¢ 23,18+1,6680 23,53 +£1,088¢ 23,69 +0,58B¢ 24,10+0,218d
b* 3 20,96 +0,1202  22.29+0,81¢P 23,09 £0,30C¢ 23,10 £0,29°¢ 24 35+0,77¢

A, B, C, D; The difference between the averages (+; standard deviation) is significant indicated in different letters in
the same column (P<0.05).

a, b, ¢, d, e; The difference between the averages (+; standard deviation) is significant indicated in different letters in
the same row (P<0.05).

b * values with the increase of the enrichment rate of bread samples.
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Table 8. Yeast-mold values of bread enriched with different addition rate (cfu/gr)

Storage  Period

Rate
2 (days)
3
o
o 0% 3% 5% 7% 10%
= 0 NG NG NG NG NG
o
= 1 NG NG 2,49 +0,07A 2,42+0,054¢ 3,11£0,03Ad
9 2 2,13 £0,05%2 2,99 +0,06A 3,12 +0,078¢ 3,56 +0,028¢ 3,69 +0,098¢
(5]
> 3 3,32 + 0,058 435+0,078 4,45 +0,05C 4,46 + 0,03 472 +0,07¢

A, B, C, D; The difference between the averages (+; standard deviation) is significant indicated in different letters in the

same column (P<0.05).

a, b, ¢, d, e; The difference between the averages (+; standard deviation) is significant indicated in different letters in the

same row (P<0.05).
NG; Not Growing

Table 9. Sensory properties of bread samples

Sensorial Properties

Additional Rate

0% 3% 5% 7% 10%

Crust texture 3,11 +£0,6 3,56 + 0,532 3,78 +0,44P 3,33 +0,5% 3,44 + 0,532
Crust color 322+0,67%  344+053%  3,56+0,732 3,11+£0,780 3,56+ 0,532
General form 3,56 +0,53®  3,.89+0,33P 3,67+0,5P 3,33 +0,5% 340,52
Inner texture 3444053 356+0,53%  3,56+0,532 341,122 2,89 £ 0,6
Inner color 3,67 0,52 3,890+£033% 3,78 +0,44 3,67 £0,5 2,44 +0,53b
Chewability 3,67 £0,52 3,67 +£0,52 3,33 +£0,52 3+0,5% 2,33 +£0,5°
Pore structure 3,67 £0,52 3,44 + 0,532 3,11 +0,93% 3,33 +£0,5% 2,56 +0,53P
Taste and odor 3,56 £ 0,532 3,44 + 0,532 2,89 + 0,6 3,11 +1,17% 2,67 +0,5°
Overall acceptability 3,78 + 0,442 3,56 + 0,532 3,33 £ 0,5 3+0° 240,59

a, b, ¢, d, e; The difference between the averages (+; standard deviation) is significant indicated in different letters in

the same row (P<0.05).

3.2. Discussion

As a result of gluten index analysis, it was
observed that gluten content increased as the
percentage of minced meat increased. This can be
explained by the fact that powder particles are
large enough to pass through the gluten sieves
during analysis. However, if only the gluten
content was increased due to this situation, the
gluten of 3% strip loin beef powder dough should
be 30.75. As a result of the analysis, a high result
such as 34.55 can be explained by the possibility
that the meat proteins cannot dissolve in salt water
and even increase the rate of gluten by binding to
water, or another component that is insoluble in
salt water. This result may also be due to the fact
that the minced meat pieces absorb water due to
having very low moisture content.

Extensograph results showed that there was a
decrease of 1% in dough samples in water lifting
capacity. According to the result of the analysis,
the excess of water that was bound by gluten
during the washing was not shown here. This may
be due to the fact that the minced meat used in the
enrichment can remove as much water as the

water removed by the flour it replaces. In
addition, although the protein content has
increased, it is possible to say that the loss of
starch may be caused by such a loss.

In addition, according to the extensograph results,
it can be stated that the rheological quality of the
dough decreases as the rate of fortification
increases. In all of the dough with strip loin beef
powder, extensibility is lower than the
extensibility of the control group dough. Thus, it
was observed that resistance, elasticity and total
energy have decreased gradually.

When the amylograph results of the enriched
dough samples were examined, it was observed
that the maximum level was gradually decreasing,
which could be explained not by the increase of
alpha amylase enzyme, but by the decrease of the
starch ratio as the rate of minced meat increased.
In addition, it was observed that the peak levels
decreased as the starch ratio decreased. Viscosity
increases were determined before gelling in 10%
minced meat dough sample.

In the dough samples, the moisture content has
decreased as the percentage of the enrichment
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increases, which can be explained by the fact that
the dried minced meat sample has very low
moisture content.

The amount of ash increased as the percentage of
additives increased, which could be related to the
fact that the presence of mineral material in the
wheat flour with dried strip loin beef powder was
higher than the content of wheat flour.

As the fortification percentage increased, the
sedimentation values gradually decreased. It can
be stated that the worsening of the rheological
properties due to the enrichment rate in the
extensograph analysis is also confirmed by the
sedimentation.

As the amount of the strip loin beef powder added
increased, protein content of the enrichment bread
increased. The protein ratio of the bread in the
control group (0%) was 13,87%, while the protein
content of the bread with 10% strip loin beef
powder was increased to the highest value with
20,33%. These results show parallelism with
Dursun et al. [26] that uses mined fish as additive.
Mohammed et al. [27] determined that the
increase in the amount of ash in the samples of the
additive bread depending on the addition rate.

In addition, Mohammed et al. [27] found an
increase in the amount of protein depending on
the rate of addition. These results are in parallel
with our study.

Dursun et al. [28] stated that the amount of
protein increased due to the rate of minced fish
addition bread. Cakmak et al. [29] stated that the
amount of protein increased due to the
contribution rate of white and whole wheat bread
with chicken meat added. Accordingly, the
increase in protein value of bread as a result of the
addition of animal protein shows parallelism with
our results.

Cakmak et al. [29] observed that the increase in
the amount of moisture content and water activity
of both bread varieties increased as the amount of
wheat and whole wheat flour breads increased in
different ratios. The results of our study are in
parallel with the results of the researchers.

Found values in Dursun [30] for the simple bread
study shows parallelism with the control group of
our study for the protein content, but the ash ratio

and pH value were found lower as a result of our
analysis.

Mohammed et al. [30] stated that the L* color of
the chickpea flour bread decreased due to the
increasing contribution rates, the product got a
darker color and the a* and b* values increased.
The results obtained by the researchers are in
parallel with our study.

Dursun [26] stated that L* value decreased and
the inner color was darker than the control bread
with the increase of the substitution rate of the
inner color of the bread samples enriched with
fish meal. It can be stated that there is a decrease
in L *, a * according to the addition ratio and that
yeast-mold growth was not detected in all bread
samples on the first day of bread production (first
day of storage, 0" day).While the number of
yeast-molds was not determined on the 1st day
0% and 3% added bread, an increase was
observed depending on the enrichment rate and
storage time. According to Turkish Food Codex
Microbiological Criteria Regulation [31] 0% and
3% dough bread 0., 1. and on the second day
yeast-mold value was found to be suitable for
consumption. According to the same regulation,
5% and 7% enriched bread was suitable for
consumption in terms of yeast and mold values on
day 0 and day 1, while bread with 10% added was
found to be suitable for consumption only on day
0. On other days of storage, bread cannot be
consumed in terms of yeast and mold. This case
may be related to the use of strip loin beef powder
as an enriching agent. In the questionnaire, control
group and meat powdered bread; questions were
asked about crust texture, crust color, general
form and inner texture, inner color, chewability,
pore structure, taste, odor and overall
acceptability. Survey of the questionnaire is
numbered as 1 (poor), 4 (excellent). The sensory
parameter scores are shown in Table 9. Significant
differences were observed between bread samples
in terms of sensory properties (P <0.05). The most
admired by the panelists was bread with 3% meat
powdered and the least liked bread with 10% meat
powdered. It is more appreciated than additive-
free bread. This can be explained by the fact that
as the meat additives rate increases, the taste of
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minced meat is more perceived as a result of the
loss of traditional taste.

4. CONCLUSION

It can be stated that the addition of strip loin beef
powder with the wheat flour does not improve the
rheological properties of the dough as desired and
the dough lost their processing properties as the
fortification rate increases. If different methods
can be used to bring the dough rheology to the
appropriate condition in the bread to be used as
the additive, the negative factors resulting from
the fortification can be prevented and thus the
high dough quality can be ensured. However,
different amounts of strip loin beef powder added
to the bread dough provided the production of
bread with high protein content. It can be stated
that the nutritional value of bread will increase
with increasing protein content. These properties
must be further improved for consumer
acceptability. An alternative product rich in
protein content has emerged by using red meat
and wheat flour which has a very important place
for human nutrition. Strip loin beef powder bread
can be used as an alternative product that provides
the protein and energy requirements of the
individual by closing inadequate protein deficit of
wheat flour with red meat that has high protein
value and utilization rate.

The literature on using this study is limited and
further research is needed. This study will
contribute to further studies on this subject.
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Abstract. Herein, synthesis of two homopolymers namely, poly-2,2'-(9,9-dioctyl-9h-fluorene-2,7-
diyl)bisthiophene (PBT), poly-pyrrole-3-carboxylic acid (PP3CA) and fluorene and pyrrole comprising five
novel copolymers (CoP1, CoP2, CoP3, CoP4, CoP5) were electrochemically synthesized. Each electrolytic
solution was prepared with different monomer feed ratios to investigate the effect of comonomer ratio on
electrochromic and electrochemical properties. After synthesis, homopolymers and copolymers were compared
in terms of their electrochemical, spectroelectrochemical and colorimetry properties. The number of studies on
electrochromic characterization of pristine P3CA group was limited in literature, hence in this study P3CA was
electrochemically inserted into the polymer chain via copolymerization.CoP1 with 1:1 (BT: P3CA) monomer
feed ratio exhibited the lower optical band gap and red shifted neutral state absorption compared to PP3CA,
additionally light yellow color of PP3CA turned out to be multichromic for CoP1with the insertion of BT unit
via electrocopolymerization.

Keywords: Fluorene, pyrrole, copolymerization, electrochromism

Fluoren ve Pirol iceren Kopolimerler: Kopolimer Besleme Oramimin Elektrokimyasal ve
Elektrokromik Ozellikler Uzerine Etkisi

Ozet. Bu galismada, poli-2,2'-(9,9-dioktil-9h-fluoren-2,7-diyl)bistiyofen (PBT) ve poli-pirol-3-karboksilik asit
(PP3CA) olarak adlandirilan iki polimerin ve ayrica fluoren ve pirol gruplarini igeren 5 tane yeni kopolimerin
(CoP1, CoP2, CoP3, CoP4, CoP5) sentezi elektrokimyasal yontemlerle gerceklestirilmistir. Kopolimer
¢ozeltileri BT ve P3CA monomerlerinin farkli besleme oranlarinda karisimi ile hazirlanarak, monomer besleme
oraninin kopolimerin elektrokimyasal ve elektrokromik 6zellikleri lizerine etkisi incelenmistir. Elektrokimyasal
polimer sentezlerinin ardindan tiim homopolimer ve kopolimerlerin elektrokimyasal, elektrokromik ve
kolorimetrik galigmalart yapilmistir. Literatiirde P3CA monomerinin elektrokromik ¢alismalarinin az olmasi
nedeniyle, bu yapt BT monomeri ile beraber kopolimer zincirine katilmistir. Kopolimerler iginde, 1:1 (BT:
P3CA) monomer besleme orani ile hazirlanan CoP1 kopolimeri, PP3CA homopolimeri ile kiyaslandiginda daha
distik bant aralig1 ve multikromik 6zellikler géstermistir.

Anahtar Kelimeler: Fluoren, pirol, kopolimerizasyon, elektrokromizm

1. INTRODUCTION

Electrochromic polymers are types of organic structure of the polymers. Although many

materials which can change their colors with
applied potential have gained a great attention in
recent years especially for many display and
optoelectronic  applications. In  addition,
electrochromism could be achieved with very low
potential difference which strongly depends on the
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©2016 Faculty of Science, Sivas Cumhuriyet University

inorganic molecules and organic compounds were
widely used as electrochromic materials, organic
conducting polymers (CPs) have drawn great
interest due to their superior properties, such as
relatively low cost, easy structural modification via
chemical synthesis, color tunability, fast switching
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time and high coloration efficiency [1-5]. As a
result of these attractive properties, CPs have been
used not only for electrochromic applications but
also in wide range of technological areas such as
organic photovoltaics (OPVs), organic light
emitting diodes (OLEDs), field effect transistors
(FETS), sensors and super capacitors (SCs) over the
last two decades [6-10]. In order to use the CPs for
the abovementioned applications, the value of the
band gap and corresponding HOMO-LUMO
energy levels are crucial factors. In recent years,
the synthesis of multipurpose smart polymers with
enhanced electronic and optical properties are the
main purpose of the researchers in this field and
this purpose can be achieved with controlling the
structural alterations [11].

In literature, bond length alternation, planarity,
interchain alternation, resonance effect, diverse
pendant groups and donor-acceptor theory were
well known strategies for controlling electronic and
optoelectronic features of CPs, however donor-
acceptor approach is considered as the most proper
one to design CPs with unique and enhanced
physicochemical properties. [12-14] Combination
of different donor and acceptor units in the polymer
backbone yields multipurpose copolymers with
enhanced electrochemical and optical properties
such as switching time, neutral and oxidized state
colors and coloration efficiency. Another popular
strategy  for  structural  modification s
copolymerization of different monomers. Via
copolymerization, physicochemical behaviors
could be altered easily and the units which can not
be polymerized could be inserted into the polymer
backbone [15,16]. Copolymerizationcan be
performed via chemically or electrochemically in
the presence of at least two comonomers with
different monomer feed ratios. When compared to
chemical copolymerization, electrochemical one
has some certain advantages such as simplicity,
easy and fast polymer synthesis and synthesis of
well adhered copolymer film on an electrode
surface. Additionally, after
electrocopolymerization  the  electro-optical
behaviors of the resulting copolymer films could be
investigated with the same electrode easily [17].

In literature, different type of units such as;
benzothiadiazole (BTd), quinoxaline (QXx),
benzotriazole (BTz), carbazole (Cz), bithiophene,
propylenedioxythiophene (ProDOT), fluorene and
3,4 ethylene dioxythiophene (EDOT) were widely
used for electrochemical copolymerization and
electrochromic applications. [18-20] Among a

great deal of electroactive polymers, polyfluorenes
aroused interest as a blue light emitter with their
high thermal and chemical stability and
photostability both in solution and solid state. [21]
However, some crucial drawbacks such as; poor
solubility, aggregation in the solid state and high
energy barrier for hole injection limited the
possible application fields of PF. Copolymerization
of fluorene with different comonomers resulted
multipurpose functional copolymers with enlarged
application fields [22,23]. Another interesting and
popular comonomer unit is pyrrole (Py) due to
some certain structural advantages such as; high
electrical conductivity, easy preparation, chemical
stability, structural versatility and
biocompatibility. These unique  properties
increased the applicability of Py comprising
polymers in  different  fields especially
electrochemical and biological applications [24-
26].

In the light of these, the main purpose of this study
is to combine the promising properties of fluorene
and Py monomers via electrochemical
copolymerization technique. Herein, syntheses of
two homopolymers (PBT and PP3CA) and design
of five novel copolymers (CoP1, CoP2, CoP3,
CoP4, CoP5) of BT and P3CA in different
monomer feed ratios were performed. The
electrochomical,  spectroelectrochemical  and
colorimetric properties of resulting homopolymers
and copolymers were explored and reported.
Finally, the effect of copolymer feed ratio on
electrochromic and electrochemical properties
were also discussed.

2. EXPERIMENTAL

2.1. Materials and Equipments
2,2'-(9,9-Dioctyl-9h-Fluorene-2,7-Diyl)bisthio
phene (BT), pyrrole-3-carboxylic (P3CA) (Fig. 1)
are commercially available monomers and
purchased from Sigma- Aldrich Chemical Co. Ltd.
and used without any further purification. GAMRY
600 potentiostat/galvanostat was used for cyclic
voltammetry studies and UV-Vis spectra
characterizations were monitored at ambient
temperature and conditions via Varian Carry 5000
UV-Vis spectrophotometer.
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Figure 1. Molecular structures of 2,2-(9,9-Dioctyl-9h-
fluorene-2,7-diyl)bisthiophene (BT), pyrrole-3-carboxylic
acid (P3CA).

3. RESULTS AND DISCUSSIONS
3.1. Electrochemical copolymerization and
characterizations

Cyclic Voltammetry (CV) is a very useful and
widely wused technique to determine the
electroactivity of the compounds and also for
guantitative analysis such as; HOMO-LUMO
energy levels and oxidation/reduction potentials.
Besides, electrochemical polymerization could be
performed via CV with simple chemicals.

In this study electrochemical polymerizations for
both homopolymers PBT (0.01 M) and PP3CA
(0.01 M) and copolymers CoP1, CoP2, CoP3,
CoP4, CoP5 (with a monomer feed ratio (PBT:
P3CA) 1:1, 1:3, 1.5, 3:1 and 5:1) were performed
via. CV in 0.1 M LiCIOs - NaClOs /ACN
electrolyte/solvent couple. Both
electropolymerizations were performed in a three
electrode system comprising ITO coated glass slide
(the working electrode), platinum wires (the
counter electrode) and Ag wire (the pseudo
reference electrode). The monomer structures and
CVs for electrochemical polymerization of BT and
P3CA are depicted in Figure 2. For electrochemical
copolymerization, the compatibility of the
oxidation potentials for two different monomers
are vital for efficient copolymer film synthesis. As
seen, in the first cycle of the CV, an irreversible
monomer oxidation peaks were recorded at 1.18 V
and 1.13 V, respectively. These similar oxidation
potentials make BT and P3CA good candidates for
copolymerization studies. During the CV, the
increase in the current response indicates the
successful electrochemical polymerization as the
cycle number increased.

urrent Density (mAlcm?)

© s

— d 0.0 0.5 1.0 1.5

(a.?) (b2) Potential (V)
\

Figure 2. Cyclic voltammograms of BT and P3CA in 0.1 M
LiClO4- NaClOs /ACN solution at a scan rate of 100 mV.s™*
with corresponding monomer structures.

Potential (V)

After electrochemical polymerization, single scan
CVs were recorded in a monomer free medium for
both homopolymers and corresponding oxidation
peaks were obtained at 1.00 VV and 0.75 V with 0.79
V and 0.44 V onset potentials, respectively (Figure
5). The HOMO-LUMO energy levels of the
electroactive polymers were very crucial to test
their applicability in different fields, for this reason
HOMO energy levels of each homopolymers were
calculated from the onsets of the corresponding
oxidation potentials as -5.54 eV for PBT and -5.19
eV for PP3CA. Egn 1 was used for HOMO energy
level calculations and the results were summarized
in Table 1.

HOMO= -(4.75 eV + Eonset™) Eqgn.1
In literature, P3CA derivatives were widely used
for biological applications [27-28]. Herein,
copolymerization technigue was used to enhance
the electrochemical behaviors of P3CA comprising
electroactive polymers. As mentioned before, the
compatibility of the oxidation potentials for
monomers are very important for efficient
copolymerization, in this study PBT monomer was
used as a second monomer and five different
copolymers (CoP1, CoP2, CoP3, CoP4, CoP5)
with 1:1, 1:3, 1.5, 3:1 and 5:1 (PBT: P3CA)
monomer  feed ratios were synthesized
electrochemically. Comonomer feed ratios of PBT:
PP3CA were decided in order to investigate the
effect of P3CA and BT units on electrochromic
behaviors in detail. For that purpose initially CoP1
with 1:1 comonomer feed ratio was synthesized,
then the effect of increasing P3CA and BT units on
electrochromic  characters were investigated
stepwise. 1:5 and 5:1 comonomer feed ratios were
chosen as the limit since after this ratio the
copolymers exhibited PPBT and PP3CA like
characters. Similar to the preparation of
homopolymers, 0.1 M LiCIOs- NaClO, /ACN
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electrolyte/solvent  system was used for
electrochemical copolymerization. As seen in
Figure 3 and Figure 4, an increase in anodic and
cathodic current densities were observed for all
copolymers  which prove the continuous
copolymerization and the deposition of copolymer
films on ITO coated glass slides. Then single scan
CVs were recorded for all copolymers in a
monomer free medium. From single scan CVs,
oxidation potentials were calculated as 0.79/1.05V
(CoP1), 0.53/0.98 V (CoP2), 0.83 V (CoP3),
0.76/1.05 V (CoP4) and 0.80/1.10 V (CoP5).
Besides, corresponding HOMO energy levels were
calculated from Eqn 1 and reported in Table 1 as -
5.31eV(CoP1l), -5.04 eV(CoP2), -5.29 eV(CoP3), -
5.60 eV(CoP4) and -5.61eV(CoP5), respectively.
As seen, two oxidation potentials at around 0.75 V
and 1.00 V were observed for CoP1, CoP2, CoP4
and CoP5 which prove the successful insertion of
comonomer units (BT and P3CA) into the
copolymer chains. CVs of all copolymers (CoP1,
CoP2, CoP3, CoP4 and CoP5) for both
electrochemical copolymerizations and single
scans recorded in a monomer free medium were
reported in Figure 3 and Figure 4.
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Figure 3. Cyclic voltammograms of (a.1) CoP1 (b.1) CoP2
(c.1) CoP3 during the electropolymerization on ITO- coated
glass electrode and (a2, b.2, c.2) single scan cyclic
voltammograms of the resulting copolymers.
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Cyclic voltammograms of CoP1, CoP2 and CoP3
during the electropolymerization and single scan
CVs of the resulting copolymers were depicted in
Figure 3. As seen, CoP1 with 1:1 (BT:P3CA)
comonomer feed ratio exhibited two oxidation
peaks at 0.79 V and 1.05 V with higher current
density compared to those of CoP2 and CoP3.
When P3CA ratio was increased into the
copolymer chain, electroactivity of CVs depleted
with lower current density as seen in single scan

CVs which can be dedicated to the poor
electroactive character of P3CA.
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Figure 4. Cyclic voltammograms of (a.1) CoP1 (b.1) CoP4
(c.1) CoP5 during the electropolymerization and (a.2, b.2, c.2)
single scan cyclic voltammograms of the resulting
copolymers.
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Cyclic voltammograms of CoP1, CoP4 and CoP5
during the electropolymerization and single scan
cyclic voltammograms of the resulting copolymers
were illustrated in Figure 4. As seen, the increasing
amount of BT unit into copolymer chain affected
electrochemical  behaviors  positively  with
increasing current density and electroactivity.
Besides, as mentioned before copolymers exhibited
two oxidation potentials at around 0.75 V and 1.00
V arising from P3CA and BT comonomers,
respectively. As BT comonomer feed ratio was
increased from CoP1 to CoP5, the intensity of the
latter one increased significantly which proves the
increasing number of BT unit into the copolymer
chain. (Figure 4)

1.54 =
— PP3CA

1.0 - CoP1

0.5
0.0
-0.54
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Current Density (mAIcmz)

02 00 02 04 06 08 10 12 14 16
Potential (V)

Figure 5. Single scan cyclic voltammograms for PBT, PP3CA
and CoP1.
In order to investigate the effect of different
comonomer units (P3CA and BT) on
electrochemical behaviors, single scan CVs for
PBT, PP3CA and CoP1 were recorded and reported
in Figure 5. As mentioned before, BT unit was
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inserted into the copolymer structure in order to
improve the electrochemical behaviors and as seen
in Figure 5, CoP1 exhibited higher current density
and higher electroactivity compared to those of

PP3CA which enlarge the application fields of
P3CA comprising copolymers

Table 1. Summary of electrochemical and spectroelectrochemical properties of PBT, PP3CA and corresponding copolymers

Monomer  E ™Mo -doping E®onset HOMO  Amax  Amax o
feed ratio (V) (V) V) (eV) (nm)  (nm) gV
(BT: (eV)
P3CA)
PBT 1:0 1.18 1.00 0.79 -5.54 430 540 2.29
PP3CA 0:1 1.13 0.75 0.44 -5.19 397 600 2.07
CoP1 1:1 - 0.79/1.05 0.56 -5.31 412 650 1.91
CoP2 1:3 - 0.53/0.98 0.29 -5.04 420 560 221
CoP3 1:5 - 0.83 0.54 -5.29 400 611 2.03
CoP4 3:1 - 0.76/1.05 0.85 -5.60 419 584 2.12
CoP5 5:1 - 0.80/1.10 0.86 -5.61 424 628 1.98

3.2. Spectroscopic Characterization

After electrochemical copolymerization and
characterizations, the spectral behaviors were
recorded with UV-VIS spectrophotometer in order
to investigate the electronic transitions and changes
in optical properties upon applied potential. The
effect of the changing monomer feed ratio on the
optoelectronic properties of the fluorene and
pyrrole comprising electroactive copolymers were
examined by spectroelectrochemical studies. In
addition, from these studies some crucial
parameters such as; maximum absorption
wavelengths (Amax), oOptical band gap and
polaron/bipolaron bands were determined.

Before stepwise oxidation, electrochemically
synthesized copolymer films were reduced to
neutral states by applying a constant potential to
remove any trapped charge and dopant ions. Then,
the neutral films were oxidized stepwise and
electronic absorption spectra were recorded in a
monomer free 0.1 M LiClOs-NaClO, /ACN
solution.

As seen in Figure 6 and Figure 7, the maximum
absorption wavelengths (Amax) for homopolymers
and copolymers were centered at 430 nm (PBT),
397 nm (PP3CA), 412 nm (CoP1), 420 nm (CoP2),
400 nm (CoP3), 419 nm(CoP4) , 424 nm (CoP5).
As mentioned before the P3CA homopolymer
exhibited poor electrochemical behaviors, in
addition the neutral state absorption of P3CA was
centered in the UV region which limit the

application fields. In this study, insertion of
fluorene derivatives into the copolymer structure
with different monomer feed ratios enhanced the
electrochromic and spectroelectrochemical
behaviors. As seen in Figure 6, while P3CA
homopolymer showed light yellow color both in
the neutral and oxidized states, CoP1 with 1:1 (BT:
P3CA) monomer feed ratio exhibited multichromic
behavior. While homopolymers showed Amax Values
centered at 430 nm (PBT) and 397 nm (PP3CA),
all copolymers exhibited Amax Values between those
values, additionally as the P3CA feed ratio was
increased in the copolymer structure an obvious red
shift was observed.

During spectroelectrochemical measurements, new
absorption bands were observed at around 700 nm
for both homopolymers and copolymers due to the
formation of charge carriers named as polarons
(radical cations) on the polymer backbone. During
stepwise oxidation, the intensity of the polarons
increased significantly, meanwhile the intensity of
the neutral state absorptions gradually diminished.

Another important parameter of electroactive
polymers for variety of applications is the optical
band gap value which can be calculated from
neutral state absorption. Herein, optical band gaps
of both homopolymers and copolymers were
determined from the onset of their lowest energy m-
7* transitions as 2.29 eV (PBT), 2.07 eV (PP3CA),
1.91 eV (CoP1), 2.21 eV (CoP1), 2.03 eV (CoPl),
2.12 eV (CoP1), 1.98 eV (CoPl) , respectively.
When homopolymers and copolymers were
compared in terms of optical characters, while PBT
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exhibited the highest optical band gap due to its
UV-region covered absorption, CoP1 with 1:1 (BT:
P3CA) monomer feed ratio showed the lowest
optical band gap due to its red shifted absorption.
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Figure 6. UV-Vis spectra of (a) PBT (b) PP3CA and (c) CoP1
during a slow oxidation process in a 0.1 M LiClO4-NaClO4
/ACN monomer-free solution with corresponding colors in the
neutral and oxidized states.

0oV 13V

Wavelangth (nm)

Figure 7. UV-Vis spectra of (a) CoP2 (b) CoP3 (c) CoP4 and
(d) CoP5 during stepwise oxidation in a 0.1 M LiClIO4-
NaClO4 /ACN monomer-free solution with corresponding
colors in the neutral and oxidized states.

Finally, colorimetric studies were performed in
order to report the colors of all copolymers both in
the neutral and oxidized states. For colorimetric
studies photographs of the polymers films were
recorded and reported in Table 2 with the
corresponding L, a, b values according to CIE
(Commission Internationale de 1’Eclairage)
coordinates. CIE coordinates were widely used to
report the colors of materials in a more scientific
way. While ‘L’ represents the brightness of the
color, ‘a’ represents the color between red/magenta

and green and ‘b’ represents the color between
yellow and blue in the colorimetric measurements,
The corresponding L, a, b results for both
homopolymers and copolymers were reported in
Table 2. As mentioned before, the light yellow
color of P3CA homopolymer observed both in the
neutral and oxidized states were changed to
multichromic behavior via insertion of BT unit into
the copolymer chain with 1:1 (BT: P3CA)
monomer feed ratio. Additionally, lower optical
band gap and red shifted neutral state absorption
were investigated for CoP1. In this study P3CA
group was electrochemically inserted into the
copolymer chain with copolymerization technique,
and as a separate study the P3CA comprising
copolymers will be used for biosensor applications
in our research group.
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Table 2. Colorimetric measurements of the homopolymers and copolymers.

Applied L a b
Polymer potential
PBT 0.0V 66 -8 48
1.2V 55 -5 7 ., =
PP3CA 0.0V 71 1 6
15V 69 0 6 WV LSV
CoP1 0.0V 52 4 39
1.3V 41 -1 23
15V 49 1 21
CoP2 o0V 72 -2 16
1.3V 68 -1 8 J
CoP3 0.0V 72 2 6
15V 69 0 5 |
CoP4 0.0V 42 4 38 I I
1.3V 44 -3 15
CoP5 0.0V 54 -3 39
13V 47 -2 13 I I

4. CONCLUSION

Fluorene and pyrrole bearing electrochromic
homopolymers (PBT and PP3CA) and novel
copolymers (CoP1, CoP2, CoP3, CoP4, CoP5)
with  different monomer feed ratios were
synthesized via electrochemical technique. After
successive electropolymerization, the

electrochemical,  spectroelectrochemical  and
colorimetric properties were investigated for all

polymers.  All copolymers exhibited different
electrochemical and optical properties when
compared to their homopolymers. While

homopolymers PBT and PP3CA exhibited Amax
values centered at 430 nm and 397 nm, all
copolymers exhibited Amax Values between those
values. In addition, in terms of optical behaviors as
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the P3CA feed ratio was increased in the
copolymer structure the obvious red shift was
observed on spectroelectrochemical
characterizations. While PBT showed yellow and
green colors in the neutral and oxidized states, the
light yellow color was observed for P3CA in both
states. However multichromic behavior was
explored for CoP1 via insertion of BT unit into the
copolymer chain with 1:1 (BT: P3CA) monomer
feed ratio. Additionally, lower optical band gap and
red shifted neutral state absorption were
investigated for CoP1 compared with pristine
PP3CA. Finally, in this study P3CA group was
electrochemically inserted into the copolymer
chain successfully and electrochromic characters
were investigated in detail, in future the P3CA
bearing copolymers will be used for biosensor
applications in our research group.
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The Effect of Semi-Circular Protrusions on Cylinder to Flow Structure
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Abstract. In this study; two dimensional, viscous, incompressible, fully developed and turbulent flows on the
surface of the cylinder placed in a channel were analyzed using numerical methods. Momentum and continuity
equations were solved numerically by ANSYS FLUENT program using finite volume method. The effect of
the half cylinder (d = 4.4 mm) placed on the cylinder diameter (D) 44 mm in different positions (0°, 45°, 90°,
135° and 180°) on the flow structure was examined. Streamlines and the turbulence kinetic energy contours
were drawn for the Reynolds number 10* value depending on cylinder diameter. As a result, downstream flow
characteristics of cylinders having semi-circular protrusions placed in different positions were examined and
drag force coefficients (Cp) were obtained. It was concluded that the protrusion on the cylinder placed at
different angles changed the flow structure and controlled the separation.

Keywords: Cylinder, CFD analysis, Drag force coefficient, Flow control

Silindir Uzerindeki Yari-Yuvarlak Cikintilarin Akis Yapisi Uzerine Etkisi

Ozet. Bu calismada, bir kanala yerlestirilen silindir yiizeyi iizerinde iki boyutlu, viskoz, sikistirlamaz, gelismis
ve tiirbiilansh akis, sayisal yontemler kullanilarak analiz edilmistir. Momentum ve siireklilik denklemleri
ANSYS FLUENT programi ile sonlu hacimler yontemi kullanilarak sayisal olarak ¢oziilmiistiir. Farkli
konumlarda (0°, 45°, 90°, 135° ve 180°) 44 mm ¢apinda (D) bir silindir iizerine yerlestirilmis yarim silindirin

(d = 4.4 mm) akig yapisina etkisi incelenmistir. Akim ¢izgileri ve tiirbiilans kinetik enerji konturlari, silindir
capina bagli olarak Reynolds sayis1 104 degeri i¢in ¢izilmistir. Sonug olarak, farkli konumlara yerlestirilmis
yar1 dairesel ¢ikintilara sahip olan silindirlerin akim yoniinde akis dzellikleri incelenmis, siirtiinme direng
katsayilar1 (CD) elde edilmistir. Farkli acilarda yerlestirilen silindir {izerindeki ¢ikintinin akig yapisini
degistirdigi ve ayrimi kontrol ettigi sonucuna vartlmistir.

Anahtar Kelimeler: Silindir, HAD analizi, Direng katsayisi, Akis kontrolii

1. INTRODUCTION

The flows on the circular cylinder have attracted intensive interest from the past to the present for both
experimental and numerical studies. These types of flow structures are encountered in many engineering
applications such as wind-affected buildings, cooling towers and chimneys in thermal power plants, large
silos, refineries, electronic circuits. Knowing of the flow structure and physics on the bodies, determining
of the fluid forces acting on the bodies, the separation zones arising from the flow interaction between the
body and its surroundings have great importance in the determination of the multi-vortex systems
interacting with the body [1]. In addition, active and passive methods are developed in order to eliminate

* Corresponding author. Email address:  aozturk@cumhuriyet.edu.tr
http://dergipark.gov.tr/csj  ©2016 Faculty of Science, Sivas Cumhuriyet University
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the effects of these vortices or to reduce them to a minimum level. Some of these methods are moving the
surface through which the fluid flows, adding or drawing various gases at specific speeds, using other
surfaces to prevent air flowing from the boundary surface, and cooling the surface through which the fluid
flows. Active methods are used to control the energy level of the flow and the applications of these
methods are expensive. In passive methods the flow structure is not directly changed, the desired form of
the flow structure is obtained by changing the structural form of the body.

In the study of Canpolat and Sahin, a groove is cut into the surface of a circular cylinder and the effect of
this groove on the flow structure is examined by particle imaging [2]. The groove, which was designed in
a square shape, was patterned longitudinally on the surface of the cylinder with a diameter of 50 mm, and
in different positions (between 0° and 150° degrees) starting from the stagnation point. They observed
that the critical position angle of the grooved structure is 80° degrees, and stated the flow is controllable
for positions less than 80° degrees. In the study of Gundemir and Tastan, the effects of the longitudinal-
groove roughness, which is placed on the outer surface of the pipe, on the drag force acting on the pipe
were experimentally studied and compared with uniform sand roughness [3].

Oguz et al. studied the effect of braid wires having different thickness and permeability ratio wound
around a circular cylinder with a diameter of 50 mm when the Reynolds number (Rep) is 5000 [4]. They
determined four different permeability rates ranging between 0.5 and 0.8 with an increment of 0.1, and
thickness of the wires wrapped on the cylinder to be 1 mm, 2 mm, 3 mm and 4 mm in this study. Thus,
the flow structure behind the cylinder was tried to be controlled by braid wires wound around the cylinder.
Using the particle imaging technique, they observed that the turbulence kinetic energy (TKE) contours
and Reynolds shear stress values for the cylinder with wires having thicknesses of 1 mm and 2 mm
increased, but for the cylinder with wires having thicknesses of 3 mm and 4 mm decreased compared to
the values of the plain cylinder. For the permeability ratio of 0.6 mm and the wire thickness of 4 mm,
TKE and Reynolds shear stress values are shown that the braid wires control the flow behind the cylinder.
Considering the result of the frequency values, they stated that optimal control of the flow is provided
when the permeability ratio is 0.6 mm and wire thickness is 4 mm.

In the study of Akar and Kucuk, it is aimed to control flow structure downstream of the inner cylinder
with different diameters by a surrounding outer cylinder that has 0.5 porosity [5]. The diameter of outer
cylinder was chosen as D,=100mm. The perforation hole diameters of the cylinder were d=10mm. The
depth-averaged free stream velocity was U=100m/s which corresponded to Rep=10000 based on outer
cylinder diameter. Flow characteristics downstream of the cylinder were investigated by using particle
image velocimetry (PIV) technique. PIV experiments were performed at the mid-section of water
200mm. It has been observed that the perforated outer cylinder decreased vortex shedding downstream
of the inner cylinder with different diameters. For high diameter ratios, Di/D, >0.7 perforated outer
cylinder lost its effect on the flow control.

Ranjith et al. studied the flow analysis on a circular cylinder having helical coatings using the HAD
method [6]. They examined the effectiveness of helical coatings that suppress the vortex-induced
vibration (VIV) of the helical cylinder at two different Reynolds numbers (100 and 28000) by providing
three initial helical coatings around the circular cylinder. Static pressure, velocity magnitude, vorticity
contours, drag Cp coefficient and lift C. coefficient were obtained. They reported that the helical-coated
cylinder has a higher coefficient of friction than the plain cylinder and the helical coatings can reduce
VIV by about 99%.
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Yeo and Jones studied the behavior of the flow around the surface using numerical methods in order to
understand the interaction on the helical coated circular cylinder surfaces and the Karman vortex-induced
vibrations [7]. They examined the flow around the yawed cylinder with various spiral patterns using three-
dimensional discrete vortex simulation (DES) at number of Rep = 1.4x10° depending on the free flow rate
and the cylinder diameter, D. As a result, they presented that the helical models strongly influence the
flow structures around the cylinder and the development of the associated forces on the cylinder. They
stated that suitable cylinder surfaces can reduce large-amplitude and low-frequency vibrations induced by
the flow.

Lam et al. performed the Large Eddy Simulation (LES) to examine the three-dimensional properties of
turbulent flow past cylinders having yaw angles from 0° to 60° at a Reynolds number of 3900 [8]. They
examined the force coefficients and the relationship between the vortex frequency and the yaw angles for
both wavy cylinders and circular cylinders. Differences in the vortex structure between the wavy cylinder
and the circular cylinder were found to be significant when yaw angles are small. It is emphasized that
the differences are insignificant at large angles and the critical angle value is stated to be 45°.

In this study, the effect of a single cemi-circular protrusion placed on a cylinder with a diameter of 44 mm
in different positions on the flow structure has been examined for the Rep = 10 To the best of our
knowledge, the effect of the channels placed along the length of the cylinder in the studies related to this
subject was examined, but the effect of the small diameter half cylinder placed in different positions on
the flow structure was firstly investigated in the present study.

2. MATERIAL AND METHOD

The cylinders to be analyzed were formed by adding semi-circular protrusions in different positions as
seen in Figure 1. In the study, five different designs were formed using the 45° increase between 0° and
180° in the counterclockwise direction and semi-circular protrusions placed on the horizontal axis. The
schematic of the flow field is presented in Figure 2.

Figure 1. Positions of protrusions on the cylinder for a) 0°, b) 45°, ¢) 90°, d) 135°, ¢) 180°

1320

Figure 2. The schematic of the flow field (mm)
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The mesh structure of the flow field and mesh independence graph are presented in Figure 3. The edge
sizing method was used to refine the mesh around the hole to obtain acceptable results. Accordingly, the
circumference of the hole was divided into 100 equal elements, and the triangular mesh was used. The
mesh consisting of 17415 mesh elements and 8999 nodes was produced and analyzed.
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Figure 3. Mesh structure and independence
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Figure 4 shows the boundary conditions of the flow fields. The velocity inlet and pressure outlet boundary
conditions were used at the inlet and outlet of the flow channel. The side surfaces of the channel were
defined as a wall where there is no fluid inlet and outlet with no-slip boundary condition. Also, in order
to obtain forces acting on the surface of the cylinder, the surface of the cylinder was defined as a wall.
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Figure 4. The boundary conditions of the flow fields
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For 2D cartesian coordinate system, continuity, momentum, and energy equations were solved by
using the Boussinesq approach and the conservation equations were defined as follows.
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Energy Equation:

aT aT aT %r | 3%T | 9%*T
ua+va+W£=a(ﬁ 6_3/2 ﬁ) (3
The Egs. (1-3) are arranged according to the following boundary conditions:
All the walls and the cylinder were modeled to be monolithic and adiabatic.
In the free current zone, u = 0.228 m/s (Rep = 10* depending on the cylinder diameter)
dT /0x = 0, on the side walls: v = 0, upper and lower walls: w = 0,
The dimensionless parameters used in this study as follows;
Rep =222 (4)
where p is fluid density, u is free stream velocity, and p is fluid viscosity.
Drag coefficient;

_fp

Co =14 5)

where Fj is the drag force on the cylinder created by the fluid, A is the area of the cylinder
perpendicular to the flow direction.

Strouhal (St) Number:

here f; is the vortex frequency value.
This study was made under the following assumptions:

o Flow is 2D, time-independent and turbulent,

e The fluid used is incompressible ( p=998 kg/m?)

e Aluminum is used as the boundary of the cylinder and the channel material,
e  There is no heat transfer between layers.

e  The fluid flows into the channel at a certain speed in the X-direction,

e The thermal properties of the fluid are constant,

There is no heat generation in the fluid and at the boundaries.

3. RESULTS AND DISCUSSIONS

The properties to be obtained such as the distances (a, b, ¢, d) from the center of the cylinder and the
locations (F1, F2) of the vortices to be compared in the results of analysis, the location of the streamlines
in which the flow separation occurs (A), and the junction location (S) of the streamlines formed behind
the cylinder are shown in Figure 5. The distances of the vortex centers to the center of the cylinder are
shown in (a) and (b) on the horizontal axis, and in (c) and (d) on the vertical axis. It is investigated how
the position of the vortices formed in the downstream region changes relative to the semi-circular
protrusions placed on the cylinder. The F; and F, value shows the center position of the upper and lower
vortex, respectively. These vortices are caused by the effect of the circular cylinder placed upstream. The
saddle point (S) indicates the location of the endpoint of the vortex's circulation zone. The distances
between all these points as well as their position relative to the cylinder center are extremely important in
order to change the vortex control mechanism to the desired form. The vortices must be kept under
control to eliminate or minimize the negative effects caused by the resistance and oscillation movements
on the cylinder.
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0.05

== y/D

Figure 5. View of received result values

Figure 6 shows the streamlines and TKE contours according to the positions of semi-circular cylinders
placed on the cylinder with different position angles. When the figures are examined, it is seen that F; and
F, vortex centers vary for different models. The vortex centres and the separation point positions are given
in Table 1. The X-values in F1 and F, correspond to the values of (a) and (b) and the Y -values correspond
to the values of (c) and (d), respectively.

While the vortex points approach the X-axis for the models with 135° and 180°, these points become
distanced from the X-axis for the models with 45° and 90° and so the wake area gets larger. When the
vortex positions according to the Y axis were examined, it was observed that models with 0° and 135°
degrees were the closest models to the axis, and vortex centers farther from the axis occurred at the
position of 45°, 90° and 180° degrees. This leads to streamline for the models with 0° and 135° degrees.

When the locations of the saddle points, S are examined in Table 1, it is confirmed that the 0° and 135°
semi-circular protrusion position models are similar and have narrow downstream field than the other
models. While this S-point is very close to the X-axis at all angle values, this point is at the most distant
point in the Y-axis at 90°. At the same time, the greatest TKE values are seen at 90° in Fig. 6 because of
the maximum values of the vortex forms for the 90° position model. The growth of the downstream area
and the high TKE value cause to increase the vortex movements and thus the frequency values change.

Table 1. The vortex centers and the separation point positions

Separation Separation
F1 F2 S Point Angle (°)

0° x/D 0.054 0.045 0.082 0.0106 118,78
y/D 0.008 -0.008 -0.0009 0.0193

45° x/D 0.075 0.085 0.141 0.0067 107,62
y/D 0.022 -0.009 0.007 0.0211

90° x/D 0.075 0.086 0.134 0.0013 93,07
y/D 0.020 -0.009 0.008 0.0242

135° x/D 0.0603 0.051 0.096 0.0114 121,10
y/D 0.0089 -0.011 -0.0003 0.0189

180° x/D 0.0545 0.0534 0.1032 0.0071 108,60

y/D 0.0110 -0.0105 -0.0016 0.0211
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v

Figure 6. Streamlines and TKE contours of the models

The separation point and angle values are given in Table 1, and also these separation points are shown
angularly in Fig. 7. The earliest separation point has occurred at 93,07° in the model where the protrusion
has at 90° position, while the latest separation point is seen at 121,1° in the model at 135° protrusion
position. When the separation point angles are examined, the flow separations are close to each other for
the models in the 0° and 135°, and 45° and 180° positions, while the model with 90° position is different
from other models and it has an early separation.
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- 118,78°

{

180° 135° 90° 45° 0°

Figure 7. The angular position of separation points

The drag coefficient, Cp and pressure drop as a function of the semi-circular protrusion position on the
cylinder is given in Fig. 8. The pressure drop and drag coefficient curve are obtained in parallel and in
relation to each other. For the 0° position model, which divides the free flow region symmetrically into
two parts, the lowest Cp value is obtained due to the lowest pressure drop. These pressure drop and drag
coefficient values obtained at the 135° and 180° position models are very close to the 0° position, and
highest at 90° models.
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Figure 8. Cp drag coefficient and P values versus semi-circular protrusions angles
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Figure 9. Magnitude versus Strouhal (St) number in different positions

Strouhal number, St formed by the oscillation movements created by the flow is one of the dimensionless
numbers depending on the frequency, cylinder diameter, and flow rate. Figure 9 shows the amplitude
values connected to the St numbers at the specific point selected (x/D = 1, y/D=0.5) by using time-
dependent CFD analysis. Accordingly, the lowest St number is seen in the 135° model. St numbers were
obtained to be the same for models with 0° and 180° and to be close to 45° and 90° models. Minimum
vortex frequency, fs was occurred for 135° model, (1,02 Hz) calcuated with the Equation 6.

4. CONCLUSION

In this study, the effect of the half cylinder with a diameter of d =4.4 mm (d / D = 0.1) on the cylinder (D
= 44 mm) in the channel at different positions (0°, 45°, 90°, 135° and 180°) on the flow structure was
investigated in 2D. The downstream flow characteristics have been investigated for Rep = 10* based on
free flow rate and the cylinder diameter in the 15D x 30D channel, and then the streamlines and TKE
contours are given. The effect of protrusion was investigated by finding vortex centers and Cp drag
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coefficient. The amplitude of the vortices as depending on St numbers, and the location of the flow
separation points from streamline graphics were obtained. According to the obtained value;

The downstream flow structure is influenced by all models, the vortex centers and the streamline points
are changed.

Models with 0° and 135° were found to be the closest flow structure.

For all models, flow separation was shown clockwise at different angles on the X-axis. The
early and latest flow separation points were seen in the model with 90° and 135° protrusion
position, respectively.

e Drag coefficient and the pressure drop were found to be minimum at the models with 0° and
135° degrees and to be maximum at the models with 90°.

e  The lowest value of the Strouhal number, which is an indicator of the downstream oscillation
movement, was obtained to be 0,197 at the model with 135°.

e It was seen that the protrusion on the cylinder placed at different angles changes flow
structure and controls the separation.

e In later studies, the different states of the flow control structures can be examined by

changing both the size and the shape geometry of the roughness.
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Abstract. In this study, mass attenuation coefficients (um), transmission fractions (T), mean free path (MFP)
and half value layer (HVL) of the (90-x)TeO2—xMo003—10ZnO glass system (x=10, 20 and 30 mol%) were
calculated at the gamma ray photon energies of 356 keV, 662 keV, 1173 keV and 1330 keV. Shielding
parameters of the glass system were calculated from the Monte Carlo simulations carried out with the Geant4
model of a high purity germanium (HPGe) detector and from the WinXCOM database software. The used
Geant4 model was validated by comparing the experimentally determined mass attenuation values of the PbO—
BaO—B203 glass system to the values calculated with Geant4. The findings of the present study reveals that
the glass system containing 10% mol MoO3 exhibits better photon shielding performance compared to the glass
with 30% mol of MoO3 due to the higher amount of TeO2 existed in its chemical formula.

Keywords: Geant4, Simulation, Glass, Photon attenuation.

(90-xX) TeO2—xM003—10ZnO Cam Sisteminin Gama Isim Zirhlama
Ozelliklerinin Geant4 Simulasyon Kodu ve WinXCOM Veri Tabam
Kullanilarak Arastirilmasi

Ozet. Bu calismada 90-x)TeO2—xMo0O3—10ZnO cam sisteminin (x=10, 20 and 30 %mol) kiitle zayiflatma
katsayilar1 (um), gecirgenlik oranlari (T), ortalama serbest yol (MFP) ve yar1 deger (HVL) parametreleri 356
keV, 662 keV, 1173 keV and 1330 keV gama foton enerjilerinde hesaplanmigtir. Zirhlama parametrelerini
yiiksek saflikta germanium (HPGe) dedektoriiniin Geant4 modeli ile gerceklestirilen Monte Carlo
simulasyonlart ve WinXCOM veri tabani kullanilarak hesaplanmistir. Geant4 modelinin gegerliligi PbO—
BaO—B203 cam sistemi i¢in deneysel olarak bulunan kiitle zayiflatma katsayayilar1 Geant4 ile elde edilen
sonuglarla karsilagtirilarak saglanmistir. Bu ¢aligmanin sonuglari kimyasal formiiliinde yiiksek oranda TeO2
bulunmasindan dolay1 %10 mol MoO3 igeren cam sisteminin radyayon zirhlama 6zelliklerinin %30 mol MoO3
cama gore daha iyi oldugunu gostermistir.

Anahtar Kelimeler: Geant4, Simiilasyon, Cam, Foton zayiflatma..

1. INTRODUCTION radiology and radiotherapy departments

of

Investigation of the radiation shielding properties  hospitals, nuclear research and accelerator centers,
of materials is an increasing interest for researchers ~ agriculture, oil plants and archeology. Therefore,

due to the wide use of radioactive isotopes in ~ determination and knowledge of the radiation

diverse fields, such as nuclear power plants, shielding properties of the materials used in these
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kind of places are of crucial importance to protect
humans against the hazardous effects of the
ionizing radiation. Gamma rays are one of the more
penetrating radiation type and materials with high
density and high atomic number are needed for
their effective shielding. Lead is known as the best
gamma ray attenuating material. Whereas, weight,
price and toxicity of lead make it unpractical and
uneconomical for the shielding of large areas.
Recently, radiation shielding properties of different
natural or synthetically produced materials, such as
concrete, sand, cement, bricks, tiles, glasses, clay
materials, polymers and alloys has been studied by

different researchers [1,8].

Having the advantages of optical transparency and
easy preparation and production make the glasses
attractive for the researchers to investigate and
explore their shielding properties. Numerous
studies reported that glasses are promising
materials when used as gamma attenuator [9,11].
Because of this, synthesis of new glass systems
have been made by several groups in order to
improve their shielding potential. The gamma ray
attenuation characteristics of the newly synthesized
glasses have been determined either by using the
experimental techniques or by using the Monte

Carlo simulation codes.

Six glass pieces with composition of PbO-Li20-
B203 were prepared by using the melt quenching
technique and the shielding properties of the
samples were experimentally determined at four
different gamma ray energies. The results of the
study showed that the increase of PbO content
increases the shielding efficiency [12]. The effect
of La203 on the

characteristics of the

radiation  attenuation

lanthanum calcium

silicoborate glasses is experimentally measured at
eight different photon energies between 224 keV
and 662 keV. It was reported that the increase of
the La203 concentration results in an increase the
shielding ability of the lanthanum calcium
silicoborate glasses [13]. Five different samples of
Bi203-Ba0-B203-Na20 quaternary glass system
were produced and their structural and gamma ray
shielding features were investigated
experimentally by Dogra et al. [14]. It was reported
that the samples have higher mass attenuation and
lower half value layer compared to barite concrete
at 662 keV. In addition to the experimental
techniques, Monte Carlo simulations can be

employed to study the radiation interaction
parameters of the materials especially in the
absence of the expensive experimental equipments
or in the absence of the fabricated samples.
Modelling of an experimental set-up consisting of
a detector, a gamma ray source and an attenuator
and performing the measurements in the computer
environment provide an ease of use and save time.
Shielding properties of 80TeO2—5TiO2—(15-
X)WO3—xAnOm glasses were investigated by
using MCNP5 code and WinXCOM. The results of
this study revealed that using of 5Er203 in the
places of xAnOm significantly increases gamma
ray and neutron shielding behavior [15]. Gamma
and neutron shielding capabilities of 20BaO/SrO—
(x)Bi203—(80-x)B203, where x value was
changed between 10 and 60 mol, glasses has been
investigated computationally by using the MCNP5
code and WinXCOM. It was published that the
addition of Bi203

effectiveness of the glass system [16].

increases the shielding
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In this study, the complete geometry of a high
purity germanium (HPGe) spectrometer produced
by Canberra semiconductors was coded into
Geant4 in order to determine the mass attenuation
coefficients (um), transmission fractions (T), half

value layer (HVL) and mean free path (MFP) of the
2. MATERIALS AND METHODS
2.1. Theoretical Background

Mass attenuation coefficient is a substantial
parameter defining the penetration and diffusion of
gamma ray photons within the material. Beer-
Lambert’s law as given by equation (1) was used to
calculate the mass attenuation coefficients of the

selected glass system.

[=1,-e™™X Q)
Where | and lo are the transmitted and incident
photon intensities respectively, x (cm) is the
thickness of the material and p (cm™) is the linear
attenuation coefficient of the sample. In order to
measure the incident photon intesity, Monte Carlo
simulations were performed at each selected
energy without the sample placed between the
source and the detector. Simulations were then
repeated with the sample placed between the
source and the detector to obtain the attenuated
photon intensities. The logarithm of transmission
[In(1/10)] is plotted versus sample thickness and the
slope of linear fit to these data points results in
linear attenuation coefficient. The mass attenuation
coefficient (um is widely used for the calculation
of photon transmission and energy deposition
within a material. um of any material is then
calculated by dividing the linear attenuation

coefficient with the density of sample:

(90-x)TeO2—xM003—10Zn0 glass system from
the Monte Carlo simulations. In addition to the
Monte Carlo simulations, pm values of the selected
glass system have been also determined using the
WinXCOM database and compared to the results
from Geant4.

Hm = H/P )
The transmission fraction, T, is the fraction of the
transmitted photon intensity (1) to the incident
photon intensity (lo). Plotting of T versus x can be
used to estimate the decrease in the photon
intensity with respect to the material thickness.
This parameter is calculated as:

T=1/], (3)

The half-value layer (HVL) is the thickness of a
material needed to reduce the intensity of the
incident radiation by one-half. Its dependence to

the linear attenuation coefficient, ., is defined by

the Eq. (4)

HVL = In(2) /p (O]

The mean free path (MFP) defined as the average
distance travelled by a photon between two
successive interactions is equal to the reciprocal of
the linear attenuation coefficient as given in next

equation:

MFP = 1/p (5)

2.2. Geant4 Model of HPGe Detector
Geant4 is a Monte Carlo simulation toolkit is based
on the object oriented C++ programming and used

for the modeling of the detectors for the high

energy, nuclear, accelerator, medical and low
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energy physics applications. The Geant4 kernel
manages runs, events and tracking of passage of
particle through matter. It allows users to simulate
all aspects of an experimental set up such as
geometry of detector, primary particle generation
of events, types of particles and physics processes
such as electromagnetic, hadronic and decay
physics that manages particle interactions [17].

In this work, the simulated detector geometry is
based on the HPGe detector produced by the
Canberra semiconductors. The core of the detector
consists of a 2.2 kg HPGe crystal installed as an
ionization detector. The crystal is 82 mm in
diameter and 81.5 mm in height. The core cavity of
crystal is 10.5 mm in diameter and 62.5 mm in
height. The detector has a 1 mm thick copper end-
cap window placed 6.3 mm from the top of
germanium crystal. The thickness of the crystal
dead layer is 0.8 mm. Fig. 1 shows the Geant4
model of the HPGe detector geometry.

As shown in Fig. 2, the detector and the gamma ray
source were surrounded with lead shields. A cavity
with 3 mm in diameter and 50 mm in height is
defined at the center of the both shields to create a
narrow beam in order both to ensure that the Beer-
Lambert's law is valid and to minimize the variance
and systematic errors. The chemical composition in
mol% and weight fractions of elemental
composition along with the densities of (90-
X)TeO2—xMo003—10Zn0O

TMZ) glass system has been coded into Geant4

(shortly referred as

according to the values as given in Table 1 [18].
During the simulations, the thickness of the glass
sample was varied from 1 cm up to 5 cm with 1 cm
increment and simulations were repeated for the
new thickness. The glass sample was placed
between the source and the detector as an
attenuator and the mass attenuation values of the
TMZ glass systems have been reported at the
gamma ray energies of 356 keV (***Ba), 662 keV
(*¥'Cs), 1173 keV (5°Co) and 1330 keV (5°Co).

——— > Copper endcap

Germanium crystal

—> Crystal cavity

Crystal holder

Teflon plug

Copper base

Figure 1. Geant4 model of the HPGe detector.
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F— 10 cm —

Sample

PScmﬁ»Scm{

Figure 2. Schematic of the Geant4 set-up used to perform Monte Carlo simulations

5cm

12.7 cm

HPGe Detector

5cm

—s5emt—— 12.8em ——3 em

Table 1. The chemical composition and density of (90-x) TeO2—xMo003—10ZnO glass system

Code Glass sample in mol (%)
T™MZ10 80Te02—10M003—10ZnO
TMZ20 70Te02—20M003—10Zn0O
TMZ30 60Te0,—30M003—10Zn0O

Mass fraction (%6) Density

Te 0 Mo Zn (gricmd®
67.9 21.3 6.45 4.35 5.103
60.0 22.6 13.0 44 5.066
52.0 24.0 19.56 4.44 4.976

2.3. WinXCOM Database Software

WinXCOM database can also be used to calculate
um values of any material and this software does
setup  [19].

Calculation of the pum values is based on the mixture

not require any experimental

rule given by the following equation.

(.um)glass = ZP Wi (Mm)i (6)

Where wiand (um)i are the weight fraction and
mass attenuation coefficient of the i element

respectively.
3. RESULTS AND DISCUSSION

3.1. Validation of the Geant4 model

Prior starting the Monte Carlo simulations for the
(90-x)TeO,—xMo00s—10Zn0O glass system, the
validty of the Geant4 model of was proven by
comparing the experimentally obtained mass
attenuation values of 20M00s-xBi>03-(80-x)B203
glasses (x = 10, 20, 30, 40 mol%) [20] to the
Geant4 based simulation results. The findings from
the both studies are shown in Table 2. The relative
difference of the experimental and Geant4 results
vary between 0.7% - 12.4%. From the validation
of the Geant4 model, we are confident about the
reliability of the values determined as the shielding
(90-x)TeO>—xMo003—10Zn0O

glasses and any other glass system which has not

parameters  of

been investigated previously.

)
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Table 2. Mass attenuation coefficients of MoOs-Bi203-B203 (MoBiB) glasses calculated with Geant4 and comparison to
experimental data [20] for the validation of the Geant4 model.

Glass 356 keV 662 keV 1173 keV 1330 keV
sample
Geant4 Exp. Geant4 Exp. Geant4 Exp. Geant4 EXxp.
MoBiB10 02402 + 0.2136 =+ 0.1029 =+  0.0977 + 0.0657 £ 0.0594 =+ 0.0512 + 0.0549 +
0.0092 0.0128 0.0052 0.0048 0.0033 0.0071 0.0053 0.0028
MoBiB20 0.2269 £  0.2201 + 0.1055 + 0.0986 + 0.0607 =+ 0.0603 £ 0.0518 + 0.0554 +
0.0098 0.00134 0.0046 0.0059 0.0050 0.0029 0.0050 0.0029
MoBiB30 0.2354 + 0.2234 + 0.1078 =+  0.0996 + 0.0599 + 0.0605 =+ 0.0581 +  0.0555 +
0.012 0.0136 0.0050 0.050 0.0046 0.0029 0.0044 0.0029
MoBiB40 0.2434 + 02302 + 0.0973 + 0.1011 + 0.0579 + 0.0610+  0.0513 £ 0.0556 +
0.0080 0.0138 0.0046 0.051 0.0039 0.0030 0.0042 0.0029

3.2. Photon Shielding Behavior of TeO>—Mo003;—ZnO Glass System

The Geant4 and WinXCOM results of un values for the (90-x) TeO>—xMo00Os—10Zn0 glass ternary (x =
10, 20, 30 mol%) are given in Table 3. The relative differences (RD%) between the results from the both
toolkits were calculated by using the following formula;

RD (%) = % x 100 @)

where Rg and Rw is the results from Geant4 and WinXCOM respectively.

As can be seen from the results presented in Table 3, the relative difference (RD) varies between 0.8%
and 4.1% and the results from Geant4 and WinXCOM are in agreement. Furthermore, it is observed that
um decreases with the increasing photon energy. This trend in unis expected since the high energy
photons have more penetration and diffusion ability within materials. Furthermore, in order to estimate
the mass attenuation values at the photon energies which were not simulated, a four parameter (p0, p1,
p2, p3) exponential fit in the form of pm = pO+p1-exp(p2+p3-E) has been applied to the mass attenuation
data calculated for all TMZ glass samples to obtain an equation to reproduce the mass attenuation
coefficients at any desired energy within the range between 356 and 1330 keV. As shown in Table 4, the
mass attenuation values calculated from the best fitted equations at the photon energies of 427.9 keV
(1%5Sb), (**Cs), 834,8 keV (**Mn), 1274.6 keV (**Na) are in agreement with the results calculated using
Geant4. It can therefore be concluded that these equations are reliable to calculate the mass attenuation of

TMZ glass samples at any desired energy between 356 and 1330 keV.

Table 3: Comparison of mass attenuation coefficients (cm? /g) of the TeO2—Mo0O3—2Zn0O (TMZ) glass ternary obtained using
Geant4 simulations and WinXCOM

Glass 356 keV/ RD 662 ke RD 1173 keV RD 1330 keV RD
Sample  —= T XCO %  Geant  XCO %  Geani XCO % Geant _XCO %
M 4 M 4 M 4 M
TMZ10  0.120 0123 24 00763 00750 1.7 00520 00533 2.4 00487 00497 2.0
+0.003 +0.006 +0.005 +0.004
TMZ20  0.123 0122 08 00744 00750 08 00524 00535 2.0 00491 0.0500 1.8
+0.004 +0.004 +0.006 +0.005

TMZ30 0.125 0.120 41 0.0740 0.0749 12 0.0527 0.0537 1.8 0.0497 0.0502 1.0
+0.003 + 0.004 + 0.005 + 0.005
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Table 4. Best fitted equations for estimation of mass attenuation and comparison to Geant4 results.

Mass Attenuation

Glass Best Fitted Equation Energy (keV) Coefficient (cm?/g) Percentage
Sample Fitted Geant4 Difference
Equation
T™MZ10 pum = 0.0437 + 0.0939-exp(0.777 - 0.00276-E) 427.9 (**5SB) 0.106 0.110 3.6
TMZ20 pum = 0.0460 + 0.214-exp(0.125 - 0.00324°E) 834.8 (>*Mn) 0.0622 0.0628 0.9
TMZ30 pum=0.0475 + 0.235-exp(0.144 - 0.00353E) 1274.6 (**Na) 0.0505 0.0499 1.2

Fig. 3 shows the plot of the transmission values of TMZ glasses with respect to the glass thickness at the
photon energies of 356 keV, 662 keV, 1173 keV and 1330 keV. Again, due to the penetration abilities of
the high energy photons, a big difference is observed between 356 keV and 1330 keV. Transmission
increases with the increase of photon energy. At the photon energies of 356 and 1330 keV the transmission
values of 5 cm thick TMZ10 glass are 0.0433 and 0.281 respectively. Fig. 3 also shows that, among the
simulated glasses, the lowest transmissions for all photon energies occur for the TMZ10 sample and
highest transmissions occur for the TMZ30 sample. This behaviour is due to the higher fraction of TeO2
existed in TMZ10 glass and the atomic number of Te (Z = 52) is higher than the atomic number of Mo (Z
= 42). Since the decrease in the Te content in TMZ30 is compensated by the increase in Mo atoms, the
transmission values for all glasses are close to each other at the selected energies. Furthermore, for the
photon energies starting from 1100 keV, pair production is the dominating photon interaction mechanism

and above this energy interaction mechanism becomes almost independent of chemical structure.

356 keV 662 keV

r -+ TMZ10 o7b -+ TMZ10
o5 g *TMZ20

r 0.6 TMZ30
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§ r §
& L & F
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§ L § F
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(}.2j C
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r C -4
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Figure 3. Transmission factor versus the thickness of TeO2—Mo03—2Zn0O (TMZ) glass system at 356, 662, 1173 and 1330
keV photon energies.
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The two important parameters characterizing the shielding ability of the TMZ glass system are the mean
free path (MFP) and the half value layer (HVL) of the glass system. It is important to mention here that
the lesser the value of MFP and HVL of given material, the better the shielding properties it would possess
and thanks to the lower value of MFP and HVL, better shielding performance can be obtained by using a
thinner layer of the selected material. Fig. 5 and Fig. 6 show the plot of MFP and HVL values of the
TeO,—Mo00Os—2Zn0O glass system versus the photon energies. As can be seen from these two plots,
TMZ10 has the lowest and TMZ30 has the highest values of MFP and HVL at the given photon energies.
Depending on the close atomic numbers of Te and Mo elements, the observed differences for the MFP
and HVL values are around 5.3% at 356 keV and 1.6% at 1330 keV for the 10% and 30% MoOs

concentrations respectively.

T
35
& sf
s [
s
8 25
€= -
g [
o =
Z 2 +TMZ10
C +TMZ20
15 TMZ30
1_ 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 |
400 600 800 1000 1200 1400

Photon energy (ke'V)

Figure 4. Mean free path of the TeO2—Mo03—ZnO glass system as a function of photon energy.
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Figure 5. Half value layer of the TeO2—Mo03—2ZnO glass system as a function of photon energy.
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In order to see the dependence of the mass attenuation coefficient and half value layer on the fraction of
MoO;existed in the selected glasses, these parameters were plotted versus the 10%, 20% and 30% mol of
MoOs and the dependencies were shown in Fig. 6 and Fig. 7 respectively. For 10% and 30% mol of
MoOs, the mass attenuation values change from 0.120 to 0.125 at 356 keV and from 0.0487 to 0.0497 at
1330 keV respectively. In the same way, the half value layers change from 1.104 to 1.162 at 356 keV and
from 2.732 t0 2.775 at 1330 keV. These findings also support that the decrease occurred for Te atoms are
partially compensated by the increase in the Mo atoms in the glass structure. Therefore, mass attenuation

values for the minimum and maximum MoO3 concentrations do not show a significant change.
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Figure 6. Dependence of mass attenuation values on the MoOs amount in the glasses
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Figure 7. Dependence of half value layer on the MoOs amount in the glasses
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4. CONCLUSION

In this study the photon shielding parameters of
(90-x)TeO,—xM003—10Zn0O glass ternary (x =
10, 20, 30 mol%) was investigated computationally
using Geant4 and WinXCOM database software to
exploit the shielding potential of the selected glass
system. Monte Carlo outputs of the Geant4 have
been analyzed and the following conclusions were
arrived;

e Geant4 model of HPGe detector can be a
reliable alternative to the experimental
techniques especially in the absence of
equipments or material samples to
determine the shielding capability of any
other materials.

e Mass attenuation coefficients determined
using Geant4 and WinXCOM agrees well.
Mass attenuation values are high at lower
energy region and they decrease as the
photon energy increases and stay almost
unchanged at the energy region above
1100 keV. This trend observed in mass
attenuation coefficients can be explained
by the photon interaction mechanisms at
low, medium and high energy regions in
terms of photoelectric effect, Compton
scattering or pair production respectively.

e Thanks to the function obtained from the
best fit applied to the simulated data, mass
attenuation values at any desired energy
can be calculated.

¢ Increase of the MoOs fraction from 10% to
30% in the glass structure causes an
increase in the transmission fraction, half
value layer and mean free path of the
selected glass system and therefore
weakens the shielding ability.
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Abstract. In this paper, we investigated local spin orientation (up or down) effects on magnetizations of the
monolayer nanographene by using effective field theory developed by Kaneyoshi. It is found that the monolayer
nanographene and its components have very small magnetization (mC1=mC2~mC3~mMLNG=2.31x10-18~=0)
at T=0.00 for the Jd1<0 (C1-spin up, C2-spin down and C3-spin up). On the other hand, for Jd2<0, Jd3<0,
Jd4<0, and Jd5<0, the monolayer nanographene and its components (C1, C2 and C3 atoms) have very large
local spin induced magnetization (mC1~mC2~mC3~mMLNG~=1;1>>2.31x10-18) than those of the Jd1<0.
These results clearly indicate that the local spin orientation in the monolayer nanographene has very strong
effect on its magnetism.

Keywords: Nanographene, Monolayer nanographene, Spin, Spin orientation, Magnetism, Effective field theory.

Tek Tabakahh Nanografende Lokal Spin Etkili Manyetizma

Ozet. Bu ¢alismada, Kaneyoshi tarafindan gelistirilen etkin alan teorisi kullanilarak, tek tabakali nanografenin
miknatislanmalarina lokal spin yonelimlerinin (yukari ya da asag1) etkileri incelendi. Tek tabakali nanografenin
ve bilesenlerinin Jd1<0 (Cl-spin yukari, C2-spin asagi ve C3-spin yukari) i¢in T~0.00'da ¢ok kiigiik
miknatislanmaya (mC1l~mC2~mC3~mMLNG=2.31x10-18~=0) sahip oldugu bulundu. Diger taraftan, Jd2<O0,
Jd3<0, Jd4<0 ve Jd5<0 i¢in, tek tabakali nanografen ve bilesenleri (C1, C2 ve C3 atomlar1), Jd1<0’dakinden
¢ok biiylik lokal spin etkili miknatislanmaya (mCl~mC2~mC3~mMLNG=;1>>2.31x10-18) sahiptirler. Bu
sonuglar acikca, lokal spin yonelimlerinin, tek tabakali nanografenin manyetizmasi iizerinde ¢ok giiglii bir
etkiye sahip oldugunu gostermektedir.

Anahtar Kelimeler: Nanografen, Tek tabakalinanografen, Spin, Spin yonelimi, Manyetizma, Etkinalanteorisi.

1. INTRODUCTION

Monolayer graphene discovered in 2004 by Novoselov et al.[1]. It is a new material that consists of
Carbon atoms with honeycomb (hexagonal) lattice in one atom thickness. Because of its unique properties
such as it consists of one layer, being strongest than steel, having high thermal and electrical conductivity,
it is a promising material that can be used in areas such as; transistors, battery charges, energy storing
devices, magnetic drug delivery systems, artificial magnetic systems, flat screens, coating material in

automobiles and planes. Therefore, mono, two and multilayer graphene systems had come in to center of
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interest. Although it has a short history as 15 years, many works have been done on graphene and graphene

based systems by using different experimental [2-22] and theoretical methods [23-29].

On the other hand, effective field theory developed by Kaneyoshi, which successfully identifies many
magnetic nanosystems such as nanoparticles, thin films, nanowires and nanotubs [30-47] and enables the
magnetic properties of these nanosystems to be successfully obtained, modeling nanosystems, it has
emerged as a successful theoretical method which is used for defining and examining magnetic systems
and applied continuously to different nanosystems. For example, using the effective field theory, the
magnetic properties of the cubic nanowire [48], the hexagonal Ising nanowire [49], the mixed Ising
nanoparticles [50], the spin-1 Ising nanotube [51], cylindrical transverse spin-1 Ising nanowire [52], cubic
nanowire [53], a kinetic cylindrical Ising nanotube [54], honeycomb thin film [55], diluted transverse
Ising nanowire [56], core/shell nanowire system [57], a mixed core/shell nanotube [58], core/shell spin-1

Ising nanowire [59] and cylindrical Ising nanowires [60-63] were investigated in detailed in literature.

Although the magnetic properties of many nanosystems were investigated using effective field theory, a
small number of studies were reported on the magnetic properties of nanographene systems were
investigated by using effective field theory in the literature [64-71]. However, local spin orientation
effects on the magnetizations of the monolayer nanographene (MLNG) have not been studied yet for
OCTA=1300. Therefore, in this paper, we investigate the local spin orientation (up or down) effects on

magnetizations of the MLNG by using effective field theory developed by Kaneyoshi in detailed.

This paper is organized as follows. Section 2 describes the theoretical methods. Section 3 introduces the

theoretical results and discussion. Section 4 is reserved for the conclusions.
2. THEORETICAL METHOD

The aim of this paper to investigate the local spin orientation (up or down) effects on magnetizations of
the monolayer nanographene (MLNG) by using effective field theory developed by Kaneyoshi [72]. To
obtain the the local spin orientation (LSO), we the exchange interactions between C1, C2 and C3 atoms
of the MLNG. Namely, when J4:<0, the spin direction of the C1 and C2, C2 and C3 is opposite, when
Ja2<0 and Jgs<0, the spin direction of the C1 and C3 is opposite, when J4<0, the spin direction of the C1
and C2 is opposite, and when Jgs<0, the spin direction of the C2 and C2 is opposite. However, when all
J>0[73], all of the the spin of the MLNG are up (see Fig.2(f)).
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Figure 1. (Color online) Schematic representation the MLNG [73].

In our previous work [73], we investigated the effects of the twinning angle on the magnetizations of the
MLNG. Since the MLNG system is same, we shall follow the same model and the same equations of the
effective field theory of the MLNG given in our previous work [73] in detailed. Therefore, the
Hamiltonian and the magnetizations of the MLNG and its components C1, C2 and C3 are given by [73],

Hamiltonian;

H = —Jg1 X(c1,c1y SE1SE — Jar Zica,c2) SE1SE — Ja1 Xcz,c3)SESEs — Ja1 2cac3) SE3SEs
—Jaz2 2c1,c3) SE1S8 — Jaz Xc2,c2) SE2SC — Jaz 2qc1,c3) SE15E — Jaa 2ici,c2y SE1SE2

—Jas Xic2,c2)S6SE — (X1 Sé + X2 Sé + X3 SE) 1)

Magnetizations;

mey = [cosh(Jg; V) +mesinh(Jg; V)] [cosh(Jg1 V) +mczsinh(Jg, V)12 [cosh (Jaa V) +mc;sinh (g, V)]
[cosh(Ja; V) +mczsinh(Jg, V)1?[cosh(Jas V) +messinh(Jgs V)] Foy 2 ()]
mcz = [cosh(Jg1 V) +mc;sinh(Jg; V)] [cosh(Jas V) +mcysinh(Jas V)] [cosh(Ju2 V) +me;sinh (Ja2 V)]
[cosh(J45V)+me,sinh(J4s V)]  [cosh(J41 V) +mczsinh(Jg; V)]
[cosh(Jas V) +mcssinh(Jaa V)] Fea o ()]
mez = [cosh(Jg2V)+meysinh(Jg, V)] [cosh(Jgs V) +mcysinh(Jgs V)] [cosh (Jg1 V) +m,sinh (Jg; V)]
[COShUd4V)"'mczSinhUdth)]l[COShUdlV)+mc3SinhUd1V)]lFs-uz(x)|X=0, 2
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In the Hamiltonian, Ji (i = d1, d2, d3, d4 and d5) is the exchange interaction between two nearest and next
neighbor Carbon atoms. The values of the J; are obtained by using the relationship Ji = ki/ndi; where, k; (i
=1, 2, 3, 4 and 5) is a constant that defines the type of magnetization and ndi (i = 1, 2, 3, 4 and 5) is the
normalized lattice distance such as, nd; = dy/1A = 1.42A/1A = 1.42. S?= %1 is the Pauli spin operator. h
is the external magnetic field. In the magnetizations, V =&/ oxis the differential operator and the

function of Fs.12(x) is defined by as follows for the spin-1/2 Ising particles [73].
Fg.1/2(x) = tanh[B(x+H)] ()

where B = 1/kgTa, Kg is the Boltzmann’s constant, T is the absolute temperature. We used the reduced
temperature, T = kgTa/J, and the reduced applied field, i.e. H = h/J in all calculations. The total

magnetization of the MLNG is given by [73],

1
MTyvinG =75 [2 me; + 4 mey + 4 mes). (4)

3. THEORETICAL RESULTS

We obtained the temperature and local spin orientation dependence of the magnetization of the monolayer
nanographene (MLNG) for the critical twinning angle (Octa=130°) of zigzag edge in Figs.2(a)-(f). In
Fig.2(a), magnetizations of the MLNG (MTMLNG) and its component (mC1, mC2 and mC3) are
obtained for Jd1<0 (in other word, C1-spin up, C2-spin down and C3-spin up). As we clearly see that
antiferromagnetic orientations of the spin of the nearest neighbor atoms (Jd1<0) cause almostly zero
magnetization (mC1~mC2~mC3~mMLNG~2.31x10-18~0) at T~0.00 (this means that TC=0.00). On the
other hand, antiferromagnetic orientations of the spin of the next-nearest (Jd2<0 and Jd4<0) and third-
nearest (Jd3<0 and Jd5<0) neighbor atoms cause a very highest magnetization behaviors than those of the
nearest neighbor atoms (Jd1<0) (Mci=mc<mes=mminG=1>>mci~mer~mes~mmine=2.31x1018=0) at
T=0.00 in Figs.2(b), (c), (d), (e) and for all J>0 in Fig.2(f) for which the local spin induced Curie
temperature are obtained as TC=1.57, 2.15, 1.04, 2.47 and 2.738 (after Ref. [73]), respectively. By using
these results, we suggest that it is possible to obtain magnetism with the changing of the local spin
direction of the MLNG and other magnetic systems. We call such magnetism as local spin induced
magnetism (LSIM) and local spin induced Curie temperature (LSITc).
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Figure 2. (Color online) Local spin induced magnetism (LSIM) and local spin induced Curie temperature (LSITc) in

the MLNG.

4. CONCLUSIONS

Local spin orientation (up or down) effects on magnetizations of the monolayer nanographene (MLNG)

by using effective field theory developed by Kaneyoshi. It is found that;

1. MLNG and its components have a very small magnetism mci=mcmcz=mmine=2.31x1018=0

at T=0.00 for Jd1<0.

2. MLNG and its components have very large magnetism mci~mc~mczmminc=1 at T~0.00 for
J42<0, J43<0, J4a<0, Jgs<0 and all J>0.
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3. Curie temperature of the MLNG and its components is differ for each J41<0, J42<0, J43<0, J1a<O0,
Jas<0 and all J>0.

4. We call such magnetism as local spin induced magnetism (LSIM) and local spin induced Curie
temperature (LSITc)

5. We hope that our results open a door to understanding of the magnetism in MLNG and other
magnetic systems.
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Abstract. BitTorrent, one of the distributed file sharing protocols, is regarded as one of the first examples of
decentralized Internet philosophy and is among the important research areas in this context. TCP was initially
used as the transport layer protocol in BitTorrent, and the transition to the uTP protocol was made because of
the problems of latency and excessive bandwidth consumption. Later, with WebTorrent, which is a BitTorrent
protocol adapted to the web, WebRTC was proposed as a transport layer protocol. Thus, BitTorrent protocol
is enabled to work directly through Internet browsers without using any plugin. In this study, the data
exchange sizes in the torrent shares of these three transmission protocols have been compared and the
advantages and disadvantages of these protocols were demonstrated in this context.

Keywords: BitTorrent, WebTorrent, TCP, uTP, WebRTC.
BitTorrent Iletim Protokollerinin Veri Aktarim Basarimlarinin
Karsilastirilmasi

Ozet. Dagitik dosya paylasim protokollerinden BitTorrent, merkezi olmayan internet felsefesinin ilk
orneklerinden olarak kabul edilmekte ve bu baglamda Onemli arastirma alanlari arasinda yer almaktadir.
BitTorrent’te iletim katmani protokolii olarak baslangicta TCP kullanilmis, gecikme ve bant genisliginin agiri
tiiketilmesi problemlerinden dolayr uTP protokoliine gegis yapilmistir. Daha sonra BitTorrent protokoliiniin
Web’e uyarlanmis hali olan WebTorrent ile iletim katmani protokolii olarak WebRTC 6nerilmistir. Bu sayede
herhangi bir eklenti kullanmadan dogrudan internet tarayicilari tizerinden BitTorrent protokoliiniin ¢aligmasi
saglanmistir. Yapilan ¢alismada, bu ii¢ iletim protokoliiniin torrent paylasimlarindaki veri aligveris boyutlart
kargilagtirilmis ve bu baglamda avantaj ve dezavantajlart ortaya konulmustur.

Anahtar Kelimeler: BitTorent, WebTorrent, TCP, uTP, WebRTC.

1. INTRODUCTION

The BitTorrent protocol supports file sharing over
peer-to-peer networks (P2P) using the TCP [1]
and uTP [2] protocols. On the web side, the same
function is performed with WebRTC via
WebTorrent [3]. When the TCP protocol is used
as the transmission protocol, BitTorrent protocol
clogs the bandwidth in DSL and cable modems,
and causing delays on interactive communications
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[4]. For these reasons, the problem of consuming
the full bandwidth is solved by using uTP as the
transmission protocol [4]. In the following years
Aboukhadijen [5] suggested WebTorrent by
making some protocol changes to run the
BitTorrent protocol over WebRTC. WebTorrent is
a simple JavaScript API that runs in the browser
without the need for an extra plugin [6].
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WebTorrent uses RTCDataChannel of WebRTC
for P2P communication of BitTorrent protocol.
Thus, WebRTC has been used as a data
transmission layer for the BitTorrent protocol and
the WebTorrent protocol has emerged [3]. In this
way, man in the middle attacks are prevented [7]
[8] and completely browser based torrent clients
have emerged. This study examines the transport
layer protocols recommended for the BitTorrent
protocol, and compares the packet numbers and
bandwidth usage that affect network performance.

2. DATA TRANSMISSION ON
BITTORRENT
2.1. TCP
BitTorrent was designed by Bram Cohen in 2001
to seamlessly integrate with the web by defining
the content URL for file sharing. When TCP
(Transmission Control Protocol) is used as the
transmission layer in the BitTorrent protocol,
multiple TCP connections are opened and shared
[9]. The most important advantage over HTTP is
that it supports a large number of downloads from
different sources with a slight increase in the file
resource load. This causes delays in the Internet
connection due to the filling of the sender buffer
in DSL and cable modems [10].

Although this problem is solved by constantly
limiting BitTorrent bandwidth, it is necessary for
users to rearrange the restriction when they pass to
different bandwidth networks [1]. At the same
time, when bandwidth utilization increases, fixed
limitations cause repeat latency and interruption.
If the bandwidth utilization drops, the unused
bandwidth will not be evaluated. Due to these
problems, uTP protocol has been developed to
dynamically adjust the bandwidth usage [11].

2.2. UTP

TCP protocol includes Additive Increase/
Multiplicative Decrease (AIMD) [12] to use equal
bandwidth between TCP connections. However,
BitTorrent uses a lot more bandwidth than
applications that use a single TCP connection
because it builds multiple TCP connections to
peer nodes with the P2P architecture. Basically, to
solve this problem BitTorrent has developed a

UDP-based micro transport protocol (uTP) [13]
based on new congestion control (Low Extra
Delay Background Transport-LEDBAT) [14].

The uTP protocol dynamically runs on the unused
portion of the bandwidth. The protocol controls
the connection flows with the sliding window
algorithm and preserves the data integrity with
consecutive sequence numbers [15]. uTP basically
uses a one-way delay measurement as the
congestion control gain. The sender places a 32-
bit time stamp in the data packet defining the
sending time. The receiver calculates the one-way
delay measurement and stores it as a delay vector.
If the smallest value in the stored delay vectors is
less than 100, the window size is increased. If it is
higher than 100, it is decreased. This congestion
control approach does not fill the send buffer and
does not cause interruptions and delays in the
user's Internet connection [11].

2.3. WebRTC

WebRTC (Web Real-Time Communications) is a
JavaScript-based, open source free project that
provides real-time communication without the
need for additional extensions on browsers [16]. It
is supported by browsers such as WebRTC,
Firefox, Opera and Chrome, and platforms like
Android and 10S, which are rapidly spreading at
the point of browser support with HTML5 [17].
WebRTC provides a set of features for peer-to-
peer communication and video conferencing in
HTML, for instance connecting to remote peers
using NAT traversal technologies such as ICE,
STUN, and TURN, and sending data directly to
remote users or receiving fragments from remote
peers [18].

The main purpose of WebRTC is to access
peripherals such as cameras and microphones in a
secure way through the web application and to
provide real-time data flow between peers.
WebTorrent, which uses WebRTC as the
transmission protocol, is a browser-based special
torrent client that uses WebRTC data channels to
connect to the BitTorrent network and does not
need any additional downloads. In this sense,
WebTorrent can offer direct torrent downloads
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from browser to browser using WebRTC peer
connections and  WebSocket-based tracker
protocol with partial changes to the BitTorrent
protocol. However, WebRTC based WebTorrent
and TCP / UDP based BitTorrent clients cannot
communicate  directly with each  other.
Transmission applications called hybrid clients are
needed for this [19].

3. METHODOLOGY AND MODEL

In order to compare the packet numbers and sizes
that WebRTC, uTP and TCP protocols used
during the transfer in BitTorrent usage, an
appropriate model has been prepared to the
network topology shown in Figure 1.

Symmetnc‘ Port Restricted
NAT Cone NAT
N N
N NN
NNy R
N N7
N =
Seeder Leech Seeder

Figure 1. Application model

BitTorrent version 7.9.9 was used as the official
processor of the BitTorrent protocol for TCP
communication. For uTP  communication,
BitTorrent client is configured and transfer is
made via uTP. The JavaScript-based WebTorrent
client for WebRTC has been used over Google
Chrome version 55.0.2883.87. For TCP and uTP
transmissions with the BitTorrent client, all
incoming and outgoing TCP and UDP
connections have been allowed on the firewall of
client's operating system. No settings have been
made in the browser or operating system for
WebRTC transmission.

The BitTorrent client has been used with default
settings for uTP forwarding; by default, the

security settings will support unencrypted
connections on outbound connections, and
encrypted and unencrypted connections on
incoming connections. In order for BitTorrent
client to be able to transmit TCP, the default
transmission method uTP protocol is set to
passive and the TCP protocol is activated. By
default, security settings are configured to allow
unencrypted connections for outgoing connections
and to support encrypted and unencrypted
connections for incoming connections. End-to-end
security on the WebRTC is not optional, as it is
standard, no extra security settings have been set.

The first sharer is located under the Port
Restricted Cone NAT, and the internet connection
is realized on this way. The second sharer and
client are located under Symmetrical NAT. Two
sharers and one client are used for each
transmission protocol. Two files of 100KB and
1MB in size, have been uploaded to both sharers
and downloaded by the client respectively. Two
files were requested separately for TCP, uTP and
WebRTC protocols and network data were
monitored. Six downloads were made in total.
Packets transferred from starting client side
communication until completion of downloading
are captured, packet numbers and packet sizes are
calculated and compared for each protocol
separately.

4. RESULTS AND DISCUSSION

In this study, the use of WebRTC, TCP and uTP
as the transmission layer in the BitTorrent
protocol is discussed. This transport layer protocol
has been examined through the methodology and
model presented in Chapter 3. The first sharer
made a 100KB file share with BitTorrent uTP,
and the second sharer shared this downloaded
torrent via itself. After this process, two
shareholders of the torrent with the same content
were created. The client started downloading
torrent content using uTP. The client receives part
of the file from the shareholder on its own
network and the other part from the shareholder
behind a different NAT. Communication between
the nodes behind Symmetric NAT and Port
Restricted Cone NAT has been successfully

764




Arslan, Canay / Cumhuriyet Sci. J., Vol.40-3 (2019) 762-767

established. Subsequently, 1 MB file sharing was
performed over the same model and the same
transmission protocol.

The BitTorrent client for TCP transmission is
configured to transmit TCP only, 100Kb and 1Mb
files are downloaded separately from the two
sharers. NAT transitions have been successful. As
a result of this communication, the bandwidth and
number of packets used by the client are shown in
Table 1.

Table 1. Bandwidth and number of packets on
BitTorrent TCP connection

File Bandwidth Num. of Packets
100KB 112,482 byte 150

1MB 1,119,539 byte 1,140

BitTorrent client for uTP transmission is
configured, 100KB and 1MB files are
downloaded separately from two sharers.

Bandwidth and number of packets used by the
client as a result of this communication are shown
in Table 2.

Table 2. Bandwidth and number of packets on
Bittorrent uTP connection

File Bandwidth Num. of Packets
100KB 119,772 byte 197
1MB 1,120,156 byte 1,010

For WebRTC transmission, a browser-based
application that transmits WebTorrent via
WebRTC runs on two shareholders; 100KB and
1MB torrents were uploaded to the first sharer.
The second sharer has downloaded the torrent
with the created torrent link via WebRTC and
started sharing. As a result of the process, two
shareholders of the file were created. Some parts
of the file are downloaded from the sharer on the
same network and the other parts are downloaded
from the sharer behind the different NAT. The
NAT transition was successful.

Since the client network is Symmetrical NAT, and
the other sharing network is Port Restricted Cone
NAT, it has been observed that the TURN server
has been activated and data is relayed via this

server. For this reason, it has been observed that
STUN and TURN processes have been
successfully performed in accordance with the
ICE framework. The bandwidth and number of
packets used by the client as a result of the
transmission through WebRTC via WebTorrent
are shown in Table 3.

Table 3. Bandwidth and number of packets on WebRTC
Transmission

File Bandwidth Num. of Packets
100KB 136,246 byte 345
1MB 1,680,905 byte 5,467

After the completion of the transfer within using
all the protocols, bandwidth and number of
packets used for the 100KB file are shown in
Figure 2 and Figure 3, respectively.

350 4

300
250

157,
200

Num. of Packets

TcP utP
Protocol

‘WebRTC

Figure 2. Total number of packets for 100KB file transfer

In the 100KB file transfer, TCP has completed the
transfer with 150 package, uTP used 197 packet,
and WebRTC wused 345 packets for this
communication.

140000 130247
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_

File Size T uTP
Protocol

2

WebRTC

Figure 3. Bandwidth utilization for 100KB file transfer
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In this sharing process, the total size of data sent
outside the file size (overhead) was approximately
10KB (10,082 byte) in the TCP protocol, 17KB
(17,372 byte) in the uTP protocol, and 33KB
(33,846 byte) in the WebRTC protocol.

After all the transfers are complete with all
protocols, bandwidth utilization and number of
packets for the 1MB file are presented
comparatively in Figure 4 and Figure 5.

uTP protocol works on UDP basis and it is
observed that the added control packets and the
congestion control algorithm increase the
communication size because the transferred data
should be sent lossless to the other side and thus
use more packets and bandwidth than the TCP
protocol. The WebRTC protocol seems to use
quite a lot of packets and bandwidth compared to
uTP and TCP. It can be said that the main factor
that increases the number of packets is the
signaling packets and the data fragments sent with
low payload caused by the activation of the
TURN Server.

5467

g

Num. of Packets

TCP uTP
Protocol

WebRTC

Figure 4. Total number of packets for 1MB file transfer

It is considered that the reason for the excessive
use of bandwidth in WebRTC is the dTLSv1.2
protocol used for end-to-end security after
signaling and the overhead caused by the TURN
server.

1660905

1200000

Bandwidth
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‘WebRTC

File Size TcP uTP
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Figure 5. Bandwidth utilization for 1MB file transfer

5. CONCLUSION

Although it is observed that WebRTC is the
protocol that has the most packet traffic and
bandwidth usage in file transfers made with
BitTorrent protocols the use of this protocol
seems to be advantageous compared to the uTP
and TCP protocols in the use of BitTorrent
because it provides significant convenience at the
end-user point, such as platform, installation and
configuration requirements. Over time, it is
expected that WebRTC's connection efficiency
will be improved. Also, it's observed that on the
BitTorrent Protocol running on TCP and uTP,
encrypted connection for connection security is
optional and can be running by giving special
permissions to the operating system firewall.

BitTorrent (WebTorrent) protocol running on
WebRTC brings significant advantages such as
working on web browsers, no need for additional
software installation, no need for specific firewall
permission, providing dTLSv1.2 protocol as
standard for connection security, user security,
and end-to-end confidentiality. In future studies,
the security parameters of BitTorrent transmission
protocols can be examined and their advantages
and disadvantages can be demonstrated.
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Abstract. In this article, the using of waste materials has been studied such as phosphogypsum in the
alteration of fine-grained soils in order to upgrade the geotechnical properties as a construction material.
Standard Proctor test, unconfined compressive strength tests and California bearing ratio were carried out on
Calcined Phosphogypsum (CPG) stabilized soil samples. It was determined that the phosphogypsum with
additives calcined at the low temperature 150 °C. Treatment with CPG generally reduces the maximum dry
density but CPG increase the optimum moisture content. Compressive strength, California bearing ratio were
performed to investigate effects of additive mixtures of stabilized and natural soil specimen. The empirical
results show that stabilized samples with CPG additive mixtures have high durability as compared to
unstabilized samples. These contribution blends have also improved the dynamic behaviors of the soil
samples. As a result, we conclude that CPG additive mixtures can be completely used as an additive material
to strength of granular soils in highway constructions and embankment applications. The experiment results
understood that the stabilized fine-grained soil specimens containing CPG show high resistance to the CBR
and unconfined compressive strengths as compared to natural fine-grained soil samples.

Keywords: Soil stabilization, waste materials, phosphogypsum, fine-grained soils.
Ince Taneli Zeminlerin Geoteknik Ozelliklerinde Kalsine Edilmis
Fosfojips’in Etkisi

Ozet. Bu calisma, bir yap1 malzemesi olarak ince taneli zeminlerin geoteknik 6zelliklerini yiikseltmek igin
fosfojips gibi atik maddelerin kullanimint degerlendirmektedir. Kalsine Fosfojips (CPG) ile stabilize edilen
zemin numuneleri tizerinde, standart proctor deneyi, Kaliforniya tasima giicli ve serbest basing ve optmum su
muhevast deneyleri yapilmistir. Giibre fabrikast atigi olan fosfojips 150 °C gibi diisiik sicaklikta kalsine
edilmistir. Kalsine edilmis fosfojips (CPG) katilan ince taneli zeminlerin maksimum kuru yogunlugu
azalmustir, ancak optimum su muhtevasi degerleri artmistir. Serbest basing mukavemetinin, California tagima
giicli oraninin, dogal ve stabilize zemin drnekleri tizerindeki etkileri arastirilmigtir. Deney sonuglari, stabilize
edilmemis numunelere kiyasla CPG katkili karigimlarin daha yiiksek dayanikliliga sahip oldugunu
gostermektedir. Sonug olarak, CPG katkili karisimlarin, yol ingaatlar1 ve hafriyat dolgu uygulamalari igin ince
taneli zeminlerin dis etkilere karst mukavemetinde bagarili bir sekilde kullanilabilinecegi sonucuna
varilmigtir. Test sonucglari, CPG igeren stabilize ince taneli zemin numunelerinin, dogal ince taneli zemin
numunelerine kiyasla daha yiiksek CBR direnci ve serbest basing mukavemeti sergiledigini gostermektedir.

Anahtar Kelimeler: Zemin stabilizasyonu, atik malzemeler, fosfojips, ince taneli zeminler.
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1. INTRODUCTION

Chemical improvement is the variety of the
properties of a locally existing soil to improve its
mechanical capacity. The lime stabilization and
cement stabilization are two most frequently used
chemical improvement methods [1]. To further
improve the properties of stabilized soil,
phosphogypsum can be added to the soil as an
additive. In this study, phosphogypsum, an
industrial waste, has been used as a chemical
stabilization ingredient to improve the mechanical
properties of chosen soils. Phosphogypsum (PG)
is industrial waste of products in phosphoric
fertilizer factories. Roundly 3500 tons per day of
PG are produced every year in Bandirma-
BAGFAS plant of Turkey; these wastes are tried
to be made harmless by various ways in landfills,
rivers and waste ponds.

Phosphogypsum consists of some impurities such
as P,Os, F7, essentially of calcium sulfate and
organic substances. The use of phosphosypsum as
construction material is restricted. The reason for
this is the presence of purity in it. The gypsum
and cement industries currently use only a small
proportion of this by-product as a retarder for
cement and for the construction of bricks and
gypsum plaster [1-8]. Phosphogypses were reused
with some achievement in the road substructures
and cylinder compressed concrete [9-10].
Phosphogypsum can be improved by fly ash with
thermal power plant waste that other industrial
waste and Portland cement for possible use in soil
improvement.  Phosphophosum  mixed with
cement has long been studied for about ten years
[11,12]. Phosphogypsum is not enough for road
infrastructure or embankment construction lonely.
Blends prepared with fly ash, phosphogypsum,
and Portland cement provide slightly higher
geotechnical values maximum dry unit weight and
OMC values for improved phosphogypsum
mixtures, in comparison with unimproved
phosphogypsum mixtures. Most of these studies
suggested that cement with CsA content less than
7% can be used with phosphogypsum [13]. The
planned properties of soil-cement mixture and soil
type describes cement content requirements. The

amount of clay in the soil is decisive for
stabilization in generally. Some studies suggest
that the amount of cement content can be chosen
between 5 %-15% by clay. [14,15]. Researchers
are also advised to prepare almost too close to the
optimum water content and maximum dry unit
weight values when preparing mixtures containing
phosphogypsum (PG). [16,17].

Many methods to change the geotechnical
properties of fine-grained soils have been
proposed to date. These methods can be expressed
as stabilization by chemical ejection, wetting,
other soil displacement, compression control,
moisture control, additional load loading and
thermal methods [18-20]. In particular, new
studies are carried out to reduce swelling behavior
and permeability. These studies ultimately
increase the Strength properties. [21-23]. Many
researches have studied natural materials and
fabricated products such as geofiber to change the
fine-grained soils.

The main purpose of this study is to investigate
the suitability of phosphogypsum calcined at the
low temperature 150 °C to increase on the
geotechnical properties of fine-grained soils as a
stabilization material. Stabilized and natural fine-
grained soil samples were tested in laboratory
conditions to obtain better results.

2. MATERIALS AND METHODS

2.1. Fine-Grained Soil

The fine-grained soil has been supplied from the
basalt quarry crusher plant deposits of Mesudiye-
Catalkaya, Ordu, Northeast of Turkey (Fig.1). The
material used in experimental studies remain
within the boundaries of the base material
granulometry  determined by the General
Directorate of Highways of Turkey. X-ray
diffraction (XRD) pattern of the fine-grained soil
and the grain-size distribution are given in Figs. 2
and 3. Meanwhile, its engineering and index
properties are summarized in Table 1.
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Table 1 Engineering properties of Phosphogypsum and fine-
grained soil.
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Property Fine-grained soil  Phosphogypsum
Density
Density, (Mg/m3) 2.649 2.39
Grain-size
Gravel (> 2000 um), % 60 --
Sand (2000-75 um), % 35 55
Silt 275 um), % 5 45

Clay (<2 um), % -- --

2.2. Phosphogypsum

Bandirma-Turkey Fertilizer Plant which PG used
in the research was brought here, obtains PG as a
by-product in the process of producing phosphoric
acid production by phosphate rock. The chemical
compositions of waste phosphogypsum is seen in
Table 2. Important component of PG is calcium
sulfate and, consequently, PG (pH less than 3)
exhibits acidic properties. The relative density of
PG is 2.87, the optimum water content is 12-13 %
and the maximum dry density is 14.53 kN/m?,
according to the standard Proctor test. The grain
size distribution range is 0.5-1.0 mm. PG can be
classified as a silty soil also seen from the Fig 1.,
a ML (USCS) or A-4 (AASHTO) soil, with
almost no plasticity. PG determined by The
Nuclear Research and Training Center in
Cekmece/Turkey, known as CNAEM are ?*°Ra:
22 Bq kg, 28U: 9.0 Bq kg?, #2Th: 1.0 Bq kg*
and “°K:11 Bq kg®. As a result of the measures
taken by Bagfas fertilizer plants, phosphogypsum
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has been classified as a weak radioactive

substance [24].

The PG was stored outdoors fields, and the
convenient amount of PG was air-dried and
calcined at low temperature. The required amount
of calcined phosphogypsum (CPG) measured
depending on weight of waterless soil and
incorporated to the soil. The ingredients (soil +

Table 2 The chemical compositions of waste phosphogypsum

CPG) were first added and mixed in dry condition
for 3 min, and then to a certain extent water was
added and the mixer was stirred for 2 minutes.
The mixture was put into the mold and
compressed. The amount of water added to the
mixture is determined as the optimum water
content.

Chemical Si0,
parameters
PG

Al,O; Fe,0O; CaO

344 088 032 3204

SO; NaO POs F  CaOpe  —OSSOM
ignition
4467 013 050 079 081 21.06

2.3. Experimental Study

Soil sample can be classified as an A-1,A-3 soil
according to the the AASHTO soil classification
system and according to the Unified Soil
Classification System SP-SM type.

The mixtures were composed of different
percentage of calcined phosphogypsum by
holding the optimum water content. The mixture
proportions of the bonding agents are given in
Table 3. Phosphogypsum was used as unworked
and calcined materials for making the adhesive
agent. A appropriate amount of phosphogypsum
was air dried and sieved through a 4.75 mm sieve
before using. To create calcined gypsum,
phosphogypsum was heated in an electric oven at
150 °C for 6 hours. The calcined material was
desiccated in a closed container to room
temperature to avoid any contamination.
Maximum dry density and OMC of all mixtures
were obtained by SPT with respect to AASHTO T
- 99 and ASTM. When the compression process
was in progress, the soil determined by the
amount of water was placed in a mold of standard
sizes in five layers, and compacted by 56 blows of
rammer dropped from a distance of 457 mm at
each layer, subjecting the soil to total compactive
effort.

The unconfined compression (UC) tests were
implemented according to ASTM 266 and
unconfined compression strength values (qu) were
determined. Samples with a 30 cm length and 15
cm diameter were prepared. The samples were
placed in a great desiccator (humidification

vessel) to prevent from drying while waiting a
turn at the compression machine. Six samples
were prepared for each ratio and tested at a
deformation rate 0.5 mm / min.

The homogeneous soil blend was created by
adding the required amount of stabilizer. The
required water determined is poured into soil
mixtures. The species were molded at maximum
unit weight and OMC in accordance with ASTM
D1557. Geotechnical tests as SPT and unconfined
compressive strength (qu) tests were applied on
soil samples prepared with stabilizer addition at
variable percentages in order to examine their
influence. Tables 3. Presents Compaction features
and the definition of soil mixtures. Each soil
samples used in the unconfined compressive
strength test was statically compacted in the
cylindrical mold (15cm in diameter and 30cm
high) at the optimum water content and maximum
dry density. For curing, the samples were closely
covered and placed in any box. Ambient
temperature fixed to 21 °C. The species cured for
7 days and after curing unconfined compressive
strength test was conducted.

2.4. California bearing ratio tests

CBR method is the most common method for
evaluating the comparative resistance of soils in
road construction. California bearing ratio (CBR)
tests were performed using a cylindrical test
mould kit on samples compacted in three layers at
maximum dry unit weight and the OMC
determined by conducting standard Proctor tests.
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The tests were performed following AASHTO
T193. According to AASHTO T193-63 and
ASTM D1883-73, the soaking period for CBR
samples for normal soil is 96 h or 4 days.

The CBR specimens prepared with different
proportions of CPG to soil at its optimum water
content were compacted and then soaked in water.
The results of CBR tests obtained are tabulated in
Table 3. For evaluating of efficiency of CPG
improvement on CBR’s results and also swelling
potential of soil the soaked and unsoaked CBR
tests are conducted on natural soil samples at first
and the amount of swelling is obtained about 1
percent. Then specimens are prepared with
different mixtures of CPG. These samples are

exposed to a temperature of 23 degrees Celsius for
28 days while maintaining the same humidity.
After that unsoaked CBR results of samples were
calculated. After that, the prepared samples were
immersed in water for 96 hours and reading of
swelling is controlled. Then saturated CBR tests
results were calculated. The results are showed in
Table 3and Fig 6. It appears that the addition of
20% CPG gives the maximum percentage increase
in CBR wvalue (ratio of obtained CBR
value/highest CBR value) after curing for 96
hours; see Fig. 5 (a). The CBR amounts of
prepared specimens with different CPG
percentage (5, 10, 15 and 20 percent) show that
improving soil with CPG is most suitable.

Table 3. Detail of Soil-CPG Mixtures for Tests Conducted

Combination MDU OWC CBRuaverag CBRrae Percent  Max. Axial
W (%) e otincrease  Swell stress  strain
(kg/m?) CBR (%) (kPa) (%)
SOIL SOIL 2225 43 184.53 1,0 3.05 637.43 13.800
SOPG5 SOIL+ PHOSPHOGYPSUM 5 % 2220 5.3 209.04 1,1 2.67 906.13 12.933
SOPG10 SOIL+ PHOSPHOGYPSUM 10 % 2151 55 218.86 12 2.56 1061.08 10.467
SOPG15 SOIL+ PHOSPHOGYPSUM 15 % 2140 7.0 229.58 1,2 243 1211.12 9.733
SOPG20 SOIL+ PHOSPHOGYPSUM 20 % 2059 7.64 239.41 1,3 2.35 1379.80 8.600

3. RESULT AND DISCUSSION
3.1. Analysis of compaction parameters in
mixtures

Figs. 4. shows the effects of bonding agent
mixtures on the OMC and the maximum dry
densities. The results presents that the supplement
of bonding agent mixtures revealed an increase in
OMC and a reduction in maximum dry density.
The high dry unit weights and the low OMC occur
in unimproved samples, while the low dry unit
weights and the high OMC occur in improved
samples with 20% CPG bonding agent mixtures.
The reason why increased in OMC is an increase
in the total particle surface area of the improved
samples due to the addition of finer materials.
That’s why, the OMC increased in the improved
samples. Depending upon an increase in OMC,
the maximum dry unit weights decreased in the
improved specimens gradually. It was found that

the OMC ranged from 4 to 8% for fine grained
soil and the maximum dry densities ranged from
2.2 t0 2.05 in Mg/m?3 for fine grained Soil.

4,25
e 500
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SOIL+ PHOSPHOGYPSLUIM 10%
®  30IL+ PHOSPHOGYPSUIM 15 %
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Fig. 4. Effects of CPG on the dry unit weight and
moisture content.
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3.2. Analysis of compressive strength in
mixtures

Fig. 5 presents the effects of bonding agent
mixtures on the compressive strength. It is
observed that the compressive strength results
increase by the addition of bonding agent
mixtures in the improved samples. The CPG
particles stabilize the soil matrix at the interfaces
with the soil textures, resulting in a denser
improved soil sample. Unconfined compressive
strengths of unimproved soils were in all
situations lower than improved soils. There is
significant benefit strength with addition of CPG.
The benefit in unconfined compressive strength is
dependent on the CPG content. A high increase in
unconfined compressive strength take placed with
20% of CPG content for soil.

3.3.  Analysis of CBR in additive mixtures

The CBR test was performed to investigate the
behavior of samples stabilized with additives.
These tests were carried out in the Modified
Proctor mold by adding the additive and adding
the additive. These tests were repeated on day 28.
The effects of additive mixtures on CBR are given
in Figure 6. With increasing amounts of CPG
additive, it has been shown that CBR values are
increased and this is achieved in all mixtures.
Depending on the amount of additive, the
compressive strength and CBR were found to be
increased. It is seen from the results of natural

samples and stabilized samples that there is a

linear relationship between the compressive
strength and CBR values.
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Fig. 5. Unconfined compressive strength (a) and
strain (b) of soil stabilized with addition of CPG.
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4. CONCLUSION
In this study, the geotechnical effects of
phosphosypsum additive blended granular soils

are investigated and the following results are
obtained:
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» Experimental results showed that, with the
addition of phosphosypsum additive, the
maximum dry density of the mixtures decreased
and the optimum moisture content increased.

* Additive mixtures increased compressive
strength. It has played an important role in the
development of CBRs of granular soils.
Generally, in all mixtures, the compression
strength and CBR values are increased by the
addition of CPG additive. Maximum compressive
strength and CBR values are obtained by adding
20% of additive mixtures.

In addition, waste materials, such as
phosphosypsum, can potentially reduce the costs
of balancing by using waste in a cost-effective
manner. In addition, the use of various industrial
wastes such as phosphosypsum not only solve the
environmental problems but also provides a new
source for the construction industry.
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Abstract. This study was conducted to determine the outdoor absorbed gamma dose levels in and around
Adiyaman province in the southeast of Turkey. Measurements were performed using a portable plastic
scintillator at 94 different points (Eberline Smart Portable (ESP-2) model). Three readings were made for each
measurement and the mean of these three values were determined and the gamma dose values were
determined for each measurement region. External gamma irradiation velocities were measured between 63.5
(nGy/h) and 380.2 (nGy/h) levels in Adiyaman and surrounding areas and the mean value was calculated as
144.3 (nGy/h). This value corresponds to the average effective dose equivalent of 177 pSv per year. The
lifetime averages of cancer risk values for ICRP 103, BEIR VII and ICRP 60 were found to be 0.071, 0.079
and 0.089, respectively. The results obtained with the results of similar studies in other provinces in Turkey
and compared with the world average

Keywords:Cancer risk, gamma dose, annual effective dose, Adiyaman Province.

Adiyaman ilinde Dis Mekan Radyoaktivitesi ve Saglik Risklerinin
Degerlendirilmesi

Ozet. Bu caligma Tiirkiye'nin giineydogusunda bulunan Adiyaman ili ve gevresinde acik havada sogurulan
gama radyasyon doz seviyesini belirlemek icin yapilmigtir. Olgiimler dnceden belirlenmis 94 farkli noktada
(Eberline Smart Portable (ESP-2) model) portatif bir plastik sintilatér kullanilarak yapildi. Her dl¢iim igin
icer okuma yapilmis ve bu {i¢ degerin ortalamasi alinarak her bir 6lglim bolgesi i¢in gama doz degerleri
belirlendi. Adiyaman ve ¢evresinde dis gama dozu kullanilarak, dis gama 1sinlanma hizlar1 63.5 (nGy/h) ile
380.2 (nGy/h) degerleri arasinda 6l¢iildii ve ortalama deger 144.3 (nGy/h) olarak hesaplandi. Bu deger yillik
etkin doz esdegeri 177 uSv degerinde etkin doz ortalamasina karsilik gelmektedir. Adiyaman ve ¢evresinde
yasam boyu kanser risk degerleri ICRP 103, BEIR VII ve ICRP 60 igin yiizdelik ortalamalar1 sirasiyla
strastyla 0,071, 0,079 ve 0,089 olarak bulundu. Elde edilen sonuglarla Tiirkiye’de diger illerde yapilan benzer
¢aligmalarin sonuglari ve diinya ortalamalari ile karsilastirilmistir.

AnahtarKelimeler:Kanser riski, gama doz., yillik etkin doz, Adiyaman.

1. INTRODUCTION
Although most people think that radiation is released only from man-made devices and structures (medicine,
industry, research, nuclear power plants, agriculture and animal husbandry), they emit radiation to the environment

in which we live in very long-lived radioactive elements that have taken place in nature since the formation of the
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universe. Natural radiation is the main source of radiation that people are exposed to in their environment. While
living things are under the influence of a dose of 85% from natural radiation sources, they are under 15% of

artificial radiation sources [1,2].

The major contribution to natural radiation is the naturally occurring U-238, Th-232 and their degradation products,
Ra-226, Rn-222 and U-235, which are derived from radioactive elements such as K-40 [3]. The mass activity
concentration is the radiation intensity corresponding to the absorbed dose in the air at a height of 1 m. Therefore,

the radiation dose measured in the air is closely related to the radio-core concentrations in the soil [4,5].

The contribution of cosmic temperatures to natural radiation varies with height and is taken as constant at certain

latitude values as they rise up from sea level [6,7].

Nuclear weapons experiments conducted on the earth from 1945 to the present day and the Chernobyl nuclear
accident that occurred in 1986 caused the spread of radioactive elements to the environment. However, these
radiations can also be called ground level radiation, and the geological and geographic, geographic and geographic

region, so the soil and rocks with the geographic height, the level of the level of the level of radiation affect [9,10].

In order to determine whether the area inhabited in terms of natural radiation is healthy or not, it is necessary to
determine the concentrations of radio-nuclei that constitute natural sources of radiation and the effect of radiation on
human beings and to determine the effect of radiation on biological systems. Therefore, studies have been conducted
to evaluate the doses and types of radiation caused by environmental factors, as well as the risks it may pose to
human health [2].

In this study, determination of the dose level of gamma radiation absorbed in the outdoor in and around Adiyaman
province is important in terms of determining the rate of exposure of the natural radiation to the radiation caused by
various nuclear applications. The results presented in this study were compared with the results of Turkey's and the
world average of similar studies conducted in different regions. The results of the study may serve as a reference for

future assessments.

2. MATERIALS AND METHODS

2.1. Geology of the survey area
Adiyaman, which has a surface area of 7614 km?, is located between the northern latitudes of the 37° 25'-
38° 10" and the eastern longitudes of the 37° 27' — 39° 15'. The land structure of the province has a rugged

view that descends from north to south. Adiyaman and its surroundings are shown in Figure 1.

On the lands of Adiyaman, one of the oldest settlements in the world, findings about all phases of human
history have been obtained. Adiyaman, the 8th wonder of the world known as the Nemrut Mountain works,
the ruins of the Commagene civilization, the 4th largest dam in the world, the Atatiirk Dam, the Camgazi

dam, the winter camp organization, the world championship is a city with the world's first [11].




Karatasli/Cumhuriyet Sci. J., Vol.40-3 (2019) 776-783 778

Figure 1. Map of the study area; Adiyaman province, Turkey [12].
The north of Adiyaman is mountainous and the south is ovalik. The plain runs from the south to the banks of
the EuphratesRiver and the Atatiirk Dam. A few kilometers north of the province and the central district, the
mountainous areas begin to rise northward. These mountains, which are part of the southeastern Taurus,
extend in the east-west direction. In the mountainous areas to the north, which make up more than one third
of the face, the highland climate prevails [13].

There are several units of magmatic, metamorphic and sedimentary rocks formed in the geological time
period from Mesozoic to the present day. Mesozoic units are the oldest of these geological units. Eocene
limestones anticline structures are exposed in the eroded or faulted areas of Plio-Quaternary deposits. Apart
from this, the base area consists entirely of Plio-Quaternary fillings. The youngest formations are the

Quaternary alluviums in the valley floor and slab systems [14].

The number of stations with the altitude and catchment area of each district were given in Table 1. The

geographic coordinates of the stations were determined by using GPS devices.

2.2. Gamma Scintillation Detector

In this study, a device with Eberline Smart Portable (ESP-2) model, portable microcomputer and SPA-6
model plastic scintillation detector connected to the end was used for determination of gamma radiation
levels. The Eberline Smart Portable (ESP-2) is a portable radiation inspection instrument that can be
mounted with radiation detectors, a microcomputer-based and data-recording instrument. This instrument is
designed for use in routine radiation examinations and allows multiple readings and can be subsequently
connected to a computer and printer. ESP -2 is designed as an interface for the user, it has seven multi-
function on / off buttons and a liquid crystal display (LCD). The data is given either as scientific or moving
point recording and in selectable units of measurement. In addition, the instrument consists of an external

headset and speaker system for use in high radiation areas [15,16].

Table 1. Distribution of stations in the research region of Adiyaman

District Latitude (N) Longitude (E)  Altitude (m) Catchment area  Population Number  of
(km?) (2017) Stations

AdiyamanCenter  37.759722 38.259722 669 1702 301589 33

Golbasi 37.7768518 37.6374277 867 784 49059 8

Kahta 37.7750854 38.6139386 750 1490 120859 14

Besni 37.6890364 37.8545142 930 1330 75499 13

Samsat 37.5762285 38.4677502 610 338 7530
Tut 37.7886992 37.9097588 1050 350 9936

Gerger 38.0280715 39.0341811 750 702 18244

6
6
Celikhan 38.0255984 38.2366530 1388 584 15326 4
6
4

Sincik 38.0364507 38.6125706 1325 364 17034
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3. RESULTS AND DISCUSSION

In order to determine the dose level of gamma radiation absorbed outdoors in 94 different regions in and around
Adiyaman, the height of gonad (reproductive organs) in humans is approximately 1m above the ground.
Measurements were taken with Eberline portable detector. Three different readings were made at a radius of 5
meters while the measurements were taken in each region and the mean of these three values were determined and

gamma dose values were determined for each measurement region.

The results of the measurements of the external gamma dose obtained in the open air at a height of 1 meter from the
ground in the 94 different regions of Adiyaman and around it are given in Table 2. During the determination of the
gamma dose values, three readings were made at each measurement site. Gamma dose values were determined for
each measurement point by taking the average of the three values. The results include both cosmic and terrestrial

radionuclides.

While the contribution of terrestrial gamma radiation in the air is very large, space-based cosmic rays also contribute
to the ratio. Measurements carried out at a height of 1 m from the ground are important in terms of measurement in
the outdoors, in the level of reproductive organs in humans.The results of gamma irradiation rates were obtained in
uR/h in the measurements performed for one minute in the open air. As can be seen in Table 2, the results obtained
in the measurements were converted to nGy/h elde, which was the absorbed dose rate using a conversion factor (8.7
nGy / pR) from the definition of Rontgen [17].

Table 2. Gama exposure dose rate and absorbed dose rate for each districts of the Adiyaman

GEDR (Gamma Exposure Dose Rate) ADRA (Absorbed Dose Rate in Air)
(nR/h) (nGy/h)
District Minimum Maximum Mean Minimum Maximum Mean
AdiyamanCenter 10.8 40.3 15.5 94 350.6 134.4
Golbasi 7.3 43.7 19.7 63.5 380.2 171
Kahta 9.2 19.6 13.7 80 170 118.8
Besni 131 34.3 18.7 114 298.4 163
Samsat 13.2 22.3 16.4 114.8 194 143
Tut 114 24.5 19.3 99.2 213.2 167.9
Celikhan 21.2 29.5 24.7 184.4 256.7 214.7
Gerger 7.8 17.6 135 67.9 153.1 117.2
Sincik 12.3 18.2 15.9 107 158.3 138.1
Region 7.3 43.7 16.6 63.5 380.2 144.3

By using a dose ratio of the gamma radiation absorbed in the air, the annual effective dose equivalent
(AEDE) may be the amount of exposure to which the human is exposed to radiation for one year. Using

the equation below, the annual effective dose equivalent is calculated [18,19].

AEDE=ADRA*DCF*OF*T 1)

Here, the annual effective dose equivalent of AEDE, ADRA is the ratio of gamma radiation dose absorbed in the air;
The environmental gamma dose conversion factor was determined to be 0.7 Sv/Gy to convert the absorbed dose
ratio to the annual effective dose equivalent. In addition, when a person spent 20% of the time he was exposed to
rays during a year (8760 h / y) he spent outside the home in open spaces, a coefficient of 0.2 was used as out-of-

home occupation factor. In addition, lifetime risk of cancer ELCR Denk. (2)[20,22].

ELCR=AEDE*DL*RF 2
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Here, the AEDE is the annual effective dose equivalent, the average life expectancy of DL (average 70 years), and
the risk factor for RF, and for stochastic effects, ICRP risk factors for lethal cancer in the whole population,
respectively (1/Sv), RF ICRP 103, BEIR VII [23] (NRC, 2006) and for ICRP 60, 0.057, 0.064 and 0.072 are used
[24].

Table 3 shows the AEDE and the ELCR values of people who have been exposed for one year in Adiyaman and its

surroundings, calculated by Equationl and Equation2, and environmental gamma radiation for one year.

Table3. The average annual effective dose values and lifetime cancer risk

Lifetime cancer risk %

District AEDE ICRP 103 BEIR VII ICRP 60
(uSvly
AdryamanCenter 164.8 0.066 0.074 0.083
Golbast 209.7 0.084 0.094 0.106
Kahta 145.7 0.058 0.065 0.073
Besni 199.9 0.080 0.090 0.101
Samsat 175.4 0.070 0.079 0.088
Tut 205.9 0.082 0.092 0.104
Celikhan 263.3 0.105 0.118 0.133
Gerger 143.7 0.057 0.064 0.072
Sincik 169.4 0.068 0.076 0.085
Region 177.0 0.071 0.079 0.089

0 510 20 Kilometers I 206 261

Figure 2ADRA in Adiyaman

In addition, the absorbed gamma dose map obtained from the measurements for Adiyaman and its surroundings was
drawn. Figure 2 shows the general distribution of the absorbed gamma dose rate across the province in the form of
an isodose map. The dark regions represent areas with high abundance of absorbed gamma dose in Adiyaman and
its vicinity.The arithmetic mean of the gamma dose measurements performed in 94 different regions in and around
Adiyaman province was calculated as 144.3 nGy/s. The mean value of the annual effective dose equivalent
calculated using the external gamma dose was found to be 177 uSvly. This value is greater than the value of 73.6
uSvly [25], which is determined as the world average of the annual effective dose equivalent, as shown in Table 4.

Also it found was greater than the average annual effective dose equivalent in other provinces outside the studies

780




781

Karatasli / Cumhuriyet Sci. J., Vol.40-3 (2019) 776-783

carried out in the province of Adiyaman in the study average annual effective dose equivalent Balikesir province in

Turkey.

Table 4. Absorbed dose rate in air (94 readings) and the corresponding annual effective doses for the districts of Adiyaman and
comparison with literature

ADRA AEDE
(Absorbed Dose (Annual effective dose)
Rate) (uSv7y)

(nGy/h)
Hatay [2]. 61.9 75.9
Cankir [26]. 69.6 87.7
Trabzon [27]. 59 724
Tekirdag [28]. 43.85 53.77
Canakkale [29]. 66.4 81.4
Sanlurfa[10]. 60.9 74.7
Kastamonu [30]. 54.81 67.21
istanbul [31]. 65 79.7
Balikesir [32]. 127 155.8
Yalova [33]. 84 103
Kirklareli [22]. 118 144.7
Kahramanmaras [15]. 64.8 79.5
Worldwide [25]. 60 70

4.CONCLUSION

The arithmetic average of gamma dose measurements in Adiyaman and its vicinity is less than 1 mSv/y, as
determined by the ICRP as the limit value of the annual effective dose equivalent of 144.3 nGy/h [34]. The
lifetime averages of cancer risk values for ICRP 103, BEIR VII and ICRP 60 in Adiyaman and its vicinity
were found to be 0.071, 0.079 and 0.089, respectively.

The issue of radiation has become one of the most controversial phenomena in the world after the unfortunate
nuclear reactor accidents, and people's sensitivities to this issue are increasing day by day. In parallel with this
awareness, people's demand for information on radiation is increasing. Therefore, it is extremely important for
people to be informed about the natural radiation that they will be exposed to stay in according to their
geographic and geological characteristics. Therefore, this study, environmental gamma dose measurements in

Adiyaman and its districts can be used as baseline data for future studies and a reference for future evaluations
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can be made. It will also be very useful in terms of radiation monitoring in the event of any nuclear accident in

the future and in the evaluation of radiological risks to human health.
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