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Abstract

The removal of Hg (IT) and As (III) ions from aqueous solutions using activated and modified pumice stone was
investigated. The pH, temperature, and initial metal ion concentration, which are very important for removal
studies, were investigated by batch method. The experiments showed that the equilibrium adsorption data fit
well with the Freundlich isotherm model well for Hg (IT) and As (III) ions. The negative values of AH® = -
199.92 kJ mol™! and -78,15 kJ mol™! for mercury (II) and arsenic (III) ions indicate that the adsorption process
is exothermic. AS® was calculated as -267.85 J K' mol! for As (III) ions and the positive value of AS°® = 0.69
kJ K! mol™! for Hg (II) ions. The negative value of AG°= -405.14 kJ mol™! for Hg (II) ions and -1.67 kJ mol™!
for As (III) ions indicates that the adsorption is spontaneous. EDTA was found to be a good desorbent in
desorption studies for the recovery of arsenic and Hg ions. The experiments show that pumice stone can be used
for the removal of Hg (II) and As (III) in aqueous solution.

Keywords Adsorption, Arsenic, Mercury, Pumice stone, Wastewater

Sulu Cézeltiden Civa (IT) ve Arsenik (IIT) iyonlarimin Uzaklastirilmasi icin Aktiflestirilmis ve Modifiye
Edilmis Pomza Tasinin Kullanim

Oz

Aktiflestirilmis ve modifiye edilmis pomza tast kullanilarak sulu ¢ézeltilerden Hg (IT) ve As (III) iyonlarinin giderimi
arastirllmistir. Giderim ¢alismalari i¢in ¢ok dnemli olan pH, sicaklik, baslangic metal iyonu konsantrasyonu kesikli yontemle
arastirilmistir. Deneyler, denge adsorpsiyon verilerinin Hg (II) ve As (III) iyonlart igin Freundlich izoterm modeline iyi
uydugunu gdstermistir. Civa (II) ve arsenik (III) iyonlari igin AH® = -199,92 kJ mol! ve -78,15 kJ mol™! degerlerinin negatif
olmasi adsorpsiyon siirecinin ekzotermik oldugunu géstermektedir. AS®, As (III) iyonlari i¢in -267,85 J K- mol! ve Hg (II)
iyonlar1 i¢in AS® = 0,69 kJ K-! mol™! pozitif degeri olarak hesaplanmgtir. Hg (II) iyonlar1 igin AG°=-405.14 kJ mol™! ve As
(1II) iyonlart i¢in -1.67 kJ mol! negatif degeri adsorpsiyonun istemli oldugunu gostermektedir. Arsenik ve Hg iyonlarinin
geri kazanimi i¢in yapilan desorpsiyon c¢alismalarinda EDTA'nin iyi bir desorbent oldugu bulunmustur. Deneyler, pomza
taginin sulu ¢ozeltide Hg (II) ve As (III) giderimi igin kullanilabilecegini gostermektedir.

Anahtar Kelimeler: adsorpsiyon, arsenik, civa, pomza tasi, atik sular
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Use of Activated and Modified Pumice Stone for Removal of Mercury (II) and Arsenic (III) Ions from
Aqueous Solution

1. Introduction

Hg, a liquid metal, and organic mercury compounds (i.e. methylmercury chloride [MeHg(I)],
C,HsClHg, Me>Hg and CsHsCIHg) have toxic effects on both the environment and humans [1].
Even at very low concentrations, mercury is hazardous to living organisms due to its accumulation
in the food chain. Accumulation in animals and humans poses serious risks. The distribution of
Hg in the environment is due to industrial activities such as mining, use of fossil fuels, use of
mercury-containing raw materials containing mercury [2]. According to the European Union, the
maximum permissible limit for mercury in drinking water is 1ugL ! and the limit for wastewater
discharge is SpgL!, as Hg (II) is considered a priority and hazardous pollutant [3]. Hg has adverse
health effects such as direct effects on the central nervous system and kidney system,
developmental movement and brain function disorders, muscle weakness, chest pain, shortness of
breath, diarrhoea, vomiting [4,5]. Because of its high toxicity, mercury (As (II)) is receiving
increasing attention worldwide. As (III) causes very serious problems in the body such as
aspigmentation disorder, skin thickening, stomach pain, skin, lung, bladder and kidney cancer, and
neurological disorders [6,7,8,9].

In the last century, the provision of clean water to people has become the most serious
environmental problem due to the contamination of surface and wastewater with toxic metals [10].
Therefore, it is of great importance to carry out various studies to remove toxic metals such as Hg
(IT) and As (IIT) from water. It has also been reported that Hg (II) and As (III) have been removed
from surface waters by various methods [3-11]. In recent years, several low-cost natural or
modified mineral sorbents, such as activated alumina, red mud, quartz and fly ash, etc., have been
investigated for the removal of toxic metals from water by adsorption [12]. One such inexpensive
material is pumice. Pumice stone (PS) is a lightweight volcanic rock with a pore volume of up to
85% formed during explosive eruptions [13]. As pumice is an inexpensive, naturally abundant and
porous material with a large surface area, it is thought to be very suitable as an adsorbent [14,15].
PS was activated with HoSO4 (APS). For the removal of As (III), PS was modified with FeClz +
pumice, FeCl3 + NaOH (MPS). In this study, activated pumice stone (APS) and modified pumice
stone MPS were investigated for the removal of Hg (IT) and As(III). Several studies were carried
out on the effect of agitating time, pH, temperature, initial concentration, isotherms, and kinetics
on adsorption. Freundlich and Langmuir isotherm models were applied to elucidate the adsorption.
Desorption studies were carried out for the to evaluate the possible metal recovery from APS and
MPS by EDTA, HCI and HNOs. Surface morphology characterization was carried out by FTIR
and SEM analysis. These results indicate the possibility of using APS and MPS for the removal of
Hg (IT) and As (III) ions in aqueous solution.

2. Materials and Methods
2.1.Reagent

All reagents were of analytical grade. Hg was purchased from Merck, HNO3; (Merck), KoCr2O7
(Carlo Erba), DW (Milipore), SnCl, (Merck), As>O3 (Merck), NaOH (Sigma-Aldrich), NaBH4
(Merck), Na,HPO4 (Merck), NaH,PO4 (Merck), NH3 (Merck), NH4CIl (Merck).FeClz(Merck).1g
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of Hg was dissolved in 10 mL of concentrated HNO3, 0.3 mL of 5% K>Cr2O7 solution was added
to prevent adsorption of glass and diluted to 1 L with DW to give 1000 mgL"' of Hg (II) solution.
Dilutions of 1000 mg L™ solution were made to obtain standard solutions for Hg (II)
measurements. 3% w/v solution of SnCl; solution was freshly prepared to reduce Hg (II) ions. To
prepare a 1000 mg/L As (IIT) stock solution, 0.3301 + 0.0002 g As>O3 was weighed. After adding
10% NaOH until As>O; dissolved, it was acidified with concentrated HCI solution. 1 g of NaBH4
was dissolved in 0.5% NaOH solution, and the volume was made up to 100 mL with the same
solution. This solution was freshly prepared for each analysis. The following buffer solutions were
used at a concentration of 0.1 mol L™ were used to adjust the pH: acetic acid/sodium acetate (pH
4.0-6.0), Na,HPO4-NaH,PO4 (pH 6.0-7.0) and NH3-NH4Cl (pH 8.0-9.0). The water used to
prepare of the solutions and as carrier solution was DW. All glass containers were soaked in 10%
nitric acid for 24 hours and rinsed with DW to remove Hg (II) and As (III) and to prevent cross-
contamination.

2.2.Instruments

Hg (I) and As (IIT) concentrations were measured using a Varian 220 FS atomic absorption
spectrophotometer (AAS). The AAS equipped with a Hg and As Hallow cathode lamp at the
253.7 nm, 217.6 nm wavelength was used for the determination of Hg (II) and As (III) in sample
solutions. VGA-77 model hydride system with quartz cell was used for cold generation of Hg
vapour and hybrid generation of arsine vapor. Hanna P211 microprocessor pH meter was used to
measure the pH of the solutions.

2.3.Preparation of APS and MPS

PS samples were obtained from the Isparta region of Turkey. Prior to use in the experiments, the
PS samples were crushed and sieved through a 200 mesh sieve. It was observed that some
colouring substances in the structure of the adsorbents dissolved and leached into the water, and
to remove this, they were washed and dried with DW until no longer gave off colour. PS was
refluxed with 1 M 250 mL of H>SO4at 80 °C for 8 hours, filtered, washed with DW, and dried to
complete the activation process.10 grams of the washed PS was taken and treated with 0.5 M 50
mL FeCls solution for 12 hours for arsenic (III) adsorption. FeCls is a dark brown-yellow acidic
crystalline substance (pH<3). FeCls; has good solubility in water and undergoes hydrolysis to
hydrochloric acid and iron hydroxide when in solution. The other modification process for arsenic
adsorption was carried out by taking 10 grams of adsorbent and using 0.5 M 25 mL FeCl; and 0.2
M 25 mL NaOH solutions together. All modified adsorbents were decanted from the solution,
washed with DW and dried.

2.4.Batch Adsorption Experiments

Adsorption experiments were performed using the batch technique. For Hg (II) adsorption,
0.10+£0.02 g APS was added to a beaker containing 25 mL of 100 mg L' Hg (II) solution and the
suspension was mixed. For As (III) adsorption studies, 0.10+0.02 g MPS was added to another
beaker containing 25 mL of 50 mg L™ As (III) and the suspension was mixed. After decantation,
the concentration of Hg (II) and As (III) ions was analyzed by AAS using the vapour generation
method. The effect of agitating time was studied at 5-150 min. for Hg (IT) and 5-120 min for As
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(II) ions. The effect of pH was studied in the pH range of 3.0-8.0 for Hg (II) ions and As (III)
ions. Isotherm studies were performed with a constant APS and MPS weight of 0.10+0.02 g and
varying initial concentrations in the range of 25-1000 mg L™ for Hg (II) ions, 20-1500 mg L' for
As (IIT) ions. All the experiments were performed in duplicate.

The percentage adsorption of Hg(II) and As(III) ions on APS and MPS from aqueous solution was
calculated according to equation (1):

Ob A = TSI d 00 1 o oo oo oottt (1)

int

Cin is the initial concentration of Hg(II) and As(IIl) (mg L), Cp, is the final concentration of
Hg(II) and As(III) (mg L.

2.5. Desorption and Regeneration Studies

When equilibrium was reached, the Hg (II) saturated APS and As (III) saturated MPS were
decanted from the solution and placed in 50 mL beakers containing 25 mL (0.05-0.15 M) HCI,
HNOs3 and EDTA solution and shaken at 150 rpm for 30 min at 35 °C. The APS and MPS were
then decanted by centrifugation. The concentrations of Hg (II) and As (III) in aqueous solution
were determined by CVAAS.

3. Results and Discussion
3.1 Characterizations Studies
3.1.1.FTIR spectroscopy

The FTIR spectra of the APS and MPS adsorbents are shown in Figure 1. The peak at 3545 cm’!
in Figure 1(a) is related to the O-H stretching vibration [16]. The peaks at 1118 cm™! belong to the
stretching vibrations of C-O [17]. The peaks at 2239 cm™! are characteristic bands belonging to the
C-N bending vibration in Figure1(b), a peak at 800-400 cm™' can be associated with Si-O stretching
[18], bending and Al-O stretching, bending and bending, respectively.
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Figure 1. The FTIR spectra of APS and MPS
a) APS b) MPS

3.1.2. Surface morphology

The differences in the scanning electron microscope images of Hg (II) and As (III) adsorbed and
desorbed APS and MPS are shown in Figure 2. The surface variation in the SEM micrographs
showed the structural changes in the adsorbent before and after the Hg (II) and As (I1I) adsorption
process. The general morphology of the PS before adsorption and after desorption could be
characterized as much asperity. It was found that the surfaces of the Hg (II) loaded APS and As
(III) loaded MPS were found to be rough layered.
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Figure 2. Scanning electron microscope images of PS, APS, MPS, Hg (II) and As (III) adsorbed
and desorbed PS, APS and MPS a)Activated pumice stone b)FeCls modified pumice stone
(c)FeCl; + NaOH modified pumice stone (d) Hg (II) loaded activated pumice stone (e) As (III)
loaded pumice stone f)As (III) loaded FeCl; pumice stone (g) As (III) loaded FeCl; + NaOH
pumice stone (h) Hg (II) desorbed activated pumice stone (I) As (III) desorbed pumice stone 1)As
(I1T) desorbed FeCls pumice stone, (j) FeCls + NaOH desorbed pumice stone

3.2. Effect of agitating time on sorption of Hg (II)and As (III) ions

Stirring time is one of the most critical parameters for the successful utilization of adsorbents
[19,20]. Figure 3 shows the effect of agitating time on the adsorption of Hg (II) ions on APS. It
can be seen that the percentage removal increases rapidly with increasing agitation time up to 120
minutes and measurements at 150 minutes show that equilibrium is reached after 120 minutes.
Therefore, an optimum agitating time of 120 minutes was chosen for further studies. For the
arsenic ion agitation time studies, 5, 10, 20, 30,40,60 and 120 minutes were determined (Figure
3). 50 mL of 50 mg L' As (1II) solution was added on 0.5 g of MPS (PS, FeCl; + PS, FeCl; +
NaOH + PS) and stirred for the indicated times, and the solutions were filtered and analysed. The
optimum was found to be 60 minutes for PS, FeCls + PS, and NaOH + FeCl; + PS.
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Figure 3. Effect of agitating time on sorption of Hg (II) and As (III) (0.10+0.02 g of APS, 25 mL
of 100 mg L' Hg (II) solution; 0.5 g of MPS, 50 mL of 50 mg L' As (III) solution) (e: PS, A:
FeCl; + PS, m: FeCl; + NaOH + PS, ¢: APS)

The adsorption capacities of PS and FeCls +PS are close to each other. When the adsorption
capacities of PS, FeCls + PS, FeCl; + NaOH + PS were examined, it was found that the adsorption
capacity of FeCl; + NaOH + PS was higher. When NaOH is used, there is probably an adsorption
mechanism in the form of (Fe-O-As) as the coordination of hydroxyl groups of ferrous
hydro(oxides) with OH" ligands in the arsenite molecule [21]. Therefore, higher adsorption
capacity was obtained when FeCls; + NaOH + PS was used as adsorbent.

3.3. Effect of pH on sorption of Hg (II) and As (III) ions

In order to study the influence of pH on the adsorption capacity of APS for Hg (II), experiments
were carried out with an initial concentration of 100 mg L' over the pH range 3.0-8.0 and the
results are shown in Figure 4. During the pH experiments, analyses were carried out with and
without adsorbent (blank). The maximum adsorption percentage of Hg (II) was observed at the
pH 5.0. It is reported that, in the presence of CI, the species such as HgCla, (HgClz)2, Hg(OH)"
and HgOHCI are also present in small amounts between pH 4.0 and 6.0 [22]. The lower adsorption
of Hg (II) at acidic pH is due to the presence of excess H ions competing with metal ions for the
sorption sites. At high pH values (7.0-9.0), the decrease in adsorption is due to the formation of
soluble hydroxylated compound (Hg(OH).). Similar pH values have been observed for adsorption
of Hg (II) from aqueous solution in other studies [23-25]. In this study, the change in adsorption
as a function of pH change was investigated for As (III) adsorption (Figure 4). The maximum
adsorption percentage of As (III) was observed at the pH 6.0. The adsorption of the adsorbed
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substance depends on the pH of the medium. Since the structure of the adsorbed substance can
change with pH.
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Figure 4. Effect of pH on sorption of Hg (II) and As (III) (0.10+£0.02 g of APS, 25 mL of 100 mg
L' Hg (II) solution; 0.5 g of MPS, 50 mL of 50 mg L' As (III) solution)
(o: PS, A: FeCl; + PS, m: FeCl; + NaOH + PS, ¢: APS)

If OH™ or H3O" ions are formed in the pH-dependent solution, these ions compete with the adsorbed
material and therefore greatly affect the adsorption efficiency. Anions of acids and cations of bases
used to adjust pH can compete with metal ions. The pH-dependent adsorption of substances on the
surface of solids is a complex reaction. For these reasons, pH has a major effect on adsorption
performance. When the effect of pH on the As (III) adsorption of the adsorbents used was
investigated, no adsorption was observed at pH=7.0. This may be due to the more selective
adsorption of H,PO4 / HPO4* anions used as buffers in this study than As (III) species found in
uncharged H3AsO3 and anionic H>AsOs structures at this pH. The increase in As (III) adsorption
observed at low pH can be explained by the increase in positively charged centres on the adsorbent
surface, and the increase observed at high pH can be explained by the formation of negatively
charged anionic structures of adsorbed As (III).

3.4. Effect of temperature on sorption of Hg (II) and As (III) ions

Temperature is an important parameter in explaining the energy dependent mechanism of
adsorption. Temperature changes the equilibrium capacity of the adsorption process. It is generally
known that the change in temperature is directly proportional to the reaction rate. It is therefore
expected that the reaction rate will increase as the temperature increases. The adsorption reaction
is classified as either endothermic or exothermic. Temperature affects the rate and amount of
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adsorption. Adsorption experiments were carried out at 20-35 °C for Hg (II) adsorption and the
results are shown in Figure 5. Subsequent studies were carried out at 30 °C.

For As (IIT) adsorption, the effect of temperature was tested at 20, 25, 30, 35 °C (Figure 5). 50 ml
of 50 mgL™! As (III) solution was added to 0.5 grams of adsorbent (PS, FeCls + PS and NaOH +
FeCl; + PS) and mixed at the indicated temperatures for the indicated time and filtered. The
optimum was found to be 30 °C for PS, FeCl; + PS and NaOH + FeCl; + PS.
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3,5 0\\\\\"‘_-‘—”/////”.—-____————Q
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2,5
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Temperature ( °C)

Figure 5. Effect of temperature on sorption of Hg (II) and As (I1T) (0.10£0.02 g of APS, 25 mL of
100 mg L' Hg (1) solution; 0.5 g of MPS, 50 mL of 50 mg L' As (I1I) solution)
(o: PS, A: FeCl; + PS, m: FeCl; + NaOH + PS, ¢: APS)

3.5. Thermodynamics of adsorption

The temperature dependent coefficient of dispersion was calculated using the following formula
(Eq .2)

Ky is the equilibrium constant, C4q and C. are the equilibrium concentrations (mg L") of Hg (II)
and As (III) ions on the APS and MPS in the solution (Equation 2). As shown in Figure 5, the
adsorption process was evaluated between 20-35 °C for Hg (II) and As (III) and it was observed
that adsorption increased with temperature. Thus, the adsorption Hg (II) and As (III) adsorption
are endothermic in nature. Thermodynamic parameters such as the change in the values of AG®,
AH® and AS° were calculated (Table 1, Eq. 4). The values of AG® for the adsorption process
obtained from Eq. 3 are listed in Table 1. The negative value of AH® (-199.919 kJ mol™! the positive
value of AS° = 688.032 J K'! mol! for Hg (II)) indicates that the adsorption processes are
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exothermic and spontaneous at high temperatures. The negative value of AG® (-405.137 kJmol™)
indicates that the adsorption process is spontaneous. In arsenic studies, when pumice was used as
an adsorbent, the AH® value was 37.739 kJ mol™!, AS = 127.944 J K*' mol!, AG® value = -1.668
kJ mol’!. For the FeClz modified pumice the AH® value was 13.35 kJ mol™!, AS® =37.268 J K!
mol!, and the AG® value was 1.871 kJ mol™'. The AH® value for As (III) adsorption on pumice
modified with NaOH and FeCl; was found to be -78.148 kJ mol™!', AS® =-267.85 J K™' mol!, AG®
=3010.28 J mol™.

3.5 Adsorption isotherms

The relationship between the equilibrium concentrations and the amount of adsorbed material per
unit adsorbent has been shown by isothermal models. The binding between adsorbent and
adsorbate can be explained by adsorption models [26]. The best known isotherm models,
Langmuir and Freundlich, were applied (Eq 3,5). In this study, Langmuir and Freundlich isotherms
were used to determine the adsorption mechanism of APS for Hg (II) ions. 25 mL of Hg (II) ions
at different concentrations (25, 50, 75, 100, 125, 125, 150, 175, 175, 200, 400, 600, 800, 1000,1500
mg L) were treated with APS for 60 min (Figure 6).
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Table 1. Thermodynamic and Isotherm constant

Freundlich Isotherm Constant
logqe = logKf+i logCe ... (3)
R? KF n
(mgg')
Hg (II) APS 1.000 0.218 1.003
PS 0.974 0.827 1.501
As (III) FeCls+ PS 0.896 0.164 1.167
NaOH + FeCl; +PS 0.939 0.590 1.563
Thermodynamic Parameters
AG°=AH°-TAS°...(4)
Equations InKd=22—22 ._.(5)
AG® AH AS?
Tons Adsorbent (kJmol ™) (kJ mol'") | (J mol! K)
As(III) PS -1.668 37.739 127.944
FeCl3+PS 1.871 13.350 37.268
FeCl;+NaOH+PS 3.010 -78.148 -267.850
Hg(II) APS -405.137 -199.919 688.032
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Figure 6. Effect of Hg (II) and As (III) ions concentration on the adsorption by APS, PS, PS +
FeCls, PS + NaOH + FeCl3 (0.10+0.02 g of APS, 0.5 g of MPS)
(e: PS, A: FeCl; + PS, m: FeCl; + NaOH + PS, ¢: APS)

Compliance with the Freundlich isotherm indicates that the adsorbate is heterogeneously coated
on the surface [27-29]. The equations for Freundlich, and the calculated parameters are given in
Table 1. Since the correlation coefficient of the plot of Freundlich model plot is higher than that
of Langmuir, it can be said that the Freundlich type adsorption isotherm is suitable for Hg
adsorption. In concentration change studies for As (IIT) and Hg (II) adsorption, values of 20, 50,
100, 200, 400, 800, 1000 and 1500 mg L' were determined. As a result of the experiments and the
isotherm graphs drawn, the Freundlich isotherm for PS, APS, FeCl3+PS, and NaOH+FeCl3+PS
seems to be more appropriate than the Langmuir isotherm. It can be said that the adsorption has a
heterogeneous structure for As (III) and Hg (II) ions.
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Table 2. Some adsorbents in the literature and their capacities

Hg (1) As (1)
Adsorbent Capacity Adsorbent Capacity
Cobalt ferrite 157.9 mg g™ [30] | fron pyrite [35] 571.7ug g
4- Amino-5- | 142.85 mg g ! [31] | Hydrated zirconium | 95.15 mg g™
methyl-1,2,4- oxide (ZrO(OH),)
triazole-3(4H)- nanoparticles
thion-modified modified with
silica aerogel graphene oxide

(GO-ZrO(OH),)

[36]
n-(2- aminoethyl)- Inorganicorganic 94+1.5mg g!
. 590 pg g . :
3-aminopropyl- iron chitosan
trimethoxysilane | 131.7 Mg g [32] nanoparticles
(CIN)[37]
Oil shale 4.3mg g ! [33] aMnO; [38] 4,64 mgg!

Cellulose xanthate | 0.6 mg g '[34] CuO nanoparticles | 26.9 mg g

Xanthate 1.Img g [39]

Activated pumice | 155.75 mg g’! Modified Pumice | 52.0 mg g'!

stone this work Stone (PS, 57.5mgg’!
PS + FeCls, 65.7 mg g-l
PS + FeCl; + NaOH
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Table 2 shows the capacities of some adsorbents used for the adsorption of As (III) and Hg (II)
ions from the literature. As can be seen, many adsorbents have been used. The pumice stone used
in this study has the advantages of being widely available in nature and having a very good

capacity.
3.6 Desorption and reusability studies
The percentage desorption of Hg(II) and As(III) from the sorbent is shown in Figure 7,8.

Desorption ratio = Amountof metalions desorbed X100 wvvevvreneenreartaetaeaeieeietierieieaaaaans (6)

Amountof metalions adsorbed
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Figure 7. Desorption (%) results of Hg (II) ions from activated pumice stone by using different
eluents (0.1 M HCI, 0.5 M HCI, 0.1 M HNO3, 0.5 M HNO3, 0.1 M EDTA)
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Figure 8. Desorption (%) results of As (III) ions from modified pumice stone by using different
eluents (0.1 M HCI, 0.5 M HCl, 0.1 M HNOs, 0.5 M HNO3, 0.1 M EDTA)

Figures 7 and 8 show the results of 4 consecutive desorption treatments with 0.1 M and 0.5 M
HCI, 0.1 M and 0.5 M HNO3s and 0.1 M EDTA. 0.1 M EDTA seems to be suitable for both metal
ions and has good reproducibility (% 99-98). 0.1 M EDTA is considered as a suitable eluent due
to its tendency to form complexes with heavy metals. The fact that the desorbent still works with
98% efficiency even after 4 consecutive treatments is very important for the reusability of the
desorbent.

4. Conclusion

In this study, APS and MPS were used to remove Hg (IT) and As (II) ions from aqueous
solution. APS and MPS could be effectively used to remove Hg (II) and As (III) ions. PS, FeCl; +
PS, FeCls + NaOH + PS adsorption capacities were found to be 52.0, 57.5, 65.7 mg g for As (III)
ions respectively, and APS adsorption capacity was found to be 155.75 mg g™ for Hg (II) ions,
respectively. The adsorption capacities of PS and FeCls; +PS are close to each other. When the
adsorption capacities of PS, FeCls + PS, FeClz + NaOH + PS were examined, it was found that the
adsorption capacity of FeCl; + NaOH + PS was higher. Since metals can be recovered with EDTA,
pumice stone is very advantageous in terms of reusability. Pumice stone is an economical
adsorbent low cost and effective adsorbent for the removal of Hg (II) and As (III) ions from water.
The use of pumice stone, which is very common and abundant in nature, as an adsorbent in the
removal of As (III) and Hg (II), which are highly toxic metals, from aqueous environments can be
recommended as an economical and simpleadsorption method.

322



Use of Activated and Modified Pumice Stone for Removal of Mercury (II) and Arsenic (III) Ions from
Aqueous Solution

Ethics in Publishing
There are no ethical issues regarding the publication of this study
Author Contributions

Vedia Niiket Tirtom: Designed and wrote the manuscript, carried out the experimental studies,
conclusions and interpretation of the experiment.

References

[1] Tirtom,VN., Goulding, S., Henden, E. (2008) Application of a wool column for flow
injection online preconcentration of inorganic mercury(Il) and methyl mercury species prior to
atomic fluorescence measurement. Talanta, 76, 1212-1217.

[2] Bhattacharyya, A., Dutta, S., De, P., Ray, P., Basu, S. (2010) Removal of mercury (II) from
aqueous solution using papain immobilized on alginate bead: Optimization of immobilization
condition and modeling of removal study. Bioresource Technology, 101(24), 9421-9428.

[3] Natale, F., Di, Lancia, A., Molino, A., Di Natale, M., Karatza, D., Musmarra, D. (2006)
Capture of mercury ions by natural and industrial materials. Journal of Hazardous Materials B,
132: 220-225.

[4] Ma, Rao., M, K, Reddy, DHK., Venkateswarlu, P., Seshaiah, K. (2009) Removal of mercury
from aqueous solutions using activated carbon prepared from agricultural by-product/waste.
Journal of Environmental Management, 90: 634-643.

[5] Yardim, MF., Budinova, T., Ekinci, E., Petrov, N., Razvigorova, M., Minkova, V. (2003)
Removal of mercury(Il) from aqueous solution by activated carbon obtained from furfural.
Chemosphere, 52(5): 835-841.

[6] Kumar, D., Tomar, V. (2014) New generation material for the removal of arsenic from
water. Advanced Materials For Agriculture, Food, And Environmental Safety, 3: 61-85.

[7] Imran, A., Tabrez AK., Asim, M. (2011) Removal of arsenic from water by
electrocoagulation and electrodialysis techniques. Separation & Purification Reviews; 40: 25-
42.

[8] Wang, Y., Yu, J.,, Wang, Z., Liu, Y., Zhao, Y. (2021) A review on arsenic removal from
coal combustion: Advances, challenges and opportunities. Chemical Engineering Journal, 414:
128785.

[9] Kagar, E., (2022) Relationship of concentrations of some heavy metals with fish size in
muscle tissue of carassius gibelio (Bloch, 1782) from the Tigris River (Turkey), Erzincan
University Journal of Science and Technology, 15(2): 475-484.

323



Use of Activated and Modified Pumice Stone for Removal of Mercury (II) and Arsenic (III) Ions from
Aqueous Solution

[10] SALTAN, G. M., (2023) Synthesis and characterization of terpolymer adsorbents using
photopolymerization: nvestigation of heavy metal adsorption capacity, Erzincan University
Journal of Science and Technology,16(2): 528-547

[11] Kannan, N., Malar, SJS. (2005) Removal mercury(Il) ions by adsorption onto dates nut
and commercial activated carbons: a comparative study. Indian Journal of Chemical
Technology, 12: 522-527.

[12] Hassan, SSM., Awwad, NS, Aboterik, AHA. (2008). Removal of mercury(Il) from
wastewater using camel bone charcoal. Journal of Hazardous Materials, 154(1-3): 992-997.

[13] Akbal, FO., Akdemir, N., Onar, AN. (2000) FT-IR spectroscopic detection of pesticide
after sorption onto modified pumice. Talanta, 53:131-135.

[14] Akbal, F. (2005) Adsorption of basic dyes from aqueous solution onto pumice powder.
Journal of Colloid Interface Science, 286: 455-458.

[15] Asgari, G., Roshani, B., Ghanizadehc, G. (2012) The investigation of kinetic and isotherm
of fluoride adsorption onto functionalize pumice stone. Journal of Hazardous Material, 217—
218:123-132.

[16] Ersoy, B., Sariisik, A., Dikmen, Sariisik, G. (2010) Characterization of acidic pumice and
determination of its electrokinetic properties in water. Powder Technology, 197:129-135.

[17] Erdem, F., Ergun, Miibeccel., (2020) Application of response surface methodology for
removal of remazol yellow (rr) by immobilised s. cerevisiae on pumice stone. Iranian Journal
of Chemistry and Chemical Engineering, 39(3): 175-187.

[18] Giiler, Ulkii, Asli., Sarioglu, Meltem., (2014) Removal of tetracycline from wastewater
using pumice stone: equilibrium, kinetic and thermodynamic studies. Journal of Environmental
Health Science & Engineering, 12:79

[19] Ilhan, S., Iscen, C., Caner, FN., Kiran, I. (2008) Biosorption potential of dried penicillium
restrictum for reactive orange 122: isotherm, kinetic and thermodynamic studies. Journal of
Chemical Technology & Biotechnology, 83(4): 569-575.

[20] Kargi, F., Cikla, S. (2006) Zinc(II) ion recovery by biosorption onto powdered waste
sludge (PWS): effects of operating conditions. Journal of Chemical Technology &
Biotechnology, 81(10):1661-1668.

[21] Arcibar-Orozco, J.A., Josue, D., Rios-Hurtado, J.C., Rangel- Mendez, J.R. (2014)
Influence of iron content, surface area and charge distribution in the arsenic removal by
activated carbons, Chemical Engineering Journal, 249: 201-209.

324



Use of Activated and Modified Pumice Stone for Removal of Mercury (II) and Arsenic (III) Ions from
Aqueous Solution

[22] Zhang, F.S., Nriagu, JO., Itoh, H. (2005) Mercury removal from water using activated
carbons derived from organic sewage sludge. Water Research, 39: 389-395.

[23] Bayramoglu, G., Tuzun, 1., Celik, G., Yilmaz, M., Arica, Y., (2006) Biosorption of
mercury(Il), cadmium(II) and lead(II) ions fromaqueous systembymicroalgae Chlamydomonas
reinhardtii immobilized in alginate beads. International Journal of Mineral Processing, 81: 35-
43,

[24] Inbaraj, BS., Sulochana, N. (2006) Mercury adsorption on a carbon sorbent derived from
fruit shell of Terminalia catappa. Journal of Hazardous Materials; 133: 283-290.

[25] Zeroual, Y., Moutaouakkil, A., Dzairi, FZ., Talbi, M., Park, UC., Lee, K., Blaghen, M.
(2003) Biosorption of mercury from aqueous solution by Ulva lactuca biomass. Bioresource
Technology, 90(3): 349-351.

[26] Wan, M., W, Kan, CC., Rogel, BD., Dalida, MLP. (2010) Adsorption of copper (II) and
lead (I) ions from aqueous solution on chitosan-coated sand. Carbohydrate Polymers, 80: 891-
899.

[27] Chatterjee, S., Chatterjee, S., Chatterjee, BP., Guha, AK. (2007) Adsorptive removal of
Congo red, a carcinogenic textile dye by chitosan hydrobeads: binding mechanism, equilibrium
and kinetics. Colloids and Surfaces A; Physicochemical and Engineering Aspects, 299(1):146-
152.

[28] Ng, JCY., Cheung, WH., McKay G. (2003) Equilibrium studies for the sorption of lead
from effluents using chitosan. Chemosphere, 52:1021-1030.

[28] Freundlich, HMF. 1906. Uber die adsorption in lasungen, Zeitschrift fiir Physikalische
Chemie: 57, 385-470.

[30] Zhang, YK., Yan LG., Xu WY., Guo XY., Cui LM., Gao L., Wei Q., Du, B. (2014)
Adsorption of Pb(IT) and Hg(II) from aqueous solution using magnetic CoFe,Os-reduced
graphene oxide. Journal of Molecular Liquids, 191; 177-182.

[31] Tadayon, F., Saber-Tehrani, M., Motahar, S. (2013) Selective removal mercury (II) from
aqueous solution using silica aerogel modified with 4- amino-5-methyl-1,2,4-triazole-3(4H)-
thion. Korean Journal of Chemical Engineering, 30; 642—648.

[32] Yu, Y., Addai-Mensah, J., Losic, D. (2012) Functionalized diatom silica microparticles for
removal of mercury ions. Science and Technology of Advanced Materials, 13: 015008

[33] Daifullah, AAM., Awwad, NS., Al-Azhar. (2003) Bulletin of Science; in: Proceeding of
5th Int. Sci. Conf: 25-27 March, 57.

[34] Bricka, RM., Hill D.O. in: P.L. Cote, T.M. (1989) Gilliam (Eds.), ASTM STP 1033,
American Society for Testing and Materials, 257, Philadelphia.

325



Use of Activated and Modified Pumice Stone for Removal of Mercury (II) and Arsenic (III) Ions from
Aqueous Solution

[35] Jat Baloch MY, Su C., Talpur, SA., Igbal, J., Bajwa, K. (2023) Arsenic Removal from
groundwater using iron pyrite: influence factors and removal mechanism, Journal of Earth
Science XX, 1-11.

[36] Habuda-Stani¢, M., Nuji¢, M. (2015) Arsenic removal by nanoparticles: a review, Environ
Science and Pollution Research International, 22: 8094-8123.

[37] Gupta, A., Yunus, M., Sankararamakrishnan, N. 2012. Zerovalent iron encapsulated
chitosan nanospheres—a novel adsorbent for the removal of total inorganic arsenic from
aqueous systems. Chemosphere, 86:150—155.

[38] Nguyen, Thanh, D., Singh, M., Ulbrich, P., Strnadova, N., Stépének, F. (2011) Perlite
incorporating y-Fe;O3 and o-MnO:; nanomaterials: preparation and evaluation of a new
adsorbent for As(V) removal. Separation & Purification Technology, 82: 93—10.

[39] Martinson, CA., Reddy, KJ. (2009) Adsorption of arsenic(IIl) and arsenic(V) by cupric
oxide nanoparticles. Journal of Colloid Interface Science, 336, 406—411.

326



Erzincan Universitesi Erzincan University

Fen Bilimleri Enstitiisii Dergisi Journal of Science and Technology
2024, 17(2), 327-337 2024, 17(2), 327-337
ISSN: 1307-9085, e-ISSN: 2149-4584 DOI: 10.18185/erzitbed.1394350
Aragtirma Makalesi Research Article

Exploring the Impact of Gypsophila perfoliata L. Root Extract on Germination and Seedling
Growth Parameters of Sweet Sorghum and Hungarian Vetch

Muhammet Islam Isik" """, Ash Giile¢?'”', Aras Tiirkoglu'""', Metin Armagan'
'Department of Field Crops, Faculty of Agriculture, Necmettin Erbakan University, Konya, Tiirkiye

2 Department of Farm Buildings and Irrigation, Faculty of Agriculture, Selcuk University, Konya, Tiirkiye

Received: 22/11/2023, Revised: 02/04/2024, Accepted: 04/04/2024, Published: 31/08/2024

Abstract

In recent years, there has been a growing emphasis on exploring alternative approaches, such as the utilization
of medicinal plant extracts and essential oils, to address potential limitations in germination and emergence, as
opposed to traditional chemical methods. Biochemicals synthesized in medicinal and aromatic plants can elicit
either stimulating or inhibitory effects on the growth and development of other plants. This study aimed to
investigate the impact of gypsophila plant root extract on the germination and seedling development of vetch
and sorghum, assessing different concentrations of the extract (0%, 5%, and 10%). Upon evaluating the results,
it was observed that the sorghum plant exhibited the highest germination rate, mean germination time,
germination vigor index, root and shoot length, as well as root and shoot fresh weight when subjected to the
control concentration. In contrast, the vetch plant demonstrated optimal results at the 5% concentration. In
conclusion, the inhibitory effect of the gypsophila plant root extract on germination and seedling development
was more pronounced in the sorghum plant compared to the vetch plant. This suggests that the impact of the
extract varies among different plant species, highlighting the need for species-specific considerations when
implementing such alternative approaches in agricultural practices.

Keywords: Root extract, gypsophila, vetch, sorghum, germination

Coven (Gypsophila perfoliata L.) Kok Ekstraktinin Tath Sorgum (Sorghum bicolor L.) ve
Macar Fig (Vicia sativa L.) Tohumlarimin Cimlenme ve Fide ile Ilgili Parametreler Uzerine
Etkisi

Oz

Son yillarda, geleneksel kimyasal yontemlerin aksine, ¢cimlenme ve ortaya ¢ikmadaki potansiyel sinirlamalari
ele almak i¢in tibbi bitki ekstraktlarinin ve ugucu yaglarin kullanimi gibi alternatif yaklasimlarin arastirilmasina
artan bir vurgu yapilmistir. Tibbi ve aromatik bitkilerde sentezlenen biyokimyasallar, diger bitkilerin biiyiime
ve gelismesi lizerinde uyarici veya engelleyici etkiler ortaya cikarabilir. Bu g¢alisma, ¢oven bitkisi kok
ekstraktinin  fig ve sorgumun ¢imlenmesi ve fide gelisimi {izerindeki etkisini, ekstraktin farkli
konsantrasyonlarini (%0, %5 ve %10) degerlendirerek aragtirmay1 amaglamistir. Sonuglar degerlendirildiginde
sorgum bitkisinin kontrol konsantrasyonunda en yiiksek ¢imlenme orani, ortalama ¢imlenme zamani, ¢imlenme
giicli indeksi, kok ve siirgiin uzunlugu ile kdk ve siirgiin yas agirligina sahip oldugu saptanmaistir. Buna karsilik,
fig bitkisi %5 konsantrasyonda optimal sonuglar gdstermistir. Sonug olarak, ¢oven bitkisi kok ekstraktinin
¢imlenme ve fide gelisimi tizerindeki inhibitor etkisi sorgum bitkisinde fig bitkisine gore daha belirgin olmustur.
Bu sonug, ekstraktin etkisinin farkl: bitki tiirleri arasinda degistigini ve tarimsal uygulamalarda bu tiir alternatif
yaklagimlarin uygulanmasinda tiire 6zgii degerlendirmelerin daha 6nemli oldugunu gostermektedir.

Anahtar Kelimeler: Kok 6ziitii, ¢oven, fig, sorgum, ¢imlenme
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Exploring the Impact of Gypsophila perfoliata L. Root Extract on Germination and Seedling Growth
Parameters of Sweet Sorghum and Hungarian Vetch

1. Introduction

Forage crop production holds immense significance on international and domestic fronts as it
provides a sustainable means to feed animals and supports livestock farming at a reasonable
cost [1]. Legumes and cereals are particularly crucial among the plant types cultivated for
animal feeding purposes globally. Vetch (Vicia sativa L.), a member of the Fabaceae family,
stands out as one of the major genera, encompassing 247 taxa worldwide [2], with
approximately 100 taxa found in Tirkiye [3]. Vetch serves diverse purposes, including the
production of green and dry forage, grain, green manure, and as a source for livestock grazing,
owing to its high-quality forage attributes [4]. Its notable forage quality not only makes it a
valuable resource for various agricultural purposes but also contributes to reducing the overall
costs associated with livestock feeding [5]. Sorghum (Sorghum bicolor L.), belonging to the
Poaceae family within the Sorghum Moench genus, holds the distinction of being the fifth most
important C4 plant globally. Cultivated for various purposes such as fuel, forage, roughage, and
food, sorghum stands out due to its versatility [6; 7]. The cultivation of sorghum plays a
significant role in meeting diverse agricultural needs, making it a valuable and adaptable
resource on a global scale.

The challenges posed by water scarcity, drought, and difficulties in accessing food,
compounded by the negative impacts of global warming, are becoming increasingly
pronounced with the growing world population [8]. Consequently, there is a pressing need to
cultivate plants that exhibit water efficiency, drought tolerance, and high productivity. In semi-
arid regions, low humidity levels during germination becomes a limiting factor [9], turning the
germination period into a critical phase that significantly influences both yield and quality in
agricultural production [10]. Various phytohormones, including brassinosteroids, auxins,
ethylene, cytokinins, salicylic acid, jasmonic acid, and strigolactones, along with specific
compounds such as karrikins and reactive oxygen species, play a crucial role in dormancy and
germination processes [11]. Natural methods that promote germination, such as seaweed,
medicinal plant extracts, vinegar, and essential oils, offer environmentally friendly alternatives
[12]. However, the conventional use of chemicals in agriculture raises input costs and
contributes to environmental pollution. Therefore, there is a growing emphasis on adopting
sustainable and eco-friendly practices in agriculture to address these challenges and promote
the long-term health of both the agricultural ecosystem and the environment.

Indeed, contemporary agricultural practices need to prioritize techniques that not only enhance
the yield and quality of seeds or seedlings but also reduce costs and minimize environmental
pollution. Plant-synthesized biochemicals emerge as pivotal players in promoting or inhibiting
various plants' growth and development [13]. These secondary metabolites, characterized by
their diverse structures, carry significant economic value due to their wide-ranging applications
in medicine, antibiotics, antioxidants, flavor sources, food additives, allelochemicals,
antifungals, insecticides, fertilization stimulants, and growth regulators [14]. The concept of
allelopathy is crucial in this context, referring to the phenomenon whereby plants influence the
growth and development of other plants, either positively or negatively, through the synthesis
or decomposition of specific compounds [15]. Harnessing the potential of allelopathic
interactions and plant-synthesized biochemicals provides an avenue for sustainable agricultural
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practices that optimize productivity and contribute to environmental conservation and the
overall health of agroecosystems. As we navigate the challenges of a changing climate and a
growing global population, these approaches become increasingly important in creating
resilient and sustainable agricultural systems.

Gypsophila, categorized among medicinal and aromatic plants, possesses diverse features that
have captured the interest of various scientific disciplines. The species within the Gypsophila
genus, characterized by significant levels of saponins, find application as additives in medicine,
cleaning products, and food items. The roots of this plant have been a source of saponins for
centuries, valued for their antibiotic, antifungal, and pharmacological effects [16]. Saponins,
primarily synthesized by plants, are broadly classified into steroidal and triterpenoid glycoside
compounds [17]. These compounds are believed to protect plants against certain insects owing
to their antimicrobial properties and enhance resistance in specific plant parts [18].
Furthermore, saponin compounds exhibit high biological activity in plants, fungi, insects, and
microorganisms. While low concentrations play a regulatory role in plant rooting, elevated
concentrations are reported to inhibit root growth [19]. Therefore, a comprehensive exploration
of the detailed physiological effects of saponins and saponin-rich materials on plants remains
an open area of research. Soliman et al. [20] demonstrated that priming soybean seeds with 5%
and 10% concentrations of saponin effectively alleviated salinity stress. In a study conducted
by Yang et al. [21], seven different concentrations of saponin priming were applied to quinoa
seeds to mitigate the adverse effects of salinity stress. These findings highlight the potential of
saponins in enhancing stress tolerance in plants, opening avenues for further research into their
applications in sustainable agriculture, especially in mitigating environmental stresses that can
impact crop productivity.

The current research represents a pioneering study aiming to address a gap in the existing
literature by investigating the effects of Gypsophila extract on the germination and seedling
growth patterns of vetch and sorghum plants. The study was conducted by applying Gypsophila
extract to sweet sorghum and Hungarian vetch seeds to determine its effects on germination
and seedling growth-related traits.

2. Material and Methods

In this study, the Helvaci Gypsophila (Gypsophila perfoliata) plant material was used to
determine its impact on germination and seedling-related traits in Cowley sweet sorghum
(Sorghum bicolor) and Aygiin hungarian vetch (Vicia pannonica Crantz). Seeds were initially
washed with tap water for surface sterilization, followed by soaking in a 10% sodium
hypochlorite (NaClO4) solution for 25 minutes. Subsequently, the seeds were rinsed three times
with sterile distilled water, immersed in a 70% ethyl alcohol solution for 5 minutes. They
washed three more times with sterile distilled water to complete the sterilization process.
Gypsophila perfoliata, a commercially significant species, was used in three concentrations
(0%, 5%, and 10%) according to a completely randomized design with three replications.
Gypsophila roots, collected from Adabag village in Eregli (Konya), were dried in a dust-free
environment without direct sunlight for seven days in the Laboratory of the Department of Field
Crops at Necmettin Erbakan University, Eregli Faculty of Agriculture. Before extraction, the
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Gypsophila roots were finely divided into small pieces. For the 10% concentration, 100 grams
of dried Gypsophila roots were boiled in 1 liter of distilled water for 20 minutes and then cooled
to room temperature. The resulting extract was filtered and stored in a refrigerator (+4°C)
during the experiment.

In the trials, containers with base dimensions of 7.5 mm width and 12 mm length were prepared
by placing two layers of germination paper (Whatman filter paper No. 1) on the base, and 25
seeds were placed on top. Application groups were treated with 5 ml of Gypsophila root extract,
while control groups received 5 ml of distilled water. The seeds were germinated in a 16:8-hour
light:dark photoperiod at 24-26°C room temperature over a 14-day period. Germination-related
parameters were recorded by counting the seeds each day during this period. Germination rate
(GR) (%), germination rate coefficient (GRC), germination rate index (GRI), mean germination
time (MGT), and germination vigor index (GVI) were calculated according to Tiirkoglu et al.
[22]. Seeds with a root length of 1 mm or longer were considered germinated. On the 14th day
of the study, five seedlings were randomly selected from each treatment, and root and shoot
lengths were measured using a metric ruler, while root and shoot fresh weights were measured
using a precision balance [23].

The statistical analysis of the data was subjected to a factorial design variance analysis with
plant (2) and application concentration (3) as factors, following a completely randomized trial
plan with four replications (SPSS 26 software, SPSS Inc., IBM). The Duncan test determined
differences between means for these parameters at a 5% significance level.

3. Results and Discussion
Germination-Related Traits

The seeds placed in the environment at different concentrations germinated within
approximately 1-2 days, and their development was ensured over the 14 days.

Germination Rate (GR)

The plant and plant x concentration interaction had a highly significant effect (p < 0.01) on the
germination rate, while the concentration was not significant (p > 0.05) (Table 1). The mean
germination rate data shows that the highest germination rate was observed in the sorghum
plant at 88.89%, while the lowest amount was observed in the vetch plant at 56.00% (Table 2).
Considering the means of concentrations, the highest germination rate without a significant
difference was obtained at the 10% concentration of Gypsophila root extract (Table 2). Looking
at the means of the plant x concentration interaction data, the highest germination rate in the
sorghum plant was achieved at 96.00% with the control dose of Gypsophila extract, and the
lowest germination rate was 44.00% with the control dose in the vetch plant.
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Table 1. Analysis of variance results of different concentrations of gypsophila root extract
applied to vetch and sorghum plants for the studied traits.

Mean of squares

Source of Variation SD GR GRC GRI MGT GVI

Plant (P) 1 4867,56™!"  4756,85™ 0,03" 17,42 146008985,74™
Concentration (C) (%) 2 27,56™ 143,36  0,00™ 0,66 28440373,23*
PxC 2 491,56™ 1306,53™ 0,00™ 2,72 52349984,46""
Error 12 43,56 130,51 0,00 0,02 317478.,93
Total 18

1 : **: significant at p < 0.01., ns: non-significant at p > 0.05. GR (%): Germination rate; GRC:
Germination rate coefficient; GRI: Germination rate index; MGT: Mean germination time;
GVI: Germination vigor index.

Table 2. Means of different concentrations of gypsophila root extract applied to vetch and
sorghum plants for the studied traits.

Plant Concent GR% GRC GRI MGT GVI
rations (day)
Vetch 0.00% 44,00+0,00! 35,48+0,00°  0,10+0,00°  2,82+0,00° 888,80+0,00 °
5.00% 65,33£10,07*  21,00+1,13°  0,16£0,02*°  4,77+0,25* 3366,13+£280,56
10.00%  58,67+2,31? 29,57+1,17°  0,14+0,01*  3,39+0,14° 1778,40+318,51°
Mean 56,00£10,77°  28,68+6,36°  0,13£0,03®  3,66+0,88  2011,11£1107,35
A B
Sorghum 0.00% 96,00+0,00? 51,06+0,00°  0,23+0,00*  1,96+0,00®° 13401,60+0,00?
5.00% 81,3349,242 76,8345,41>  0,1940,02*  1,31+0,09° 5878,13+1281,84°
10.00%  89,33+8,33% 55,70+5,77°  0,2140,02*  1,81+0,19° 3842,13+285,67°
Mean 88,89+8,894 61,20+12,534  0,2140,02*  1,69+0,31  7707,29+4409,94
B A
Gypsophila  0.00% 70,00+£28,48%  4327+8,53B  0,1740,074  2,39+0,47  7145,20+6853,54
root extract ¢ A
5.00% 73,33+12,31%  48,91+30,78* 0,17+0,03*  3,04+1,91  4622,13+1606,79
A B
10.00%  74,00£17,66  42,63£14,79% 0,18+0,044  2,60+0,88  2810,27+1162,29
B C

"Numbers indicated with similar letters within the same column are statistically
indistinguishable within a 1% margin of error according to the Duncan test. GR (%):

Germination rate; GRC: Germination rate coefficient; GRI: Germination rate index; MGT:
Mean germination time; GVI: Germination vigor index.

Germination Rate Coefficient

The plant, concentration, and plant x concentration interaction had a statistically significant
effect (p < 0.01) on the germination rate coefficient (GRC) (Table 1). According to the mean
statistical data, the highest germination rate coefficient was determined in the sorghum plant at
61.20, while the lowest was recorded in the vetch plant at 28.68 (Table 2). Evaluating the mean
data of concentrations, the germination rate coefficient at the 5% dose was significant at 48.91
(Table 2). Looking at the mean data of the plant x concentration interaction, the highest
germination rate coefficient in the sorghum plant was 76.83 at the 5% concentration, while the
lowest in the vetch plant was 21.00 at the 5% concentration (Table 2).

Germination Rate Index
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Statistically, the plant and plant x concentration interaction had a highly significant effect (p <
0.01) on the germination rate index (GRI), while the concentration's effect was found to be
insignificant (p > 0.05) (Table 1). According to the mean data, the highest value in the
germination rate index was 0.21 in the sorghum plant, and 0.13 in the vetch plant (Table 2).
Evaluating the mean data of concentrations, there was no statistically significant difference, and
the highest result, 0.18, was obtained at the 10% concentration (Table 2). Looking at the plant
X concentration interaction, the germination rate index was highest in the sorghum plant at 0.23
in the control dose and lowest in the vetch plant at 0.10, again in the control dose (Table 2).

Mean Germination Time

According to the statistical data, the plant, concentration, and plant x concentration interaction
had a highly significant effect (p < 0.01) on the mean germination time (MGT) (Table 1).
Looking at the mean data, the mean germination time was highest in the vetch plant at 3.66 and
lowest in the sorghum plant at 1.69 (Table 2). Evaluating the mean data of concentrations, the
highest mean germination time was 3.04 at the 5% Gypsophila root extract concentration, and
the lowest was 2.39 in the control (Table 2). Looking at the plant x concentration interaction
data, vetch had the highest mean germination time at 4.77 at the 5% concentration, while
sorghum had the lowest value at 1.31 at the 5% concentration (Table 2).

Germination Vigor Index

According to the variance analysis results, concentration and plant x concentration interaction
had a highly significant effect (p < 0.01) on the germination vigor index (GVI) (Table 1).
According to the mean data, the germination vigor index was highest in the sorghum plant at
7707.29 and lowest in the vetch plant at 2011.11 (Table 2). Evaluating the mean data of
concentrations, the control concentration was significant at 7145.20 (Table 2). Looking at the
plant x concentration interaction, the highest value was observed in the sorghum plant at
13401.60 in the control concentration, while the lowest was in the vetch plant at 888.80, again
in the control concentration (Table 2).

Seedling-Related Characteristics
Root Length

Root length was found to be statistically significant (p < 0.01) concerning plant concentration
and plant x concentration interaction (Table 3). Looking at the mean data, the highest root length
was recorded in the sorghum plant at 3.81 cm, while the lowest was in the vetch plant at 0.97
cm (Table 4). According to the concentration statistical results, the highest, 3.68 cm, was
obtained in the control concentration (Table 4). Regarding the plant x concentration interaction,
the highest root length was 6.54 cm in the sorghum plant at the control concentration, and the
lowest was 0.76 cm in the vetch plant at the 10% concentration prepared (Table 4).
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Table 3. Variance analysis results for different Gypsophila root extract concentrations applied
to vetch and sorghum plants for the studied traits.

Mean of squares

Source of Variation SD RL SL RFW SFW
Plant (P) 1 3618,17"! 2266,89" 0,01 0,01"
Concentration (C) (%) 2 951,27 519,96™ 0,00" 0,00
PxC 2 987,63 1787,95" 0,00" 0,02*
Error 12 2,64 28,93 0,00 0,00
Total 18

1 : **: significant at p < 0.01., ns: non-significant at p > 0.05. RL (cm): Root length; SL (cm):
Shoot length; RFW (g): Root fresh weight; SFW (g): Shoot fresh weight.

Table 4. Means of different Gypsophila root extract concentrations applied to vetch and

sorghum plants for the studied traits.

Plant Concent RL (cm) SL (cm) RFW (gr) SFW (gr)
rations

Vetch 0.00% 8,20+0,00"! 12,00+0,00? 0,0200:0,0000? 0,0100+0,0000°
5.00% 13,53+2,342 38,47+7,202 0,0400:+0,01002 0,1000+0,01002
10.00%  7,60+1,31° 22.60+5,60° 0,0233+0,01532 0,0533+0,0379°
Mean 9,78+3,18 24,36+12,418 0,0278+0,01308 0,0544+0,04368

Sorghum 0.00% 65,400,007 74.,20+0,00? 0,1000:£0,0000? 0,1800+0,00007
5.00% 33,33+1,96° 38,47+7,20° 0,0800+0,0400° 0,0833+0,0252"
10.00% 15,67+2,19° 27,73+6,20° 0,0400+0,0200° 0,0633+0,0404°
Mean 38,13+21,88" 46,80+21,60* 0,0733+0,0346" 0,1089+0,0590*

Gypsophila  0.00% 36,80+31,33A 43,10+34,07* 0,0600+0,0438* 0,0950+0,09314

root extract  5.00% 23,43+11,028 38,47+6,44" 0,0600+0,0341* 0,0917+0,0194*
10.00% 11,63+4,70¢ 25,17+5,998 0,0317+0,01838B 0,0583+0,03548

"Numbers indicated with similar letters within the same column are statistically
indistinguishable within a 1% margin of error according to the Duncan test. RL (cm): Root
length; SL (cm): Shoot length; RFW (g): Root fresh weight; SFW (g): Shoot fresh weight.

Shoot Length

Statistical analysis, considering plant, concentration, and plant x concentration interaction,
revealed significant effects (p < 0.01) (Table 3). The mean shoot length was highest in sorghum
plants, recorded as 4.68 cm, and lowest in vetch plants, measured at 2.43 cm (Table 4).
According to concentration data, control concentration and the concentration prepared at 5%
produced the most extended shoots, measuring 4.31 cm and 3.84 cm, respectively (Table 4).
Examining the results of plant x concentration interaction, it was found that the highest value
was 7.42 cm in sorghum plants at the control concentration, and the lowest was 1.20 cm in
vetch plants at the control concentration (Table 4).

Root Fresh Weight

The statistical evaluation of root fresh weight showed significance for plant (p < 0.01),
concentration, and plant x concentration interaction (Table 3). Analyzing the mean values
revealed that the highest root fresh weight was 0.0733 g in sorghum plants, and the lowest was
0.0278 g in vetch plants (Table 4). Concentration-wise, control and 5% concentrations showed
the highest values without significant differences, both measuring 0.600 g (Table 4). Plant x
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concentration interaction indicated that sorghum plants had the highest root fresh weight at the
control concentration, measuring 0.1000 g. In contrast, vetch plants had the lowest at the control
concentration, recording 0.200 g (Table 4).

Shoot Fresh Weight

The statistical analysis revealed the significance of both plant and plant x concentration
interaction (p < 0.01), while concentration showed significance as well (Table 3). The highest
shoot fresh weight was obtained in sorghum plants, reaching 0.1089 g, whereas the lowest was
recorded in vetch plants at 0.0544 g (Table 4). According to mean values, control and 5%
concentrations yielded the highest values, measuring 0.950 g and 0.917 g, respectively (Table
4). Plant x concentration interaction showed that sorghum plants had the highest shoot fresh
weight at the control concentration, recording 0.1800 g, while vetch plants had the lowest at the
control concentration, with a value of 0.0100 g (Table 4).

4. Conclusion

Over centuries, medicinal and aromatic plants have played an integral role globally in Daily life
and culture [24]. These plants harbor bioactive secondary metabolites, including steroids,
flavonoids, saponins, alkaloids, terpenes, and phenolic compounds, which exhibit a diverse
array of properties such as antimicrobial, antifungal, antiallergic, antidiabetic, cardiovascular
protective, antioxidant, anticancer, antithyroid, antihistaminic, antimalarial, anthelmintic, anti-
inflammatory, antihypertensive, antispasmodic, and analgesic [25]. This study delves into the
effects of Gypsophila plant extract, within the realm of medicinal and aromatic plants, on the
germination and seedling-related traits of vetch and sorghum seeds. Upon evaluating the mean
values, we observed that the control concentration exhibited the highest germination rate, mean
germination time, germination vigor index, root and shoot length, and root and shoot fresh
weight in sorghum. The highest values were observed in the 5% concentration of Gypsophila
extract in vetch. The existing literature has explored the effects of extracts from various
medicinal and aromatic plants on cultivated plants' germination and seedling development [13].
While many studies emphasize the inhibitory effects of plant extracts on germination and
seedling development, dependent on factors such as plant species, chemical compound type,
and dosage [26; 27], there are also findings indicating stimulatory effects of plant extracts on
germination and seedling development [28]. For example, Tiirkmen and Isik [29] investigated
the impact of extracts from different vetch species on germination. The results indicated that
extracts from certain vetch species completely inhibited germination at specific doses. Another
study by Day [30] explored the effects of extracts from the stem and roots of the ragweed plant
on the germination and seedling development of wheat, barley, sunflower, and chickpea seeds,
revealing variable effects on different crops. In conclusion, the findings from this research
suggest that the root extract obtained from the Gypsophila plant has a more inhibitory effect on
germination and seedling development in sorghum plants compared to vetch plants. This adds
valuable insights to the existing knowledge on the interactions between medicinal plant extracts
and different crop species, emphasizing the need for species-specific considerations in
agricultural practices.
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Abstract

This a paper, a new curve pair is defined that generalizes some pairs of curves well known as Mannheim and
Bertrand curve pairs. A normal curve pair is defined in such a way that a vector w obtained by overlapping the
normal planes of the P and P* curves makes the I' angle as the binormals of these curves. The relationship
between torsions and curvatures of curve pairs was analyzed. Moreover, a unit quaternion q was defined
corresponding to the rotation matrix between the Frenet vectors of the curves. In the conclusion, it is expressed
which famous curve pairs will be obtained in which particular case.

Keywords: Normal mate, Curve mates, Mannheim mate, Quaternion.

Egri Ciftlerinin Genellestirilmesi: Bir Egrinin Normal Egri Cifti
Oz
Bu caligmada Bertrand ve Mannheim gibi ¢ok bilinen egri ciftlerini genellestiren yeni bir egri ¢ifti
tanimlanmistir. Normal egri ¢ifti, P ve P* egrilerinin normal diizlemlerinin kesisimleri ile elde edilen bir w
vektoriiniin bu egrilerin binormalleri ile I' agis1 yapacak sekilde tanimlanir. Egri ¢iftlerinin egrilikleri ve
burulmalar1 arasindaki iligki analiz edilmistir. Ayrica, egrilerin Frenet vektorleri arasindaki donme matrisine

karsilik gelen birim g kuaterniyonu tanimlanmistir. Sonug olarak, hangi 6zel durumda hangi iinlii egri ¢iftinin
elde edilecegini ifade edilmistir.
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A Generalization of Curve Mates: Normal Mate of a Curve

1. Introduction

Establishing a connection between two points corresponding to two curves and defining a new
curve pair from these curves has been a subject that has attracted the attention of many
researchers in classical differential geometry. These curve pairs have applications in fields like
robotics, computer-aided geometric design and planning of paths. Some of the famous curve
pairs are like Parallel, Evolute, Involute, Bertrand, Natural and Mannheim mates. Some
properties and basic definitions of these curve pairs can be found in various papers
[1,3,5,9,10,11,17,21,23,24,28,33,36]. These curves have been studied by many authors and
some have been generalized to larger dimensions [8,14,16,25,32]. Moreover, Curve pairs in
Lorentzian space have also been studied by many researchers [2,13,15,18,22,31,34,35,37]. The
aim of the authors in this study is to express these curves in three-dimensional Euclidean space
and make a new generalization and to investigate whether they give one of them by examining
the special cases in the general definition. For this, A new pair of curves called normal mate is
defined. If a vector obtained by overlapping normal planes makes the same angle as the
binormals of the curves, the pair of curves formed by these curves is called normal mates. In
this paper, we’ll only analyze the normal mate. Moreover, we’ll also expressed firstly the states
between the Frenet vectors of curves of P and P*. Then the states between their curvatures and
torsions of curves of P and P*. In the result section, it will be given which specific result
represents which well-known curve.

If the tangent of a regular a curve with curvature different from zero at each point is the normal
of an I curve, the involute curve of the a curve is expressed as the I curve. Evolute of a curve
is defined as the place of the centers of curvatures of the curve. The evolute of an involute is
the original curve. The definitions of involute and evolute were introduced by the Dutch
mathematician Christian Huygens.

If the points on the curves that correspond to each other are also in the same direction as the
normal of one curve and the normal of another these two curves are called the Bertrand curve
pair. Moreover, a Bertrand curve is defined as a space curve B whose normal vector is identical
to the normal vector of another curve B*, known as its Bertrand mate. If A is nonzero constant
B* and B are Bertrand mates as

B'(s) = B(s) + AN(s) and N*(s) = +N(s)
for all s € I. Bertrand curves stated by Bertrand in 1850 [1,5,17,21,24].

If the points on the curves that correspond to each other are also in the same direction as the
normal of one curve and the binormal of another these two curves are called the Mannheim
curve pair. Moreover, a Mannheim curve is defined as a space curve M whose normal vector is
identical to the binormal vector of another curve M*, known as its Mannheim mate. If A is
nonzero constant M* and M are Mannheim mates as

M*(s) = M(s) + AN(s) and B*(s) = £N(s)
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for all s € I. It was stated by A. Mannheim in 1878 [17,23,28].

We define curve pairs resulting from a Backlund transformation as pairs of constant torsion
curves, which we will refer to as Backlund curves in this study. In classical differential
geometry, a Backlund map transforms a surface with constant negative Gauss curvature into
another surface with the same constant negative Gauss curvature. Moreover, the Backlund
transformation can be restricted to produce a transformation that maps constant torsion curves
to other constant torsion curves [6]. Let f and f* be a smooth curves and Frenet vector fields
of the curves f be {T,N, B}. C is constant, 7 is torsion and k is curvature of . It can be given
the relation

B*(s) = B(s) + ((2€)/(C* + ) ((cosI)T + (sinl)N)
where, 8’ = CsinlI' — k. The T and t* torsions of 8 and f* respectively constant and are

_ sin®
T

*

T =7

in the above equation A is the distance between these points and @ is the angle between
binormals of points on the curves that correspond to each other. Studies about Backlund mates
can be found in the following articles: [6,26,27].

Our study will involve curve pairs where the vectors connecting corresponding points are
always situated in the normal plane. Since we should not confuse these curves with the concepts
of normal curves found in the literature, we will refer to these curves as normal pairs.

2. Preliminaries

Now, shortly reminding the Frenet elements of curves. Let’s §:1 — E* a regular curve, v =
||8°]| # 0. The tangent, binormal and normal vector fields of & are expressed as follows
&' & x 8"

T=—, B

=" 7 dN=BXT
» 15 x o "

in order of. Additionally, curvature and torsion of the curve § are

18" x 8" det(8',5",8")
—I an T= ! "
l16°]1° 16" x 6"

Frenet-Serret formula for the curve 6 is

T' 0 VK 01[T
N'| =|—-vk 0 vk | |N]|.
B’ 0 —vk O01LB

340



A Generalization of Curve Mates: Normal Mate of a Curve

The planes spanned by {N, B} {T, B} and {T, N} are called respectively the normal, rectifying
and osculating plane at each point of a curve. The focus of this paper is on curve pairs, where
lines connecting corresponding points are found within their normal planes.

Main Theorem and Proof

In this section, we will introduce a new curve pairs that can generalize the famous curve pairs
briefly expressed in the previous sections.

3.1. Normal Mates in the Euclidean 3-space

Definition 3.1. Let’s map the corresponding points of the curves P and P* given on the space
E? and define the curve

P*(s) = P(s) + A(s)W(s)
where W is a unit vector and A is the distance function.

The vector W lies on the line where the normal planes of the curves P and P* intersect. If the
vector W makes an angle I" with the binormal vector fields at points on the curves P and P* that
correspond to each other, then the pair of curves {P, P*} is termed the Normal pair of curve or
Normal mates. In this place, P and P* are called normal curve and equinormal curve, in order
of. Moreover, P*(s) is expressed as the normal mate of P(s)

Theorem 3.2. Let {P, P*} be the Normal mate. B(s) and N(s) being the binormal and normal
vector fields of the curve P(s), in order of. It is written as follows

P*(s) = P(s) + A(s)((cosI'(s))B(s) + (sinl'(s))N(s)) (3.1

where A(s) # 0 is the distance function between curves P and P*. Hence, the following
equation is obtained

0=2 (3.2)
tobe v = ||P||, v* = ||P"'||.

Proof If P, P* is an Normal curve mate, then the vector Aw(s) = P*(s) — P(s) will make an
angle I"(s) with binormal vector fields B(s) and B*(s) along the curves P and P*. Moreover,
given that the unit vector w(s) is in the normal plane. We can express the following equations

w = (cosI")B + (sinl)N
and
P* =P + A((cosI')B + (sinI")N).

Now let's take the derivative of equation (3.1). Then we find the following equation
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v*T* = vT + A’((cosI")B + (sinF)N)
+A(I" (—sinl)B + (cosT')(—tvN) + I'"(cosI)N + (sinl')(—kvT + tvB) (3.3)
v*T* = (v — kvsinl')T
+(A'sinl’ — Avtcosl” + AI''cosI")N
+(A'cosI' — AI''sinI” + AvtsinI’)B. (3.4)
If we take the inner product of both sides of equation (3.4) with the vector w, we get
0 = (A'cosI’ — AT''sinl" + Avtsinl")cosI” + (A'sinl" — Avtcosl” + A’ cosT)sinl”
0=27.
Consequently, we obtain the equality
0=21".
3.2. The Relations Between Frenet Apparatus of Pair of Normal Curves

In this section, we will begin by exploring the relationship both between Frenet frames of
normal curve and their mates, as well as the curvature and the torsion of these curves. Moreover,
we’ll analyze whether distance function between the points on the curves P and P*that
correspond to each other is constant or not. Furthermore, we will discuss whether the angle I’
remains constant, considering special cases such as when I' is constant, ' = /2 or I' = 0.
We will investigate under which specific conditions we can obtain curve pairs that are either in
Mannheim curves, Bertrand curves or other type.

Theorem 3.3. Let P and P* respectively be a regular curves and normal mates of given by the
equation

P* = P + A((cosI)B + (sinI)N). (4.1)

Let {T,N, B} and {T*, N*, B*} be Frenet vector fields of curves P and P*, in order of. Provided
that the angle @ is between the opposite tangent of the curves, u = 1 — cos®. We obtain the
matrix equation

T* cosP —sin®cosl’ sin®sinl’ 1[T
N*| = \ cosIsin® 1 — ucos®I’ ucosI'sinl" | |N 4.2)
B* —sinl'sin® pusinlcosI’ 1 — usin®I'l B

Proof Since the vector field

W = (cosI")B + (sinl)N
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lying on the normal plane, this vector is perpendicular to the tangent vector fields T and T*.
Hence, v=T X w and v* = T* X w lies on the normal planes of the curves. Thus, every one
of the collections {w,v*, T*} and {w, v, T} forms an orthonormal frame for the curves P and
P*, respectively. The following Matrix equations can be obtained

1= conrl [N @3)

and

wl _ [ cosI'  sinl’ [B] (4.4)

—sinl’ cosl'1IN

Let @ be the angle between T* and T. Since all of the vectors T*, V*, T, V are perpendicular to
the W. Provided that the equation (4.3) was used, we get

T* = (sin®)vV + (cos®)T

= (cos®)T — (sin®cosI")N + (sin®sinl")B
and
Vv* = (cos®)V + (sin®)B

= (sin®)T + (cos®cosI')N — cosPsinl'B.

Thus, using the equlaties (4.4) and (4.3) we have

[B*] _ [cosF —sinF] [\7\7]

N* sin  cosl' 1ly
_ [—(sinfsinfb)T + sinl'cosT" (1 — cos®)N + (1 + sin®I'(cos® — 1))B
~ L(cosI'sin®)T + (1 + cosI'(cos® — 1))N + (sinl'cosI")(1 — cos®)BI’

As a result, (4.2) equality is obtained where 1 — u = cos®.
3.3. Curvature and Torsion of The Normal Curve P

Theorem 3.4. Let P and P* respectively be a reguler curves and normal mates with the
relation P* = P + A((Cosl“ )B + (sinl’ )N) where I' # 0,I" #+ m/2 and the distance function
A. Provided that the angle @ # 0 is between binormal of the corresponding points of P and
P*, in this case the curvature and torsion of the P(s) curve is

v — v cosP

- Avsinl’
visind +T'2A (4.5)
T=—
Av
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respectively, where u = 1 — cos®.
Proof If we compare the equality (3.4) and (4.1)
v*T* = (v — Akvsinl")T
+(AX'sinl’ — AvtcosT” + A" cosI)N
+(A’'cosI’ — AI'"sinI" + Avtsinl’)B.

Let's take the inner product of both sides of the above equation with T, N and B respectively,
then the following equality is obtained

v*(cos®) = (v — Akvsinl’)
—v*sin®cosl’ = (A'sinl’ — AvtcosI’ + Al''cosT) (4.6)
v*sin®sinl’ = (M cosI' — AI''sinI” + Avtsinl).

In terms of I' # 0,7/2,thinking 0 = A" and u = 1 — cos®, we find
—v*sindcosl’ = (A'sinl" — Avtcosl + Al'cosT)

visind +T'2A
T=————
Av

and
v*(cos®) = (v — Akvsinl’)

v —v*cosP

Avsinl’
Proposition 3.5. Let it be

cosd —cosl'sin®  sinl'sin®
Ry = | cosI’'sind 1 -— ucos®I’  ucosI'sinl’
—sinl'sin® usinl'cosI’ 1 — usin®l’

is a rotation matrix for any normal pair of the curves. R4 rotates a vector through the angle @
around the axis U = (0, sinl", cosI"). The unit quaternion q corresponds to Ry. Then

¢ .. P @
q= cosE + sml"sm?] + cosI"smEk.
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Proof

¢ —_
1-2(1- az)sinzi ab(1 — cos®) — csin®  bsin® + ac(1 — cos®)

(0]
Ry =| ab(1 — cos®) + csind 1-2(1- bz)sinzg —asin® + bc(1 — cos®)

®
—bsin® + ac(1 — cos®) asin® + bc(1 — cosP) 1-2(1- cz)sinzi

is a rotation matrix. Ry rotates a vector through the angle @ around the axis W = (a, b, ¢) and
the unit quaternion g corresponds to Ry is

P P
q = cos— + (ai + bj + ck)sinE [31].

If we have U = (0, sinl", cosI") the rotation matrix is

cosd —cosl'sin®  sinl'sin®
Ry = | cosI'sind 1 -— ucos®I’  usinl'cosT”
—sinl'sin® ucoslsin 1 — psin®l’

and the unit quaternion q corresponds to Ry. Then

e . P P
q= cos; + sinl’sin E] + cosl“sm?k.

Theorem 3.6. Let P and P* respectively be a reguler curves and normal mates with the relation
P*=P+ /1((COSF )B + (sinl’ )N) where I' # 0, 7/2 and the distance function A. Provided that
the angle @ # 0 between tangent of the corresponding points of P and P*, in this case the
curvature and torsion of the P* (s) curve is

, V—vcosP @'
K* = - ,
v*sinl’ v*cosl’ (4.7)
., TI''+d'tanl'cot® vksinl’ '
5= -
v* v*sind

respectively, where u = 1 — cos®.
Proof Now let's take the derivative of T* in equation (4.2). Then we find the following equation
T* = (cos®)T — sin®cosI'N + (sindsinl")B
v*k*N* = (—@'sin® + vksin®cosl')T
+(vKcos® — ®'cos®cosl’ + I''sin®sinl’ — visindsinl)N (4.8)
+(—vtsin®cosI’ + ®'cos®sinl’ + I''sin®cosI’)B.

Let’s the inner product of both sides of equation (4.8) with the T, we get
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vk cosI’ = (—@' + vkcosI) 4.9)
since < N*, T >= sin®dcosI'. Thus, we get

@I
cosl’

VK = vk —

or I' # 0 and I" # m/2. Moreover, in terms of @ # 0, we write u = 1 — cos®. Hence u' =
®'sin® and

g d'sind d'(1+ cosd
u  1—cos® sing

Using these equalities, we obtain

d)l
K* = - 4.10
VK VK o ( )
. VK o} 411
= v*  v*cosl (4.11)
v — v cosP Q'
K* = (4.12)

viAsinl  v*cosl’
Let’s the inner product of both sides of equation (4.8) with the B, we get
v**ucoslsinl’ = —vtsin®cosl’ + @'cos@sinl’ + Isindcosl’

_ —vtsin® + ®'cosdtanl’ + I''sin®

* 0 %

VKt =
usinl’
since < N*, B >= ucosI'sinl". Let's write T = v*smv;qr;mt in this equation. Thus, we have
—vTsin® + ®'cos®tanl’ + I'sind
VK = e (4.13)
—vtsin® + ®'cosdtanl” + I'sin®
K" = . (4.14)

v*usinl’

Additionally, by using equations (4.10) and (4.13) we obtain the following equation

v —v*cos® @' —vrsin® + P'cosdtanl + I''sin®
v*Asinl’ vicosI' v*usinl’
, visin® +I'A , .
Uv — pv*cos® — ud'tanl’ = — fsn@ + @' cosPtanl’ + ['sind.
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If we substitute the k curvature expressed in Theorem 4.2 into the equation above, we obtain
the following equation

ylo¥
sin®

= (v* —v)cosI.

Thus, considering the equality 0 = A" we find

v*sin®
- ; +c
v —v*cos® + ud'tanl’

A= (4.15)

with ¢ € R. The equation (4.15) shows that when @ is constant, A will also be constant. If we
write equation (4.15) into equation (4.1), we obtain

v*sind

P*=P+ (— + c) ((cosI")B + (sinI)N). (4.16)

v —v*cos® + ud'tanl’
If take derivative of B* expressed in (4.2). Then, we obtain
B* = —(sinl'sin®)T + usinl'cosI'N + (1 — usin®*I")B
—v*T*N* = —(I"'cosT'sin® + ®'sinl'cos® + vkusinl'cos)T
(—vksinl'sin® + p'sinlcosT + ul' cos®T" — ul''sin®T" — vr(1 — psin®I))N
(vrusinlcosI’ — yu'sin?I" — 2ul'sinlcosI")B.
Using the equality < N*, T >= cosI'sin® we obtain

v*1*cosl'sin® = I'cosI'sin® + ®'sinl'cos® + vkusinl'cosl’

. . , , vkusinl’
vitr=1"+ &tanl'cotd + —————
v*sin®
' @'tanl'cot® vkusinl

* + * + * y
v v v*sin®

for @ # 0.
4. Conclusion
4.1. Both @ and I' are non-constant

Let {P, P*} be an Normal mate of curves. Provided that the angle @ # 0 between binormal of
the corresponding points of P and P*, we have the equation (4.16) for I' # 0,/2. The
curvatures and torsions of P and P* are
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v'sind +I''A ., I''+d'tanlcotd vkusinl’
A i —— 5 = - —,
vA v* v*sin®
v —v'cosP , VK o
=— K'=—— :
AvsinI’ v*  v*cosl'

Now, let's analyze special cases.

4.2. @ is constant and I is non-constant with I' = 0,I' + m /2.

v*sin®

If @ is constant, A = — + ¢ and A will also be constant. So, if I' # /2, the

v—v*cosd+udrtanl’
equality 0 = A", In this case the curvatures and torsions of P and P* are

visin® +T'2 ., I wvksinl’
IT=—m Th=—— —,
vA v*  v*sind (4.17)
v —v¥cosd ., VK |
K=—— K'=—.
Avsinl’ v*

4.3. @ is non-constant and I' are constant

Let {P, P*} be a Normal mate of curves. Provided that the angle @ # 0 between binormal of
the corresponding points of P and P*, we have the equation (4.16) for I' # 0, /2. The
curvatures and torsions of P and P* are

v*sind ., P'tanlcot® vksinl’
T = ) T = - . )
vA v* v*sin® (4.18)
v —v*cos® ., VK @’ '
K=———, K*=—— )
Avsinl’ v*  v*cosl

4.4. Both @ and I' are constant

Let {P, P*} be an Normal mate of curves. Provided that the angle @ # 0, /2 between binormal
of the corresponding points of P and P*, we have the equation (4.16) for I' # 0,7 /2. The
curvatures and torsions of P and P* are

visind +T'2A . vksinl
T U T T sing’
4.1
v — v cos® ., VK (4.19)
K=— K= )
Avsinl’ v*

Now, let's analyze spacial cases.
44.1.® +# 0,m/2 and I' = 0 case

From (4.19) we have
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visin®d +T'2 .
T=—) 8 =0,
vA
., VK
K —;

442. 9 + 0,r/2 and I = /2. (In the case {P, P*} is a Manheim mate)
A is constant, then

P* =P + AN.

Moreover, with respect to the equality (3.4) and (4.2) we obtain

v'T" = (v —vkAd)T + vAtB

T cos® 0 sin®][T
N*| = 0 1 0 N]|.
B* —sin® 0 cos®llB

Thus, since P* = P + AN, A € R {P, P*} is a Mannheim mate. So, using the special case given
above, we express

v*sind i} VK
T = Tr= -
vA v*sind’ (4.20)
v — v cosP ., VK '
K=—— K* =
Av ’ v*

for Mannheim curve P.
Therefore, from equations (4.20) we obtain the following expressions for Mannheim mates

e The product of the twist torsions of Mannheim curves points on the curves P and P*
that correspond to each other must be constant, hence

., K
=
from (4.20).

e If a and b are non-zero constants and ax + bt = 1, this curve is a Mannheim curve.
Hence

1—kA

cotd =
TA

& kA + (cotP)At =1

from (4.20). It means that, a = A and b = Acot®.

443.d=m/2and I' # 0,1t/2 case

349



A Generalization of Curve Mates: Normal Mate of a Curve

From (4.19) and A is constant we have

v i} v
T=— TF=—
v’ Av*’
1 . v
K=—— K= —.
Asinl™’ v*Asinl

444. @ =m/2 and I' = /2 case
From (3.1) we have

P* =P + AN.

From (4.19) we have

v*
T=—, Tr=——
v

)

A
1
A

K =

1
Th = —F,/lk+,u‘r = 1.
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Abstract

Canakkale Bozcaada region, which has witnessed different cultures in different periods for centuries due to its
strategic location and wines obtained from grapes belonging to the Vitis vinifera L. species, whose traditional
names are Karalahna, Cavus and Karasakiz, have been consumed by the local people for years. Wine is a
traditional fermented beverage rich in phenolic substances and antioxidant properties, due to the production
process, especially during maceration stage, where grape berries are processed with their skins. The
geographical structure, plant flora and climate of the region where the grapes grow can create different quality
characteristics in grapes, and this affects the quality of the wine through wine processing methods. In this study,
to determine some antioxidant activity values of wines produced from Karalahna, Karasakiz, and Cavus grapes
grown in Bozcaada. 2, 2-Diphenyl-1-picryl-hydrazyl (DPPH") free radical scavenging activity, total phenolic
substance (Folin-Ciocalteu), reducing power, total flavonoid, anthocyanin, and condensed tannin amounts were
measured. DPPH-% Inhibition value of Karalahna wine was found to be 90.6+1.14, condensed tannin was
54.2240.612 pg CE/g, anthocyanin was found to be 2.46+0.09 mg cyanidin-3-glucoside/g. The results obtained
were examined by comparing them with other wine samples.

Keywords: Wine, flavonoids antioxidant, reducing power, phenolic substance.

Bozcaada'da Uretilen Vitis vinifera L.’nin Karalahna, Karasakiz ve Cavus iiziim
Cesitlerine Ait Saraplarda Baz1 Antioksidan Aktivite Degerlerinin Belirlenmesi

Oz

Stratejik konumu nedeniyle yiizyillardir farkli dénemlerde farkli kiiltiirlere taniklik eden Canakkale Bozcaada
bolgesi, geleneksel isimleri Karalahna, Cavus ve Karasakiz olan Vitis vinifera L. tiirline ait liziimlerden elde edilen
saraplar yore halki tarafindan yillarca tiiketilmektedir. Sarap, iiretim siireci nedeniyle ve 6zellikle de maserasyon
asamasinda Uizlim tanelerinin kabuklariyla birlikte isleme alindigi, fenolik maddeler ve antioksidan 6zellikler
acisindan zengin, geleneksel fermente bir igecektir. Yetistigi bdlgenin cografi yapisi, bitki florasi ve iklimi
iziimlerde farkli kalite 6zellikleri olusturabilmekte ve bu durum sarap isleme yontemleri ile sarapta kaliteyi
etkilemektedir. Bu ¢alismada, Bozcaada'da yetistirilen Karalahna, Karasakiz ve Cavus tiziimlerinden {iretilen
saraplarin bazi antioksidan aktivite degerlerinin belirlenmesi amaciyla 2,2-Difenil-1-pikril-hidrazil (DPPHe)
serbest radikal temizleme aktivitesi, toplam fenolik madde (Folin-Ciocalteu), indirgeme giicii, toplam flavonoid,
antosiyanin, yogunlastirilmis tanen miktarlar1 belirlenmistir. Karalahna sarabinin DPPH % inhibisyon degeri
90.6+1.14, kondense tanin 54.22+0.612 pg CE/g ve antosiyanin 2.46+0.09 mg siyanidin-3-glikozit/g olarak
bulunmustur. Elde edilen sonuglar diger sarap ornekleri ile karsilastirilarak incelenmistir.

Anahtar Kelimeler: Sarap, flavonoid, antioksidan, indirgeme giicii, fenolik madde.
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Determination of Some Antioxidant Activity Values in Wines of Vitis vinifera L. Karalahna, Karasakiz
and Cavus Grape Varieties Produced in Bozcaada

1. Introduction

Wine is a traditional beverage consumed by human beings for centuries. Spontaneous alcohol
fermentation in grape must is defined as a complex process in which different yeast genera and
species, other than Saccharomyces cerevisiae, which is considered the main wine yeast, are
present in grapes, must, and wine and contribute to wine aroma, sequentially participate [1] and
sulfurization process is one of them [2]. Terroir, which is an important factor in the quality and
style of wine, defines the geographical, topographical, and climatic structure of the region
where the grape grows and its relationship with the sun [3]. The amount of phenolic compounds
in grapes is important for wine quality. Grape grows region can be effective in determining the
phenolic compound and aroma level of the grape [4].

Wine is also rich in phenolic compounds, which contain alcohol, polysaccharides, polyphenols,
proteins, organic acids, and minerals [5, 6, 7, 8], and grape skins, pulp, and seeds are partially
removed from the must [9]. During fermentation, total phenolic compound, total anthocyanin,
and antioxidant values in red grape varieties can reach their maximum level when the
maceration is completed on the 10" day [10]. However, maceration is not applied to white grape
wines and the must has a low amount of phenolic compounds [11]. Polyphenolic composition
varies in wine production depending on grape variety, weather, viticulture, and wine process
techniques [12, 13]. Phenolic compounds are among the most important quality criteria for wine
and create a unique taste in wine [14]. Around the world, the main determining factor of
polyphenolic amount variation in red wine may have a period of exposure to sunlight during
planting. Additionally, considering the type and geographical origin of the wine sample,
differentiation, and classification may occur depending on flavanols, and trans-resveratrol
concentrations [15]. Polyphenols can positively affect our health with their antioxidant activity
[16], and polyphenol antioxidants such as resveratrol, catechin, epicatechin and quercetin,
especially found in red wines, may have an inhibitory effect on cell growth in the fight against
prostate cancer [17]. Resveratrol, found in high concentrations in grape skins [18] and it has
been analyzed in over 70 plant species [19]. Diets containing high amounts of grapes and
resveratrol containing grape powder have been observed to reduce the pathogenesis of heart
failure in Dahl-Salt-Sensitive mice, a model of hypertension and diastolic dysfunction [20]. In
addition, resveratrol polyphenol has positive effects in preventing cancer and protecting the
heart [21]. In France, high consumption of saturated fat and moderate consumption of red wine
positively improved coronary heart disease [22].

Karalahna grape, one of the famous local grape varieties from Bozcaada (Tenedos) in
Canakkale, is used for wine production which is a unique dark color [23]. Cavus grape is grown
almost everywhere in Turkey, especially in Bozcaada Canakkale, Marmara, Central Anatolia,
Central Western Black Sea, and Aegean Regions [24,25,26,27,28]. However, it is known as
Bozcaada Cavusu and has grown most intensively in Bozcaada [29,30]. The effect of the
island's soil, climate, and topography characteristics (terroir elements) and differences in
pollinator varieties have caused Bozcaada Cavus Grape to gain distinctive characteristics
compared to the Cavus grape variety grown in other regions and regions [30]. Karasakiz grape
has become a variety whose cultivation is given more importance due to the Canakkale Tekel
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Wine and Brandy Factory established in 1960 [31]. Even though separate studies have been
conducted for Karasakiz, Karalahna, and Cavus grapes, no study has been found targeting the
region in terms of wine specific to the Bozcaada region.

In this study, total flavonoids, total anthocyanins, reducing power, chelating capacity, and total
phenolic properties were determined to determine some antioxidant properties of red and white
wines obtained from local grape species grown in Bozcaada.

2. Materials and Methods

In the study, wines obtained from Karalahna, Cavus, and Karasakiz grapes from the 2020-2021
Bozcaada harvest period were purchased commercially from the winery in Bozcaada, Turkey.
Sodium thiocyanate, butylated hydroxytoluene (BHT), routine, gallic acid, and catechin were
from Fluka Chemical Co. (Buchs, Switzerland), 2,2-diphenyl-1-picryl-hydrazyl (DPPH) was
obtained from Sigma Chemical Co. (St. Louis, MO). Potassium ferricyanide, trichloroacetic
acid (TCA), AICIl3, FeCls, Vanillin, Der. Hydrochloric acid was obtained from Merck and all
other reagents were analytical grade. In the quality analysis of antioxidant activity values, 30
wine samples were taken for each wine type.

2.1. Determination of total phenolic compounds

Total phenolic compounds were determined according to the Folin-Ciocalteu method according
to the method of Slinkard and Singleton (1977) with some modifications [32]. Absorbances
were measured using a Shimadzu 1208 UV—Vis spectrophotometer (Shimadzu Corporation,
Kyoto, Japan). The amount of total phenolic compounds was calculated as mg gallic acid
equivalents (GAE) from the calibration curve of the gallic acid standard solution and expressed
as mg GAE/ml.

2.2. Determination of total flavonoid content

Total flavonoid content was determined using a modified version of a method described by
Whiskey and Salatino (1998) [33] Wine samples were diluted 1/20. Mean (+SD) results of
triplicate analyzes were expressed as mg Rutin/ml of Rutin equivalents of total extractable
compounds.

2.3. DPPH radical scavenging activity

Wine samples were diluted 1/20, then 2.2-diphenyl-1-picrylhydrazyl (DPPH) was used, a
modified version of method used by Brand-Williams et al. in 1995 [34]. Samples prepared at
different concentrations were calculated using 6. 10 DPPHe, according to following formula,
after measuring absorbance at 515 nm after a waiting period of 30 minutes:

%Inh= Ao — (A- Ap) / Ao x 100

Ao: absorbance of DPPHe
A: Absorbance of the substance
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Ap: Blank absorbance

1Cso for sample extracts, expressed as micrograms of material equivalents per milliliter (extract
concentrations providing inhibition values are the concentration of compounds capable of
inhibiting 50% of total DPPH radicals) were calculated by non-linear regression via graph
plotting and BHT was the positive control. Lower ICso values indicate higher antioxidant
activity and vice versa.

2.4. Reducing power

The Reducing powers of wines at different concentrations were determined according to
method described by Oyaizu et al. [35]. From each sample (0.25;0.5;1 mg/ml), BHT (0.25;0.5;1
mg/ml) was mixed with an equal volume of 0.2 M phosphate buffer (pH 6.6) and 1% potassium
ferricyanide followed by incubation at 50 °C was incubated for 30 minutes. To stop reaction,
1% trichloroacetic acid (TCA) was added to mixture than mixture was centrifuged at 1000 rpm.
Supernatant, distilled water and 0.1% FeCl; were added, then reducing powers of tested samples
were measured by absorbance values by reading at 700 nm (Table 1).

2.5. Amount of condensed tannin

Condensed tannin content was determined using 4% vanillin solution [36]. After adding 4%
vanillin solution and 1% HCI to samples prepared at different concentrations, they were placed
in a water bath at 30 °C with constant shaking for 20 minutes. After incubation, samples were
centrifuged. Absorbance was then measured at 500 nm using a UV-Vis spectrophotometer
(Thermo Aquamate). Results were expressed as microgram catechin equivalents (ug CE/g).

2.6. Determination of total anthocyanin

Anthocyanin content was calculated using technique developed by Padmawati, Sakthivel, Thara
and Reddy in 1997 [37], modified by Chung et al. 2005 [38]. The total anthocyanin content was
estimated as cyanidin-3-glucoside equivalents in milligrams per gram wine sample. The sample
was kept in the dark at room temperature for 2 hours with methanol acidified with 1% HCI,
then centrifuged at 1000 rpm and measured at 653 nm and 530 nm, and then it was calculated
according to following formula;

Anthocyanin content (mg cyanidin-3-glycoside/ g wine) = As3o — (0,24 x Aes3)
2.7. Statistical analysis

The SPSS version 18 software [Statistical Packages for the Social Sciences (SPSS) version 18
commercial software (IBM Corp.; Armonk, NY, USA)] was utilized for data analysis in the
study. Descriptive analyses were conducted to provide information about the general
characteristics of the groups. Data pertaining to continuous variables were summarized as Mean
+ Standard deviation. Normality tests for numerical variables were performed using the
Kolmogorov-Smirnov test and examined through measures of kurtosis and skewness.
Differences between means were compared using one-way analysis of variance (ANOVA).
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Following the analysis of variance, DUNCAN multiple comparison tests (Post-hoc tests) were

applied. Values with p < 0.05 were considered statistically significant.

3. Result and Discussion

Table 1. Reducing power of grape samples at different concentrations

Wines
Karasakiz Karalahna Cavus F p
Concentration (mg/ml) X +SD X +SD X +SD
0.25 0.83+0.011*  0.99+0.012>  0.34+0.005¢ 30372.90 <.001
0.5 1.28+0.008*  1.26+0.013°>  0.39+0.002° 133074.61 <.001
1 1.55+£0.010*  1.81+0.001°  0.49+£0.009¢ 212229.83 <.001

X: Mean SD: standard deviation ““: There is no difference between values with the same letter.
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Figure 1. Reducing power of grape samples at different concentrations

Table 2. Spectrophotometric properties wines of the Karasakiz, Karalahna and Cavus grapes

Wines
Karasakiz Karalahna Cavus BHT
X +SD X +SD X +SD F p X +SD
&Oggfgsgéd tannin 48.44+0.483°  54.22+0.612b 15.58+0.179°  67359.28 <.001
?ul; 1/) Iflll')IC” 1.740.125° 1.6£0.157 2.07+0.142° 77.96 <.001 1.34+0.710
. 0

ﬁiﬁioﬁ 89.6+1.14° 90.6+1.14° 84.8+0.837° 196.85 <.001 96.5+0.930
(T:zéarluftliijgﬁ;’lds 2027.58+0.531°  2887.38.367°  2714.64:2.016° 1191819 <.001
Anthocyanin
(mg cyanidin-3 - 1.98+0.007* 2.46:+0.09° 0.74+0.005°  396731.76 <.001
glucoside/g wine)
(T:;aéihgl/‘;lll)cs 2519.34+0.786°  2026.4+0.894>  434.52+0.705° 45790710.4 <.001

X: Mean SD: standard deviation “*: There is no difference between values with the same letter.
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The amount of condensed tannin in Karalahna grape wine was measured as 54.62%, and the
free radical scavenging activity was measured as 97% anthocyanin value is 2.46 (mg cyanidin-
3-glucoside/g wine) (Table 2). According to these data, the antioxidant power of Karalahna
grape wine is higher than Cavus, and Karasakiz grape wines. The high values in Karasakiz and
Karalahna grape wines, which have antioxidant effect values close to vitamin C, are related to
the amount of anthocyanins and condensed tannins. Additionally, anthocyanin, condensed
tannin and DPPH free radical scavenging activity in Karalahna grape wine is higher than
Karasakiz and Cavus grape wines. In previous studies, the total phenolic contents of Karasakiz
and Karalahna wines were 1497.45 mg GAE/L, 1702.91 mg GAE/L [40], and 3052.42 mg
GAE/L [41]. In this study, the total phenolic contents of Karasakiz grape wines were 2519.34
pg GAE /ml and the high reducing power observed in Karalahna grape wine depends on the
total amount of polyphenolics and anthocyanins (Table 1). On the other hand, when the results
are evaluated, a statistically significant difference was observed between the antioxidant values
of all samples of wine.

In addition, the total phenolic substance in Vasilaki grape wine grown in Bozcaada is 478 mg/L
in terms of gallic acid [42], and Cavus grape wine was content approximately 434.52 (ug GAE
/ ml). The total amount of phenolic substances in white grape wines produced from the Narince
grape variety in Tokat is 345 mg GAE/L [43] and 1090 mg GAE/L in Muscatel grape wines
was determined [44]. While wines made from Riesling grapes had the lowest total phenol
content with 250 mg GAE/L, wines produced from Cabernet Sauvignon grapes reached 2005
mg GAE/L [45]. In the analyses conducted on white and red wine produced in the Czech
Republic in 2006, the total phenolic compound amount was found to be in the range of 90—118
mg GAE/L in white wines and in the range of 8§74-2262 mg GAE/L in red wines [46]. In
addition, the total amount of phenolic compounds is 406.9 mg GAE/L in white wine and 1787
mg GAE/L in red wine [47]. Cabernet Sauvignon, Bogazkere, Okiizgdzii, Papazkarasi, Shiraz,
Merlot, Kalecik Karasi, Kuntra (Karasakiz), and Karalahna grape varieties are 1412-3183 mg
GAE/L (2007) and between 1119-4285 mg GAE/L (2008) [48].

The total amount of flavonoids in white wine, in terms of catechin, is 33.12 mg/L for Narince
grape wine and 43.84 mg/L for Emir grape wine [49]. Just as the total phenolic compound value
is higher than the wines made from black grapes grown in the Tokat region when compared to
total phenolic values of Kuntra (Karasakiz) and Karalahna wines grown in the Tokat region,
Bozcaada Karalahna and Karasakiz grape wines were found to have a higher phenolic substance
content. The total amount of flavonoids in Cavus grape wine, also grown in Bozcaada, is
approximately Emir and Narince grape wines. Okiizgdzii grape is a quality wine grape variety.
The anthocyanin amount in Okiizgdzii grape wine was determined to be 2.17 (cyanidin-3-
glycosides) in previous studies [50]. In this study, Karalahna wine was measured as 2.46
(cyanidin-3-glycosides), a higher value than Ozkiizgozii grape wine. The phenolic content of
grapes and wines varies depending on the region and may vary from year to year [51], however,
it is also known that phenolic compounds are affected by terroir properties [52, 53].
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4. Conclusion

In this study, some spectrophotometric quality characteristics of factory wines obtained from
Karasakiz, Karalahna and Cavus grape varieties in Bozcaada were determined to investigate
the antioxidant capacity of wine.

The amount of condensed tannin in Karalahna grape wine was measured as 54.22 ng CE/g, and
the total flavonoid amount in Karasakiz grape wine was determined as 2927.58 g routine/ml.
In free radical scavenging activity (DPPH-), the lower the ICso values, the higher the %
inhibition value. According to the results, the free radical scavenging activity and antioxidant
capacity of Karalahna grape wine was higher. The total phenolic amount in Cavus grape variety
white wine was lower than in red wines. The antioxidant effect in the factory red wine obtained
from the Karalahna grape variety grown in the Bozcaada region is stronger and the anthocyanin
value is higher than in the Karasakiz and Cavus grape wines of the same region.
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Abstract

In this paper, a new aryl hydrazone and its Nickel (II) complex were synthesized from 2-benzoylpyridine and
3-Hydroxy-2-naphthoic hydrazide. The synthesized compounds were characterized by elemental analysis, UV-
Visible, IR, 'H and '3*C-NMR spectral studies and mass spectra.

Elemental analysis data show that the metal atom is coordinated by two ligands. Considering all the data, the
ligand coordinates to the metal atom through carbonyl-O, azomethine-N and pyridyl-N atoms. This shows that
the [NiL,] complex is octahedral. When tested against various reference bacterial strains and clinical isolates,
it was discovered that the antibacterial activity of the [NiL,] complex was more effective than the ligand.

Keywords: Aryl hydrazone, Metal Complexes, Antimicrobial Studies, NNO Donor

2-Benzoilpiridin ve 3-Hidroksi-2-naftoik hidrazitten elde edilen Schiff bazi ve Ni(Il)
kompleksinin sentezi, karakterizasyonu ve biyolojik aktivitelerinin arastirilmasi
Oz
Bu yazida, 2-Benzoilpiridin ve 3-Hidroksi-2-naftoik hidrazitten yeni bir aril hidrazon ve onun Nikel (II)

kompleksi sentezlendi. Sentezlenen bilesikler element analiz, UV-Visible, IR, 'H ve '3C-NMR spektral
calismalar1 ve kiitle spektrumlart ile karakterize edildi.

Element analizi verileri, metal atomunun iki ligand tarafindan koordine edildigini géstermektedir. Tiim veriler
g0z Oniine alindiginda ligandin metal atomuna karbonil-O, azometin-N ve piridil-N atomlar araciligiyla
koordine oldugu goriilmektedir. Bu, [NiL2] kompleksinin oktahedral oldugunu gésterir. Cesitli referans bakteri
suslarina ve klinik izolatlara kars1 test edildiginde, [NiL2] kompleksinin antibakteriyel aktivitesinin liganddan
daha etkili oldugu kesfedildi.
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Synthesis, characterization and investigation of biological activities of Schiff Base and its Ni(II) complex
obtained from 2-Benzoylpyridine and 3-Hydroxy-2-naphthoic hydrazide

1. Introduction

Arylhydrazones exhibit a broad spectrum of biological activity properties and pronounced
binding modifications to transition metal complexes. Therefore, the importance of these
molecules in coordination chemistry is increasing. It is also recognized that arylhydrazone
transition metal complexes provide a good model for elucidating their crucial biological
functions [1]. Arylhydrazone metal complexes have been associated with a variety of biological
effects, including antibacterial [2, 3], anticonvulsant [4], anti-tuberculosis [5], and anti-
proliferation [6]. Due to keto-enol tautomerization, 2-benzoylpyridine arylhydrazone
derivatives behave as a neutral or tridentate monobasic ligand. These ligands are capable of
generating six coordinated octahedral geometries due to their tridentate binding modes.
Furthermore, the heterocyclic ring in these ligands provides an additional binding site for metal
ions, enhancing the pharmacological properties of the synthesized compounds [7]. The
structural characteristics, biological functions, and cytotoxic effects of 2-benzoylpyridine
Schiff metal complexes are all still being studied in depth.

In this study, we describe the synthesis, characterization, and biological activity of the new
arylhydrazone HL, a novel 3-hydroxy-2-naphthoic acid hydrazide derivative, and its Ni(II)
complex. The molecular structures of the HL ligand and the [NiL2] complex were identified
by IR, UV-Visible, 'H and '3C-NMR studies, elemental analyses, and mass spectra. The
antibacterial activity of the compounds was investigated using yeast, Gram-positive, and Gram-
negative bacteria as test organisms.

2. Material and Method

2.1. Chemicals and instrumentations

All chemicals used in this study were purchased from commercial suppliers (Sigma/Aldrich).
All chemicals purchased from commercial suppliers were of reagent grade and were used
immediately.

Elemental analyses were performed using the Thermo Flash 2000 CHNS Analyzer. A Thermo
Scientific GENESYS 10S UV-Visible spectrophotometer operating between 200 and 1100 nm
was used to record the UV spectra of the synthesized compounds in DMSO solution. The MXI1
instrument from Sherwood Scientific was used to identify the magnetic moment of the [NiLz2]
complex at room temperature as Bohr Magneton (BM). Infrared spectra were recorded with the
Thermo Scientific Nicolet iS10 using ATR. The 'H and "*C-NMR spectra of the ligand
dissolved in DMSO-ds was recorded using an Agilent Premium Compact 600 MHz
spectrometer. Mass spectra were collected using a Thermo Scientific TSQ Quantum Access
Max.
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2.2. Preparation of the compounds
2.2.1. Synthesis of HL

To a solution of 3-hydroxy-2-naphthoic hydrazide (0.202 g, 1 mmol) in ethanol (20 mL) was
added 2-benzoylpyridine solution (0.183 g, 1 mmol) dissolved in ethanol (20 mL) and refluxed
for 4-5 hours. The filtered and ethanol-washed yellow product was dried in the air. Yield: 77%,
Mp: 145 °C. Elemental Anal. Calcd. for C23Hi7N30; (367.41 g.mol™): C, 75.19; H, 4.66; N,
11.44; found: C, 74.25; H, 5.03; N, 10.31. 'H-NMR (600 MHz, ppm, DMSO-ds) §=13.27 (Z),
11.61 (E) [0O-H], 11.22 (Z), 11.07 (E) [N-H]. 3C-NMR (600 MHz, solvent) 8= 162.05 (Z),
161.53 (E) [C13 ( Z and E isomers)]; 154.23 (Z), 152.98 (E) [C5 ( Z and E isomers)]; 152.69
(Z), 152.08 (E) [C6 ( Z and E isomers)]; 150.21 (Z), 149.24 (E) [C1 ( Z and E isomers)]; 138.48
(Z2),137.55 (E) [C3 (Z and E isomers)]; 137.18 (Z), 136.16 (E) [C4 ( Z and E isomers)]; 133.60
(Z), 133.44 (E) [C5 ( Z and E isomers)]. LC-MS/MS, m/z = 368.06 [M+H]", 391.11 [M+Na]".

2.2.2. Synthesis of [NiL:]

A heated ethanolic solution of HL (0.734 g, 2 mmol) (20 mL) was added to a ethanolic solution
of Ni(CO>CH3)2 4H>0 (0.248 g, 1 mmol) (10 mL). For 3 to 4 hours, the reaction mixture was
refluxed. Filtering and air drying were done on the precipitated dark brown product. Yield: 62
%, M.P. Decomposition: 297 °C. Elemental Anal. Calcd. for C46H3:NsO4Ni (791.49 g.mol™):
C, 69.81; H, 4.08; N, 10.62; found: C, 69.09; H, 4.26; N, 9.61. LC-MS/MS, m/z = 792.97
[M+H]". Proposed structures of HL and [NiLz] were given Scheme 1.

(0]
N d@ e
H
OH O

N—Ni \
A

N 0] OH
728\

Scheme 1. Proposed structures of HL and [NilLz:]
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2.3. Detection of antimicrobial activity

The minimum inhibitory concentration (MIC) was determined according to the previously
mentioned method [8]. Clinical samples of S. aureus ATCC 25923, E. coli ATCC 25922, P.
aeruginosa ATCC 27853, L. monocytogenes ATCC 19115, B. cereus ATCC 14579, E.
aerogenes ATCC 1304 and S.dysentery ATCC from patients in the intensive care unit of the
hospital were used in the study. These clinical strains are Escherichia coli, Klebsiella
pneumoniae, Pseudomonas aeruginosa, Enterococcus faecalis and methicillin-resistant
Staphylococcus aureus (MRSA). Clinical and type strains were developed using tryptone soy
broth (TSB). Cultures were diluted to 1x10® CFU/mL after one night of incubation at 37 °C.
HL and [NiL:] were diluted 2-fold to a final concentration of 256-2 uM after dissolution in
dimethyl sulfoxide (DMSO). The 96-well plate was then filled with an equivalent volume of
the bacterial suspension and 50 pL of different concentrations of HL. and [NiL2] and incubated
at 37 °C for 18 hours.

The lowest concentration at which no significant bacterial growth occurred was designated as
MIC. In addition to gentamicin and ciprofloxacin, media containing metal-free bacteria was
used as a negative control (Sigma Aldrich, USA) as a positive control [9].

3. Results and Discussion

3.1. NMR Spectra of HL

In the 'H and *C-NMR spectra of HL, the signals of all hydrogens and carbons are duplicated,
suggesting the existence of the E and Z configurations in DMSO-d¢ solution. Two signals of
the azomethine proton (NH) group were observed at 6 11.22 and 11.07, which were attributed
to the Z and E forms, respectively. Also, multiple signals may be seen in the 'H-NMR spectrum
of HL ligand in the 7.20-8.90 ppm range, which are indicative of aromatic ring protons of the
E and Z isomers (Scheme 2) (Figure 1). Similarly, the signals of C13=0 at 6 162.05 and 161.53
were attributed to the Z and E isomers, respectively. From the study of the *C-NMR spectrum
of the HL ligand, C6=N signals were observed at & 152.69 and 152.08 for the Z and E isomers,
respectively (Figure 2) [10-13].
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Figure 1. 'H-NMR spectrum of the HL
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Figure 2. *C-NMR spectrum of the HL
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Scheme 2. E and Z isomers of the HL

3.2. IR Studies of HL and [NiL:]

The bands at 3415 cm™ and 3216 cm™! in the IR spectrum of HL are caused by (O-H) and (N-
H), respectively. The complex spectrum did not contain the (N-H) band. For [NiLz2], the OH
band was seen at 3452 cm™!. This shows that the OH group is uncoordinated and the NH group
is coordinated with the metal ion. The IR spectrum of the HL exhibits three absorption bands
with wavelengths of 1650, 1623, and 1513 cm™ that are caused, respectively, by v(C=0),
(C=N)imine, and (C=N)pyridine. In comparison to the ligand, the IR spectrum of [NiL2] complex
shows considerable modifications. The (C-O) band was recorded in 1360 cm™ for the complex
spectrum, but the (C=0) band was not seen. And also new band due to the conjugate system
v(>C=N-N=C<) appeared at 1575 cm !, for [NiL2] (Figure 3) [14].

[Nil2]

T T T T T T v T v T v T T T
4000 3500 3000 2500 2000 1500 1000 500

Wavenumbers (cm™)

Figure 3. Infrared spectra of the HL and [NiLz2]
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3.3. UV-Visible and magnetic measurement studies

In DMSO (10* M), the electronic spectrum of HL (Figure 4) shows a band at 318 nm
associated with the n—n* transition of the carbonyl group. The aromatic rings and azomethine
moiety are attributed to the n—n* transitions that are seen as a band and a shoulder at 289 nm.
There is a slight shift in these bands during complexation. In the UV-Visible spectrum of the
[NiL2] complex (Figure 5), charge-transfer transitions for the [NiL2] complex were observed at
393 nm. Two electronic absorption bands at 413 and 826 nm, which stand for the *A4(F)— 3
T1e(F) (v2) and *Ax(F)—>T1¢(P)(v2) transitions, respectively, were visible in the electronic
spectra of the synthesized [NiL2] complex [15]. These transitions demonstrated the octahedral
geometry of the [NiLz] complex. The [NiL2] complex showed the magnetic moment value 3.5
BM. This value is consistent with the values expected for Ni(Il) cations in octahedral
geometries with two unpaired electrons [15, 16].

2,5
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Figure 4. Absorption spectrum of the HL
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Figure 5. Absorption spectra of [NiL2] complex a) 104 M, b) 102 M
3.4. Mass spectral analysis of HL and [NiLz2]

The ESI-MS spectra of the HL and [NiL2] complex are presented Figure 6. The mass spectra
of HL and [NiL2] complex confirmed the identity of the structures. The HL ligand spectrum
gave two m/z signals of 368.06 and 391.11 for [M+H] ", [M+Na] ¥, respectively, which were in
agreement with the calculated values of 368.42 and 390.40. ESI-MS of the [NiL2] complex
gave m/z signal at790.85 which corresponded to the calculated value of 792.50 for [NiL>+H] ™.
The mass spectrum of the Ni(I[) complex was evidence for the chelation of the two ligand
molecules to the Ni (II) center.

371



Synthesis, characterization and investigation of biological activities of Schiff Base and its Ni(II) complex
obtained from 2-Benzoylpyridine and 3-Hydroxy-2-naphthoic hydrazide

3hyd2benz #108 RT: 0.96 AV:1 NL 2.26E5
T: +c ESIQ1MS [50.000-1000.000]

o
=
|

5 36806
40
35
2 ]
530
530
o
= |
=25
s
= 4
|B20]
[ o
L+ o ]
153
103 290.11
53 528,30 55457
] 7937 11080 16132 21039 227.09 25592 PA9A7 32491 36355 | | 40455 447:84 459.25 485,06 :
I e A B B e B e e B T e e
50 100 150 200 250 300 350 400 450 500 550
miz
3hydZoenzhi #111 RT 099 AV 1 NL B83E4 o
T +cESI [50.000-1000 000]
0
] .
[NiLz2]

16377 21124 nge Z4s1 7 e MAT\ 30 BT 66198 svo0 s semis emoo w2 s yae rss|  seess ser s srass serse orens
% T e T e R R A " N L " N A N "N I A

Figure 6. Mass spectra of the HL and [NiLz2]
3.5. Biological activity of HL and [NiL2]

The antibacterial activity of the newly synthesized compounds HL and [NiLz] was evaluated
using broth microdilution technique against various reference bacterial strains and clinical
isolates. The outcomes demonstrated that these substances have potent antibacterial action.

The data presented in Table 1 show that between both novel compounds, the [NiL2] complex
has higher antibacterial activity compared to the HL ligand. However, it can be said that [NiLz2]
complex is more active on S. aureus 25923 and E. faecalis bacteria. When the Minimum
Inhibitory Concentration (MIC) values of the compounds tested with positive control
substances such as gentamicin and streptomycin are compared in the study, it is observed that
these values are similar. MIC values indicate that the [NiL2] complex is active at a lower
concentration than the HL ligand. The data as a whole indicate that the test chemicals were
more effective at killing Gram-negative bacteria than Gram-positive bacteria [17,18].
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Table 1. Minimum inhibitory concentration with antimicrobial activity of HL and [NiLz2]
Antimicrobial zone diameters

Compounds
E. coli
25922
[NiL2] 16
HL 12
GN 19
CIpP 22
[NiL2] 32
HL 64
GN 1
CIP 0.5

Gram-negative

E. coli PA PA
27853
15 15 17
13 n.d® n.d
18 15 16
24 25 27
16 8 16
128 n.d° n.d.
2 1 2
0.5 1 0.5

KP

14

13

18

22

0.5

EA
1304
17

12

21

18

64

0.5

SD
11456b
15

14
19
21
MIC* (uM)
16

32

0.5

M
19115
14

11

n.d

n.d.

64

>256

n.d

n.d

Gram-positive

S. aureus
25923

16

14

18

22

64

0.5

S. aureus
(MRSA)

16

n.d

19

21

16

64

B. cereus
14579
17

14

23

19

32

0.5

E.
faecalis

17
n.d
n.d

20

n.d.
n.d

0.5

*The lowest peptide concentration that prevented bacterial growth was identified as the minimum inhibitory concentration (MIC) in three separate
experiments carried out in triplicate. Abbreviations:PA: P. aeruginosa, KP: Klebsiella pneumoniae, EA: Enterobacter aerogenes, SD: Shigella
dysenteriae, LM: Listeria monocytogenes, GN: Gentamisin, CIP: Siprofloksasin.

bn.d: Not detected
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4. Conclusion

In this work, the synthesis and characterization of a novel 3-hydroxy-2-naphthoic acid
hydrazide derivative, the hydrazone ligand HL and its Ni(Il) complex was reported. Elemental
analyzes, spectroscopic studies and magnetic measurements were performed to characterize the
structural properties of the prepared compounds. 'H-NMR and *C-NMR confirmed the
structure of HL. The metal-to-ligand ratio of the [NiL2] complex, determined by elemental
analysis and mass spectra, was 1:2. The O-H and C=0O bands observed in the IR spectrum of
HL were not observed in the spectrum of the complex. In addition, shifts in the (C=N)imine and
(C=N)pyridinc bands were observed. The duplicating of the signals in the 'H-NMR and *C-NMR
spectra of the ligand indicates the presence of E and Z isomers of the ligand in DMSO-ds
solution. These data show that the ligand in the E-isomer form coordinates to the metal atom
via carbonyl-O, azomethine-N, and pyridyl-N atoms. When the antibacterial activity of the
newly synthesized HL and [NiL2] was tested on clinically important isolates and pathogenic
strains, it was found that the [NiL2] complex exhibited a wider zone width than the ligand in all
microorganisms tested. It is of crucial importance for clinical microbiology as it has a stronger
antibacterial effect against Gram-negative bacteria than against Gram-positive bacteria and also
plays an effective role against resistant germs. The fact that the tested compounds have strong
antimicrobial activity against microorganisms such as E. coli, P. aeruginosa, and S. aureus,
which cause serious diseases in outpatient groups and cause death in intensive care patients, as
well as resistant microorganisms such as methicillin-resistant Staphylococcus aureus (MRSA),
indicates that they may be antibiotic alternatives in the future. Furthermore, the chemicals
examined have strong antibacterial action against E. faecalis, a Gram-positive bacteria
prevalent in the gastrointestinal system. When the antibacterial activity of the new synthesized
products are compared to the antibiotics utilized as positive controls, the compounds show
promise as an alternative to antibiotics.
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Abstract

Familial Mediterranean Fever is an autosomal recessive autoinflammatory multisystemic genetic disease caused
by mutations in the MEFV gene. Although it is a common disease in our country, the type and frequency of
mutations that cause the disease vary regionally. This study aimed to determine the types and frequencies of
MEFYV gene mutations in patients with a preliminary diagnosis of Familial Mediterranean Fever in our city. 303
patients who were referred to our laboratory with a preliminary diagnosis of Familial Mediterranean Fever were
included in the study. The findings of the patients analyzed for common mutations in the MEFV gene using the
Real-Time PCR method were evaluated retrospectively. While mutations in the MEFV gene were detected in
44.8% of the patients included in the study, no mutations related to the investigated regions were detected in
55.2%. In patients with detected mutations; the frequency percentages of the most frequently detected genotypes
are M694V/- (36.4%), E148Q/- (18.3%), M694V/M694V (7.3%); the frequency percentages of the alleles were
determined as M694V (48.3%), E148Q (22.2%), M6801 (10.8%), V726A (10.3%). The results of the study
support the heterogeneity in MEFV gene mutations seen in Familial Mediterranean Fever patients. Although
minor differences are observed in terms of mutation types and frequencies detected in the MEFV gene, the
findings are compatible with the results of other studies conducted in the Turkish population. Current data on
the genotype distribution of Familial Mediterranean Fever patients in our city will contribute to the literature.

Keywords: Familial Mediterranean Fever, MEFV Gene, Mutation, Pathogenic, Real-Time PCR

Ailesel Akdeniz Atesi Hastalarinda MEFV Gen Mutasyonlari: Erzincan Deneyimi
Oz

Ailesel Akdeniz Atesi, MEFV geninde meydana gelen mutasyonlarin yol agtigi otozomal resesif gecisli
otoinflumatuar multisistemik genetik bir hastaliktir. Ulkemizde sik goriilen bir hastalik olmakla birlikte
hastaliga sebep olan mutasyonlarin tipi ve sikliklar1 bolgesel olarak farklilik gostermektedir. Bu caligmada,
ilimizde Ailesel Akdeniz Atesi 6n tanisi alan hastalarda MEFV gen mutasyonlarinin tiplerinin ve sikliklarimin
belirlenmesi amaglanmistir. Ailesel Akdeniz Atesi 6n tanisi ile laboratuvarimiza yonlendirilen 303 hasta
calismaya dahil edildi. Real-Time PCR yontemi ile MEFV geninde sik goriilen mutasyonlar acisindan analiz
edilen hastalarin bulgular1 retrospektif olarak degerlendirildi. Calismaya dahil edilen hastalarin %44.8’inde
MEFV geninde mutasyon saptanirken %55.2°sinde ise arastirilan bolgelere iliskin mutasyon saptanmadi.
Mutasyon tespit edilen hastalarda en sik saptanan genotiplerin frekans yiizdeleri; M694V/- (%36.4), E148Q)/-
(%18.3), M694V/M694V (%7.3); alellerin frekans yiizdeleri ise M694V (%48.3), E148Q (%22.2), M680I
(%10.8), V726A (%10.3) olarak tespit edildi. Caligmanin sonuglar1 Ailesel Akdeniz Atesi hastalarinda goriilen
MEFYV gen mutasyonlarindaki heterojeniteyi desteklemektedir. MEFV geninde saptanan mutasyon tipleri ve
sikliklar1 bakimindan mindr farkliliklar gozlense de elde edilen bulgular Tiirk popiilasyonunda gergeklestirilen
diger ¢aligmalarm sonuglari ile uyumludur. Ilimizdeki Ailesel Akdeniz Atesi hastalarinin genotip dagilimlarinin
giincel verileri literatiire katk: saglayacaktir.

Anahtar Kelimeler: Ailesel Akdeniz Atesi, MEFV Geni, Mutasyon, Patojenik, Real-Time PCR
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MEFV Gene Mutations in Familial Mediterranean Fever Patients: Erzincan Experience

1. Introduction

Familial Mediterranean Fever (FMF) (OMIM #249100) is the earliest identified and most
common autosomal recessive hereditary autoinflammatory disease [1-2]. FMF is characterized
by recurrent short-term fever, abdominal, chest and joint pain, and erythema-like skin lesions
[3]. The period and type of attacks vary according to mutation type, ethnicity and colchicine
use, as well as age and gender [4]. Complications of the disease can range from simple skin
lesions to life-threatening amyloidosis [5-6].

Although FMF is especially common in populations originating from the Mediterranean basin
such as Turks, Jews, Arabs and Armenians, it seen worldwide due to increased travel and
migration in recent years [7-8]. It has been reported that the frequency of the disease in our
country is approximately 1/1000 and the carrier rate is 1/5 [1]. Due to the high carrier rate in
our country, determining Mediterranean Fever (MEFV) gene mutations is important in
detecting patients as well as other family members carrying the disease, initiating treatment and
providing genetic counseling.

The MEFV gene responsible for the disease is located on the short arm of chromosome 16
(16p13.3) [9]. This gene, which has 10 exons, encodes the protein called pyrin, which consists
of 781 amino acids [10]. This immune regulatory protein functions as an innate immune sensor
that triggers inflammation and enables the production of inflammatory mediators [11]. Pyrin is
mostly expressed in neutrophils, eosinophils, monocytes, dendritic cells and fibroblasts and
plays a role in the regulation of apoptosis, inflammation and cytokine production [12]. Changes
in the structure of this protein cause uncontrolled interleukin-1 (IL-1) secretion and an increase
in the inflammatory response [12].

The variability in clinical findings and disease severity in FMF patients can be explained by
different mutations in the MEFV gene. According to the INFEVERS database, 340 different
mutations have been identified in the MEFV gene [13]. It has been shown that the majority of
these nucleotide changes that cause the disease are in exons 2 and 10 [7, 14]. Knowing the
mutation types is important in terms of approaching the patient. As far as we know, there is no
study on the mutation types of FMF patients in our province. Therefore, our current study aimed
to determine the common mutation types in the MEFV gene in patients sent to our laboratory
with a preliminary diagnosis of FMF.

2. Material and Methods

In our study, the results of 303 patients who were referred from different units of our hospital
with a preliminary diagnosis of FMF between 10.10.2022 and 10.10.2023 and were analyzed
for MEFV gene mutations in our laboratory were evaluated retrospectively. Consent forms were
obtained during the outpatient clinic examination. This study was carried out taking into
account ethical responsibilities according to the World Medical Association and the Declaration
of Helsinki, and ethics committee approval was received from Erzincan Binali Yildirim
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University Non-Interventional Clinical Research Ethics Committee with decision number
2023-18/17.

For MEFV gene analysis, 2 ml peripheral venous blood samples were taken from the patients
and placed in ethylene diamine tetra acetic acid (EDTA) tubes. Genomic material was isolated
with the QIAmp DNA Mini Kit (Qiagen GmbH). The concentration and quality of the obtained
DNAs were measured with a Nanodrop spectrophotometer (Thermo Scientific, USA). DNAs
with appropriate purity and concentration (OD260/0D280, 1.8-2.0) for analysis were included
in the study. The DNA samples obtained were analyzed for mutations common in FMF disease
(M694V, E148Q, M680I, V726A, P369S, M6941) with the Real-Time PCR method (Roche
Cobas Z 480). Individuals in which mutant and wild type bands were observed together were
considered heterozygous, individuals in which only mutant bands were observed were
considered homozygous mutant, and individuals in which only wild type peaks were observed
were considered normal.

For statistical analysis of the data, SPSS (Statistical Package for Social Sciences for Windows
v22.0) program was used. Descriptive statistics; it was calculated as mean + standard deviation
for numerical variables, and as frequency distribution and percentage for heterogenic variables.

3. Results and Discussion

While mutation was detected in 44.8% of 303 patients who were referred to our laboratory with
a preliminary diagnosis of FMF disease and included in the study, no mutation was detected in
55.2% of the investigated regions. Detailed molecular and clinical classification of the detected
mutations is shown in Table 1.

Table 1: Molecular and clinical information on MEFV mutations.

Mutation Exonic Location Nucleotide Change Protein Change ACMG Classification
E148Q 2 c.442G>C p-Glul48GIn Uncertain Significance
P369S 3 c.1105C>T p.Pro369Ser Uncertain Significance
M694V 10 c.2080A>G p-Met694Val Pathogenic
M680I 10 c.2040G>A p-Met680I1e Pathogenic
V726A 10 c.2177T>C p-Val726Ala Pathogenic
M6941 10 c.2082G>A p-Met6941le Pathogenic

It was determined that 70.1% of the patients with a mutation were heterozygous, 16.8% were
compound heterozygous, and 13.1 were homozygous (Table 2).
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Table 2: Distribution of genotypes in patients with detected mutations.

Mutation type Number of patients (n) Percentage (%)
Heterozygous 95 70.1
Compound Heterozygous 23 16.8
Homozygous 18 13.1

Total 136 100

The most frequent genotype in patients with a mutation was M694V/- (36.4%). This is followed
by E148Q/- (18.3%) and M694V/M694V (7.3%) genotypes, respectively. Other genotypes

observed in the patients are shown in Table 3.

Table 3: Distribution and frequencies of mutations detected in the MEF'V gene.

Mutation type Genotype Number of patients (n) Percentage (%)
M694V/- 49 36.4
E148Q/- 25 18.3
P369S/- 9 6.6
Heterozygous —— " 59
Mo6801/- 3 22
M6941/- 1 0.7
Total 95 70.1
M694V/M6801 6 4.4
M694V/E148Q 6 4.4
Compound Heterozygous MO9AVIVT26A ! 29
M680I/VT726A 4 29
E148Q/P369S 2 1.5
V726A/P369S 1 0.7
Total 23 16.8
M694V 10 7.3
M680I 3 22
Homozygous E148Q 3 2.2
V726A 1 0.7
P369S 1 0.7
Total 18 13.1
General Total 136 100

When the allele frequencies mutations are examined, the most common mutation is M694V
with 48.3%. This mutation is followed by E148Q (22.2%) and M680I (10.8%), respectively.
The allele frequency distribution of the mutations in the patients is shown in Table 4.
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Table 4: Allele frequency distribution of mutations in patients.

Mutation Number of Alleles Percentage (%)
M694V 85 48.3
E148Q 39 22.2
M680I1 19 10.8
V726A 18 10.3
P369S 14 7.9
M6941 1 0.5

Total 176 100

FMF is an autosomal recessive systemic inflammatory disease that is more common in the
Middle East and Mediterranean countries. The most important symptoms of the disease are
fever, abdominal pain, joint pain and skin lesions [15]. The diagnosis of FMF can be made by
observing characteristic attacks in patients with typical clinical findings. On the other hand, in
atypical cases such as patients with amyloidosis or cases that cannot be distinguished from other
periodic fever syndromes, genetic examination comes to the fore as an approach to diagnosis
and treatment [11]. It is known that mutations in the MEFV gene located on the short arm of
chromosome 16 (16p13.3) cause FMF disease [2]. The variability in clinical findings and
severity of the disease is explained by different mutations in the MEFV gene [15]. Different
methods such as sanger sequencing, pyrosequencing, real-time polymerase reaction and next-
generation sequencing are used to detect these mutations responsible for the pathogenesis of
the disease. In our current study, patients sent to our laboratory with a preliminary diagnosis of

FMF were examined using the real-time polymerase reaction method for 5 common mutations
in the MEFV gene.

Mutations were detected in 136 (44.8%) of the 303 patients included in our study. In studies
conducted on the observed mutations in the MEFV gene, Cilingir et al. [15] detected mutations
in 47.5% of the patients, Yesilada et al. [3] in 47.21% of the patients, and Donder et al. [5] in
42.85% of the patients. The results we obtained are similar to the results of these studies.

Among the cases with mutations in our study, the heterozygosity rate was found to be 70.1%,
the compound heterozygosity rate was 16.8%, and the homozygosity rate was 13.1%. In a study
conducted by Binici et al. in the southeastern region, the MEFV gene was analyzed for frequent
regions using the pyrosequencing method [1]. In this study, they revealed that 74.13% of the
patients were heterozygous, 16.43% were compound heterozygous, and 9.44% were
homozygous. In another study by Cilingir et al. in a large patient group using the
pyrosequencing method, the heterozygosity rate was found to be 60.77%, the compound
heterozygosity rate was 22.56%, and the homozygosity rate was 16.65% [15]. The results we
obtained are in agreement with the results of similar studies, especially in terms of the
distribution of genotypes. Additionally, the heterozygous mutation rate of 70.1% obtained in
our study was found to be higher than most of the studies in our country.

The frequencies of the mutations we detected in our study were determined as M694V/-
(36.4%), E148Q/- (18.3%) and M694V/M694V (7.3%), respectively. According to the results
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of the study by the Turkish FMF working group in 2005, the most frequently observed
mutations were reported as M694V (51.4%), M6801 (14.4%), V726A (8.6%), respectively [16].
In the study carried out by Bayrak et al. using the next generation sequencing method, the
common mutations were found to be M694V (34.9%), E148Q (26%), V726A (16%) [13].
Tasdemir et al., in their study conducted in the Konya region, stated that they found the mutation
frequencies as M694V (22.3%), E148Q (12.9%), and M680I(C) (9.7%) [7]. Teker and Oz, in
their study where they examined all coding regions and exon-intron junctions of the MEFV
gene with the next generation sequencing method, reported the most frequent mutations as
M694V (46.6%), V726A (14.5%), and M680I (14%), respectively [12].

The allele frequencies of the mutations in our study were found as M694V (48.3%), E148Q
(22.2%), M680I (10.8%) and V726A (10.3%). Ozemri et al. found the allele frequencies in 350
patients in which they detected mutations in the MEFV gene as M694V (38.1%), E148Q
(20.4%), V726A (8.9%) and M680I (6.8%) [17]. In a similar study, Cilingir et al. reported the
allele frequencies as M694V (40.13%), E148Q (24.43%), V726A (11.57%) [15]. Similar to
studies in the literature, the M6941 mutation was found at low frequency in our study [1, 5, 11].
When the data of our study and similar studies in our country are evaluated together, it is
concluded that M694V, V726 A, M680I(C), E148Q mutations are the most frequently observed
mutations in most of the studies and that there are generally differences in terms of MEFV gene
mutation allele frequencies between regions.

4. Conclusion

In conclusion, the findings this study show that the distribution and allele frequencies of MEFV
gene mutations in our patients evaluated with a preliminary diagnosis of FMF were compatible
with previously reported data in FMF patients in our country. Detection of FMF mutations
allows the clinical diagnosis to be confirmed, colchicine treatment to be started without delay,
and the patient's relatives to be evaluated in terms of the determined mutation in our country
where the carrier rate is high. Apart from the common mutations in FMF disease, it is known
that some other mutations may also cause the disease. Therefore, although it has a higher cost
compared to other methods, analyzing the MEFV gene with the next generation sequencing
method, especially in countries with a high prevalence of FMF disease, will contribute to the
detection of common, rare or unknown mutations.

The most important limitations of our study are the small number of cases and the fact that it is
a single-center study. Another important limitation of the study is that since it was a
retrospective study, the relationship between mutation types and the clinic could not be
examined.
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Abstract

In the study, the synthesis of organic-inorganic hybrid nanoflowers, which have a flower-like structure and are
called nanoflowers, was carried out. For this purpose, hybrid nanoflower synthesis was carried out using
naringenin as the organic part and different metal ions (Cu and Zn) as the inorganic part. Various analyzes were
carried out to characterize the synthesized nanoflowers (such as SEM, EDX, FTIR, XRD). In addition, the
anticancer activities of hybrid nanoflowers were tested on the MCF7 (breast cancer) cell line. Naringenin-
ZnhNFs killed MCF7 cells at a rate of approximately 76%, while Naringenin CuhNFs caused cell death at a
rate of 68%. Naringenin caused 45% cell death. It was concluded that there was a good increase in anticancer
activity when naringenin was converted into hybrid nanoflower form. In particular, the anticancer activity of
hybrid nanoflowers synthesized with Zn metal ion was quite excellent. This means that Zn hybrid nanoflowers
may be a safer therapeutic alternative than others.

Keywords: nanoflower, anticancer, naringenin

Naringenin@Cu (II), Zn (II) Hibrit Nanociceginin Biyosentezi: Antikanser Aktivite
Testi siireci

Oz

Calismada cigege benzer bir yapiya sahip olan ve nanogigek olarak adlandirilan organik-inorganik hibrit
nanogigeklerin sentezi gerceklestirildi. Bu amagla organik kisim olarak naringenin, inorganik kisim olarak ise
farkli metal iyonlar1 (Cu ve Zn) kullanilarak hibrit nanogigek sentezi gergeklestirilmistir. Sentezlenen
nanogigekleri (SEM, EDX, FTIR, XRD gibi) karakterize etmek icin gesitli analizler yapildi. Ayrica hibrit
nanogiceklerin antikanser aktiviteleri MCF7 (meme kanseri) hiicre hatt1 lizerinde test edildi. Naringenin-
ZnhNF'ler MCF7 hiicrelerini yaklasik %76 oraninda oldiiriirken Naringenin CuhNF'ler %68 oraninda hiicre
Olimiine neden oldu. Naringenin %45 hiicre 6limiine neden oldu. Naringenin hibrit nanogigek formuna
doniistiiriildiigiinde antikanser aktivitesinde iyi bir artis oldugu sonucuna varildi. Ozellikle Zn metal iyonu ile
sentezlenen hibrit nanogiceklerin antikanser aktivitesi olduk¢a miikemmeldi. Bu, Zn hibrid nano ¢igeklerinin
digerlerinden daha giivenli bir terapétik alternatif olabilecegi anlamina gelir.

Anahtar Kelimeler: nanocicek, antikanser, naringenin
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1. Introduction

Flower-shaped nanoflowers, which are the most striking member of nanoparticles today, are
called nanoflowers because they have a flower-like structure. Hybrid nanoflowers consist of
two parts: organic and inorganic. While proteins and enzymes containing nitrogen groups are
preferred as the organic part, various metal ions (such as Zn(II), Cu(Il), Mn(IT) and Co(II)) are
preferred as the inorganic part. However, today, it has been proven in many studies that
nanoflower synthesis can be achieved with organic molecules or plant extracts containing
hydroxyl and carboxyl groups other than nitrogen groups. For example, Somtiirk et al. (2024)
synthesized hybrid nanoflowers using 7ribulus Terrestris L. plant extract as the organic part
and different metal ions (Cu, Co and Zn) as the inorganic part, and examined the anticancer
activities of the nanoflowers they synthesized. [1]. Uras et al. synthesized hybrid nanoflowers
using Aspergillus terreus extract as the organic part and examined the antimicrobial activities
of the hybrid nanoflowers they synthesized. [2]. Dadi and colleagues (2020) synthesized hybrid
nanoflowers using gallic acid and examined its peroxidase-like activity [3]. Hybrid nanoflowers
have excellent properties. These can be listed as having good stability, high stability and very
good activity. The reason for this may be due to its morphology. Because it has a flower
structure, it has a very large surface area. This is why it has such unique features. Although the
formation mechanism of hybrid nanoflowers has not yet been fully elucidated, it can be
explained as follows when the literature is examined. It can only be said that metal ions
primarily form metal phosphate crystals in a buffered environment. Then, the metal phosphate
crystals are bonded with the nitrogen groups in the enzyme or protein in the environment with
a coordination bond, and it is predicted that hybrid nanoflowers are formed in this way.
Naringenin, a flavanone, was preferred in the study. Naringenin has anticancer, antimutagenic,
anti-inflammatory and antiatherogenic activities. Naringenin (5,7,4'-trihidroksiflavanonis) is
found in orange, grapefruit, grape, tangerine and lemon peel [4-7]. Moreover, it is easily soluble
in solvents such as ethanol and dimethyl sulfoxide. However, it has very little solubility in
aqueous buffer systems. However, the poor water solubility of naringenin limits its use [8-12].
To overcome such limitations, strategies such as nanosized tools have been developed. In this
context, organic-inorganic hybrid nanomaterials may be promising candidates [13-17]. There
are not many studies on the anticancer activities of nanoflowers. In recent years, the anticancer
effectiveness of hybrid nanoflowers was evaluated by Somturk and his group (2024) and they
observed that the effectiveness of nanoflowers was very good [1]. Based on these studies, our
study aimed to synthesize hybrid nanoflowers by considering the naringenin molecule, which
has anticancer activity. Hybrid nanoflower synthesis was carried out using naringenin as the
organic part and various metal ions (Cu and Zn) as the inorganic part. After characterization,
anticancer activities were evaluated on the MCF7 cell line.
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2. Material and Methods

Synthesis of Naringenin-CuhNFs
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Figure 1. Naringenin-CuhNFs synthesis scheme

Synthesis of Naringenin-Cu(II) hybrid nanoflowers was synthesized using a method previously
reported by Somturk et al. [18-20]. In this method, first 333 microliters of copper sulfate
solution was added into 50 mL of PBS buffer. Then, Naringenin was added to the medium at a
certain concentration. It is then centrifuged at 10,000 rpm for 25 minutes and left to dry.
Naringenin-CuhNFs synthesis scheme is given in Figure 1.
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Synthesis of Naringenin-ZnhNF's
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Figure 2. Naringenin-ZnhNFs synthesis scheme

Synthesis of Naringenin-Zn(II) hybrid nanoflowers was synthesized according to a method
previously reported by Somturk et al. [21]. In this method, 1.6 mL of zinc acetate solution is
added into 20 mL of phosphate buffer saline and then naringenin is added to the medium at a
certain concentration. It is then centrifuged at 10,000 rpm for 25 minutes and left to dry.
Naringenin-ZnhNFs synthesis scheme is given in Figure 2.

Characterization of Naringenin-CuhNFs and Naringenin-ZnhNF's

The morphologies of the hNFs were determined using the SEM device (FESEM, Zeiss
GeminiSEM 500). Additionally, the metal ions contained in the hybrid nanoflowers were
illuminated with EDX. While the crystal structures were determined using XRD, the chemical
structure of the hNFs was determined by FTIR.
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Cytotoxicity assessment (MTT assay)

The anticancer activity of Naringenin, Naringenin-CuhNFs and Naringenin-ZnhNFs were
determined using the MCF7 (breast cancer) cell line and the MTT method. MCF7 cells were
incubated in Dulbecco's Modified Eagle's Medium (DMEM)/ High Glucose supplemented with
10% fetal bovine serum and 1% penicillin-streptomycin in an atmosphere of 5% CO» at 37 °C.
For cell culture analysis, stock solutions of Naringenin, Naringenin-CuhNFs and Naringenin-
ZnhNFs were prepared and applied at 7 dilutions to cell lines grown in 96-well plates. It was
then incubated for 24 hours. MTT([3-(4,5-dimethylthiazol-2-yl1)-2,5 diphenyltrazolium
bromide]) test was applied to reveal the possible cytotoxic effects of synthesized hybrid
nanoflowers and to determine the concentrations that can be used in genotoxicity studies. For
this purpose, MCF-7 cell was seeded at a density of 5000 cells/well and incubated overnight.
Concentrations used in the MTT test were gradually reduced starting from the highest
concentration. In this context, Naringenin, Naringenin-CuhNFs and Naringenin-ZnhNFs in the
concentration range of 7.875-500 pg/mL were added to the culture medium. It was then
subjected to incubation and after the staining process was performed, absorbance was read at
572 nm in a microplate reader (FilterMax F5, Molecular Devices, USA).

3. Results and discussion

SEM analysis

The morphologies of hNFs synthesized at pH 7.4 at +4 °C were determined by FESEM. As seen
from the SEM images, the structures were confirmed to be flower-like (Figure 3). As the metal
ion content changed, there was a visible difference in nanoflower formation. It was observed
that the leaves were lighter in morphology when synthesized with Cu metal ion, and the
formation of spiny leaves was observed when synthesized with Zn metal ion.

Figure 3. SEM images of Naringenin hybrid nanoflowers a) naringenin-Cu(II) hybrid
nanoflower (2.00KX), b) naringenin-Zn(II) hybrid nanoflower (10.000 KX)
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EDX Analysis

EDX analysis was performed to elucidate the metal content in hybrid nanoflowers. The EDX
spectrum of synthesized hNFs is given in Figures 4-5. The elements Cu, Zn, O and P found in
the spectrum come from the Cuz(PO4)2-3H20 and Zn3(PO4)2. 4H>O nanocrystalline.
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Figure 4. EDX analysis of Naringenin-CuhNFs

Table 1. Weight and atomic percentage of Naringenin-CuhNFs

Element Weight % Atomic Net Int.
%

OK 36.73 56.58 4173.98
NaK 17.81 19.09 1534.62
PK 11.9 9.47 2631.34
CIK 3.13 2.18 708.69
CaK 3.9 24 739.25
CukK 26.53 10.29 1840.83
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Figure 5. EDX analysis of Naringenin-ZnhNFs

Table 2. Weight and atomic percentage of Naringenin-ZnhNFs

O'OIELO 13 26 39 5.2 6.5 7.8 91 104 117 13.0

Element Weight % Atomic Net Int.
%
CK 19.16 32.29 721.69
oK 27.61 34.93 381258
NaK 24.56 21.63 4644.73
PK 6.62 4.33 2149.98
ZnK 22.05 6.83 1899.62

Elemental mapping

Base mapping of Naringenin-CuhNFs and Naringenin-ZnhNFs were carried out.

homogeneous distribution of the metals was equal as seen in Figures 6-7.

The
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Figure 6. Elemental mapping (Cu,P, O) of Naringenin-CuhNFs.

Figure 7. Elemental mapping (Zn, P, O) of Naringenin-ZnhNFs.

392



Biosynthesis of Naringenin@Cu (II), Zn (ITI) Hybrid Nanoflower: Anticancer Activity Assay process

XRD analysis

XRD analysis was carried out to determine the crystal structure of hNFs. (Figure 8). The peaks
for hNFs as follows: for Naringenin-CuhNFs, XRD: 9.10°, 12.96°, 18.79°, 20.87°, 27.38°,
29.48°, 30.64°, 31.74°, 33.71°, 37.21°, 41.59°, 45.48°, 47.74°, 53.46°, 56.48°, 61.10°, 63.57°,
66.22°, 68.19°, 71.42°, 75.26°, 79.06°, 83.95° in Fig. 8(a) in comparison with JCPDS
(00—022—0548), and for Naringenin-ZnhNFs, XRD: 9.68°, 16.83°, 17.54°, 18.35°, 19.45°,
20.21°,22.21°, 22.99°, 24.55°, 25.83°, 26.36°, 27.46°, 28.67°, 31.48°, 33.95°, 34.45°, 35.79°,
37.18°, 38.49°, 39.73°, 41.20°, 41.99°, 43.12°, 45.47°, 46.92°, 50.07°, 52.99°, 54.23°, 55.06°,
56.37°, 57.87°, 59.11°, 60.60°, 61.34°, 66.12°, 69.35°, 71.42°, 75.07°, 77.07°, 82.11° in
Figure 8(b) in comparison with JCPDS (01-076—0896)
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Figure 8. XRD analysis of Naringenin-CuhNFs (red line). This analysis complies with the JCPDS
(00—022-0548) standard (blue line), b) XRD analysis of Naringenin-ZnhNFs (red line). This analysis
complies with the JCPDS (01-076—0896) standard (blue line)

FTIR analysis

As seen in Figure 9, the peaks of hybrid nano flowers are as follows: For Naringenin- CuhNFs, FT-IR
(cm™): 3592 (N-H and O-H stretching), 3311 (Ar-H and C-H stretching), 2939 (C-H, stretching),
2018, 1674, 1556, 1176 (P=0), 1088, 975 (P-0), 645, 568(0=P=0) . For Naringenin-ZnhNFs, FT-IR
(cm—1): 3758 (N-H and O—H stretching), 2968 (Ar—H, stretching), 2653 (Ar—H, stretching), 2346, 2043
(C-H, stretching), 1548, 1335, 1139, (P=0), 993 (P=0), 930 (P-0), 648, 587 (O=P=0).
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Figure 9. FT-IR spectrum of Naringenin-CuhNFs, Naringenin-ZnhNFs
Cytotoxicity assessment

The cytotoxic effect of Naringenin, Naringenin-CuhNFs and Naringenin-ZnhNFs on the MCF7
cell line is given in Figure 10. As seen in Figure 10, it was observed that Naringenin had a very
good anticancer activity on the MCF7 cell line when converted into hybrid nanoflower form.
As can be seen, Naringenin-ZnhNFs killed MCF7 cells at a rate of approximately 76%, while
Naringenin CuhNFs caused cell death at a rate of 68%. Naringenin caused 45% cell death. As
can be concluded from the results, when Naringenin was converted into hybrid nanoflower
form, its effectiveness in the MCF7 cell line was greatly increased. CuhNFs synthesized
according to ISO 10993-5 criteria were classified as non-cytotoxic
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MCF-7 (breast cancer) cell line
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Figure 10. Cytotoxicity of CuhNFs, ZnhNFs and naringenin on MCF7cells lines. Data were
presented as mean = SD. **p <0.01,***p < 0.001, ****p < 0.0001

Many studies have been conducted on plants and similar hybrid nanoflowers in the literature.
Bor et al. [22] synthesized Cu and Zn hybrid nanoflowers using the Persea americana Mill.
leaves extract. They applied the cytotoxic effects of the metal nanoflowers they synthesized to
the L929-mouse fibroblast cell line. They found that the anticancer activity of hybrid
nanoflowers synthesized with Cu was higher than that of plant extract. Somturk et al. [1]
synthesized hybrid nanoflowers using Tribulus Terrestrist L extract and Cu, Co and Zn metal
ions. The anticancer activities of these synthesized hybrid nanoflowers were applied to the
A549 cell line. They observed that when the plant extract was converted into a hybrid
nanoflower, its anticancer activity was greatly increased. They concluded that the effectiveness
of hybrid nanoflowers especially synthesized with Co metal ion was better than others.

4. Conclusion

As a result, nanoflower synthesis was carried out using Naringenin as the organic part and Cu
(IT) and Zn (IT) metal ions as the inorganic part. The structures of the synthesized nanoflowers
were elucidated using SEM, EDX, FTIR, XRD and elemental mapping. Next, cytotoxic effects
were evaluated using MCF7 cells. When the CuhNFs, ZnhNFs and Naringenin were applied to
the MCF7 cell line, an increase in cell death occurred depending on the concentration.
Additionally, an increase in cell death occurred when naringenin was converted into its hybrid
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nanoflower form. In particular, it was observed that hybrid nanoflowers synthesized with Zn
metal ion killed breast cancer cells by 76%. It was observed that hybrid nanoflowers
synthesized with Cu metal ion caused 68% cell death. This means that it can be said that Zn
metal ion is more effective than naringenin and the hybrid nanoflower synthesized with Cu
metal ion.
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Abstract

In this study, hydrochar products were obtained from kidney bean shell biomass at different temperatures using
the hydrothermal carbonization method. Hydrochar products were produced at three different temperatures
(200, 220 and 240 °C) and a holding time of 90 minutes. Biomass/water ratio was taken as 1:10. Analysis
techniques such as Thermogravimetric analysis, Ultimate analysis and Fourier Transform Infrared Spectroscopy
were used in the characterization of raw materials and hydrochar products. In addition, the fuel properties (high
heating value, energy yield and energy densification ratio) of raw KBS and hydrochar products were also
investigated. As the hydrothermal carbonization temperature increases, the high heating value of hydrochar
products increases. Among hydrochar products, the highest high heating value belongs to the product obtained
at 240 °C. The combustion behavior of raw and hydrochar a product was examined using the thermogravimetric
analysis method and combustion parameters (Ti, Ty, and Tr) were determined. As a result, this study has shown
that the hydrochar product produced from kidney bean shell by hydrothermal carbonization method can be used
as a biofuel material.

Keywords: Hydrothermal carbonization, hydrochar, biofuel, kidney bean shell

Barbunya Kabugundan Elde Edilen Hydrochar Uriinlerinin Biyoyakit Performansina
Sicakh@in Etkisinin Arastirilmasi

Oz

Bu galismada, hidrotermal karbonizasyon yontemi kullanilarak barbunya fasulyesi kabugu biyokiitlesinden
farkli sicakliklarda hydrochar iiriinleri elde edilmistir. Hydrochar iriinleri ii¢ farkl sicaklikta (200, 220 ve 240
°C) ve 90 dakika bekletme siiresinde iiretilmigtir. Biyokiitle/su orani 1:10 olarak alinmistir. Ham madde ve
hydrochar iirtinlerinin karakterizasyonu i¢in Termogravimetrik analiz, Elementel analiz ve Fourier Dontigiimii
Kizilétesi Spektroskopisi gibi analiz teknikleri kullanilmistir. Ham madde ve farkli sicakliklarda elde edilen
hydrochar {irinlerinin yakit 6zellikleri de (yiiksek 1sil degeri, enerji verimi ve enerji yogunlasma orani)
arastiritlmistir. Hidrotermal karbonizasyon sicakligi arttikca hydrochar {irtinlerinin de 1s1l degerleri artmigtir. En
yiiksek 1s1l degere (18,19 MJ/kg) sahip hydrochar tiriinii 240 °C sicakliginda elde edilmistir. Termogravimetrik
analiz yontemi kullanilarak ham madde ve hydrochar {iriinlerinin yanma davraniglari incelenmis ve yanma

parametreleri (T, Ty ve Tm) belirlenmistir. Sonuglar barbunya fasulyesi kabugundan hidrotermal karbonizasyon
yontemiyle iiretilen hydrochar {irliniiniin biyoyakit malzemesi olarak kullanilabilecegini gdstermistir.

Anahtar Kelimeler: Hidrotermal karbonizasyon, hydrochar, biyoyakit, barbunya fasulyesi kabugu
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1. Introduction

Due to the increase in energy demand and the rapid depletion of fossil fuels, the demand for
new energy sources that are sustainable and more environmentally friendly is increasing.
Biomass energy is a powerful energy source and is the fourth largest energy source after coal,
oil and natural gas [1]. In addition, biomass is considered neutral (in terms of carbon dioxide)
and is known for its low greenhouse gas emissions [2]. For this reason, research on the use of
biomass as an alternative energy source has been increasing rapidly in recent years. Particularly
lignocellulose biomass is known as a sustainable energy source due to its high efficiency [3].
Biological, thermochemical and physical techniques are used to convert biomass into fuels.
Thermochemical processes can be classified as combustion, gasification, pyrolysis and
hydrothermal carbonization [2]. Hydrothermal carbonization method, which is among the
thermochemical processes, has attracted great attention in recent years [4]. Hydrothermal
carbonization (HTC) is a cheap and effective method that increases the high heating value and
energy density of biomass [5]. In HTC, biomass is heated in a closed system at high temperature
and under self-generated pressure. Depending on the chemical properties of the raw material,
different chemical reactions such as dissolution, dehydration/decarboxylation, polymerization
and condensation may occur [6]. In addition, hydrothermal carbonization (HTC) occurs with
water at moderate temperatures ranging from 150-300 °C [7]. Many studies have been
conducted in the literature on the production of biofuel from biomass using the hydrothermal
carbonization method. For example, it has been reported that the high heating values of
hydrochar products obtained from turfgrass at different temperatures (180-220 °C) are in the
range of 17.67-20.43 MJ/kg [9]. Hydrochar products were obtained from macadamia nut shell
by hydrothermal carbonization method at different temperatures (170, 200 and 230 °C) and
different biomass/water ratios. [8]. It has been reported that the high heating values of hydrochar
products vary between 22.22-27.29 MJ/kg. In another study, the high heating values of
hydrochar products produced from wheat straw biomass at different temperatures (180, 220 and
260 °C) and for different times (10, 20 and 30 min) were measured. It has been reported that
hydrochar with the highest high heating value was obtained in 30 minutes and at 260 °C [10].
In this study, hydrochar products were produced from kidney bean shells (KBS) at different
temperatures (200, 220 and 240 °C) using the Hydrothermal carbonization (HTC) method. The
effect of temperature on the fuel properties of hydrochar products was investigated. For this,
first the raw material was characterized using different techniques (Thermogravimetric
analysis, Ultimate Analysis, Fourier Transform Infrared Spectroscopy). Then, the fuel
performance (mass yield, energy yield, and High heating value) of the obtained hydrochar
products was investigated. The hydrochar product with the highest high heating value was
obtained at 240 °C and the high heating value was calculated as 18.19 MJ/kg. According to the
results, the fuel properties of KBS were improved with HTC and the resulting hydrochar
products can be used as biofuel materials.

Studies on the investigation of fuel potentials of hydrochar samples obtained from kidney bean
shells and the determination of fuel potential values are insufficient in the literature.
Determining the fuel properties of hydrochar products obtained from this type of raw material
adds innovation and originality to this study. In addition, considering the issues such as climate
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change and global warming that have occurred in recent years, the fact that hydrochar products
enable the production of more sustainable biofuels reveals another unique aspect of the study.

2. Materials and Methods
2.1 Preparation of raw materials

Raw KBS was purchased from local markets in Samsun, Turkey. Before starting the
experiments, the raw materials were dried at 70 °C for 12 hours. After the KBS was dried, it
was ground using a blender. The ground samples were used in experiments.

2.2 Hydrothermal carbonization

After mixing 0.5 g KBS and 5 mL deionized water, the mixture was placed in a 40 mL steel
reactor. The samples were kept in the oven at different temperatures (200, 220 and 240 °C) for
90 minute. At the end of the carbonization process, the reactor was cooled and the solid product
was collected and the yield was calculated. The hydrochars obtained from the KBS was labeled
as HCz00, HC220 and HC24o.

2.3 Characterization of KBS and hydrochars

Fourier Transform Infrared Spectroscopy (FT-IR), Ultimate Analysis and Thermogravimetric
(TG) Analysis techniques were used for the characterization of raw KBS and hydrochars
produced at different temperatures. Fourier Transform Infrared Spectrometer (Mattson 1000)
device was used for FT-IR analysis. FTIR spectra of KBS and hydrochars were drawn in the
wavenumber range of 650 cm™ and 4000 cm™ The % C, N, H and S amounts were measured
simultaneously, and the oxygen content was calculated from the percentage difference. High
heating value (HHV), energy and mass yields and energy densification ratio of raw KBS and
hydrochar products were calculated using the equations given below [11,12].

HHV=0.338xC+1.428x%(H-0/8)+(0.095%S) (1)
Energy densification ratio = (HHV of hydrochar) / (HHV of KBS) (2)
Energy yield (%) = Mass yield x Energy densification 3)
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2.4 Thermogravimetric analysis

Combustion analysis of the products was carried out in air atmosphere using a
thermogravimetric analyzer (DTG-60). Approximately 10 mg of material was used in each
measurement. Samples were heated from 20 °C to 800 °C at a constant heating rate of 20
°C/min. S determines the quality of combustion. Within the scope of this study, the
combustibility index S was determined using the following equation [21].

S = (Rpax X Rmean)/(Ti2 X Tp) Q)

where Tij is the ignition temperature, T, is the burnout temperature, Rmax and Rimean are maximum
and mean decomposition rate.

3. Results and Discussion

3.1 Characterization of KBS and hydrochars

Ultimate analysis results of raw KBS and hydrochar product are shown in Table 1. In the
characterization of raw biomass, ash determination was first made. In the literature, the ash
content is between 0.2-22.5% [13]. As can be seen from the results, it can be said that the ash
amount of KBS is compatible with the literature. Ultimate analysis and HHV analysis results
of some biomass wastes have been reported in the literature. According to the results of ultimate
analysis, Nitrogen (N) and Sulfur (S) values of biomasses vary between 0-8.14% and 0-0.86%,
respectively [14]. Sulfur (S) and Nitrogen (N) values in biomass are expected to be low in order
not to create greenhouse gases. As can be seen from the results, there is no sulfur (S) in the
structure of KBS. The amount of Nitrogen (N) is compatible with the literature. The HHV of
KBS was calculated as 13.05 MJ/kg. In addition, the fuel properties of the hydrochars
(especially the HHV value) are calculated. When Table 1 is examined, the elemental analysis
results of KBS have changed significantly after the HTC process. With the increase of HTC
temperature, there was a significant increase in the %C content. The hydrochar product with the
highest carbon content was obtained at 240 °C temperatures. The %C value of raw KBS and
HC240 samples was measured as 41.26% and 51.69%. Increasing carbon value allows hydrochar
products to increase their high heating value and be used as an alternative fuel material [19, 20].
HHYV is a crucial parameter of solid biofuels, such as biomass and its derived hydrochars, as it
embodies the total attainable energy in the biomass [22]. As a result, the product with the
highest HHV among hydrochar products is HC240. The mass yield values of HC200, HC220 and
HC240 hydrochar products were determined as 75.7%, 71.6% and 68.4%, respectively. As seen
in Table 1, energy yield increased significantly with increasing temperature and reached
95.08% for HC24o.

Hydrothermal carbonization method and process conditions (temperature, time, biomass water
ratio etc.) are very important to obtain hydrochar products with high energy value. In particular,
temperature is a critical factor in determining the reaction intensity and has a decisive effect on
the transformation pathways of the raw material [23].

Studies in the literature show that as temperature increases, yield decreases and high heating
value increases [24]. As the temperature increases, the Hydrogen (H) and Oxygen (O) content
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in the hydrochar structure decreases, while the Carbon (C) content increases. A high carbon
value causes an increase in high heating value (Pauline, 2020). For example, it has been reported
in the literature that the high heating value of hydrochar products obtained from tobacco stem
biomass at 260 °C reaches from 26.1 MJ/kg to 27.2 MJ/kg [25]. In addition, the HHV results
of hydrochar samples obtained from lignocellulosic biomass such as walnut shell, tea stalk,
olive pomace were reported as 21.46, 22.53, 25.56 MJ/kg, respectively [26].

Table 1. Characterization of KBS and hydrochars

Ultimate Analiz (%)

HHV Energy Energy

Materials C H N S O Ash (%) (MJ/kg) densification yield (%)
KBS 41.26 591 0.52 - 5231 5.97 13.05 - -
HCx00 4551 5.87 039 - 48.23 2.78 15.16 1.16 87.81
HCx20 48.82 5.74 0.63 - 44.81 5.23 16.70 1.28 91.65
HCa40 51.69 5.76 0.50 - 42.05 3.42 18.19 1.39 95.08

FT-IR spectra of KBS and hydrochar products were examined and presented in Figure 1. The
vibration peak seen at 3362 cm™! in the raw KBS is the O-H stretching of water. However, as
the HTC temperature increases, the O-H bond in the structure of hydrochar products gradually
weakens. This is due to dehydration and decarboxylation reactions during the HTC process
[17]. The peaks observed around 2960-2872 cm™ in raw and hydrochar samples are C-H
stretching vibrations arising from aliphatic hydrocarbons. C=0 asymmetric stretching
vibrations are seen at approximately 1650 cm™ in all products. This peak may belong to
compounds derived from ketones, aldehydes, esters and carboxylic acids, for example [17]. The
peaks seen in the spectra at approximately 1000-1500 cm™ may belong to C-O, C-C stretching
vibrations [15,18].

Hydrochar is a low-cost adsorbent used to adsorb pollutants in water due to the rich functional
group structure on its surface [28]. It has been reported in the literature that hydrochar products
obtained from different biomass are used in adsorption applications. For example, it has been
reported in the literature that hydrochar products obtained by HTC are used as adsorbents in the
removal of heavy metals and antibiotics after modification [27]. As another example, it has
been reported in the literature that hydrochar products obtained from oak sawdust biomass by
hydrothermal carbonization method at different temperatures (175, 200, 225 °C) and times (12,
24, 48, 60, 72 h) contain oxygen-rich functional groups [16].

According to literature results; It can be said that the hydrochar samples obtained in this study
can be used in adsorption studies because they contain oxygen-rich functional groups (C=0, C-
0).
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Figure 1. FT-IR spectra of raw KBS and hydrochars

3.2 Thermogravimetric analysis and combustion characteristics

TG and DTG curves of the thermal decomposition of raw KBS and hydrochars are shown in
Figure 2. According to the DTG curve; the decomposition of the crude KBS product occurs in
3 steps. The first decomposition is in the temperature range of 31-152 °C and volatile
components are separated from the structure. This step is a decomposition that represents
moisture loss in KBS. (It appears as a small peak on the DTG curve). The second decomposition
is in the temperature range of 163-384 °C and the weight loss is 53.62%. The final
decomposition is in the temperature range of 392-793 °C and the weight loss is 32.78%. Similar
thermogravimetric curves were observed in studies reported in the literature. For example;
according to the thermogravimetric analysis results of KBS biomass, decomposition occurred

in three steps [1].
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When the DTG curves of the hydrochar samples were examined, two stages were observed for
thermal decomposition in the temperature range of 25-800 °C under the air atmosphere. In the
first stage, all hydrochar samples decompose at approximately 220-350 °C. In the second stage,
the degradation of the samples is in the temperature range of 400-450 °C. At this stage, a weight
loss of 66.91, 80.57 and 71.49% is observed in HC200, HC220 and HC240 samples, respectively.
Compared to HCs, raw KBS has the highest weight loss and shows less stability.

Table 2. Combustion parameters of KBS and hydrochars

Sample  Ti(°C) Th(°C) Tw(C)  “ATGmux  -ATGmen S
(%/min)  (%/min) (%%°C.min?)
KBS 163 793 305 0.154 0035 2.19x107
HCwo 231 478 444 1219 235 1.03x10°
HCumo 232 492 431 120.63 2.47 1.12x10%
HCuo 243 484 451 137.45 234 1.13x10°

Combustion parameters (Ti, Tv, and Tm) of KBS and hydrochar products were estimated using
TG and DTG curves. A high T; of the solid fuel can avoid the potential fire hazard which is
favor for the safe handling, storing and transportation [20]. The combustion parameters of KBS
and hydrochars are presented in Table 2. The T; values of KBS, HCz00, HC220 and HCa40
products are 163, 231, 232, and 243 °C, respectively. As can be seen, the T; value of the HC249
product is higher than raw biomass and other hydrochar samples. For example, similar to our
study, it has been reported that the T; value of hydrochar produced from waste ginkgo leaf
residues is higher than that of raw biomass [21]. Ty, (depletion temperature) values of KBS,
HCx00, HC220 and HCa40 products were determined as 793, 478, 492 and 484 °C, respectively.
This result showed that the combustion process of KBS was longer than that of hydrochar
products. As the hydrothermal temperature increased, the combustibility index S values showed

a clear increasing trend. Compared with raw KBS, the S values of HC200, HC220, and HT240
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samples increased to 1.03x107°, 1.12x10° and 1.13x107 respectively, indicating superior

combustion performance.
4. Conclusions

It is noteworthy that the fuel properties of hydrochar products obtained using KBS biomass was
improved using the HTC method. All hydrochar products have higher carbon content and high
heating value compared to the raw material. HTC method significantly increased the high
heating value of hydrochar products. Among the hydrochar samples, the product obtained at
240 °C has the highest carbon value (51.69%) and HHV (18.19 MJ/kg). FT-IR results of
hydrochar products showed that there are oxygen-rich functional groups in the structure. In a
different study, the fuel properties of hydrochar products obtained from KBS at different times
using the hydrothermal carbonization method can be investigated. As a result, The HC240
product is rich in %C, has a higher HHV value and a higher energy yield, and is suitable for

green energy and biofuel applications.
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Abstract

The present investigation involved the synthesis of a new Schiff base and its platinum complex. The chemical
structures of both the ligand and the complex were determined using various analytical techniques, including
"H-NMR, '3C-NMR, FT-IR, and elemental analysis. Moreover, the interaction between the synthesized complex
and Amyloid-Beta, a crucial factor in the pathogenesis of Alzheimer's disease, was explored. This interaction
was assessed by employing fluorescence spectrophotometry. Additionally, the influence of the histidine amino
acid, which has been reported in the literature to play a significant role in the interaction between Amyloid-Beta
and coordination compounds, was monitored using 'H-NMR. These investigations could improve our
comprehension of ligands and complexes' chemical structure and biological effects. Furthermore, they may
contribute to the advancement of knowledge regarding important neurodegenerative disorders such as
Alzheimer's disease, as well as the development of potential therapeutic strategies.

Keywords: Alzheimer's Disease, Amyloid Beta, Platinum Complexes, Schiff Bases, Cytotoxic Activity.

Yeni Schiff Bazi iceren Pt(IT) Kompleksinin Pro-ila¢ Ozelliklerinin Degerlendirilmesi
Oz

Bu calisma, yeni bir Schiff bazinin sentezi ve platin kompleksinin incelenmesini igermistir. Hem ligandin hem
de kompleksin kimyasal yapilar;, 'H-NMR, '3C-NMR, FT-IR ve elementel analiz gibi ¢esitli analitik teknikler
kullanilarak belirlenmigtir. Ayrica, Alzheimer hastaliginin patogenezinde 6nemli bir faktér olan Amiloid-Beta
ile sentezlenen kompleks arasindaki etkilesim arastirilmistir. Bu etkilesim, floresan spektrofotometre
kullanilarak degerlendirilmistir. Ek olarak, Amiloid-Beta ve koordinasyon bilesikleri arasindaki etkilesimde
onemli bir rol oynadigi literatiirde bildirilen histidin amino asidinin etkisi, 'H-NMR kullanilarak izlenmistir. Bu
aragtirmalar, ligand ve komplekslerin kimyasal yapilar1 ve biyolojik etkileri hakkindaki anlayisimizi artirma

potansiyeline sahiptir. Ayrica, Alzheimer hastaligi gibi 6nemli nérodejeneratif bozukluklar hakkindaki bilgi
ilerlemesine ve potansiyel terapotik stratejilerin gelistirilmesine katkida bulunabilir.

Anahtar Kelimeler: Alzheimer Hastaligi, Amiloid Beta, Platin Kompleksleri, Schiff Bazlari, Sitotoksik
Aktivite.
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Evaluation of Pro-Drug Properties in a Novel Schiff Base-Incorporated Pt(II) Complex

1. Introduction

Schiff Bases are a class of compounds that follow the general formula RR'C=NR" (where R
represents an aryl group, R' represents a hydrogen atom, and R" represents an alkyl or aryl
group). Interestingly, even when R" is an alkyl or aryl group and R' is an alkyl or aromatic
group, the compound is still referred to as a Schiff Base. These compounds exhibit versatility
due to the presence of different substituents and the potential inclusion of N-N' bridges or the
absence of bridges altogether.

The synthesis of Schiff Bases can be achieved through various reaction methods, with the most
employed method being the acid-catalyzed condensation reaction between an amine and an
aldehyde or ketone under reflux conditions. In the initial step of this reaction, the nitrogen atom
of the amine undergoes a nucleophilic attack on the carbonyl carbon, resulting in the formation
of an unstable carbinolamine intermediate. It is worth noting that the starting materials can be
interchanged in this reaction. Upon elimination of water, a C=N bond is formed. These bases
are typically synthesized from carbonyl compounds such as aldehydes and ketones, along with
aromatic amines. The process involves nucleophilic addition, semi-aminal formation, and
subsequent dehydration, ultimately leading to the formation of an imine [1].

The pH dependence of imine formation is a crucial factor to consider. In the initial step, non-
protonated free amines are added to carbonyl groups. If the solution becomes excessively
acidic, the concentration of amines decreases, resulting in a slowdown of the normally rapid
step. This step plays a significant role in determining the overall reaction rate. In the subsequent
step, protonated groups, such as OH, are eliminated. Consequently, a decrease in acidic
concentration promotes the progression of the second step, facilitating the easy elimination of
H>O. Under acidic conditions, basic amines are typically protonated, making them non-
nucleophilic and impeding the reaction's advancement. Moreover, the reaction is hindered
under highly basic conditions. For instance, there is a lack of suitable protons available to
catalyze the separation of the hydroxyl group in carbinolamine. In general, the reactivity of
aldehyde is more than ketone in the formation of Schiff base.

Schiff bases are a class of ligands that play a crucial role in chemistry [2]. They are highly
versatile and can be easily prepared, making them valuable in transition metal coordination
chemistry. In recent years, there have been significant advancements in the chemistry of
transition metal complexes with metallo-rings [3]. Bidentate N-donor ligands form chelate
complexes by coordinating with one of the metal centers using each nitrogen atom. These
metallochelates are commonly used in regiospecific organic and organometallic syntheses,
including addition reactions and catalytic materials. Ruthenium complexes containing bidentate
Schiff bases are particularly useful in catalytic processes such as Kharasch addition, enol-ester
synthesis, alkyne dimerization, olefin metathesis, and polymerization. Chiral Schiff base metal
complexes are employed for achieving stereoselective organic transformations. Tetradentate
Schiff base complexes of oxovanadium exhibit potential for multi-electron transfer. Schiff

bases have shown potential as anticancer agents, but their activity is further enhanced when
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they form metal complexes. Schiff bases with an azomethine bridge have been found to possess
antitumor, antibacterial, and antifungal properties. In drug research, it has been observed that
small molecules interacting with DNA can cause DNA damage, leading to cell death. Therefore,
compounds with anticancer, antiviral, and antiseptic properties often exhibit biological activity
by interacting with DNA. Numerous studies have demonstrated that transition metal complexes
can bind to DNA through intercalation.

Alzheimer's disease (AD) is a prevalent form of dementia, accounting for approximately 60-
80% of dementia cases. Dementia is a neurodegenerative condition that impacts various
cognitive functions such as memory, language, attention, problem-solving, and decision-
making. This impairment arises from brain damage. Alzheimer's disease poses significant
challenges globally, requiring costly and labor-intensive treatment, second only to heart and
cancer diseases. The primary culprit behind this disease is believed to be the accumulation of
APi-42, resulting in the formation of insoluble plaques. These plaques consist of amyloid-3 (AP)
peptides and are thought to disrupt neuronal communication between cells. In the pursuit of
effective treatment, organic molecules with aromatic rings and suitable chelating ligands
containing nitrogen donors play a crucial role. The development of these ligands and the
synthesis of coordination compounds formed with them are essential for combating Alzheimer's
disease.

Despite the numerous Schiff base-Pt complexes that have been reported [5-11], their impact on
Alzheimer's disease has not yet been explored. In a recent study, F. Collin and colleagues [12]
synthesized several Pt complexes, including Pt(®-MePy)(DMSO)CI, Pt(DMSO).Cl,,
Pt(bpy)Cl,, Pt(Phen)Cly, and Pt(®-Phen)Cl, with the aim of reducing the interaction of Zn and
Cu with AP aggregation and ROS production, respectively. The structures of these complexes
were elucidated, and their interaction with the AB28 peptide was examined. Similarly, Sasaki
and colleagues [13] investigated the interaction of Pt(®-MePy)(DMSO)CI and Pt(DMSO).Cl»
complexes with Cu(Il)-AB28 using EPR measurements. The results indicated that the Pt
complex did not displace Cu(Il), but it did bind to specific regions of the AP peptide. In another
study, Kenche and colleagues [14] determined the structure of a complex formed between an
N,N-dimethyl-2-[2-(quinolin-8-yl)-1H-benzimidazol-1-yl] ligand and Pt(dmso).Cl>. They then
investigated the interaction of this complex with mouse AP fibrils and found that it inhibited
aggregation. Additionally, Satra synthesized a Pt(IV) complex with the same ligand and
demonstrated that its efficacy was higher than that of the Pt(II) complex. Based on these
findings, our study aims to synthesize a new Schiff base and characterize its four-coordinated
Pt(IT) complexes. Furthermore, we plan to investigate the interactions of these complexes with
histidine.
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2. Materials And Methods
2.1. Chemicals

To synthesize the Schiff base, 2-picolamine and 3,4,5-trimethoxybenzaldehyde were obtained
from Sigma Aldrich and Alfa Easer companies. L-Histidine, PBS buffer (phosphate buffer),
and Tioflavin-T were also acquired from the same suppliers. The ABi-4> fluorescent kit was
purchased from Anaspec. The starting complex Pt(DMSO),Cl> was synthesized based on the
literature data [15].

2.2. Instrumentations

'H NMR and *C NMR spectra were recorded on the Vairian AS 400 NMR spectrometer in
CDCIl; and DMSO-d6 with tetramethylsilane (TMS) as an internal reference. Chemical shifts
are reported in ppm (3). Coupling constants, J, are reported in Hz. FT-IR analyses were
conducted using the Perkin Elmer Spectrum 100 FTIR spectrophotometer with CsI (4000-250
cm’!). Furthermore, the facilities at Inonii University were utilized for elemental analysis.

2.3. Synthesis of Ligand and its Platinum Complex

2.3.1. Synthesis of Ligand

% H ﬁ@
H;CO H ~ H3CO C=N N
+ ‘ P _—
H;CO N H5CO

OCHjs NH, OCHj

The synthesis was carried out using the melting technique at a temperature of 80°C in the
presence of N2 gas, without a solvent. The reactants used were 3,4,5-trimethoxybenzaldehyde
(36 mg; 0.184 mmol) and 2-picolamine (20 mg; 0.184 mmol). The reaction occurred in an oil
bath for approximately 15 minutes. After the reaction was complete, a yellow-colored oil-like
product was obtained. The volatile components were then removed under vacuum. The overall
yield of the reaction was determined to be 80%. FT-IR (U, cm™); 1586.1 (C=N). 'H (400 MHz,
CDCl) & (ppm): 8.48 (d, 1H, J=4.7 Hz, Py-H), 8.29 (s, 1H, N=CH), 7.58 (t, 1H, J=7.7 Hz, Py-
H),7.32 (d, 1H, J=7.8 Hz, Py-H), 7.09 (t, 1H, J=6.0 Hz, Py-H), 6.99 (s, 2H, Ar-H), 4.86 (s, 2H,
N-CH,), 3.81 (s, 6H ,0CH3), 3.80 (s, 3H ,0CH3)."*C (100 MHz, CDCl3) § (ppm): 162.7 (C=N),
159.1 (Py-C), 153.4 (Ar-C), 149.2 (Py-C), 140.5 (Ar-C), 136.6 (Py-C), 131.5 (Ar-C), 122.2
(Py-C), 122.0 (Py-C), 105.4 (Ar-C), 66.5 (N-CH>), 60.8 (OCH3), 56.1 (OCH3).
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2.3.2. Synthesis of Complex (Pt-L)
AN W/ HsCO (l-,":N\ _N /

H,CO
Pt(DMSO),Cl, et
Hs;CO > H,CO

OCHg OCHjs

L (20.3 mg; 0.071 mmol) was refluxed with Pt(DMSO)>Cl> (30 mg; 0.071 mmol) in a 1:1 molar
ratio in chloroform for 2 hours. At the end of this period, a dark yellow-orange precipitate
formed, which was separated and washed with diethyl ether. The resulting material was dried
under vacuum to obtain a yellow-orange solid product. Yield: 52%, Decomposition Point: 220-
240°C. Elemental analysis: Calculated (CisH1sCI2N2O3Pt, 552.32): C,34.79; H, 3.28; N, 5.07;
Found: C, 33.98; H, 3.16; N, 5.07. FT-IR (U, cm™); 1647.0 (C=N), 322-293 (Pt-CI). 'H (400
MHz, DMSO-de) 6 (ppm): 9.07 (d, 1H, J=5.9 Hz, Py-H), 8.92 (s, 1H, N=CH), 8.10 (t, 1H, J=7.7
Hz, Py-H), 7.62 (d, 1H, J=7.9 Hz, Py-H), 7.46 (t, 1H, J=6.7 Hz, Py-H), 7.40 (s, 2H, Ar-H), 6.16
(s, 2H, N-CHa), 4.08 (s, 3H, OCHs3), 4.06 (s, 6H , OCH3). '3C (100 MHz, DMSO-ds) & (ppm):
166.0 (C=N), 162.4 (Py-(), 156.7 (Ar-C), 152.5 (Py-C), 143.8 (Ar-C), 139.9 (Py-C), 134.9 (Ar-
C), 125.6 (Py-C), 125.3 (Py-C), 108.7 (Ar-C), 69.9 (N-CH>), 61.4 (OCH3), 59.5 (OCH3).

2.4. NMR Measurement of Pt(L)Cl,-Histidine Interaction

The Pt(L)Cl> complex underwent solvolysis through vigorous stirring in a mixture of DMSO
and H,O with a ratio of 2:1 for a duration of 15 minutes. Subsequently, histidine was
meticulously weighed and combined with the complex solution in a molar ratio of 1:2 (complex
to histidine) in the presence of HCI. The resulting mixture was then incubated at a temperature
of 37°C for 15 minutes, while PBS buffer was added. Following this, the 'H-NMR spectrum of
the sample was acquired, revealing discernible differences in the signals resulting from the
interaction.

2.5. Fluorescence Measurements

The Ai-42, ThT, and the complex formed with 1% DMSO in water were initially diluted to the
desired concentration (final concentration 10 micromolar) using the provided assay buffer. To
conduct fluorescence measurements, a black well plate was used, with each well adjusted to a
volume of 100 pl. The aggregation inhibition of the complex was evaluated by adding AP .42 to
the system both individually and in combination with the complex. Additionally, the
fluorescence properties of the complex alone and the assay buffer were examined.
Measurements were recorded using the Thermo Fisher Scientific Varioskan Flash microplate
reader, with excitation at 480 nm and emission at 484 nm.
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3.Results and Discussion

3.1. NMR Evoluation

Figures 1 and 2 present the 'H-NMR and '*C-NMR spectra, respectively, of the L ligand. The
imine proton of the ligand is detected as a singlet at 8.29 ppm. The -OCH3 groups exhibit
multiplet signals at 3.81 and 3.80 ppm. Additionally, the *C-NMR values of the ligand align
with the anticipated structure. The imine carbon is observed at 162.7 ppm and the carbons of

the methoxy group at 60.8 and 56.1 ppm.
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Figure 1. 'H-NMR Spectrum of L.
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Figure 2. *C-NMR Spectrum of L.

The 'H-NMR and '*C-NMR spectra of the synthesized Pt(L)Cl, complex are given in Figures
4 and 5. NMR data related to the ligand and comples are shown in Table 1.
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Figure 3. 'H-NMR Spectrum of Pt(L)Cl..
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Figure 4. ’*C-NMR Spectrum of Pt(L)Cl..
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Table 1: 'H- and *C-NMR Peak Assignments for Ligand and Complex

18 17 18 17
"1.co1 S _G=N N {5 014,001 S _G=N. /}\1 /
5 1 14 I;/s EI/Pt‘C1|4 15
4 21 19 20
oM3CO 23 o,HaCO ™23
OCH, OCH,4
8 8
Ligand (L) complex (Pt-L)
"H-NMR
Number ppm Number ppm
15 8.48 (d) 15 9.07 (d)
7 8.29 (s) 7 8.92 (s)
16 7.58 (t) 16 8.10 (1)
18 7.32 (d) 18 7.62 (d)
17 7.09 (t) 17 7.46 (t)
4,6 6.99 (s) 4,6 7.40 (s)
12 4.86 (s) 12 6.16 (s)
8,10 3.81(s) 8,10 4.06 (s)
9 3.80 (s) 9 4.08 (s)
C-NMR
Number ppm Number ppm
7 162,7 7 166.0
13 159.1 13 162.4
1,3 153.4 1,3 156.7
15 149.2 15 152.5
2 140.5 2 143.8
17 136.6 17 139.9
5 131.5 5 134.
16 122.2 16 125.6
18 122.0 18 125.3
4,6 105.4 4,6 108.7
12 66.5 12 69.9
9 60.8 9 61.4
8,10 56.1 8,10 59.5

*s: singlet; d: doublet; t: triplet; m: multiplet; bs: broad singlet

The imine group in the complex exhibits a shift to 8.92 ppm in the 'H-NMR spectrum,
indicating its binding. Conversely, when the pyridylamine's N end binds, it causes a significant
shift in the adjacent aromatic ring's protons. Specifically, these protons experience a shift to a

417



Evaluation of Pro-Drug Properties in a Novel Schiff Base-Incorporated Pt(II) Complex

weaker field during complexation, with the proton adjacent to N shifting from 8.49 ppm to 9.07
ppm. Furthermore, the *C spectrum shows a weak-field shift in the imine group's C atom
compared to the ligand spectrum (166.0 ppm) [9, 17].

3.2. FT-IR spectra

The FT-IR spectrum of the ligand is given in figure5. The characteristic vibration signal of the
imine group is observed at 1586.1 cm™!. It is observed that the signal related to the carbonyl
group in the aldehyde disappears. These assessments collectively confirm the successful
synthesis of the ligands. These findings are corroborated by the weak-field shift observed in the
imine group vibrations in the FT-IR spectrum of the complex (Fig.6) as well as the elemental
analysis results [18, 19]. Additionally, the presence of Pt-Cl stretching vibrations in the FT-IR
spectrum of the complex, appearing as a doublet and shifting compared to the starting complex,
confirms the occurrence of the anticipated interaction [20]. It was also observed that the signals
related to the DMSO group in the initial complex disappeared in the complex spectrum.

122:]

120
110-/\\ W\N\,\A(M
1358 6%0m-1
1004 /
a0 3485 Saom-1
3083, 72em 1
80+
= " 2838 872m-1
) 3301 33em-t
™ 2933.85zm-1
60+ 1822, Toom 1
50
404 15886,602m-1
210 . 304 il .
4000 3000 2000 1000 200

cm-1

Figure 5.FT-IR spectrum of the Ligand
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Figure 6. FT-IR spectrum of the Pt(L)Cl

3.3. Evaluation of Pt(L)Cl: -Histidine Interaction by NMR Measurements

The determination of the environment for measuring the complex with Histidine was carried
out in accordance with the existing literature. To measure the biological activity, it is necessary
to first hydrolyze or solvolysis the complex. Initially, an attempt was made to use H>O, and if
the solubility was low, mixtures of DMSO/H>0O were tested [16]. Due to the low solubility of
the synthesized complex in water, it was solvolysis with DMSO and then examined for its
interaction with Histidine in a DMSO: H>O (2:1) mixture. Consequently, the spectrum for the
complex was initially obtained in DMSO-d6. Upon examination of the spectrum obtained for
the complex in DMSO-d6, the peak corresponding to the imine proton was observed at 8.92
ppm. Additionally, the "TH-NMR spectrum of free Histidine in a DMSO/H>O environment was
acquired, revealing the presence of the aromatic protons (Ar-CH) of Histidine hydrochloride
(two protons) at 8.57 ppm and 7.27 ppm. The solvolysis complex and Histidine were then
incubated in a PBS buffer for 15 minutes at 37°C, and the '"H-NMR spectrum was recorded.
The expectation was that one or two solvent molecules would be displaced by Histidine from
the solvolysis product. In the resulting spectrum of the interaction, the imine peak associated
with the Histidine-bound complex was observed at 8.65 ppm. Furthermore, the (Ar-CH) protons
of Histidine shifted to 8.41 ppm and 7.12 ppm due to the interaction with the complex. Based
on the observed chemical shift values, it can be inferred that there is an interaction between the
complex and histidine. This is further supported by Figure 5, which shows the shift of the imine
proton and the shifts in the Histidine peaks during the interaction between the Complex and
Histidine. Additionally, according to the literature, the solvolysis of such complexes can result
in the formation of numerous adduct products in the interaction with Histidine, indicating
interactions with different molar ratios of Histidine [16, 21].
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Figure 5. a) 'H-NMR spectrum of Histidine hydrochloride (blind), b) 'H-NMR spectrum of
Pt(L)Cl, complex in DMSO environment, ¢) 'H-NMR spectrum obtained after 15 minutes of
incubation at 37 °C in a 1:2 ratio of complex to Histidine at pH 7.4.

3.4. Evaluation of Fluorescence Measurements

Although Thioflavin T does not emit fluorescence when it is in its monomeric form and in the
presence of AP, it does produce a signal when it is in the presence of aggregated amyloid
with ThT (Excitation: 440 nm, Emission: 484 nm). It is anticipated that the complex formed by
Thioflavin T and APi.42 will diminish this signal. The measurement results indicate that the
Pt(L)Cl> complex interacts with APi42 in a 1:1 molar ratio (Figure 6). The decrease in
fluorescence values observed when interacting with Amyloid Beta provides evidence that the
synthesized compound indeed interacts with Amyloid Beta.
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Figure 6. Fluorescence Measurement Graph of Pt(L)Cl, Complex.

The decrease in the fluorescence intensity of amyloid in the presence of the complex during
interaction with Thioflavin T indicates the occurrence of interaction.

4. Conclusion

A Schiff base compound of a novel nature has been successfully synthesized, followed by the
synthesis of its platinum complex. The structures of both the ligand and the complex have been
thoroughly elucidated through the utilization of various spectroscopic techniques. In the
subsequent phase of the research, the compound's potential to exhibit activity against
Alzheimer's disease has been investigated by studying its interaction with Amyloid beta in a
1:1 molar ratio. To assess the compound's efficacy, fluorescence measurements have been
conducted. Notably, the synthesized complex has displayed significant activity against
Alzheimer's disease. Moreover, the interaction between the complex and Histidine, an amino
acid predominantly found in Amyloid beta and commonly targeted by coordination compounds,
has been meticulously examined. As a result, the study has uncovered the formation of
solvolysis products at different molar ratios when one mole of the complex interacts with two
moles of Histidine.
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Abstract

This study aims to utilise from the env-friendly recovery technologies for the waste heat released from circular
coolers of energy-intensive systems to the atmosphere in the sinter plant due to reaching carbon emissions to
critical levels and decreasing fossil fuel sources. For sinter plant energy waste heat recovery, the organic
Rankine cycle (ORC) is selected. The performance metrics, including mass flow rates, gross power, power
consumption of the pump and net power output in the study scope are evaluated considering variations in
exhaust gas throughout a year. The system underwent energy and exergy analyses, determining the maximum
performance values for each month. This was achieved by utilizing R123 as the organic fluid within the ORC,
operating between pressures ranging from 7.5 bar to 36 bar. As a result, the highest net power was achieved in
August, and the efficiency of exergy was determined to be 63%. Recycling of waste energy not only meets the
electricity consumption of the sinter cooler system fans but also leaves 62% excess electrical energy.
Furthermore, this value corresponds to approximately 18.3% of the annual energy requirement of the entire
sinter plant.

Keywords: Sinter, waste heat, organic Rankine cycle, energy, exergy

Sinter Fabrikas1 Dairesel Sogutucu Baca Gazindan Enerji Uretimi

Oz

Bu ¢alismada karbon emisyonlarmin kritik seviyelere ulagsmasi ve fosil yakit kaynaklarinin azalmasi nedeniyle
sinter tesisinde enerji yogun sistemlerin dairesel sogutucularindan atmosfere salinan atik 1sinin ¢evre dostu geri
kazanim teknolojilerinden faydalanilmasi amaglanmaktadir. Sinter tesisi enerji atik 1sisinin geri kazanimi igin
organik Rankine ¢evrimi (ORC) secilmistir. Calisma kapsamindaki kiitle akig hizlari, briit gii¢, pompanin gii¢
tilketimi ve net gii¢ ¢ikisini igeren performans metrikleri, bir y1l boyunca egzoz gazindaki degisimler dikkate
alinarak degerlendirilmektedir. Sistemin enerji ve ekserji analizleri yapilarak her ay i¢in maksimum performans
degerleri belirlendi. Bu, 7,5 bar ile 36 bar arasinda degisen basinglar arasinda ¢aligan, ORC igerisinde organik
stv1 olarak R123 kullanilarak elde edildi. Sonug olarak en yiiksek net giice agustos ayinda ulasilmis ve ekserji
verimi %63 olarak belirlenmistir. Atik enerjinin geri doniisiimil, sinter sogutucu sistem fanlarinin elektrik
tilketimini karsilamanin yani sira, geriye %62 oraninda elektrik enerji fazlas1 birakilmaktadir. Ayrica bu deger
tiim sinter tesisinin y1llik enerji ihtiyacinin yaklagik %18,3"ine karsilik gelmektedir.

Anahtar Kelimeler: Sinter, atik 1s1, organik Rankine ¢evrimi, enerji, ekserji

*Corresponding Author: yildiz.koc@iste.edu.tr 426
Tuba Nur AKCALI, https://orcid.org/0009-0003-6835-3347

Yildiz KOC, https://orcid.org/0000-0002-2219-645X

Ozkan KOSE, https://orcid.org/0000-0002-9069-1989


https://orcid.org/0009-0003-6835-3347
https://orcid.org/0000-0002-2219-645X
https://orcid.org/0000-0002-9069-1989

Energy Production From Flue Gas of Sinter Plant Circular Coolers

1. Introduction

Due to rising energy requirements driven by factors such as technological advancements,
industrialization, economic growth, population increases, and urbanization, there's a consistent
upward trend in energy demand in our era. The surge in global population and evolving lifestyle
patterns have led to unprecedented energy needs. Moreover, challenges like inter-country
conflicts, natural calamities, and erratic weather phenomena pose substantial threats to energy
security. However, despite these challenges, a significant portion of heat, serving as the primary
energy source for numerous industrial processes, is often generated excessively and released
into the atmosphere without being harnessed [1-3]. Given the escalating demand, technologies
for recovering waste heat hold paramount importance in the industrial sector owing to the
substantial energy potential of waste heat. Additionally, surplus heat generated in energy-
intensive operations should be actively converted into usable electricity through eco-friendly
waste heat recycling technologies [4-7]. Despite the world's daily consumption of
approximately 76 million barrels of fossil fuels, over fifty percent of the generated energy is
dissipated as residual heat, usually falling within the temperature range of 100 to 220°C. [8-
11]. This pattern is on the rise in correlation with the world population growth and the
development of economies. Therefore, by incorporating practical methods and maximizing the
utilization of waste heat, it is possible to reduce fuel consumption in existing energy production
systems substantially. Furthermore, this approach aids in mitigating the adverse effects of
several critical challenges related to the environment, including changes in the climate, the
increase in Earth's average surface temperature, the reduction of ozone molecules in the Earth's
stratosphere, and contamination of the air [12]. Despite challenges, there are promising
indications of a shift towards clean energy gaining momentum. Both global and national
initiatives for achieving net zero emissions are anticipated to result in a 1.2% decline in primary
energy consumption by 2030, with projections extending to 2050 [13]. This underscores the
significance of waste energy recycling technologies, highlighting the need to enhance current
systems rather than building new energy production facilities. Traditional conversion of energy
techniques like steam turbine processes struggles to harness waste heat at lower and moderate
temperatures effectively due to their reliance on high temperatures. Consequently, several
environmentally friendly technologies for converting energy, similar to the Kalina and ORC
systems, have been developed to enhance energy production efficiency and decrease the usage
of fuel to a certain degree [14-17].

A research indicates that cycle performance is greatly influenced by factors including the heat
source, choosing the appropriate fluid used in the process, and operating conditions [18]. It is
asserted that ORC is particularly well-suited for lower-temperature heat sources when
contrasted with alternative cycles such as Kalina cycles [ 19, 20]. Also, numerous articles have
been dedicated to systems utilizing waste heat. Yang et al. performed the energy and power
optimization of the supercritical ORC system. The highest power output was achieved when
R143 organic fluid was used. Also, as a result of optimization, thermal efficiency and power
output were increased by 7.13% and 39.45% respectively [21].
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Quoilin et al. [22] and Calise et al. [23] studied the optimization and efficiency of a solar-
powered ORC system. Meanwhile, Liu et al. [24] focused on designing, analysing, and
optimizing a third-generation system based on biomass, exploring the integration of electricity,
heating, and freshwater production. Their research employed optimization techniques for
multiple objectives using particle swarm optimization to identify the optimal operational
parameters of the system across various optimization scenarios. In their research, Liu et al. [25]
examined systems employing three different energy cycles: Supercritical Rankine Cycle (SRC),
ORC, and Supercritical Brayton Cycle (SBC). Through their investigation, they highlighted the
specific pros and cons of each cycle. Their findings suggest that ORC is best suited for
recovering waste heat at low temperatures, and SRC is ideal for tasks involving moderate
temperatures. In contrast, SBC is most effective for producing energy under high-temperature
conditions. Yu et al. [26] have developed a simplified theoretical approach to predict the
thermal degradation temperatures of organic process fluid, aiming to enhance the effectiveness
and safety of ORC systems. Their analysis indicates that calculating the primary reactions
identified can reduce costs while maintaining prediction accuracy. In their research, Feng et al.
[27] suggest that utilizing low-quality sinter cooling flue gas employing an ORC cycle utilizing
R245 fluid and a single heat source can significantly boost the thermal energy recovery rate of
sinter waste. They propose that effective energy conservation can be achieved by determining
optimal temperature and thermal parameters. By employing these optimal parameters, the
energy recovery rate from sinter waste can increase up to 64.86%. Akkaya et al. [28] conducted
an assessment of the energy efficiency of integrated power generation systems based on fuel
cells and ORC. Their study revealed that integrating waste heat from fuel cells enhanced the
overall energy efficiency of the integrated system by approximately 14% to 25%. The selection
of operational media is a critical factor impacting the thermodynamic efficiency of the ORC
system. Although ORC systems can employ various organic fluids as process media, selecting
the optimal one requires a thorough analysis considering both environmental impacts and the
performance of the system. Wang et al. [29] proposed a multi-criteria optimization framework
to evaluate the influence of process fluids on ORC performance. Thirteen fluids were examined,
with R123 identified as the best option for source temperatures ranging from 100 to 180 degrees
Celsius, while R141b was deemed optimal for temperatures exceeding 180 degrees Celsius.
However, they highlighted that the ORC cycle would not be economically feasible if the source
temperature falls below 100 degrees Celsius. Xu et al. [30] discussed the effects of 30 different
fluids on the maximum achievable thermal efficiency and its constraints on thermodynamic
excellence in both basic and regenerative ORCs, which vary based on the working
temperatures. They developed charts to aid in selecting suitable process fluids for both s-ORC
and r-ORC setups. Haervig et al. [31] offered guidelines for choosing the optimal process media
for ORC systems, examining twenty-six process fluids employed in ORC systems with
temperatures of the heat source ranging from 50 to 280°C. They found that process fluids
containing isopentane, pentane, and ethanol, such as R124, R245FA, R23, R123, R7146,
R141b, R218, R236EA and R227EA yielded the utmost power generation over the temperature
span of 50 to 280°C. Jeong et al. [32] investigated many organic working fluids. They obtained
more power output (250 kW) from R245ca compared to R245fa. However, they asserted that
R245fa notably drew attention due to its lower compact turbine size. Elmaihy et al. [33]
examined the ORC system for utilizing the cooling water released into the atmosphere through
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the car engine. They analyzed 16 working fluids. The best thermal efficiencies were calculated
as 7.49 and 7.76% when using R123 and R245fa in the ORC system, respectively.

Above, many studies have been carried out on organic Rankine cycles and working fluids.
However, there are almost no studies examining the thermodynamic performances of the ORC
cycle using R123 fluid to evaluate the flue waste gas of the sintering system operating with
coke gas. In addition, there is almost no study that analyses the performance of the waste heat
recycling system by measuring the exhaust gas temperature of the sintering system from a
facility separately for each month throughout the year.

In this study, sintering system facility cooler chimney exhaust gas temperature values were
measured for every month throughout the year. The actual exhaust gas chemical content was
then determined. Then, an organic fluid that could operate between these temperatures was
determined. ORC, which uses R123 as the working fluid, was examined between 7.5 bar and
36 bar turbine inlet pressures, and the values showing maximum performance were calculated
for each month. Moreover, energy and exergy analyzes of the system were carried out.

2. Material and Methods
2.1. System Description

The objective of this study is to assess the thermodynamic performance of the exhaust gas of a
Sinter cooler system operating in a sinter facility in Tiirkiye. This research aims to enhance heat
recovery efficiency by integrating the exhaust gas released into the air with an ORC. Figure 1
illustrates the schematic layout of the system for recovering waste heat, planned for the facility.
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Figure 1. ORC cycle energy production from the waste heat of the circular coolers of the
sinter system

As well known, the operational principle of the ORC system appears to be similar to that of the
traditional Rankine cycle, there exist notable distinctions between the two cycles, particularly
in terms of the process media. Figure 1 depicts an ORC system utilizing an organic process
media. The exhaust gas from the Circular Cooler Stack of the Sintering Plant enters the ORC

429



Energy Production From Flue Gas of Sinter Plant Circular Coolers

system (Point 10) at varying temperatures each month throughout the year, and after thermal
energy exchange occurs in the superheater, evaporator, and preheater (10 — 13), it is released
into the atmosphere from the stack. Once the system is pressurized using the pump (1 — 2), the
organic media vaporized by the preheater (2 — 3), evaporator (3 — 4), and superheater (4 —
5) is transmitted to the ORC turbine and generator, which produce mechanical energy and
electricity (5 — 6). The process media undergoes cooling in the condenser, causing it to
transition from gas to liquid phase as it exits the ORC turbine (6 — 1). Approximately 20°C
water from the factory service water line, at a pressure of 3 bars, is pressurized by the pump (7
— 8) and facilitates heat transfer with entry and exit to the condenser (8 — 9). Thus, the organic
fluid undergoes a phase change from gas to liquid (6 — 1). A hybrid cycle has been engineered
and optimized to recuperate excess heat emitted by gases released from the Circular Cooler
Stacks of the Sintering Plant. The aim is to enhance the overall system effectiveness through
this approach. The specified nominal parameters for the designed ORC are outlined in Table 1.

Table 1. Nominal parameters for the designed ORC

‘Parameter ~ Value  Unit
NpPum;is 80 %
Nrur;is 88 %
Tewin 20 °C
Tew;out 25 °C
Msin;exh 803662 kg/h
Psin;exn 2 bar
Tsinexn,in 137-235 °C
Tsinexn,out 90-165 °C
Tpincn 10 °C
Fuel Type Coke gas -

2.2. Mathematical Model

An ORC system has been incorporated into the Circular Cooler exhaust gas system of the
Sintering Plant to efficiently harness the waste heat. ORC systems employ organic process
media, and it's widely recognized that the selection of these fluids significantly influences the
ORC system's performance. Hence, this study undertook an in-depth examination of the energy
and exergy analyses of the system, grounded in the fundamental principles of thermodynamics.
The aim was to observe the thorough impacts of the chosen process media on the entire system.
The data utilized in this analysis were sourced from Steag GmbH's EBSILON® Professional
software. The energy and exergy equations for the ORC design are outlined below [34-43].

General mass, energy and exergy equations are provided below:

The equation for mass balance utilized in these calculations is as follows:
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Zmin :Zmout (1)

The equation for energy balance employed in these calculations is as follows:
Q + W= X Moyt hoye — XM hyy (2)

Within this equation, Q "and W represent heat and power generation, respectively. The equation
for exergy balance utilized in these computations is as follows:

Ein = Eout + Edest (3)
Exergy flow is represented by E, with subscripts "in", "out", and "dest" denoting exergy in,
exergy out, and exergy destruction, respectively. Exergy flow is calculated as follows:

E = my “4)
The symbol for specific exergy is y, which can be ascertained utilizing the subsequent
expression:

Y = (h—hg) — To(s — sp) (5)

Exergy represents utilisable work. Therefore, the exergetic work is assumed to be 100%.
However, the exergetic efficiency for heat is typically less than 100%. The calculation for the
exergy flow related to heat is as follows:

B=(1-70)0 (6)

In this context, T, stands for the ambient temperature, while T,,,- indicates the temperature of
the surface engaged in transferring heat. While computing, the average value of the inlet and

outlet temperatures of an element is considered as the temperature of the heat transfer surface.
T, 1s assumed to reflect the average ambient temperature, set at 20°C.

The equations for energy and exergy in the ORC can be presented as follows:

The evaluation of the ORC based on energy and exergy principles is implemented for both the
entire cycle and individual components. The overall heat exchange from the exhaust to the
organic process media is derived as follows:

Qin;ORc = mexh(hlo - h13) = mORC(h-S - hz) (7)

In this context, represents the rate of mass flow of the organic process media within the ORC.
The computation for the resultant power generated by the ORC is expressed as follows:

Wnet;ORC = WTur;ORC - WPum;ORC (8)

Here, WTur;O rc»> the power output from the ORC turbine, and Wpum;o rc»> 18 the power utilized
by the ORC pump. The exergy input to the ORC from the exhaust is calculated as follows:

Ein;ORC = Thexh@/)m - 1P13) )
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The thermal and exergetic efficiencies of the ORC system are established using the subsequent
formulations:

_ Whet,0rC
Norc = QiR (10)
in;ORC
_ Wnet;ORC
€orc = (11)
in;ORC

In the computations, steady-state conditions are presumed, and kinetic and potential energies
are disregarded. The surrounding temperature of 20°C is taken into account.

2.3. Working Fluid

The choice of process media has a substantial impact on the efficiency in terms of heat
utilization of ORC systems [43,44]. Choosing the right process media can minimize
thermodynamic inefficiencies, allowing for increased enhanced efficiency in converting
energy and reduced initial investment requirements [45]. Consequently, the selected media
should exhibit ideal thermodynamic and transport characteristics under suitable temperature
and pressure conditions, while also meeting requirements such as non-toxicity, cost-
effectiveness, environmental compatibility, safety, non-flammability and enabling efficient
energy utilization from available heat sources [46,47]. Moreover, the gradient of the fluid's
saturation curve is vital for ORC system design, cost, and performance. Wet fluids may cause
inefficiencies at certain operating conditions, while dry or isentropic fluids tend to offer more
consistent performance. Therefore, careful consideration of the process media is pivotal as it
directly impacts ORC system efficiency and reliability [43]. In this study,
dichlorotrifluoroethane (R123, CF3CHCL?2) is employed as the process media, possessing a
molar mass of 152.9 g/mole, a normal boiling point of 300.97 K at 1 atmosphere, a pivotal
temperature of 456.8 K, and a pivotal pressure of 3.66 MPa.
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Figure 2. Temperature-entropy (T-s) diagram illustrates the thermodynamic properties of
organic fluids in various states

When a process media demonstrates high performance values, its environmental repercussions
can become significant. Conversely, a process media with low performance may lead to
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substantial environmental drawbacks. To evaluate environmental impact, factors like Ozone
Depletion Potential (ODP) and Global Warming Potential (GWP) must be considered. ODP,
originally outlined in the Montreal Protocol, is determined by comparing the process media to
R11 [48]. GWP represents the impact ratio over a 100-year period compared to CO2. Given
these definitions and criteria, an ideal organic fluid should exhibit high thermodynamic
performance while maintaining ODP values close to zero and GWP values below 200 for
environmental sustainability [48]. In this study, the proposed process media, R123, has an ODP
value 0f 0.020 and a GWP of 77 [49]. Consequently, it is evident that R123 poses a significantly
low environmental impact as a process media.

3. Result and Discussion

The most effective approach to assess a system's performance is to consider parameters derived
from both the principles of the first and second laws of thermodynamics. This method offers
crucial insights into the system's current status. Therefore, it's highly important to conduct both
energy and exergy analyses based on operating pressure and temperature to make well-informed
decisions. This section presents a thorough parametric optimization of the ORC, concentrating
on pressure and temperature at the inlet of the turbine. The optimization includes a spectrum of
pressures, from 7.5 to 36 bar, and temperatures ranging from 99°C to 225°C. Variations in the
maximum thermodynamic performance metrics resulting from the parametric optimization of
the ORC were examined for each month throughout the year. Subsequently, the maximum
performance values for each month were compared based on the measured waste heat value.
The variation of the temperature and pressure at the inlet of the turbine, at maximum
performance for each month throughout the year is depicted in Figure 3.
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Figure 3. The Changes in the turbine inlet temperature and pressure of the ORC at maximum
performance for each month throughout the year
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The temperature at the turbine inlet is observed to be unstable, peaking during the summer
months. This instability in the exhaust gas temperature of the sintering machine's cooling stack
is attributed to the variability of parameters such as the chemical and physical properties of the
bed material during the sintering process, material temperature, ore layer thickness, sinter
machine speed, coke powder ratio, amount of water supplied for moistening, and most
importantly, cooling efficiency, alongside the variability in weather conditions. Additionally,
due to inevitable uncertainties in operating parameters within the sinter cooling process, such
as flow and temperature fields, the performance of sinter cooling processes can exhibit
uncertainties. Several parameters affect the exhaust gas outlet temperature of the sinter cooling
stack every month, with weather conditions being one of the most notable. The minimum
turbine inlet temperature is 125°C in February and March, with sinter production being 56,336
tons in February and 75,532 tons in March. The maximum turbine inlet temperature is 210°C
in August, with sinter production reaching 336,376 tons in that month. Dry fluids tend to
perform at their maximum near-saturation temperature. In January, February, and March, the
turbine's inlet temperature ranges from 125°C at its lowest to 130°C at its highest, with a turbine
inlet pressure of 10 bars for all three months. The point where maximum performance is
achieved is at 36 bars. As the inlet temperature increases, the pressure at which maximum
performance is achieved varies, attributed to the fluid being dry. Figure 4 illustrates the
fluctuations in mass flow rate and power consumption of the pump within the ORC system
across each month of the year.

Dec 84.92
Nov - 92.56
Oct 99.69
Sep 119.10 497.36
Aug - 120.87 520.7
Jul 121.49 512.0
Jun 110.20 452.46
May - 95.28
Apr - 61.12
Mar - 54.67
Feb - 41.60
Jan - 68.45 134.08
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Mass Flow Rate (kg/s) Pump Power Consumption (kW)
Figure 4. The variation in mass flow rate and pump power consumption within the ORC
system at its maximum efficiency for the course of each month throughout the year

The amount of power consumed by the pump exhibits fluctuations throughout the year, with
peaks observed in July, August, and September, as depicted in the graph. For example, the
power consumption of the pump was found to be 512 kW when the rate at which mass flows
through a system was 121.49 kg/s, 520.7 kW when the mass flow rate decreased to 120.87 kg/s,
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and subsequently reduced to 497.36 kW when the mass flow rate further decreased to 119.1
kg/s. The fluctuation in exhaust gas inlet temperature over the course of the year has a notable
impact on both the mass flow rate and pump power consumption. The exergy destruction of the
utilized equipment in the ORC system at maximum performance for each month throughout the
year is depicted in Figure 5.
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Figure 5. The exergy destruction of the equipment utilized in the ORC system at its
maximum performance for each month throughout the year

Throughout the year, the preheater equipment showed the highest exergy destruction among all
components within the ORC system, with a magnitude of 1333 kW, while the lowest exergy
destruction was in the pump equipment, with a magnitude of 6 kW. The condenser equipment
followed closely behind, ranking second in terms of notable exergy degradation, with a
magnitude of 1204 kW. Hence, it is evident from the calculation results that there is
considerable potential for improvement in the preheater and condenser equipment. The exergy
efficiency of the equipment used in the ORC system at maximum performance for each month
over the course of the year is depicted in Figure 6.
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Figure 6. The equipment's exergy efficiency at its maximum performance for each month
throughout the year

Throughout the year, it is observed that the exergy efficiencies of the pump, preheater,
evaporator, superheater, and turbine do not undergo significant fluctuations, indicating that the
system operates as desired. However, it is noted that the condenser exhibits notably lower
exergy efficiency and exhibits more variability compared to the efficiencies of other equipment.
Therefore, there appears to be more potential for improvement in the condenser equipment,
offering the possibility of making the system more efficient. Additionally, decreases in exergy
efficiency are observed in May, August, and October, with efficiency values of 20.13%,
20.10%, and 20.13%, respectively. The efficiencies of the evaporator and superheater are found
to be very close to each other on a monthly basis. The superheater demonstrates a maximum
efficiency of 99.84% throughout the year, whereas the evaporator reaches a maximum
efficiency of 99.73%. The overall power produced by the ORC system and the exhaust gas heat
input from the sinter cooler stack at maximum performance for every month across the year is
depicted in Figure 7.
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Figure 7. The net power of the ORC system and the exhaust gas heat input from the sinter
cooler stack at maximum performance for every month across the year

From the graph, it was noted that as the exhaust gas heat input from the sintering system's cooler
stack increases, there is a linear rise in the overall power output. In August, a peak in both heat
input and variations in the net power were noticed owing to climatic conditions. The highest
achievable net power output of the ORC system at peak performance was 6645 kW in August
and 1367 kW in February. Throughout the year, the highest net power was obtained in July,
August, and September, while the lowest was in February, March, and April. With this system,
a total of 33374.563 MW of annual waste heat was recovered from the exhaust gases, out of a
total of 362531.076 MW released from the sinter cooler stack to the atmosphere over the year.
The average annual power consumption of the sinter plant's cooler system fans was calculated
to be 20539.400 MW. Waste energy recovery not only meets the electricity consumption of the
sinter cooler system fans but also leaves an excess of 62%, which accounts for approximately
18.3% of the sinter plant's annual energy demand. Therefore, the importance of heat recovery
in sinter cooler stacks is crucial for systems to generate own energy consumption. Heat recovery
in industrial facilities will contribute significantly to reducing emission rates and lowering new
investment costs. The efficiency of thermal and exergy in the ORC system at peak performance
for each month throughout the year is shown in Figure 8.
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Figure 8. The thermal and exergy efficiency of the ORC system at its maximum performance
for every month during the year

The maximum thermal and exergetic efficiencies of the ORC system performance for each
month have been analysed throughout the year. It is observed from the graph that the
efficiencies in both thermal and exergy are not constant and reach their highest levels during
the summer months. Particularly in the summer months, the high exhaust gas temperature of
the sintering system allows the turbine inlet pressure to reach higher levels due to the
thermophysical characteristics of the fluid, significantly affecting thermal and exergy
efficiency. The thermal efficiency peaks in August at 20.24%, while the exergy efficiency peaks
in September, reaching its highest value at 64%. Conversely, the thermal efficiency is lowest
in March at 14.48%, while the exergy efficiency is lowest in January at 54.92%.

4. Conclusion

As widely recognized, the choice of the process media employed in an ORC system is pivotal
for its thermodynamic efficiency. Therefore, choosing the suitable process medium before
system design can mitigate thermodynamic inefficiencies can lead to higher net power output
with reduced capital expenditures. In this investigation, the R123 fluid, anticipated to exhibit
optimal cycle conditions, has been employed. The research investigates multiple performance
parameters of the ORC, covering exergy efficiency, net thermal efficiency, as well as metrics
such as total power output, overall power, power consumed by the pump, and flow rates of
mass. These are analysed across different turbine inlet pressures and temperatures.
Thermodynamic parameters for each ORC component were sourced from Steag GmbH's
EBSILON® Professional software utilized thereafter to compute performance metrics using
thermodynamics' fundamental laws. This thorough optimization endeavour has produced
several significant findings:
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When examining the variation in flow rate of mass and power consumed by the pump
at maximum performance throughout the year for the ORC system, it's clear that the
pump's power consumption fluctuates throughout the year, peaking in July, August, and
September, as observed from the graph. Correspondingly, when the flow rate of mass is
121.49 kg/s, the pump power consumption is calculated to be 512 kW, while it reaches
520.7 kW when the mass flow rate is 120.87 kg/s. Furthermore, it was discovered that
when the mass flow rate is 119.1 kg/s, the pump's power consumption measures 497.36
kW. The fluctuation in the exhaust inlet temperature throughout the year impacts both
pump power consumption and the flow rates of mass.

When examining the degradation of exergy within the equipment used in the ORC
system at maximum performance throughout the year, it was noted that the preheater
equipment experienced the highest level of exergy destruction. The condenser
equipment followed closely behind, ranking second in terms of notable exergy
degradation, with a magnitude of 1204 kW. In contrast, the pump equipment exhibited
the lowest level of exergy destruction, with a magnitude of 6 kW. Therefore, it is evident
from the calculation results that there is considerable potential for improvement in the
preheater and condenser equipment.

It has been determined that the condenser's exergy efficiency is considerably lower and
more fluctuating compared to the efficiencies of other equipment. Therefore, it is
observed that there is a greater potential for improvement in the condenser equipment,
and there is a possibility of making the system more efficient.

Throughout the year, it was observed from the graph that as the exhaust gas thermal
input from the sintering system's cooling stack increased, there was a linear increase in
the overall power output of the ORC system. The highest net power was obtained during
July, August, and September, while the lowest was during February, March, and April.
For one year, this system facilitated the recycling of 33,374.56 MW of waste heat out
of a total 0f 362,531.08 MW released from the sinter cooling stack into the atmosphere.
The average annual power consumption of the sinter plant's cooling system fans was
calculated to be 20,539.40 MW. With waste energy recycling, not only does it cover the
electricity consumption of the sinter cooling system fans, but there is also an excess of
62% electricity. Additionally, this amount corresponds to roughly 18.3% of the total
yearly energy demand for the entire sinter plant.

Throughout the year, the efficiencies in both thermal and exergetic domains within the
ORC system at peak performance were examined for each month. It was observed from
the graph that both thermal and exergy efficiencies were not constant and reached their
highest levels during the summer months. Particularly in the summer months, the high
exhaust gas temperature of the sintering system and the fluid's capability to raise the
pressure at the turbine inlet to higher levels due to its thermophysical properties were
found to significantly affect both thermal and exergy efficiency. August saw the peak
thermal efficiency at 20.24%, whereas September marked the highest exergy efficiency
at 64%. Conversely, the least thermal efficiency was observed in March, standing at
14.48%, whereas the lowest exergy efficiency was observed in January at 54.92%.
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The ORC system is one of the most remarkable energy conversion systems among recovery
systems with low waste heat. It has become widespread in the iron and steel industry. In this
study, The analyzes were made considering that the sinter plant was operating continuously.
However, in real industrial processes, downtimes can be long. In future studies, an assisted
system will be designed and thermodynamic analysis of the ORC system will be carried out
against undesirable situations.
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Nomenclature
E exergy flow (kW)
GWP global warming potential
h enthalpy (kJ/kg)
m mass flow rate (kg/s)

ODP ozone depletion potential
ORC organic Rankine cycle

Q heat flow (kW)

P pressure (bar)

s entropy (kJ/kgK)

Ty ambient temperature (°C)
T temperature (°C)

w power (kW)

Greek letters

Y specific exergy (kJ/kg)
€ exergetic efficiency (%)
n thermal efficiency (%)
Subscripts

boil boiling

crit critical

cw cooling water

dest destruction

exh exhaust gas
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in inlet
max maximum
out exit
Pum pump
sur heat transfer surface
Tur turbine
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Abstract

In today's pervasive online landscape, the escalating threat of cyberbullying demands advanced detection and
mitigation tools. This study utilizes Natural Language Processing (NLP) techniques to confront this imperative
challenge, particularly in the dynamic realm of social media, focusing on tweets. A comprehensive NLP-based
classification methods is deployed to uncover instances of cyberbullying. Nine prominent machine learning
algorithms are meticulously evaluated: Logistic Regression, Decision Tree, Random Forest, Naive Bayes, K-
Nearest Neighbor, Support Vector Machine, XGBoost, AdaBoost, and Gradient Boosting. Through the analysis,
encompassing accuracy, precision, recall, and F1 score metrics, the study offers insights into the strengths and
limitations of each approach. The findings carry profound implications for online user safeguarding and
cyberbullying prevalence reduction. Notably, Random Forest and XGBoost classifiers emerge as pioneers with
accuracy rates of 93.34% and 93.32%, respectively. This comparative research underscores the pivotal role of
expert algorithmic choices in addressing the urgency of cyberbullying and has the potential to be a valuable
resource for academics and practitioners engaged in combatting this pressing societal issue.

Keywords: Cyberbullying, Machine Learning, Multi-Class Classification, Natural Language Processing

(NLP).

Siber Zorbalk Tespitinde NLP Tabanl Makine Ogrenimi Algoritmalarinin

Performans Analizi

Oz

Glinlimiiziin yaygin ¢evrimi¢i ortaminda, artan siber zorbalik tehdidi, gelismis tespit ve azaltma araclarmi
gerektirmektedir. Bu ¢aligma, 6zellikle sosyal medyanin dinamik diinyasinda, tweet'lere odaklanarak bu zorunlu
zorlukla yiizlesmek i¢in Dogal Dil Isleme (NLP) tekniklerinden yararlanmaktadir. Siber zorbalik érneklerini
ortaya ¢ikarmak igin kapsamli NLP tabanli smiflandirma yontemleri kullamlmistir. One ¢ikan dokuz makine
Ogrenimi algoritmast titizlikle degerlendirilmistir: Lojistik Regresyon, Karar Agaci, Rastgele Orman, Naive
Bayes, K-En Yakin Komsu, Destek Vektor Makinesi, XGBoost, AdaBoost ve Gradient Boosting. Dogruluk,
kesinlik, geri ¢agirma ve F1 puani metriklerini kapsayan analiz aracilifiyla ¢alisma, her yaklasimim giiglii
yonlerine ve sinirlamalaria dair i¢goriiler sunmaktadir. Bulgular, ¢evrimici kullanicilarin korunmasi ve siber
zorbaligin yayginliginin azaltilmasi konusunda derin etkiler tasgimaktadir. Ozellikle Random Forest ve XGBoost
simiflandiricilart sirastyla %93,34 ve %93,32 dogruluk oranlarryla oncii olarak ortaya c¢ikmustir. Bu
karsilasgtirmal1 arastirma, siber zorbaligin aciliyetine deginerek giiglii algoritmik segimlerin dnemli roliiniin
altin1 ¢izmekte ve bu acil toplumsal sorunla miicadele eden akademisyenler ve uygulayicilar ig¢in degerli bir
kaynak olma potansiyeline sahiptir.

Anahtar Kelimeler: Siber Zorbalik, Makine Ogrenimi, Cok Sinifl1 Siniflandirma, Dogal Dil Isleme (DDI).
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1. Introduction

Bullying is any physical or verbal behavior that one person does to another person. This
behavior is seen in almost every age group and is a serious social problem. On the other hand,
Cyberbullying is the behavior done with various communication tools used on the internet. This
type of behavior can be done in all kinds of social media, as well as frequently seen in social
media [1]. Cyberbullying, which has increased a lot in recent years, has become difficult to
prevent. Because the number of people using social media has increased considerably. Due to
the increasing number of users and inadequate detection systems, this behavior, which annoys
and humiliates other people, has unfortunately become unavoidable. There are two roles in
cyberbullying. One of them is the person who is cyberbullying, and the other is the person who
is suffering from this situation. Considering all types of cyberbullying, there may be various
reasons behind the behavior of the person doing this job [2]. According to Xu et.al., there are
many roles in cyberbullying: cyber bully, victim, accuser, advocate, reinforcer, bystander,
reporter and the helper [3]. In order to solve this problem, automatic systems can be developed
and relevant solutions can be created. Since written language is generally used in social media,
the solution to the problem can be provided by natural language processing. It is very important
to develop a system for detecting cyberbullying and for this system to prevent such bad events.
Because the expanding number of social media users includes all kinds of people. In such
systems, audits are usually carried out by a manager or a management team assigned to these
tasks. However, it is really difficult to audit manually as it is a very large auditing environment

[4].

One area that has seen extensive development over the years is natural language processing
(NLP). Within the field of Natural Language Processing (NLP), diverse syntactic structures
serve as pivotal tools for drawing conclusions or making assumptions in both multi-class and
single-class research contexts, encompassing domains such as emotional states and textual
representations of actions. Consequently, a myriad of scenarios emerges, each amenable to
multiple methodological approaches. Accordingly, the employment of NLP based machine
learning algorithms for classification purposes is deemed appropriate for scholarly inquiry. The
comprehension of human language entails a nuanced progression through distinct stages akin
to communicative interactions. These stages are systematically categorized to facilitate
comprehensive analysis [5]. Numerous prominent corporations have successfully developed
and implemented Natural Language Processing (NLP) systems, a trend that has witnessed
widespread adoption within industrialized frameworks in recent years. Consequently, NLP has
attained considerable reputation and effective, enabling the resolution of diverse challenges
through automated systems, thereby obviating the necessity for traditional one-on-one customer
service interactions and yielding notable time and cost savings. This paradigm shift has in turn
allowed increased investment in research and the refinement of NLP system capabilities [6].

There has also been a lot of work on cyberbullying and cyber violence [7]-[12]. While
conducting the literature research, the methods that can be considered as closer as possible were
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emphasized with the study conducted in order to make comparisons. The study mainly includes
datasets and the methods used, as well as performance evaluation.

In a study conducted for the detection of cyberbullying, 5453 tweets were tried to be made and
a classification process was carried out by examining various variations such as baseline,
personalities, emotion and sentiment. Values such as accuracy, fl-score, AUC were used as
evaluation metrics. As a result of the study, about 90% success was achieved and the
classification process was carried out. With the addition of an extended feature and the pre-
processing processes applied, the result has been improved [13]. Another study conducted in
2019, dataset was taken from the site called Kaggle and the data obtained includes texts written
on cyberbullying made on social media. The data was labelled and classified as cyberbullying
or not cyberbullying, SVM and neural network were used for classification. It was determined
that the neural network gave better results. Considering the scores obtained in the neural
network in the 2-gram, 3-gram and 4-gram results, success rates above 90% were obtained [14].
Raza et al studied a dataset on the activities of PTA members on their website for cyberbullying
in Japan. Using many machine learning methods for classification, the highest results were
found with logistic regression to 82.7%. They then increased their success rate to 84.4% using
supervised machine learning. In the study, it is stated that the main factor that leads to success
is the voting classifier [15]. As another example of cyberbullying, pre-processing has been done
for machine learning-based detection. Here, stop-word, repeating letters, punctuation,
tokenization, Vector Space Model are used. In this way, the preliminary preparation necessary
for the dataset to be evaluated, that is, for its classification, has been completed. The
classification in the dataset has three classes that it is divided into positive, neutral and negative.
Machine learning types used for classification are also SVM and Naive Bayes. As a result of
the study, it is seen that the highest success rates are 89.54% in SVM and 73.03% in Naive
Bayes [16]. Using multilingual data, [17] suggested a tailored deep network model to recognize
and promote optimism in comments. Their approach obtained macro F1 scores of 75% for
English, 62% for Tamil, and 67% for Malayalam using the CNN model by combining
embedding from T5-Sentence. In another study the experiments made use of four deep learning
models: RNN, LSTM, GRU, and BLSTM. In comparison to RNN, LSTM, and GRU, the
BLSTM model was achieved the highest accuracy (82.18%) and the highest F1-measure score
(88%) [18].

2. Material and Methods

Nine different machine learning algorithms were used in the study and the main purpose is to
use too many algorithms and to determine which algorithm works better in such problems. It is
inevitable to see what kind of results are obtained in a multi-class structure used in the dataset,
and it will shed light when using it for other datasets. While evaluating the various classes in
the dataset, both the display of weighted results and their performance on a class basis are
shown. The dataset was taken from Twitter, which contains a large amount of data and is
labeled. This data set has a 5-class structure and is multi-class. Since the classes are almost
equal to each other, they are in a better position to give the results of the study. In the study, it

447



Performance Analysis of NLP-Based Machine Learning Algorithms in Cyberbullying Detection

was used in pure form without any changes with the data. Then, using NLP methods, the texts
in the dataset were made suitable for working with pre-processing.

After the pre-processing processes, a wide variety of machine learning methods were used to
classify the dataset using machine learning methods. Here, a multi-class dataset has been
classified using many machine learning methods and the methods have been compared. No
parameter changes were made in the machine learning methods used here and default values
were used. Better results are likely to be found by performing cross-validation. What is seen as
important here is to show which machine learning method performs better.

The data set used in the study consists of tweets taken from Twitter. It contains 47 thousand
tweets in total. The reason for choosing this data set is that multiple classes are evenly
distributed in the data set. The dataset was accessed via the Kaggle site [19], [20]. Tweets
related to cyberbullying were collected and labelled in the dataset. There is a balanced
classification distribution, approximately 8 thousand of each class. You can see the percentage
representation of the distribution in Figure 1.

ethnicity not_cyberbuillying

gender

religion

Figure 1. Distribution of classes in the dataset.

The dataset includes a total of 5 classes: ethnicity, religion, gender, age and not_cyberbullying.
Since it is not appropriate to share the word cloud content in the data, it is not included in the
article. Basic pre-processing techniques used in natural language processing are used. Then,
this data was divided into train and test sets and tested with many different machine learning
algorithms. The flowchart of the study is given in Figure 2.

3%
—p| Test

ol Train - Machine _Learning | .| Evaluation
T0% Algorithms
Pre-processing Classification

Figure 2. Flowchart of the study.
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2.1. Pre-processing

This section employs classical natural language processing methods, as certain preliminary
operations are requisite for accurate sentence classification within the dataset, thereby
influencing the overall success of the classification endeavor. Specifically, the Natural
Language Toolkit (NLTK) was employed for preprocessing tasks in the study [21]. NLTK, a
comprehensive library, facilitates various operations including but not limited to eliminating
redundant letters within sentences, performing lemmatization, and conducting tokenization
procedures [22]. Due to its comprehensive features, NLTK is extensively utilized in various
applications. The pre-processing methods employed in the study encompass:

e Lower text: Convert all text to lowercase. This is done to ensure uniformity and avoid the
model treating uppercase and lowercase versions of the same word differently.

e Tokenize text [20] and remove punctation: Tokenization involves breaking down the text
into individual words or tokens. Punctuation removal involves eliminating punctuation
marks from the text. This step helps in creating a clean and standardized set of words.

e Remove words that contain numbers: This step is often performed to focus on the textual
content and remove any alphanumeric characters.

e Remove stop words: Stop words are common words (e.g., "and", "the", "is") that are often
removed from text data because they don't carry significant meaning for certain types of
analysis. Removing them can reduce noise in the data.

e Remove empty tokens: This step involves removing any empty tokens that might result from
tokenization or other preprocessing steps. These empty tokens do not contribute to the
analysis and need to be discarded.

e Lemmatized text: Lemmatization involves reducing words to their base or root form. For
example, "running" would be lemmatized to "run." This step helps in reducing words to their
core meaning and can improve the consistency of the dataset.

e Remove words with only one letter. Such words are often considered less informative and
might not contribute much to the analysis.

These methods are commonly employed to clean and prepare text data for analysis. The pre-
processing methods involved in preparing textual data prior to submitting it to machine learning
techniques are intended to produce a purer and more uniform dataset, thereby enhancing its
suitability for computational processing. These measures include removing unwanted
characters, normalizing the text, and converting all words into lowercase. Depending on the
unique features of the data and the objectives of the investigation, these methods may vary. To
transform the text information into numerical vectors amenable to machine learning models,
TFIDF (Term Frequency-Inverse Document Frequency) transformation is then applied before
exporting the prepared data to the algorithm [14].

2.2. Machine Learning Algorithms

Machine learning algorithms have been broadened to be widely evaluated. While evaluating
machine learning in the study, both class-based achievements and weighted average results
were shared. Machine learning algorithms are concluded with default values. Therefore, it is
likely that better performances will emerge if the studies to be carried out are worked on. The
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main purpose here is to reveal which algorithms should be used to approach the results in this
problem and to solve the problem. Machine learning algorithms used in the study:

Logistic Regression (LR): Logistic Regression is a statistical and machine learning
algorithm used for binary classification tasks, where the goal is to predict one of two
possible outcomes (usually denoted as 0 and 1, or "negative" and "positive"). It's called
"logistic" because it uses the logistic function (also known as the sigmoid function) to
model the probability of the binary outcome. Logistic Regression is widely used in various
fields, including healthcare (disease diagnosis), marketing (customer churn prediction),
and natural language processing (sentiment analysis) [23]-[25].

Decision Tree Classifier (DTC): Decision Trees are a popular machine learning algorithm
used for both classification and regression tasks. They are a powerful and interpretable
model that makes decisions by recursively splitting the data into subsets based on the most
significant features. Each split is based on a decision rule, creating a tree-like structure,
hence the name "Decision Tree" [26], [27].

Random Forest Classifier (RFC): Random Forest is an ensemble machine learning
algorithm that is widely used for both classification and regression tasks. It is built upon
the foundation of Decision Trees and offers several advantages, including improved
accuracy and reduced overfitting [28]-[31].

Naive Bayes (NB): Naive Bayes is a simple yet effective probabilistic machine learning
technique that is used for classification and, to a lesser extent, regression applications. It is
founded on Bayes' theorem and makes the "naive" assumption of feature independence,
which simplifies modeling and probability calculation [32]-[34].

K- Nearest Neighbor (K-NN): A straightforward and user-friendly supervised machine
learning technique for classification and regression applications is the k-Nearest Neighbors
(K-NN) algorithm. Being a non-parametric method, it bases its predictions on how similar
the data points in the training dataset are to one another. Based on the dominant class or
average value of a data point's k-nearest neighbors, K-NN is used to categorize it or create
a regression forecast [35], [36].

Extreme Gradient Boosting-XGBoost (XGB): The class of gradient boosting algorithms
includes sophisticated and extremely effective machine learning techniques like XGBoost.
It is frequently employed for both classification and regression problems, and winning
machine learning challenges on websites like Kaggle has often relied on it. XGBoost is
renowned for its quickness, precision, and capacity for handling large, complicated datasets
[37], [38]

Support Vector Machine (SVM): An effective and flexible machine learning approach
called SVM is utilized for both classification and regression problems. When needing to
determine a distinct border (hyperplane) between two classes or making predictions using
sparse data, SVMs are especially useful [39].

AdaBoost Classifier (ABC): AdaBoost, which stands for Adaptive Boosting, is an
ensemble learning method primarily used for classification tasks. AdaBoost is known for
its ability to improve the accuracy of weak learners (classifiers with limited predictive
power) by combining them into a strong ensemble model. The algorithm adapts and assigns
more weight to data points that are misclassified by previous weak learners [40]-[42].
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e Gradient Boosting Classifier (GBC): Gradient Boosting is an effective ensemble learning
technique that may be utilized for classification and regression applications. Gradient
Boosting Classifier, a subset of this approach, focuses on classification challenges. It
creates a powerful ensemble model by pooling the predictions of numerous weak learners
(usually decision trees). The term "gradient" refers to the optimization of a cost function
by gradient descent [43], [44].

Since many articles on how the machine learning methods used work are given with their
formulas and usage logic, in this study only the scanned publications are shown by citing the
researched articles. For detailed information, you can refer to the related articles. Since all these
methods are used in the study and a multi-class dataset is used, both the class-based
performance results and the weighted total performances of all of them are given.

2.3. Evaluation Metrics

Some performance metrics are needed to see how well machine learning techniques are working
in the study. In this wayj, it is possible to make a comparison about which method works better
than which method. The method to be used may not always be the highest accuracy value.
Different algorithms that are problem and result-oriented can also be selected. The metrics used
in the study are as follows:

TP+ TN
TP+FP+TN+FN

(1)

Accuracy =

2 % Precision * Recall
F1 — score = (2)

Precision + Recall

TP

Precision = 3)
TP+FP
Recall = —=~ (4)
TP+FN

Accuracy (1) measures the proportion of correct predictions out of all predictions made by the
model. It is a straightforward and intuitive metric, but it may not be the best choice when dealing
with imbalanced datasets (datasets where one class is much more frequent than the other). In
imbalanced datasets, a high accuracy can be misleading because the model may simply predict
the majority class most of the time. The harmonic mean of precision and recall values is
expressed by the Fl-score (2). When measuring a model's performance, it offers a fair
assessment that considers both false positives and false negatives. When trying to balance recall
and precision, the F1 Score is especially helpful. When the cost of false positives and false
negatives differs, it is a useful metric to employ. Precision (3), also known as Positive Predictive
Value, is the fraction of true positive predictions (positive instances properly predicted by the
model) out of all positive instances projected by the model. Precision indicates how well your
model performs when it predicts a positive class and aids in the reduction of false positives. In
simple terms, it measures the accuracy of the model's positive predictions. Recall (4), also
known as Sensitivity or True Positive Rate, measures the proportion of true positive predictions
out of all actual positive instances in the dataset. Recall tells how well the model captures
positive instances, and it helps to minimize false negatives. In other words, it is a measure of
how effectively the model can find all the positive instances [45]. To calculate all these
parameters, a Confusion Matrix must be developed. A classification model's performance can
be evaluated using a crucial tool called a confusion matrix, which is a tabular representation of
the model's predictions against the actual outcomes for a given dataset. The accuracy of the
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model and its ability to distinguish between different classes are determined by analyzing this
matrix. It's a critical tool for evaluating the effectiveness of a classification model and knowing
how well it classifies data items. The confusion matrix gives information about the accuracy,
precision, recall, and other performance measures of the model. Receiver Operating
Characteristic (ROC) curve is a graphical representation used to assess the performance of
binary classification models, particularly when determining the trade-off between the true
positive rate and the false positive rate at different classification thresholds. ROC curves are
commonly used in machine learning and statistics to comprehend a model's discriminative
capability and to compare the performance of various classifiers.

3. Results and Discussion

Since many different machine learning methods were used in the study, instead of giving the
results of all of them one by one, they were given in combination. The order of giving is random
and independent of the height of success. The class labels shown in the study are as follows:
not_cyberbullying: 0, gender: 1, religion: 2, age: 3, ethnicity: 4.

Table 1 displays the results of the evaluation metrics for each class and Figure 3 depicts the
confusion matrices and ROC curves of nine machine learning methods employed in the study.

Table 1. Evaluation Metrics Results of Methods.

Accuracy Precision  Recall ~ F1-Score Support

Classifier Classes (%) (%) (%) (%)
not-cyberbullying 88,93 78,75 88,93 83,53 2375
3 .§ gender 85,15 95,10 85,15 89,85 2371
é" g) religion 94,51 96,28 94,51 95,39 2439
-2 age 96,08 96,28 96,08 96,18 2399
ethnicity 97,72 98,09 97,72 97,90 2366
8 not-cyberbullying 83,12 80,80 83,12 81,94 2375
= gender 87,05 88,81 87,05 87,92 2371
.5 religion 94,26 94,53 94,26 94,40 2439
§ age 96,62 96,78 96,62 96,70 2399
A ethnicity 97,25 97,67 97,25 97,46 2366
not-cyberbullying 89,77 81,16 89,77 85,25 2375
g - gender 84,23 94,55 84,23 89,09 2371
b % religion 96,27 95,37 96,27 95,82 2439
& = age 97,62 98,07 97,62 97,85 2399
ethnicity 98,69 98,90 98,69 98,79 2366
" not-cyberbullying 88,93 77,42 88,93 82,77 2375
Z% gender 79,76 93,38 79,76 86,03 2371
% religion 94,38 93,01 94,38 93,69 2439
’E age 96,71 96,95 96,71 96,83 2399
g ethnicity 94,72 96,22 94,72 95,46 2366
not-cyberbullying 95,16 21,65 95,16 35,28 2375
gender 16,87 48,37 16,87 25,02 2371
% religion 2,79 87,18 2,79 5,40 2439
M age 7,04 97,13 7,04 13,14 2399
ethnicity 18,22 99,31 18,22 30,79 2366
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not-cyberbullying 90,53 80,19 90,53 85,05 2375

Z gender 85,20 94,75 85,20 89,72 2371
A religion 94,96 96,14 94,96 95,54 2439
g age 97,21 98,31 97,21 97,76 2399
ethnicity 98,65 99,07 98,65 98,86 2366
not-cyberbullying 89,52 78,02 89,52 83,37 2375

gender 83,55 95,79 83,55 89,25 2371

E religion 94,42 96,24 94,42 95,32 2439
“ age 96,79 96,03 96,79 96,41 2399
ethnicity 97,72 98,55 97,72 98,13 2366
not-cyberbullying 88,34 72,87 88,34 79,86 2375

Z gender 76,13 96,11 76,13 84,96 2371
t:clz religion 92,91 94,89 92,91 93,89 2439
2 age 96,96 95,29 96,96 96,12 2399
ethnicity 97,55 97,63 97,55 97,59 2366
not-cyberbullying 92,21 76,36 92,21 83,54 2375

E %’3 gender 82,58 95,89 82,58 88,74 2371
=z religion 92,78 96,18 92,78 94,45 2439
S A age 96,50 98,97 96,50 97,72 2399
ethnicity 98,14 98,89 98,14 98,52 2366

There are deviations in the findings of the not_cyberbullying class in the Logistic Regression
and Decision Tree classifier results. Other classes have obviously demonstrated significant
levels of accomplishment. The confusion matrix and ROC curve of Logistic Regression and
Decision Tree is given in Figure 3 (i) and (ii) respectively. Random Forest classifier
outperforms all other classifiers in terms of accuracy with 93,34% (Figure 3 (iii)). Naive Bayes
shows that while it is expected to give better results in statistical results, it can also give good
results in this problem. It makes sense to think that this may have value in terms of statistical
approach and can be used as a detail to consider when performing feature extraction. Naive
Bayes' results are given in Table 1 and confusion matrix and ROC curve in Figure 3 (iv). Naive
Bayes is often used in the solution of statistical data due to its speed and simple use. However,
since there 1s not much statistical data in the study, it is a little behind. One of the reasons for
using it in the study is the thought that it will be useful in comparison with other studies since
it is a frequently preferred algorithm. Surprisingly, the KNN algorithm produced really poor
results (Figure 3 (v)). The results were extremely poor, of a type that might produce almost
entirely misleading results. This demonstrates that an algorithm must be employed to solve this
problem. XGBoost, which is commonly employed because it produces good results in machine
learning competitions, produced the highest and best outcomes of any machine learning
algorithm utilized in the study. It was the algorithm with the second highest accuracy, earning
a score of 93.32% (Figure 3 (vi)).

The Support Vector Machine algorithm was 92.42% accurate (Figure 3 (vii)). However, in
terms of processing time, the model must be able to run for extended periods of time. This time
is substantially shorter in other algorithms. As a result, instead of using this model, it would be
more accurate to use other machine learning techniques. AdaBoost is a versatile and successful
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method that is often utilized in real-world applications like face detection and text

categorization. The findings of the not-cyberbullying class have lower results than other classes
(Figure 3 (viii)). Gradient Boosting is a powerful ensemble method that often outperforms
AdaBoost. The confusion matrix and ROC curve of Gradient Boosting is given in Figure 3 (ix).

1

ROC Curver

Figure 3. Confusion matrix (a) and ROC curve (b) of algorithms: (i) Logistic Regression, (ii)
Decision Tree, (ii1) Random Forest, (iv) Naive Bayes, (v) K-NN, (vi) XGBoost, (vii) SVM,
(viii) Adabooost, (ix) Gradient Boosting.

Table 1 previously provided the success metrics of the classifiers for five classes. Table 2 also
displays the weighted metric findings for each classifier employed in the study. The authentic
accuracy levels of all of the five classes are represented by these weighted metrics in Table 2.
When all of the results are compared, the Random Forest and XGBoost algorithms yield the
best accuracy. Due of its high success rate, XGBoost has been utilized a lot in recent years.
Researchers frequently utilize it because of its capacity to classify large amounts of data quickly
and efficiently. Weighted accuracy value was found 93,32% with XGBoost and 93,34% with
Random Forest. The highest precision value was found in XGBoost, which is 93,71%. The
highest recall value was on Random Forest at 93,34% and followed by XGBoost at 93.32%.
The F1-Score metric shows the harmonic mean of precision and recall values. A high F1-Score
indicates that both precision and recall are balanced. The XGBoost model has the highest F1 -
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Score with 93,40%. The method with the lowest results is KNN with 27.85% weighted
accuracy.

In terms of F1-Score, XGBoost slightly outperforms Random Forest (93.40% vs. 93.38%).
Because of its adaptability, speed, and performance, XGBoost has become a go-to solution for
many machine learning practitioners. It is especially well-suited for structured data and is
frequently utilized in real-world applications across multiple areas. Random Forest is a versatile
and powerful algorithm that is widely employed in a wide range of applications.

Table 2. Weighted metric results of all classifiers.

Classifier Accuracy Precision Recall F1-Score
(o) (o) (o) (o)
Logistic Regression 92,49 92,92 92,49 92,59
Decision Tree 91,68 91,74 91,68 91,71
Random Forest 93,34 93,62 93,34 93,38
Naive Bayes 90,93 91,41 90,93 90,98
K-NN 27,85 70,85 27,85 21,81
XGBoost 93,32 93,71 93,32 93,40
SVM 92,42 92,94 92,42 92,52
AdaBoost 90,40 91,38 90,40 90,51
Gradient Boosting 92,45 93,28 92,45 92,61

Many machine learning algorithms have been included in the study and have been examined in
many ways. The studies were aimed to find a result such as which one should be preferred for
this problem. It sheds light on how subsequent similar problems should be solved with which
algorithms. Default values were used intentionally in the study so that it was possible to observe
which algorithm was better in a fundamental sense.

4. Conclusion

A large-scale dataset related to cyberbullying was discussed in the study. The dataset consists
of five different classes. The distribution of the classes in the dataset is roughly equal. This
makes it possible to more accurately assess how the study affected the overall success. There is
no missing or unlabeled data in the dataset. As a result, neither additions nor subtraction were
required. Feature extraction was done prior to the dataset being inserted into machine learning
algorithms. For natural language processing tasks like tokenization and lower case, this
procedure is widely utilized. It is a process that simplifies the tweets and ensures that the
processes yield better results. It was then fed into machine learning algorithms after the required
preparations were finished. Numerous machine learning algorithms were contrasted and
discussed among themselves. It was determined that the Random Forest Classifier and
XGBoost algorithms had the best success rates.
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Random Forest is an ensemble learning model that trains many decision trees independently on
subsets of the data. The final predictions are made by averaging or taking the majority of the
predictions from individual trees. XGBoost similarly is an ensemble learning model, but it
builds trees sequentially and focuses on correcting what previous trees have learned. It operates
using the gradient boosting method and iteratively works to optimize the loss function.
XGBoost tends to be faster than Random Forest. The sequential learning approach of gradient
boosting can make the error reduction process more efficient. However, both models perform
well on large datasets and in high-dimensional feature spaces. XGBoost provides more
hyperparameter tuning options, allowing for better customization of the model. This provides
flexibility but may require more attention. Random Forest generally requires fewer parameter
adjustments and is simpler to use. Random Forest often exhibits a tendency towards overfitting,
especially when including a large number of trees. XGBoost includes regularization terms and
adjustments for tree size, providing better control over overfitting.

It was focused on vectorizing words, utilizing TFIDF to concentrate on the syntactic features
of the words. However, future studies could enhance this approach by incorporating various
word embedding methods such as word2vec, fastText, and GloVe, which consider the semantic
properties of words. Additionally, integrating deep learning networks could provide more
robust and comparable results. Similarly, the classification performance of large language
models could be evaluated.

The goal of the study is to identify the optimal algorithmic technique for this particular problem,
which is why numerous machine learning algorithms are used. This makes it possible to decide
which algorithm to concentrate on when carrying out improvement experiments. Default
parameters were utilized while applying machine learning methods. Based on weighted metrics,
the Random Forest algorithm had the greatest Accuracy of 93,34% and the XGBoost algorithm
had the highest F1 score of 93,4%. In general, all algorithms were discussed and the best one
was revealed in the study.

In conclusion, both models demonstrate strong performance, but the choice between them
depends on the specific application and dataset. While Random Forest may be simpler to use,
XGBoost offers more parameter tuning options and often achieves higher performance.
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Abstract

In this study, 25,27-dihydroxy-26,28-bis(ethoxycarbonylbutyoxy)-5,11,17,23-p-tert-butylcalix[4]arene was
used as an ionophore for the preparation of a novel all-solid-state type microsensor to make a selective
potentiometric response towards Cu(Il) ions. The optimum membrane composition of the microsensor was
determined as 2% (w/w) ionophore, 67% (w/w) bis (2-ethylhexyl) sebacate (DOS), 30% (w/w)
polyvinylchloride (PVC), and 1%(w/w) potassium tetrakis 4-chlorophenyl borate (KTpCIPB). All-solid-state
PVC-membrane Cu(Il)-selective microsensor exhibited a highly selective Nernstian response of 31.3+2.1 mV
slope (R?>= 0.997) with a short response time (<15 s) over the concentration range of 10~ to 107! mol L™! of
Cu(1l) ions for 8 weeks with no significant difference in potentials. The microsensor was effectively performed
in the pH range of 5.0-8.0, with a low detection limit of 7.67x10"*mol L ™!, and a temperature range of 15-40
°C. The prepared microsensor was successfully used both as an indicator electrode in the potentiometric titration
of Cu(Il) ions with EDTA and also in the determination of the Cu(Il) content of environmental water samples.
When the potentiometric results were compared with ICP-OES, they were found to be in good agreement with
ICP-OES results at a 95% confidence level.

Keywords: Calixarene, all-solid-state, ion-selective sensor, copper, PVC membrane

Yeni Tip Kaliks[4]aren Temelli Biitiiniiyle Kati-Hal PVC-Membran Cu(II)-Segici

Potansiyometrik Mikrosensor

Oz

Bu calismada, 25,27-dihidroksi-26,28-bis(etoksikarbonilbutyoksi)-5,11,17,23-p-tert-butilkaliks[4]aren  bilesigi
Cu(Il) iyonlarina kars1 segici bir potansiyometrik yanit elde etmek i¢in biitliniiyle kat1 hal kontak yeni tip mikrosensor
hazirlanmasinda iyonofor olarak kullanilmigtir. Mikrosensdriin optimum membran bilesimi %2 (a/a) iyonofor, %67
(a/a) bis (2-etilheksil) sebakat (DOS), %30 (a/a) polivinilkloriir (PVC) ve %67 (a/a) bis (2-etilheksil) sebakat (DOS)
olarak belirlenmistir. Biitiinliyle kati-hal PVC-membran Cu(Il)-se¢ici mikrosensor, 8 hafta boyunca potansiyellerde
dnemli bir fark olmadan Cu(II) iyonlarma 107> - 10 'mol L™ konsantrasyon araliginda kisa yanit siiresi (<15 s) ve
31,3£2,1 mV egim ile (R*= 0,997) oldukea segici bir Nernst yaniti sergilemistir. Mikrosensor, 7.67x10 % mol L™! gibi
diisiik tayin smiri, 15—40 °C sicaklik ve pH 5,0-8,0 araliginda etkili bir performans sergilemistir. Hazirlanan
mikrosensér hem Cu(Il) iyonlarinin EDTA ile potansiyometrik titrasyonunda indikator elektrot olarak hem de
cevresel su orneklerinin Cu(Il) igeriginin belirlenmesinde bagartyla kullanilmistir. Elde edilen potansiyometrik
sonuglar ICP-OES ile karsilastirildiginda %95 giiven diizeyinde iyi uyum igerisinde oldugu goriilmiistiir.

Anahtar Kelimeler: Kaliksaren, kat1 hal kontak, iyon segici sensor, bakir, PVC membran
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Calix[4]Arene Derivative

1. Introduction

Potentiometry based on ion-selective electrodes (ISEs), which are one of the electroanalytical
methods that have attracted the increasing attention of researchers for a long time due to their
advantages such as rapid response, broad dynamic range, low detection limit, procedure, cost-
effectiveness, simple instrumentation, preparation, and reasonable selectivity [1, 2].
Potentiometry-based sensors are preferred in many different fields such as determining the
qualitative and quantitative analyses of various inorganic and organic ions, medical drug
analyses, industrial analyses, environmental monitoring and routine laboratory analyses [3].
Chemical or ion sensors are widely used in sample analysis because they provide rapid results
and are suitable for all minimum concentrations and on-line monitoring without requiring any
sample pre-treatment [4-6]. Calixarenes, considered third-generation supramolecules, have
been used as receptors to identify various ions due to their remarkable ability to construct host-
guest type complexes [7, 8]. Besides, their easy synthesis and tailor made functionalization have
attracted an intense interest of chemists. In this sense, so far calixarenes have been successfully
used effective ionophores for many kinds of guest such as metal cations, anions and neutral
molecules [9-11]. Additionally, calixarenes have electron-rich internal cavities and can form
complexes with metal ions of compatible sizes through dipole-dipole interaction.
Electrochemical techniques have gained much attention recently established the use of
calixarenes for heavy metal identification in the field of electroanalysis in the late 80s,
especially for the development of ion-selective electrodes. The use of calixarenes in electrodes
was expanded to various electrodes using various electroanalytical techniques in the following
years. Calixarene derivatives have unique properties in material chemistry [4, 12].

Copper is an element that is quite common in nature, both in metallic form and in various ores
and minerals. It can also be found as both complex and solid particles in various types of water,
such as groundwater, surface water, seawater, and drinking water [13]. Foods such as seafood
and offal, mushrooms, grains and nuts can be listed to meet the need for copper in the human
diet. Besides, in addition to these nutrients, a large portion of copper (about 25%) is provided
to the human body from drinking water. Copper is a micronutrient essential for the proper
functioning of living organisms, but in excess amounts it is toxic and hazardous to health. At
the same time, the copper element takes part in many physiological processes, is involved in
the synthesis of neuropeptides, has an immunological function and is a cofactor of many redox
enzymes. While copper deficiency causes disorders in the functioning of the circulatory system
and central nervous system, its excess can cause dysfunctions in the functioning of the internal
organs and digestive system, as well as many side effects such as dizziness, nausea, muscle and
abdominal pain [14, 15].

Due to the toxic effects of copper element on human and environmental health, it is very
important to determine it in different samples. Different analytical methods can be used to
determine Cu(II) ion concentration levels, such as inductively coupled plasma optical emission
spectroscopy, inductively coupled plasma mass spectroscopy, high-performance liquid
chromatography, atomic absorption spectrometry, and anodic stripping voltammetry [16-18].
Listed analytical methods; It cannot be preferred in routine analyzes due to its high costs,
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requiring sample pre-treatment and trained personnel, and high energy and time consumption
[19-21].

In the present study, a novel potentiometric Cu(Il)-selective microsensor, that is an all-solid-
state PVC-membrane type, was designed using calix[4]arene derivative as an ionophore. The
performance characteristics such as limit of detection, linearity, slope with standard deviation,
response time, selectivity, repeatability, reproducibility, pH, temperature ranges of the
microsensor were investigated in detail. The microsensor was successfully used for Cu(Il)
contents of some environmental water samples. The potentiometric results were compared with
ICP-OES and it was seen that the results were in good harmony with the ICP-OES results at a
confidence level of 95%.

2. Experimental
2.1. Chemicals

Tetrahydrofuran (THF), high molecular weight polyvinylchloride (PVC), o-nitrophenyl octyl
ether (NPOE), bis(2-ethylhexyl) sebacate (DOS), dibutyl sebacate (DBS), potassium tetrakis
(4-chlorophenyl) borate (KTpCIPB), disodium ethylenediaminetetraacetate dihydrate (EDTA-
Nay), graphite, solvents, and all other salts were purchased from Sigma-Aldrich and used
without further purification. Ultrapure SU 2227 as an epoxy resin and Desmodur RFE as a
hardener were obtained from Victor and Bayer AG, respectively.

2.2. Apparatus

Potential measurements were made using a computer-programmed and multi-channel
potentiometric system. A silver/silver chloride electrode (Basi-MF-2079-RE-5B) was used as
a reference electrode for potential measurements. Shimadzu (Model AUX220) analytical scale
was used in weighing operations. The pH values of the solutions were adjusted by using a
Jenway 3040 model Ion Analyser. Deionized water was obtained from Sartorius Stedim
(Arium*611UV) deionized water (18.6 MQ) deionization system. Shimadzu (Model AUX220)
analytical scale was used in weighing operations. Metformin molecules were removal from the
polymer using a Memmer (GmbH + Co. KG D.91126 Typ: WNB 14) shaker. Weighing
operations were performed using an analytical balance from Shimadzu (model AUX220). a
Hitachi SU 1510 model instrument was used for Scanning Electron Microscopy (SEM)
analysis. Spectro Blue II model instrument was used Inductively Coupled Plasma-Optical
Emission Spectrometry (ICP-OES) analysis. All solutions were prepared using ultra-pure water
from a Milli-Q (Millipore Corp.).

2.3. Synthesis of the Calixarene-based ionophore

The calixarene-based ionophore (25,27-dihydroxy-26,28-bis(ethoxycarbonylbutyoxy)-
5,11,17,23-p-tert-butylcalix[4]arene (2)) shown in Figure 1 was synthesized according to the
literature procedures [11].
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Yield; 44%, mp: 177-180 °C. "H-NMR (400 MHz, CDCls): 8(ppm) 7.49 (s, 2H, -OH), 7.04 (s,
4H, ArH), 6.80 (s, 4H, ArH), 4.26 (d, 4H, J = 12.8 Hz, Ar-CHa-Ar), 4.15 (q, 4H, J= 7.2 Hz, -
OCHb), 3.99 (t, 4H, J = 5.6 Hz, -OCHb), 3.30 (d, 4H, J = 12.8 Hz, Ar-CH,-Ar), 2.48 (t, 4H, J =
6.8 Hz, -CHa), 2.06-2.0 (m, 8H, -CHa-), 1.28 (s, 18H, Bu'), 1.26 (t, 6H, J= 6.8 Hz, -CHs), 0.97
(s, 18H, Bu'); '*C-NMR (100 MHz, CDCls): 8(ppm) 173.65 (C=0), 150.94, 150.10, 147.00,
141.58, 132.85, 127.97, 125.69, 125.26, 76.07, 60.49, 34.16, 34.03, 31.93, 31.26, 29.60, 21.75,
14.45.

K,COs3

OH
(1) o

D

()

Figure 1. Synthesis scheme of 25,27- dihydroxy -26,28-bis(ethoxycarbonylbutyl-4-yl-oxy)-
5,11,17,23-p-ter-butylcalix[4]arene

2.4. Fabrication of Cu(II)-Selective Microsensor

The Cu(II)-selective microsensor used in the study was produced according to the procedures
described in our previous studies [22]. The microsensor was generally manufactured in two
steps. In the first stage, a mixture of solid contacts consisting of 50% (w/w) graphite, 35% (W/w)
epoxy and 15% (w/w) hardener in THF was prepared. Then a copper wire with a length of 10
mm and a radius of approximately 0.2 mm was dipped into the prepared solid contact mixture
several times until a coating thickness of approximately 0.5 mm was obtained, and then the
copper wire was left at room temperature for one day. In the second stage, ion selective
membrane cocktail consisting of 2-4% (w/w) ionophore (dispersed in the cocktail), 28-30%
(w/w) PVC, 1% (w/w) KTpCIPB, and 67-69% (w/w) plasticizer (NPOE, DOS or DBS) was
prepared in 2.5 mL THF. The surface of the solid contacts obtained in the first step was coated
with this cocktail three or four times and then covered with an ion-selective membrane. The
microsensor was left to dry for one day under laboratory conditions. Finally, the dried
membrane sensor was soaked in 10 mol.L" Cu(NO;). solution for at least 12 hours for
conditioning purposes before use in measurements.
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3. Results and Discussions

In order to test the potentiometric properties of the Cu(Il)-selective microsensor; parameters
such as calibration curve, linear working range, detection limit, repeatability, pH range,
response time, selectivity and ratio of membrane components were studied. For this purpose,
different PVC-membrane mixtures were prepared and their potentiometric properties were
tested according to [IUPAC recommendations [23].

3.1. Membrane Composition

Ionophore, plasticizer and polymer types and amounts are important parameters that affect the
performance of the potentiometric sensor. Therefore, the effects of the ion-selective membrane
composition, which significantly affects the sensitivity and selectivity of the sensor, the nature
and amount of the plasticizer, and the amount of the lipophilic additive (KTpCIPB), on the
potential performances of Cu(Il)-selective microsensor were investigated in detail. The results
are shown in Table 1. Plasticizers containing NPOE, DOS and DBS, which are common PVC
membrane solvents, were also examined. Membrane No-I prepared based on DOS plasticizer
exhibited better potentiometric properties in terms of linear range and detection limit compared
to other.

Table 1. Potentiometric performance characteristics of Cu(Il)-selective microsensor

Composition of Membrane (% w/w) Potentiometric Properties
No Slope Linear Detection
PVC NPOE DOS DBS KTCIPB Ionophore (rn\I; /decade) range limit
mol.L" mol.L"
ecade L L
I 30 67 - - 1 2 26.9+1.8 1010 5.7x107°
II 30 - 67 - 1 2 31.3£2.1 10-3-10"! 7.6x107
m 30 - - 67 1 2 27.4+1.7 103-10"! 6.3x10°°
v 28 67 - - 1 4 27.3+1.6 1010 8.5x107°
A% 28 - 67 - 1 4 26.542.2 106-10"! 3.4x10°
VI 28 - - 67 1 4 25.9+1.0 103-107! 6.6x107°
vl 27 69 - - - 2 25.7+£2.8 10510 4.5x10°
VI 27 - 69 - - 2 29.4+2.0 10310 2.4x10°°
xX 27 - - 69 - 2 27.241.2 103-10"! 3.9x10°

The potentiometric response of the prepared microsensor was monitored as a function of Cu(II)
concentration in the range 10 to 10! mol.L"!. The dynamic potentiometric response of the
sensor and calibration curve are shown in Figure 2 and 3, respectively. As can be seen from
Figures, the microsensor shows a super-Nernstian behavior with a slope of 31.3+2.1 mV
mV/decade (R?>= 0.997) over a linear concentration range of 10°~10"! mol.L™!, a lower detection
limit of 7.67x10 mol.L™! and a short response time (tos) of <15 s.
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Figure 2. Dynamic potentiometric response of the Cu(Il)-selective microsensor
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Figure 3. Calibration curves of the Cu(Il)-selective microsensor
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3.2. The Repeatability and Lifetime

In order to demonstrate the repeatability of the Cu(Il)-selective microsensor, potential
measurements were conducted in the Cu(Il) solutions in the concentration range of 10°-10""!
mol.L™!. The obtained real-time potential measurements depending on time are shown in Figure
4. As can be seen from Figure 4, the response of the sensor is highly repeatible in the
concentration range of 10°-10"" mol.L"! ( the average values + standard deviations are
21.63£1.69, 49.53+1.73, 81.17£1.44, 112.89£1.25, 148.61+1.14). The potentiometric
measurements in Figure 4 shows that the newly developed microsensor had good potentiometric
repeatability and stability. The proposed sensor can also be used for 8 weeks without any
significant drift in potential.
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Figure 4. Repeatability measurements of the Cu(Il)-selective microsensor

Measurements were performed to determine the lifetime of the Cu(II)-selective microsensor on
certain days for 70 days in the range of 10~ to 10™! mol.L"! Cu?" and the changes in the slope
values were examined. The obtained slope values are shown in Figure 5. It is seen that the
stability of the microsensor deteriorates significantly after 60 days. The lifetime of the
microsensor was calculated to be around 8 weeks as a result.
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Figure 5. The lifetime graph of the Cu(II)-selective sensor
3.3. Selectivity

The most important property that affects the performance of an ion-selective electrode is
selectivity and determines whether the sensor can be used in sample solution containing other
ions. The selectivity coefficients of the Cu(Il)-selective microsensor were calculated using the
seperate solution method (SSM) [23]. The logarithmic selectivity coefficients obtained for
Cu(Il) ions compared to other cations (X"") are summarized in Table 2. The prepared
microsensor was tested against cationic species commonly encountered in samples and
exhibited high selectivity for Cu(Il) ions.

Table 2. Selectivity coefficients for Cu(Il)-selective microsensor

Interferent Log K (}:)1(1);, <0+ Interferent Log K gSZtJ,’ <+
Li* -3.83 Na”* -3.34
K* -2.38 Ca** -3.17
Mg?* -3.14 Mn?* -2.70
Zn** -2.89 Ni** -2.75
Cd* -2.62 Co?* -2.68
Cr** -2.80 Pb** -2.01
3.4. Effect of pH

One of the parameters that affects the properties of the microsensor is pH. To examine the effect
of pH on the sensor response, the sensor potentials were measured over the pH range 2.0-10.0
(adjusted with HNO3 and NaOH) for 10~ and 10 mol.L™! Cu(II) solution. The results obtained
are given in Figure 6. As can be seen from Figure 6, the potential of the microsensor remained
unchanged between pH 5.0-8.0. The potential value varies significantly between pH 2.0 and
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5.0. The change of potential in this range can be explained as the response of the sensor to
hydronium ions in the membrane phase. When pH was increased above 8, an increase in
potential was observed due to the formation of hydroxide complexes of Cu(Il) in the basic
solution.
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Figure 6. pH-mV graphic of the Cu(II)-selective microsensor
3.5. Temperature Effect

Temperature is among the other important features of ion-selective electrodes. For this purpose,
in order to determine the optimum temperature range of the Cu(Il)-selective microsensor, it was
changed from 5 °C to 70 °C in 10 mol.L™! Cu®" solution and the potential values obtained
against temperature are shown in Figure 7.

200

180

160 /

140 /

120 /
100 /

80 /
60

40

E/mV

20

0 10 20 30 40 50 60 70
Temperature, °C

Figure 7. Temperature effect on the Cu(Il)-selective microsensor performance
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It is seen that there is no significant change in the potential values of the Cu(Il)-selective
microsensor at approximately 15-40 °C. It has been determined that the sensor is affected by
temperatures above 40 °C and is also deformed. As a result, it can be said that the optimum
temperature range of the sensor is 15-40 °C.

3.6. Analytical Applications
3.6.1. Potentiometric Titration

It has been observed that Cu(Il)-selective microsensor prepared in optimum membrane
composition works well under laboratory conditions. To display the applicability of the
proposed microsensor in the real samples, the sensor was used as an indicator electrode in the
potentiometric titration of 10 mL of 10> M Cu(NOs), with 10 M EDTA solution (pH=5.5). A
typical titration curve is shown in Figure 8. As seen from Figure, the end point of titration
(9.5+£0.3 mL) can be accurately determined by the sensor.
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Figure 8. Titration curve of 10 mL 10~ mol.L™! Cu** with 10 mol.L"' EDTA
3.6.2. Real Sample Analysis

The prepared Cu(Il)-selective microsensor was also applied to some environmental water
samples (collected from Giresun Region on the north coast of Turkey) and for potentiometric
determination of Cu(II) content in standard reference material (SRM) solution. The ICP-OES
method was used as a reference method to evaluate the accuracy, precision and reliability of
the results obtained in the accuracy of the potentiometric method. Before potential
measurements, water samples were saturated (1:100) and the SRM solution was diluted (100:1).
In order to analyze Cu(Il) in these different real samples, the standard addition method was
used and added Cu?* solutions at the different amounts as indicated in Table 3. Student's t-test
and the relative error (E,.) values were used for statistical processing of data. The calculated ¢
and E,, values are summarized in Table 3. As seen in Table 3, the developed Cu(II)-ISE
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displayed very high recovery rates in the analysis of Cu(Il) in different real samples. The
calculated ¢ value (0.935) was less than the critical ¢ value (3.182) at a 95% confidence level.
Moreover, the E,, values were less than 15%. Thus, it can be concluded that the method
applying the proposed microsensor is a satisfactory agreement compared with the ICP-MS
method. As a result, it can be stated that the developed Cu(Il)-selective sensor can be
successfully used to determine Cu(Il) ions in different real samples.

Table 3. Determination of Cu?" contents in water samples

Concentration of Cu* (ppm) *

Sample

Potentiometry ICP-OES Ei (%) t€
Spring water 0.018+0.005 0.016+0.001 12.5
River water 0.146+0.034 0.132+0.005 10.6
Top water 0.045+0.007 0.042+0.002 7.1 0.935
Waste water 0.623+0.092 0.594+0.012 4.9
SRM solution 0.255+0.054 0.240+0.008 6.2

2 The average values of three determinations + standard deviation.
b B, is the relative error for the potentiometry versus ICP-OES.
¢ Calculated t value is 0.935 by a paired t test, the theoretical values of t is 3.182 (p=0.05).

3.6.3. Comparison of the Proposed Sensor with the other Cu(Il)-selective Sensors

The comparison of the newly developed Cu(Il)-selective microsensor with previously proposed
Cu(II)-selective sensors or electrodes in the literature in terms of concentration range, detection
limit, slope, pH operating range and response time parameters is summarized in Table 4.

Table 4. Comparation of the proposed sensor to the various reported Cu(II)-selective electrodes

Linear Range, Slope, Response Detection Limit,

Referans mol.L! mV/decade Time, s mol.L! pH Range
[24] 1.0x10°-1.0x10"  29.60 8 8.75x107 5.0-9.0
[25] 1.0x107-5.0x10"! 30.45 - 1.99x10°¢ 3.0-6.0
[26] 1.0x10°-1.0x10"  28.50 20 4.0x107 4.0-7.0
[27] 1.0x10°-2.0x10"  28.10 22 2.0x10° 3.0-8.0
[28] 1.0x10%-1.0x10"  29.50 15 5.0x10°¢ 3.5-6.5
This work 1.0x107-1.0x10"! 31.30 <15 7.6x10°° 5.0-8.0

As can be seen from the results in Table 4, it is concluded that the potentiometric properties of
the fabricated sensor are comparable to previously reported electrodes in terms of the compared
criteria. The concentration range and slope value are similar for all proposed sensors. The
proposed Cu(Il)-selective microsensor has a lower detection limit, a wider pH operating range,
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and relatively shorter response time compared to existing sensors in the literature. Thus, it can
be clearly seen that the proposed Cu(Il)-selective microsensor has some advantages over other
previously developed Cu(Il)-selective sensors or electrodes. The resulting Cu(Il)-selective
microsensor can be considered a good contribution to the list of Cu(Il)-selective sensors
available in the literature.

4. Conclusion

Calixarene derivatives have unique properties in material chemistry. For real application
analysis, those with different functional moiety groups displayed excellent sensing behaviour
towards heavy metal ions with good sensitivity, reproducibility, and repeatability. In addition,
calixarene derivatives can be used directly as an ionophore in the construction of different
chemical sensors, especially in that potentiometry-based ones. In the present work, a novel all-
solid-state type PVC-membrane Cu(Il)-selective microsensor has been developed a
potentiometric sensor selective for Cu(Il) ions using a calixarene derivative molecule as an
ionophore. The produced Cu(Il)-selective microsensor was successfully used as an indicator
electrode for potentiometric titrations. The Cu(Il)-selective micsensor was also successfully
used for accurate, rapid, selective and reproducible determination of Cu(Il) ions in
environmental samples.
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Abstract

Multidrug-resistant Mycobacterium tuberculosis strains' increasing emergence and rapid spread necessitate the urgent
development of innovative antimycobacterial agents. In pursuit of novel agents, a series of N-(benzazole-2-ylmethyl)-
2-substituted phenylacetamide or N-(benzazole-2-ylmethyl)-2-(thiophen-2-yl)acetamide compounds (6-11) were
synthesized. Their efficacy against multidrug-resistant Mycobacterium tuberculosis was assessed. Compounds
exhibited potent antimycobacterial activity with minimum inhibitory concentrations (MIC) ranging from 1.05 to 4.10
uM and demonstrated low cytotoxicity towards fibroblast cell line (L929), as indicated by ICsy values ranging from
196.23 to 487.34 uM and selectivity indices (SI) ranging from 57.23 to 186.11. ADMET predictions suggested that
these synthesized compounds possess drug-like properties. Our findings offer a promising starting point for designing
more selective and potent antimycobacterial agents.

Keywords: Benzazole, synthesis, Mycobacterium tuberculosis, MIC, antitubercular activity

Asetamit Siibstitiite Benzazol Tiirevlerinin Sentezi ve Antitiiberkiiloz Aktiviteleri

Oz

Coklu ilaca direngli mikobakterium tiiberkiilozis suslarinin artan ortaya ¢ikist ve hizli yayilimu, acil olarak yenilik¢i
antimikobakteriyel ajanlarin gelistirilmesini gerektirmektedir. Yeni ajanlarm gelistirilmesi amactyla, N-(benzazol-2-
ilmetil)-2-siibstitiie fenilasetamit veya N-(benzazol-2-ilmetil)-2-(tiyofen-2-il)asetamit bilesik serisi (6-11)
sentezlendi. Bu bilesiklerin ¢oklu ilaca direngli mikobakterium tiiberkiilozis 'e karst etkinligi degerlendirildi.
Bilesikler, minimum inhibitér konsantrasyonlart (MIC) 1.05 ile 4.10 uM arasinda degisen giiclii antimikobakteriyel
aktivite sergiledi ve ICso degerleri 196.23 ile 487.34 uM arasinda degisen ve segicilik indeksleri (SI) 57.23 ile 186.11
arasinda olan fibroblast hiicre hattina (L929) kars: diisiik sitotoksisite gosterdi. ADMET calismalari, sentezlenen
bilesiklerin ila¢ benzeri o6zelliklere sahip oldugunu gostermektedir. Bulgularimiz, daha secici ve giiclii
antimikobakteriyel ajanlar tasarlamak i¢in umut verici bir baglangi¢ noktas1 sunmaktadir.

Anahtar Kelimeler: Benzazol, sentez, mikobakteriyum tiiberkiilozis, MIK, antitiiberkiiloz aktivite
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Synthesis and antitubercular activities of acetamide-substituted benzazole derivatives

1. Introduction

Since the early 1990s, tuberculosis (TB) has been recognized globally as a significant public
health threat, accounting for the highest number of adult deaths due to infectious diseases
worldwide. Mycobacterium tuberculosis is the primary species responsible for TB infections
[1, 2]. Its resurgence in epidemic proportions indicates that substantial efforts are still needed
to safeguard patients and healthcare professionals from its potentially fatal consequences [3].
Molecular evidence suggests that TB ranks second globally in terms of death rates caused by a
single infectious agent in 2022, causing approximately twice as many deaths as HIV/AIDS.
Tuberculosis remains a significant global health issue. According to the World Health
Organization (WHO), there is an estimated annual increase of approximately 1.1% in TB cases
worldwide, with over 10 million new TB cases reported each year. [4].

Benzazoles derivatives (benzimidazole, benzothiazole and benzoxazole) display a broad
spectrum of activities, including antibacterial, antifungal, antitubercular, antimalarial, anti-
inflammatory, analgesic, anti-amoebic, antiulcerative, antioxidant, antihypertensive,
antiallergic, antiproliferative, antitumor, and anti-HIV-1 properties [5—7]. Due to their
straightforward and rapid synthesis along with other advantageous properties, benzazoles hold
promise as potential anti-TB agents. Benzazoles have consistently attracted the attention of
researchers, not only from synthetic or biosynthetic perspectives but also due to its intriguing
biological characteristics [8—19].

Benzazole rings are recognized by living organisms due to their isosteric nature with DNA
bases (purine and pyrimidine cores) and their presence in natural structures like the amino acid
tryptophan. Despite numerous studies on the antimicrobial activities of benzazole and
bioisostere structures and their substituted derivatives, literature on compounds carrying amid
linkages in benzazole derivatives is scarce. Particularly, structure-activity studies conducted on
the compounds registered in the literature and those designed in this study suggest that the
compounds designed in this study may possess antitubercular activity [20-27].

Previous research revealed that benzothiazole and benzoxazole groups demonstrate superior
antimicrobial activities compared to other benzazole groups. This led to prioritizing these
groups in our current work, with plans to compare them with other benzazole groups in future
studies [8, 28—-30].

The amide functional group is crucial in the structure of many biologically active molecules.
Amide structures are not only stable but also possess highly positive and negative electric
charge densities, making them polar structures. This polarity allows drugs containing amide
structures to easily interact with biological receptors and enzymes. In addition to facilitating
interactions with biological targets, amide-containing drugs are also resistant to rapid metabolic
degradation in the body's complex environment. Consequently, due to its significant bond
polarity, stability, and conformational versatility, the amide bond stands out as one of the most
effective functional groups. The amide functional group is crucial in the structure of
biomolecules, including numerous clinically approved drugs. Consequently, the use of the
amide bond was planned in the designed bis structures [31-34].

Recent studies on benzazoles and the above literature survey encouraged us to synthesize some
new compounds containing benzazole moiety hoping to obtain new compounds with potential
antitubercular activity [27]. The inclusion of the amide functional group in the benzoxazole
structure has the potential to contribute to the development of various activities. Current studies
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have shown that such modifications can enhance biological activity. In this context, our
presented study can inspire the development of more effective antituberculosis agents. In our
previous research, we investigated the antitubercular effects of compounds with a
benzimidazole structure, an isosteric analog of benzoxazole and benzothiazole. In this study,
some benzazole derivatives containing an amide linker were designed and synthesized (Figure
1). The results demonstrated significant antitubercular activity [35, 36, 37].

R R4 o)
[ 1 N/>_ \@%NH
s \-N N N>FA
H3cf§0 @

R=-SH, -NH,, -CgHg, -2/3-pyridyl A =-0-, -S-

H H:©\ 0 NH

N X S S

©:N/>_S Y R ©i )—NH N N>H:
N

Figure 1. Structures of antitubercular active benzazole compounds

Here, we describe the synthesis of a series of N-(benzazole-2-ylmethyl)-2-substituted
phenylacetamide or N-(benzazole-2-ylmethyl)-2-(thiophen-2-yl)acetamide compounds. The
structures of the synthesized derivatives were elucidated by the spectroscopic data. Then, we
determined antitubercular effects of the synthesized compounds by in vitro activity.

2. Material and Methods

2.1. Chemistry

All reagents utilized were of analytical grade, sourced from Sigma-Aldrich, and employed
without further purification. Thin-layer chromatography (TLC) was conducted on silica gel-
coated F254 Merck plates to monitor reaction progress and product mixtures. Melting points
were measured using an Electrothermal-9200 digital apparatus, with recorded values remaining
uncorrected. Nuclear magnetic resonance (NMR) spectra, encompassing both 'H NMR and *C
NMR, were acquired employing a Bruker 400 NMR spectrometer for 'H NMR and a Bruker
100 NMR spectrometer for 3*C NMR. The NMR spectra were acquired in deuterated solvents
such as dimethyl sulfoxide (DMSO-d6) or chloroform (CDCI3), with chemical shifts (6H)
reported in parts per million (ppm) relative to tetramethylsilane (TMS) as an internal standard.
Fourier transform infrared attenuated total reflection (FT-IR ATR) spectra were recorded using
a Varian FTS1000 FT-IR spectrometer equipped with a Diamond/ZnSe prism (4000-525 cm™!;
number of scans: 250; resolution: 1 cm™') in the solid state.

2.1.1. General procedure for the synthesis of target compounds (6-11):
Aminomethylbenzazoles (2-aminomethylbenzoxazole/2-aminomethylbenzothiazole) (1.1
mmol) were dissolved in dichloromethane (DCM) (15 mL). 2-Phenylacetyl chloride derivatives
or -(thiophen-2-yl)acetyl chloride (1.1 mmol) were added dropwise to the initial solution at 0
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°C over a period of 10-30 minutes. The reaction mixture was stirred at 0 °C for two hours.
Subsequently, 5 drops of diisopropylethylamine (DIPEA) were added and the reaction mixture
was refluxed under a reversing cooler for 24 hours. After confirming the completion of the
reaction with TLC, the reaction was terminated, and the solvent was evaporated. DCM (25 mL)
was added, and the organic phase was washed with 1N HCl (3 x 20 mL), followed by saturated
NaHCOs solution (2 x 15 mL) and 15 mL of distilled water. The organic phase was separated,
treated with MgSQOy, filtered, and the solvent was evaporated under reduced pressure. The
resulting product was purified by column chromatography using an appropriate n-hexane/ethyl
acetate mobile phase. The obtained products were recrystallized using an appropriate solvent
[38].

2.2. Antitubercular activity

2.2.1. Agar proportion method

Following the guidelines set by the Clinical Laboratory Standards Institute (CLSI), the
minimum inhibitory concentration (MIC) values for each synthesized compound were
determined using duplicate agar dilution techniques [39]. Each assay included both positive and
negative growth controls. Isoniazid (INH; Sigma [3377) and Rifampisin (RIF; Sigma-Aldrich
R7382) served as control agents. The MTB H37Rv strain, provided by the National
Tuberculosis Reference Laboratory at Refik Saydam National Public Health Agency in Ankara,
Turkey, was used as the standard strain.

2.2.2. Cytotoxic activity

Cytotoxic impact of the investigated compounds were assessed using fibroblast .929 and the
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) colorimetric assay [40,
41].

2.3. In silico ADMET prediction

In ADMET studies, the Maestro 11.8 (Schrodinger) program was used. The compounds were
minimized after being prepared with LigPrep, and their ADME properties were investigated
using the Qikprop module [42]. Predicted toxic properties of compounds were calculated using
DataWarrior 5.5.0.

3. Results and Discussion
3.1. Chemistry

The target molecules were synthesized in single steps as depicted in Scheme 1. 2-
Aminomethylbenzazoles (1, 2) and non/4-methoy-2-phenylacetyl chloride (3, 4) or 2-
(thiophen-2-yl)acetyl chloride (5) under reflux, target compounds N-(benzo[d]oxazol or
benzo[d]thiazol-2-ylmethyl)-2-phenylacetamide and N-(benzo[d]thiazol or benzo[d]thiazol -2-
ylmethyl)-2-(thiophen-2-yl)acetamide (6-11) were obtained. Table 1 provides the chemical
structures of all compounds.
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Scheme 1. General synthetic procedure for compounds 6-11

Table 1. Structure of all synthesized compounds.

Comp. Structure Comp. Structure

N-(benzo[d]oxazol-2-ylmethyl)-2-phenylacetamide (6)

White solid, m.p. 215-216 °C, Ry, 0.53 in chloroform/methanol (9.5:0.5), Yield; 54%.

'H NMR (ppm): 6= 7.49-7.47 (dd, ] = 7.0, 2.7 Hz, 2H, aromatic-H), 7.25-7.22 (dd, ] = 7.0, 2.7
Hz, 1H, aromatic-H), 7.21 (m, 1H, aromatic-H), 7.20-7.16 (m, 1H, aromatic-H), 7.14-7.12 (m,
1H, aromatic-H), 5.29 (s, 2H, aliphatic-CH2N-), 3.56 (d, J = 2.1 Hz, 2H, aliphatic-CH>CO-).
3C NMR (ppm): 6= 172.2, 148.5, 138.2, 133.2, 129.3, 128.7, 127.4, 123.1, 115.5, 60.3, 40.8.
FT-IR (cm™): 3028, 2969, 2946, 1739, 1444, 1356, 1216.
N-(benzo|d]thiazol-2-ylmethyl)-2-phenylacetamide (7)

White solid, m.p. 192 °C, Ry, 0.55 in chloroform/methanol (9.5:0.5), Yield; 50%.

"HNMR (ppm): 6= 7.85 —7.81 (m, 2H, aromatic -H), 7.42- 7. 40 (ddd, J=8.2, 7.3, 1.3 Hz, 1H,
aromatic -H), 7.38 — 7.29 (m, 1H, aromatic -H), 7.23 — 7.17 (m, 4H, aromatic -H), 7.14 — 7.10
(m, 1H, aromatic -H), 4.69 (s, 2H, aliphatic -CH>.N), 3.85ppm (s, 2H, aliphatic -CH>,CO-).
BCNMR (ppm) 6= 174.6, 172.2, 172.1, 154.0, 136.6, 136.2, 130.3, 129.6, 127.9, 127.4, 126.4,
123.4, 123.0, 43.75, 42 4.

FT-IR (cm™) 3253, 3015, 2969, 2945, 1738, 1365, 1228.
N-(benzo[d]oxazol-2-ylmethyl)-2-(4-methoxyphenyl)acetamide (8)

White yellow solid, m.p. 220 °C, Ry, 0.50 in chloroform/methanol (9.5:0.5), Yield; 65%.

"H NMR (ppm) 6= 7.51 — 7.47 (m, 2H, aromatic -H), 7.21 — 7.17 (m, 2H, aromatic -H), 7.08 —
7.05 (m, 2H, aromatic -H), 6.77 — 6.75 (m, 2H, aromatic -H), 5.30 (s, 2H, aliphatic -CH>N-),
3.70 (s, 3H, aliphatic -OCH3), 3.53 ppm (s, 2H, aliphatic -CH>CO-).

BC NMR (ppm) §=172.7, 159.0, 148.4, 137.9, 137.9, 130.4, 130.3, 125.2, 123.2, 115.5, 115.4,
114.2, 60.2, 55.2, 40.03 ppm.

FT-IR (cm™) 3065, 2969, 1737, 1365, 1228, 1216.
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N-(benzo[d]thiazol-2-ylmethyl)-2-(4-methoxyphenyl)acetamide (9)

White solid, m.p. 202 °C, Ry, 0.44 in chloroform/methanol (9.5:0.5), Yield; 40%.

"H NMR ppm 6= 7.85-7.42 (ddd, J = 8.1, 1.2, 0.5 Hz, 2H, aromatic -H), 7.40- 7.38 (ddd, J =
8.1, 7.3, 1.2 Hz, 1H, aromatic -H), 7.33 — 7.29 (m, 1H, aromatic -H), 7.14 — 7.10 (m, 2H,
aromatic -H), 6.76 — 6.73 (m, 2H, aromatic -H), 4.69 (s, 2H, aliphatic -CH2N-), 3.84 (s, 2H,
aliphatic -CH>CO-) 3.64 ppm (s, 3H, aliphatic -OCH3).

BC NMR ppm = 175.0, 172.1, 160.2, 154.0, 136.2, 131.3, 128.5, 127.4, 126.4, 123.4, 123.0,
115.1,55.7,43.7,42 4.

FT-IR (cm™) 3255, 3001, 2969, 2945, 1739, 1365, 1216.

N-(benzo[d]oxazol-2-ylmethyl)-2-(thiophen-2-yl)acetamide (10)

White yellow solid, m.p. 195 °C, Ry, 0.50 in chloroform/methanol (9.5:0.5), Yield; 30%.

'H NMR (ppm) d= 7.52- 7.50 (dd, J = 5.5, 2.9 Hz, 2H, aromatic -H), 7.22 — 7.16 (m, 2H,
aromatic -H), 7.15-7.14 (dd, /= 5.5, 1.0 Hz, 1H, aromatic -H), 6.88 - 6.86 (dt,J=5.5, 2.9 Hz,
1H, aromatic -H), 6.84 — 6.81 (m, 1H, aromatic -H), 5.33 (s, 2H, aliphatic -NCH>-), 3.81ppm
(d, J=1.0 Hz, 2H, aliphatic-COCHa.).

BC NMR (ppm) 6= 171.3, 148.2, 134.0, 127.3, 127.0, 125.4, 123.2, 115.5,115.5, 115.2, 60.7,
35.0.

FT-IR (cm™) 3015, 2945, 1738, 1579, 1375, 1217, 1078.

N-(benzo[d]thiazol-2-ylmethyl)-2-(thiophen-2-yl)acetamide (11)

White solid, m.p. 240 °C, Ry, 0.52 in chloroform/methanol (9.5:0.5), Yield; 30%.

"H NMR (ppm) 6= 7.82 - 7.81 (dd, J = 2.8, 1.0 Hz, 1H, aromatic -H), 7.80 — 7.78 (m, 1H,
aromatic -H), 7.40 — 7.36 (m, 1H aromatic -H), 7.31 — 7.27 (m, 1H, aromatic -H), 7.19- 7.17
(dd, J=5.1, 1.0 Hz, 1H, aromatic-H), 6.90- 6.87 (d, J = 3.4 Hz, 1H, aromatic -H), 6.87- 6.86
(dd, J = 5.1, 3.4 Hz, 1H, Ar-H), 4.67 (s, 2H, aliphatic -NCH>-), 3.74 ppm (s, 2H, aliphatic -
COCH2.).

BC NMR (ppm) §=173.2, 172.2, 154.0, 137.5, 136.2, 127.9, 127.9, 127.4, 126.4, 126.0, 123.4,
123.0,42.7, 37.7.

FT-IR (cm™) 3291, 3015, 2969, 1739, 1655, 1433, 1253, 1229.

3.2. Biological Assay
3.2.1. In Vitro Antitubercular Activity Studies

The agar proportion method was used to screen all target compounds against MTB H37Rv [35,
43, 44 ]. Isoniazid (INH) and rifampicin (RIF) served as positive control drugs in the assay.
Table 2 displays the in vitro antimycobacterial activity, represented by the MIC values, for both
the target compounds and the standard drugs. The three benzothiazole derivatives (7, 9, 11)
show significant activities and other compounds exhibit moderate activities. The results of the
antimycobacterial activity tests are presented in Table 2.

Table 2. The Anti-TB activity results of all compounds

Compounds | M. tuberculosis H37Rv (uM) | cLogP
6 4.10 1.991

7 2.82 2.656

8 3.30 2.575

9 1.38 1.910

10 2.95 1.637

11 1.05 2.302

INH 0.12 -0.668
RIF 1.00 3.710
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3.2.2 Cytotoxicity Assay
In this study, a selectivity index (SI) was also calculated to assess the cytotoxicity of the

synthesized compounds (6-11) and determine their suitability as therapeutic candidates. The
cytotoxicity of compounds 6-11 was evaluated on normal human cells using the MTT
cytotoxicity assay performed on fibroblast L929 cells [31,32]. The results indicated that ICso
values for the selected compounds ranged from 196.23 to 487.34 uM, suggesting a low risk of
toxicity with favorable selectivity indices (SI) ranging from 57.23 to 186.11 (Table 3).

Table 3. In vitro cytotoxic effect for compounds on fibroblast 1.929 cells with their selectivity
indices.

Compound | ICso+ SEM L1929 cells (uM) | MIC Mtb H37Rv (uM) SI®
6 234.65+3.25 4.10 57.23
7 225.62+2.87 2.82 80.00
8 389.99+2.74 3.30 118.18
9 196.23+4.12 1.38 142.20
10 487.34+5.58 2.95 165.20
11 195.42+2 38 1.05 186.11

4Selectivity index (SI) calculated by dividing L929 cells ICso (mean + standard error of the mean
[SEM]) by MIC against Mtb H37Rv.

3.3. In silico ADMET prediction

In this study, various ADMET properties of the compounds were assessed using in silico
methods. The fulfillment of physicochemical parameters is essential for compounds to qualify
as potential drugs, as many compounds fail to reach their target sites due to inadequate
physicochemical properties.

All compounds adhere to Lipinski's rule of five and Jorgensen's rule of 3%, indicating their
potential to possess favorable pharmacokinetic properties critical for drug development.
Lipinski's rule of five suggests that compounds with optimal membrane permeability and oral
bioavailability typically exhibit no more than five hydrogen bond donors, no more than ten
hydrogen bond acceptors, a molecular weight below 500 Da, and a LogP value less than 5.
Similarly, Jorgensen's rule of 3% predicts good oral absorption based on additional parameters.
The adherence to these rules suggests that the compounds are likely to be well-absorbed and
distributed in the body, undergo manageable metabolism, and exhibit low toxicity.

The high human oral absorption (> 95%) of all compounds is indicative of their efficient oral
absorption, a crucial factor in drug development. This high oral absorption suggests that the
compounds can effectively reach systemic circulation, thereby potentially enhancing their
therapeutic efficacy. Moreover, good oral absorption is often associated with improved patient
compliance, as oral administration is typically more convenient compared to other routes.

The LogP values of all compounds fall within the recommended range (2.365-3.258),
indicating suitable lipophilicity levels. Lipophilicity, reflecting a compound's ability to dissolve
in fats, significantly influences its penetration of cell membranes, thereby affecting its
pharmacokinetic behavior. Thus, compounds with LogP values within this range may exhibit
favorable pharmacokinetic properties related to ADME, suggesting their potential effectiveness
and safety as therapeutic agents.
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Furthermore, the compounds do not block the predicted HERG K+ channels, exhibit high Caco-
2 cell permeability, and have no estimated toxic effects. These findings collectively suggest that
the compounds possess favorable drug-like properties.

The lack of blockage of the predicted HERG K+ channels implies a reduced risk of cardiac side
effects, a common concern in drug development. Additionally, the compounds' high Caco-2
cell permeability indicates efficient gastrointestinal absorption, essential for oral drug
administration. Moreover, the absence of estimated toxic effects implies a favorable safety
profile, enhancing the compounds' potential as promising candidates for further development
as therapeutic agents.
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Table 4. Some predicted pharmacokinetic properties of compounds 6-11.

Property or Descriptor 6 7 8 9 10 11 Range or recommended values
MW 266,299 282,359 296,325 312,386 272,321 288,382 (130.0 - 725.0)

SASA 530,086 544,13 578,797 601,329 524,522 536,111 (300.0 - 1000.0)

PSA 61,451 49,617 69,912 58,937 61,662 50,831 (7.0 - 200.0)

donorHB 1 1 1 1 1 1 (0.0-6.0)

accptHB 4,5 4 5,25 4,75 4,5 4 (2.0 —20.0)

QPlogPo/w 2,419 2,838 2,612 3,258 2,365 2,927 (2.0/ 6.5)

QPlogHERG -4,289 -4,417 -4,566 -4,689 -4,103 -4,106 (concern below -5)
QPPCaco 1373,382 | 1331,351 | 1672,682 | 1982,716 | 1200,483 | 1708,186 | (<25 poor, >500 great)
QPPMDCK 1188,467 | 1539,599 | 1435,989 | 2945,398 | 1813,418 | 3516,471 | (<25 poor, >500 great)
Lipinski Rule of 5 Violations 0 0 0 0 0 0 maximum is 4

Jorgensen Rule of 3 Violations | 0 0 0 0 0 0 maximum is 3

% Human Oral Absorption 100 100 100 100 95,906 100 >80% is high <25% is poor
Mutagenic none none none none none none none

Tumorogenic none none none none none none none

Reproductive Effective none none none none none none none

Irritant none none none none none none none

MW: Molecular weight of the molecule. SASA: Total solvent accessible surface area in square angstroms using a probe with a 1.4 A radius. PSA: Van der Waals surface area of polar nitrogen
and oxygen atoms and carbonyl carbon atoms. accptHB: Estimated number of hydrogen bonds that would be accepted by the solute from water molecules in an aqueous solution. donorHB:
Estimated number of hydrogen bonds that would be donated by the solute to water molecules in an aqueous solution. QPlogPo/w: Predicted octanol/water partition coefficient. QPlogHERG:
Predicted IC50 value for blockage of HERG K + channels. QPPCaco: Predicted apparent Caco-2 cell permeability in nm/sec. QPPMDCK: Predicted apparent MDCK cell permeability in nm/sec.
MDCK cells are considered to be a good mimic for the blood-brain barrier.
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4. Conclusion

The objective of the current study was to synthesize and examine the antitubercular activities
of some new benzazole derivatives with the hope of determining new structures that could be
used as potent antitubercular agents.

A novel series of benzazole derivatives (6-11) was synthesized and characterized using various
spectroscopic methods. The target compounds (6-11) were assessed for their antitubercular
activities against MTB H37Rv. All compounds demonstrated significant activity, with
compound 11 exhibiting the most notable efficacy in the series, displaying a MIC value of 1.05
uM and a selectivity index (SI) of 186.11. This meticulous examination results in the
identification of a notably consistent structure-activity relationship, suggesting that the presence
of a methoxy group as a substituent enhances both the activity and selectivity of the compounds
compared to those without substituents. Moreover, the benzazole structure substituted with a
thiophene ring exhibits notably stronger antitubercular activity than the other compounds.
Interestingly, the activity of the thiophene group against MTB H37Rv is notable.

To further investigate the effectiveness of linker groups, it is imperative to conduct studies on
numerous compounds. These findings from the contribution of antitubercular activity
underscore the necessity of comparing benzazole derivatives with linker groups consisting of
at least four atoms to those with different atoms. Furthermore, the contributions of aromatic
ring substituents to the activity require thorough evaluation.

Future research endeavors aim to enhance the antitubercular efficacy and elucidate the precise
mechanism of action.
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Abstract

In this paper, the novel h-BN doped TiCrNbN thin films was deposited on the DIN 1.2714 steel using closed
field unbalanced magnetron sputtering (CFUBMS) technique with variable working pressure, bias voltage, and
LaB6 target voltage. The main goal is to determine the contribution of degrees of these parameters on structural
and mechanical properties using Analysis of Variance (ANOVA). The deposition parameters were leveled
based on L9 (33) orthogonal Taguchi design method. Microstructural and thickness of coatings were
investigated using SEM. The coatings had granular and flawless surface properties. The thickness of the
coatings was determined in the range of 874 nm and 1.69 um. The deposition parameter that has the highest
contribution to coating thickness is working pressure. Hardness and adhesion strength of coatings were
determined employing nanohardness and scratch tester, respectively. The highest hardness among the coatings
was 24.67 GPa, obtained with the 3x10-3 Torr working pressure, 100 V bias voltage and 600 V LaB6 target
voltage parameters. The deposition parameter that has the highest contribution to hardness is working pressure.
The coating conditions with the highest hardness exhibited the highest adhesion strength. The superiority of the
contribution of working pressure on the adhesion strength was prominent compared to other parameters.

Keywords: CFUBMS, Taguchi, ANOVA, nanohardness, adhesion

Biriktirme Parametrelerinin Yenilik¢i h-BN Katkili TiCrNbN Kaplamalarin Yapisal

ve Mekanik Ozelliklerine Etkisi

Oz

Bu ¢aligmada, 6zgiin h-BN katkili TiCrNbN ince filmler, degisken ¢alisma basinci, bias gerilimi ve LaBs hedef
gerilimi ile kapali alan dengesiz manyetik alanda sigratma teknigi kullanilarak DIN 1.2714 ¢elik yiizeyine
kaplanmistir. Calismanin motivasyonu, bu degisken parametrelerin, kaplamalarin yapisal ve mekanik
ozelliklerine etki derecelerinin Varyans analizi (ANOVA) kullanilarak belirlenmesidir. Kaplama parametreleri
Taguchi L9 (3%) ortogonal dizin kullanilarak belirlendi. Kaplamalarin mikroyapisi ve kesitleri SEM kullanilarak
incelendi. Kaplamalar taneli ve kusursuz sekilde iiretildi. Kaplamalarin kalinliklart 874 nm ile 1,69 pm
araliginda belirlendi. Kaplama kalinligina en yiiksek etki derecesini saglayan kaplama parametresinin ¢aligma
basincit oldugu tespit edildi. Kaplamalarin sertligi ve taban malzemeye yapisma dayanimlari sirasiyla
nanosertlik ve ¢izik test cihazlar1 kullamlarak gdzlemlendi. En yiiksek sertlik degeri, 3x10 Torr ¢aligma
basinci, 100 V bias gerilimi ve 600 V LaBg hedef gerilimi parametreleriyle iiretilen kaplamada 24,67 GPa olarak
elde edildi. Sertlige en yiiksek katkist olan parametre galisma basinci oldugu tespit edildi. En yiiksek sertlige
sahip kaplama kosullart ayni zamanda en yiiksek adezyon dayanimi performansini da sergiledi. Caligma

basincinin yapisma dayanimina katkisinin diger parametrelere gore Ustiinliigii 6n plana ¢ikmistir.
Anahtar Kelimeler: CFUBMS, Taguchi, ANOVA, nanosertlik, yapisma
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Effect of deposition parameters on structural and mechanical properties of Novel h-BN doped TiCrNbN
coatings

1. Introduction

Increasing the hardness and mechanical performance of tools employed in industry is essential
for market competition in today's industrial conditions [1]. In the studies carried out in this
context, surface coatings produced under vacuum have come to the fore due to magnificent
features such as high hardness and wear performance [2]. Physical vapor deposition (PVD),
chemical vapor deposition (CVD), sol-gel, micro-arc oxidation, anodization, thermal spray, etc.
have been performed for this goal over the years [3]. Closed field unbalanced magnetron
sputtering (CFUBMS) technique is commonly used owing to high homogeneity, adhesion, and
usability for variety of substrate materials [4]. Nitride-based thin hard coatings performed with
this PVD technique are capable of meeting the needs in the industry [5]. It is known that the
mechanical properties of coatings depend on the structural properties that occur during the
deposition process. The structural properties of thin films are depending on some deposition
parameters such as bias voltage, working pressure, target current or/and voltage, the distance
between target and substrate, frequency, and duty time. Since these parameters constantly
interact with each other, each combination of them creates a unique structure. In investigating
the effects of parameters on the properties of coatings, it is commonly used to keep one variable
and the others constant [6]. However, in this technique, long operating time and high costs are
encountered to obtain optimum coating properties. In order to overcome this difficulty, the
design of experimental (DOE) methods that enable the optimization of complex processes is
developed [7]. Among these methods, Taguchi is the most widely used. In the Taguchi method,
the findings obtained from the tests of thin films produced by changing multiple parameters
simultaneously are analyzed by Signal/Noise (S/N) ratio. Whether any parameter contributes to
the coatings is evaluated with the data determined from the S/N graphs. Some studies in the
open literature have tried to explain the effects of deposition parameters on coating properties.
However, there are rare studies in which the contribution percentages of parameters to

properties are examined numerically.

In this study, h-BN doped TiCrNbN coating was deposited to improve the mechanical
properties of 1.2714 steel, which is frequently used as a die material in the industry. L9 (3%)
orthogonal design is used for experimental design. The variable parameters are working
pressure, bias voltage, and LaB6 target voltage and these variable parameters are leveled at 3
different values. Structural properties and cross-sections of the coatings were examined by
scanning electron microscope (SEM). The hardness and adhesion strength of the samples were

determined by nanohardness and scratch tests, respectively.
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2. Material and Methods

The h-BN doped TiCrNbN coatings were deposited on DIN 1.2714 (C~0.56, Cr~1.1, Mo~0.5,
Ni~1.7, V~0.1, and balance Fe) using closed field unbalanced magnetron sputtering in a Teer
Coating Ltd. UDP550 system under variable deposition parameters, based on a Taguchi L9
orthogonal design. Deposition parameters are shown in Table 1. Figure 1 shows the magnetron
configuration of the targets to deposit the films. Before the deposition, the surfaces of the steel
samples were grinded and polished. Afterwards, the ultrasonically cleaned samples are ready
for deposition process. In the deposition process, one Ti (%99.95 pure), one Cr (%99.95 pure),
one Nb (%99.95 pure), and one LaB6 (%99.95 pure) targets were employed to deposit planned
thin films. As seen in Figure 1, the substrates were positioned 70 mm away from the targets
within the means of the mechanism. After the samples were placed in the system, ion cleaning
was performed on the substrates for 30 minutes in an argon atmosphere to remove any
contamination on the surfaces. Afterwards, Cr interlayer was deposited on the steel surface at
10 min. for increasing the adhesion of film. CrN layers for 10 minutes, TiCrN for 20 minutes,
TiCrNbN for 20 minutes and TiCrNb-hBN layers for 30 minutes were gradually coated on the
samples. The microstructures of the coatings were investigated by scanning electron
microscope (SEM), EDS (Energy-dispersive spectroscopy) and XRD (X-Ray diffractometer),
respectively. Microscale hardness tests are not suitable for determining hardness values in thin
film applications. In order to minimize the effect of the substrate, the hardness of the samples
was determined by nano hardness test. The nano-hardness of the coatings was explored by a
Bruker Hysitron Ti950 nanohardness tester (using Berkovich indenter, 1 mn load at 5 different
points). The bond strength between thin films and substrate were determined using the scratch
tester (CSM Revetest RST) having a 200 pm diameter of Rockwell-C diamond pin. A Ducom
tribotester (5N load, 150 rpm rotation speed, 6 mm diameter Al,O3 abrader) was employed to
investigate the wear behavior of samples. The wear volumes of samples were determined by

optical profilometer. The wear mechanisms of samples were characterized by SEM.
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Table 1. Deposition parameters

Coating Working Pressure | Bias Voltage | LaB6 Taget Voltage
No (Torr) (x107%) V) V)
R1 2 50 600
R2 2 100 700
R3 2 150 800
R4 2.5 50 700
RS 2.5 100 800
R6 2.5 150 600
R7 3 50 800
R8 3 100 700
R9 3 150 600

Ti Rotation Axis

Closed field
unbalanced
magnetron
system

Cr

Figure 1. Magnetron sputtering system
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3. Results and Discussion

Surface SEM images and chemical compositions of TiCrNb-hBN thin films are given in Figure
2. As can be seen from the Figure 2, the coatings deposited on the DIN 1.2714 surface with the
deposition parameters in Table 1 generally have a granular, smooth (without deposition defects)
and dense structure. These flawless surface features are achieved by the high power density
close field magnetron sputtering method. In this method, a closed magnetic field created by the
targets traps the sputtered atoms in the plasma and delivers them directly on the substrates.
When the first group (R1, R2 and R3) is examined, it is observed that a denser and fine-grained
structure is obtained as the bias voltage increases. The coarse grained structure seen in the R1
coating is due to the low mobility of the sputtered atoms absorbed on the surface [8]. It is
evaluated that by increasing the bias voltage value and LaB6 target voltage from 50 V and 600
V to 150 V and 800 V, adatom (adsorbed atom) mobility increases, which enhances the
nucleation areas and reduces the grain size. It is obvious that the grain size decreases by
increasing the bias voltage during coating processes, which is compatible with various studies
in the literature [9]. It is stated that the atoms with increased energy in the plasma diffusely fill
the gaps between the grains of the substrate. It is seen that as the LaB6 target voltage is increased
(600 V to 800 V), the microstructure changes from a granular to a fibrous. It is determined that
the fibrous structure seen in the R3 coating belongs to the “T region” in the coating structure
model specified by Thornton [10]. In the elemental analysis of the coatings, it is seen that Cr is
dominant in the structure. The reason for this is based on the deposition of Cr and CrN as an
interlayer on the substrate. It is also known that one of the most important factors affecting the
chemical composition of coatings is sputtering efficiency. This phenomenon is expressed as the
amount of atoms sputtered from the target surfaces during the deposition process. In this thin
film, the element with the highest sputtering efficiency (1.18) among the target materials is Cr.
However, at 150V bias voltage, there is a slight decrease in the boron content due to the re-
sputtering effect. Among the elements in the structure, the atomic weight of boron is lighter
than other elements. Therefore, by increasing the bias voltage above 100 V, atoms with high

kinetic energy cause the lighter boron atoms to re-sputter.

Similar evaluations can be made for R7, R8 and R9 coatings, where the working pressure is
kept constant at 3x10-3 Torr. It is seen that the R9 coating produced at 150 V bias voltage has
cauliflower-like grains. A compact and fine-grained structure is observed in the R8 coating

deposited with 100 V bias voltage and 600 V target voltage.
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WD=130mm Mag= 2000K X Central Research Laboratory

|—| WD=135mm Mag= 2000KX Central Research Laboratory

Chemical Composition of Coatings (wt%)

Coating Ti Cr Nb B N
No
RI 2275 ] 3067 1.34 | 127 | 32.54
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EHT=10.00kV Signal A=SE1 |, W0 100 A Karadeniz Technical University
WD=140mm Mag= 15.00 KX Central Research Laboratory

EHT=10.00kV Signal A= SE1 Karadeniz Technical University

2pm EHT =1000kV Signal A = SE1 Karadeniz Technical University
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WD =275mm Mag= 20.00 KX Central Research Laboratory
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EHT=10.00kV Signal A=SE1 |, 0. 100 A Karadeniz Technical University

1 pm EHT=1000kV SignalA=SET o 0 o0,  Karadeniz Technical University
WD=140mm Mag= 20.00KX Gentral Research Laboratory

WD=140mm  Mag= 20.00 KX Central Research Laboratory

Chemical Composition of Coatings (wt%)

Coating Ti Cr Nb B N

R7 19.82 19.2 1.95 | 11.37 | 47.66
R8 16.25 | 1822 | 0.9 15.00| 49.54
RO 20.01 12469 | 2.06 13.2 140.04

EHT =10.00kV Signal A = SE1 |Probe = 100 pA Karadeniz Technical University
WD=135mm Mag= 2000KX Central Research Laboratory

Figure 2. SEM images and chemical compositions of the coatings
Cross-sectional images of R1, R4 and R7 Coatings are given in Figure 3. It is seen that the
TiCrNb-hBN layer grows in a columnar structure from the bottom layer to the surface in each
of the variable parameters and there are no cracks or gaps between the grains. The thickness
values obtained from these images can be seen comparatively in Figure 4. The highest coating
thickness is 1.69 at R2 (2x107 Torr, 100 V bias voltage, and 700 V LaBg target voltage). In the
statistical study carried out to determine the effects of deposition parameters on the thickness
of the coatings, the signal to noise (S/N) ratio is used to determine the degree of contribution of
the parameters. S/N ratios of coating thicknesses are determined using Minitab 17 Software,
based on the higher-the better criterion. The average S/N chart obtained as a result of the
statistical analysis is given in Figure 5. As seen in Figure 5, the parameter that has the greatest
contribution (63.65%) on the thickness is the working pressure. The parameter with the lowest
contribution is the LaB6 target voltage (8.36%). Evaluations on coating thicknesses are carried
out based on the working pressure which has the dominant contribution percentage. Increasing
working pressure enhances the probability of the sputtered atoms colliding with the gas particles
in the plasma during their movement to the substrate surface, causing a decrease in the

deposition rate [11]. This is also one of the main reasons for the decrease in coating thickness.
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There is generally a decrease in coating thickness with increasing bias voltage. This is based on

the “re-sputtering” mechanism that occur when the substrate is exposed to higher intensity ion

bombardment with increasing bias voltage. Studies in the literature are obtained findings

consistent with this situation [12].

1 um

EHT=10.00kY Signal A = SE1
WD=95mm Mag= 25.00KX

| Probe = 100 pA

EHT =10.00kV Signal A = SE1
WD=170mm Mag= 2000 KX

| Probe = 100 pA

EHT =10.00kV  Signal A = SE1
WD=120mm Mag= 20.00 KX

| Probe = 100 pA

Karadeniz Technical University
Central Research Laboratory

Karadeniz Technical University
Central Research Laboratory

LY

\
\\.

Karadeniz Technical University
Central Research Laboratory

Figure 3. Typical cross-sectional SEM images of R1, R4 and R7 coatings
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Figure 5. Average S/N Ratios for TiCrNb-hBN thin films in thickness

It is not appropriate to determine the hardness values using the microhardness test in films with

coating thickness in the range of 1.00-2.00 pm. In hardness measurement, if the tip penetrates
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more than 20-30% of the coating thickness, this indicates that the substrate has an effect on the
hardness value of coatings. Therefore, hardness measurements are carried out using
nanohardness tests. The average hardness values obtained in the nanohardness test are given
comparatively in Figure 6. As can be seen from the figure, the highest nanohardness value is
obtained from the coating called R8 (3x107 Torr working pressure, 100 V bias voltage, 600 V
LaBg target voltage). It is determined that the hardness value of RS8 is approximately 400%
superior than the hardness of the 1.2714 tool steel used as the substrate. The average S/N chart
obtained as a result of the statistical analysis for nanohardness values is given in Figure 7. As a
result of the analysis, the parameter that has the highest contribution to the hardness values of
the coatings is the working pressure (65%), while the one that has the least contribution is the
LaBg target voltage (1%). It is determined that the nanohardness values of the R1, R6 and R8
coatings, where the LaBs target voltage is kept constant at 600 V, increases the working
pressure increases. The highest hardness in this group is obtained as 24.67 GPa in the R8 coating
produces at 3x10 Torr working pressure and 100 V bias voltage values. When the bias voltage
was increases to 150 V, it causes a certain amount of decrease. The increase in hardness that
occurs with increasing working pressure value is attributed by the enhancing ion density in the
plasma. As the working pressure increases, the ion density level in the plasma increases. Thus,
the substrate surface is bombarded with more atoms and a dense and tightly ordered structure
is obtained. Many studies in the literature have reported findings that hardness values increase
with increasing working pressure [13]. Increasing ion bombardment by increasing the bias
voltage value creates preferential regions on the surface of the substrate and enhances the re-
nucleation rate. In addition, the kinetic energies of the primary ions sputtered from the target
also increase. lons with high kinetic energy are directed to the substrate more quickly in the
plasma, minimizing the formation of dislocations in the deposited coating layer. While these
effects are present when the bias voltage is increased from 50 V to 100 V, a negative effect
occurs on the hardness value at 150 V. The reason for this is that when the ions, whose velocities
increase excessively, hit the surface of the substrate with a force higher than the optimum value
at low working pressure levels, they cause the secondary atoms to re-sputtering from the

surface.
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Figure 7. Average S/N Ratios for TiICrNb-hBN thin films in hardness value

The adhesion strength of TiCrNb-hBN coatings is determined by scratch test. Scratch testing is

one of the most important techniques used in the characterization and performance
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determination of thin and hard coatings. The adhesion strength of coatings is evaluated using
critical loads at which failure occurs during the test. Lc; critical load value is expressed as the
load value at which the coating completely peels off from the substrate and loses its protection.
Lc» critical load values of the coatings are given in Figure 8. Among the coatings, the highest
Lc; critical load (adhesion strength) value is obtained from the R8 with 85 N, while the lowest
Lc; critical load is obtained from the R6 with 13 N. Critical loads are determined by the normal
force-friction coefficient graphs given in Figures 9, obtained using an optical microscope and
optical profilometer taken from the coatings after the test. Typical scratch results for R1, R4
and R7 coatings are given for each group. S/N ratios of adhesion strength values (Figure 10)
are calculated according to the higher the better criterion. It is determined that the most
important parameter affecting the adhesion strength values obtained from coatings is the
working pressure (89.6%). As in other properties, the lowest contribution is taken from LaB6
(1.6%). In the R1, R6 and RS coatings, where the LaBg target voltage is kept constant at 600 V,
which has the lowest contribution on the adhesion strength values of the coatings at 1.6%, a
superior adhesion strength of 85 N is obtained in the R8 coating produced with the highest
working pressure (3x10° Torr). As stated before, as the working pressure increases, the
ionization in the plasma increases. This has positive effects on the coating's resistance to plastic
deformation and adhesion. By increasing the bias voltage from 50V to 100V in the R8, the
adhesion strength of the coating increases as the ions with increases kinetic energy penetrates
the surface better and forms a dense structure. In addition, increasing the bias voltage from 50
V to 100 V causes a relief in the lattice structure by reducing the residual stresses. This relief is

thought to increase the load-bearing capacity of the coating by increasing its toughness.
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Figure 10. Average S/N Ratios for TiCrNb-hBN thin films in Lc; critical load

4. Conclusion

The TiCrNb-hBN thin films were deposited on DIN 1.2714 steel samples using CFUBMS
system under the different deposition parameters. The microsturucture, nanohardness, adhesion
strength properties of coatings were investigated. In addition, the degree of contribution of the

variable parameters to these features was revealed by ANOVA analysis.

1- TiCrNb-hBN coatings, which have a novel design and recipe, are successfully produced in
a granular, smooth and dense structure, free from deposition defects encountered in other

coating methods.
2- The thickness of the coatings is achieved in the range of 874 nm and 1.69 um.

3- The parameter that has the highest contribution to coating thickness values is working

pressure with 63.65%.
4- All TiCrNb-hBN coatings increase the nanohardness of the DIN 1.2714 steel sample.

5- The highest hardness value is obtained in the R8 coating with a value of 24.67 GPa. This

hardness achieved is approximately 400% superior than the hardness value of the substrate.
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6- The highest adhesion strength is achieved in the R8 coating with a value of 85 N. There is a

correlation between hardness and adhesion strength values in coatings.

7- Numerical values obtained as a result of ANOVA analysis show the degree of contribution
of each parameter to the coating properties. It is a known fact that each coating parameter
has different effects on the properties of the coating. This change in numerical data indicates
that the effects of each of the parameters designed according to Taguchi on the coating

properties are different.
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Abstract

Tilapia piscidin 4 (TP4), a cationic antimicrobial peptide, is recognized for its diverse biological roles, including
antibacterial, wound-healing, and anticancer properties. Herein, the codon-optimized sequence of TP4 peptide
was expressed using the pPICZaA expression vector containing the AOX1 promoter, a strong and inducible
promoter, in the Pichia pastoris KM71H expression system. Recombinant TP4 peptide was purified by Ni-NTA
affinity chromatography. After purification, the anticancer activity of TP4 was assessed in HUH-7
hepatocellular carcinoma cells, and the underlying mechanisms were determined. In the present study, it was
demonstrated for the first time that recombinant TP4 displayed strong anticancer activity in the human HUH-7
cell line. The TP4 antimicrobial peptide can be used as a competitive candidate for the treatment of cancer cells
due to its anticancer effects.

Keywords: Tilapia piscidin 4, recombinant peptide, Pichia pastoris, HUH-7

Pichia pastoris'te TP4 Peptidinin Artirilmis Uretimi ve Hepatoseliiler Karsinom HUH-
7 Hiicrelerine Kars1 Terapotik Degerlendirmesi

Oz

Bir katyonik antimikrobiyal peptiti olan Tilapia piscidin 4 (TP4), anti-bakteriyel, yara iyilestirici ve antikanser
ozellikleri de dahil olmak iizere gesitli biyolojik roliiyle taninmaktadir. Burada, TP4 peptitinin kodon
optimizasyonlu dizisi, Pichia pastoris KM71H ekspresyon sisteminde gii¢lii ve indiiklenebilir bir promotor olan
AOX]I promotoru altinda pPICZaA ekspresyon vektorii kullanilarak eksprese edilmistir. Rekombinant TP4
peptiti, Ni-NTA afinite kromatografisi ile saflagtirilmistir. TP4'lin saflastiriimasindan sonra TP4'iin antikanser
aktivitesi hepatoselliiler karsinoma hiicrelerinde degerlendirilmis ve altta yatan mekanizmalar belirlenmistir.
Bu ¢alismada ilk kez rekombinant TP4'lin insan HUH-7 hiicre hattinda giiclii antikanser aktivite gosterdigi
belirlenmistir. TP4 antimikrobiyal peptiti, antikanser etkileri nedeniyle kanser hiicrelerinin tedavisinde
rekabetgi bir aday olarak kullanilabilir.
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Enhanced Production and Therapeutic Evaluation of TP4 Peptide in Pichia pastoris Against
Hepatocellular Carcinoma HUH-7 Cells

1. Introduction

Hepatocellular carcinoma (HCC) is the most prevalent type of primary liver cancer. According
to World Health Organization statistics in 2022, HCC is the sixth most common type of cancer
worldwide. It is also the third most common cause of cancer death after lung and colorectal
cancer [1]. Current treatments for cancers in general include radiation, chemotherapy,
immunotherapy, and surgical methods. However, limited selectivity in targeting tumor cells
and the emergence of resistance in tumor cells are challenges of such treatments. Therefore,
new therapeutic methods are necessary [2].

Cancer cells often have negatively charged phosphatidylserine (PS) or anionic structures in
their outer membranes, unlike healthy cells that are normally zwitterionic. Among therapeutic
peptides, antimicrobial/pore-forming peptides (AMPs) attract attention due to their anticancer
effects. AMPs occur naturally in all living organisms and are part of the immune defense
mechanism. AMPs have cationic charges and form amphipathic structures in nonpolar solvents.
Antimicrobial cationic peptides target cancer cell membranes and induce cell death through
necrosis or apoptosis [3-5].

Tilapia piscidin 4 (TP4), a marine antimicrobial peptide and a cationic antimicrobial peptide
identified from Nile Tilapia (Oreochromis niloticus), is known to exhibit multiple biological
functions, including antibacterial, wound-healing, immunomodulatory, and anticancer
activities [6-8]. Furthermore, TP4 has attracted attention for its potent anticancer activity in
glioblastoma cells, human non-small cell lung cancer cells, and triple-negative breast cancer
cells [9,10].

Although AMPs have many features such as scientific research and industrial use, the main
factors that limit studies on AMPs are that obtaining AMPs is time-consuming and quite costly.
There are three main production methods for obtaining AMPs: direct AMP extraction from
natural sources, chemical synthesis, and recombinant techniques. The recombinant method is
preferred over chemical synthesis and extraction in many aspects. For example, it is more cost-
effective and provides an endless source of peptide production for both research and large-scale
production for pharmaceutical use [11-13]. Pichia pastoris, a methylotrophic yeast, has recently
become the most frequently used expression system for eukaryotic protein production. This is
because P. pastoris can make post-translational modifications such as correct polypeptide
folding, disulfide bond formation, and glycosylation, which are very important for eukaryotic
proteins and which bacteria cannot do [14,15].

TP4 peptide, which is the subject of this study, was first produced recombinantly in P. pastoris
in a study conducted by Neshani et al. (2018). In addition, in studies conducted by Huang et al.
(2020) and Tai et al. (2021), TP4 peptide was produced recombinantly in P. pastoris and was
aimed to be used for different purposes by taking advantage of the high antimicrobial effect of
TP4 [16,17].

Recent studies have increasingly focused on the anticancer effects of the TP4 peptide. Su et al.
(2019) on glioblastoma cells (U87MG, U251) determined that TP4 increased reactive oxygen
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species, decreased ATP, and significantly increased the release of cyclophilin A, a necrotic
biomarker [10]. Su et al. (2021) also showed that TP4 can cause necrotic cell death in human
synovial sarcoma AsKa-SS and SW982 cell lines [18]. In another study, it was reported that the
toxic effect of TP4 on non-small cell lung cancer cells primarily led to necrosis. Additionally,
while cell membrane disruption was observed at high concentrations of TP4, it was determined
that it resulted in controlled cell death at low concentrations [9]. Furthermore, the cytotoxicity
of TP4 was also tested in triple-negative breast cancer (TNBC) cell lines under both in vitro
and in vivo conditions. TNBC cells have been shown to activate the FBJ murine osteosarcoma
viral oncogene homolog B (FOSB), which is counteracted by 7P4 through selective binding to
mitochondria and induction of cytosolic Ca®" accumulation. FOSB overexpression results in
TNBC cell death, whereas inhibition of calcium signaling abrogates FOSB induction and blocks
TP4-induced TNBC cell death. In conclusion, this study showed that 7P4 strongly induces
FOSB, especially in TNBC, providing a new therapeutic approach for TNBC through FOSB
induction [19,20].

Synthetic TP4 peptide was used in studies investigating the anticancer effect of TP4. However,
there is no study yet to examine the anticancer effect of recombinant TP4 produced.
Additionally, within the scope of this study, TP4 peptide was studied for the first time in HUH-
7 hepatocellular carcinoma cells. This study aimed to recombinantly produce the TP4 peptide
in the P. pastoris expression system. Additionally, the study evaluated the therapeutic potential
and anticancer activity of the produced TP4 on HUH-7 hepatocellular carcinoma cells.

2. Material and Methods
Strains and Chemicals

Escherichia coli XL1-Blue strain was used for subcloning and amplification of expression
vectors. For the development of E. coli cells, LB medium (0.5% yeast extract, 1% peptone and
1% NaCl) was prepared with appropriate antibiotic additions. After cloning, zeocin was added
to the LB agar medium to select positive E. coli XL1-Blue cell transformants. P. pastoris
KM71H strain was used as the host system for protein expression. YPD (1% yeast extract, 2%
peptone, 2% dextrose) medium was used as preculture to grow transformant P. pastoris cells.
BMGY (2% glycerol, 1% yeast extract, 2% peptone, 1.34% yeast nitrogen base w/o amino
acids, 4x107° % biotin and 100 mM phosphate buffer, pH 6), BMMY (contained 1% methanol
instead of glycerol in BMQGY) culture media were used for protein expression studies.

HUH-7 (human hepatocellular carcinoma cell line) was obtained from ATCC (American Type
Culture Collection, USA). Phosphate buffer saline (PBS), Heat-inactivated fetal bovine serum,
Trypsin—-EDTA, Dulbecco’s modified Eagle’s medium (DMEM), L-glutamine, penicillin-
streptomycin and MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium Bromide) were
purchased from Biological Industries (Biological Industries Co, Beth-Haemek, Israel). Qiagen
RNeasy Mini Kit (Qiagen, Hilden, Germany) was used to isolate RNA, and Biorad iScript™
cDNA Synthesis Kit (Bio-Rad Laboratories Inc., Hercules, CA, USA) was used to synthesize
cDNA. Human Bax, Bcl-2, Casp3 ELISA kits were from Elabscience Company (Elabscience
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Biotechnology, Wuhan, Chine). All other chemicals were purchased from Sigma Aldrich
(Merck KGaA, Darmstadt, Germany).

HUH-7 cell line was cultured in DMEM supplemented with 10 % fetal bovine serum, 1% pen-
strep solution, 1% L-Glutamine at 37 °C in a 5% CO; incubator and 95% humidity.

2.1. Recombinant Production of TP4
Gene Synthesis and Plasmid Construction

The nucleic acid sequence encoding the TP4 peptide was obtained from NCBI GenBank
(accession number XM 002491337). After the DNA sequence encoding the TP4 peptide was
determined, restriction enzyme cutting sites, stop codon, G-TEV Protease region and C-
terminal 6x His sequence (His-tag, for purification of the peptide) was added to the ends of the
sequence. For effective protein production, codon optimization according to the characteristics
of host system is very important [21]. Codon optimization of the obtained nucleotide acid
sequence was performed according to the P. pastoris codon usage frequency table by Genscript
(NJ, USA). To obtain the TP4 gene sequence, 6 primers (Table 1) that were partially
complementary to each other were ordered by Sentebiolab Company (Ankara, Tiirkiye), and
these primers were combined by the overlap PCR method, respectively, and a 141 bp length
DNA sequence was obtained. PCR products of the 141 bp DNA sequence encoding the TP4
peptide were purified using a commercial purification kit (Hydra, Gel and PCR Purification
Kit, Tiirkiye). TP4 DNA sequence: 5-CTC GAG CAT CAC CAC CAT CAT CAC GAG AAC
CTATACTTT CAA GGG TTT ATT CAC CAT ATT ATA GGC GGT CTC TTC AGC GCC
GGA AAA GCG ATC CAT AGA CTG ATC CGA CGC CGG AGG CGT TGA TCT AGA-3.

Table 1. Overlap primers for synthesis to 7P4 gene.

Primer Sequence

TP4F1 AAACTCGAGAAAAGACATCACCACCATCATCACG
TP4RI CCCTTGAAAGTATAGGTTCTCGTGATGATGGTG
TP4F?2 ACTTTCAAGGGTTTATTCACCATATTATAGGCGG
TP4R2 CGCTTTTCCGGCGCTGAAGAGACCGCCTATAATA
TP4F3 CCGGAAAAGCGATCCATAGACTGATCCGACGCCG
TP4R3 TTTTCTAGATCAACGCCTCCGGCGTCGGAT

TP4 gene was cloned into the pPICZaA vectors from Xhol-Xbal restriction sites to construct

pPICZaA-TP4 expression vector. The schematic representation of the vector was given in Fig.
1.
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Bgl 1T

410X1 promoter

pPICZaA-TP4

AOX1 TT

Figure 1. Schematic representation of the constructed expression vector pPICZaA-TP4
Cloning of the 7P4 gene in P. pastoris

The expression vector was linearized by digestion with restriction enzymes Sac/ at the AOX1
promoter site. The expression cassette obtained was transformed into the electrocompetent P.
pastoris KM71H strain by electroporation using an electroporator (Bio-rad, Gene Pulser Xcell
Electroporation System) at 2000 V, 5 ms [22]. The selection of transformant cells was
performed on YPD agar plates containing 100 png/mL zeocin.

Recombinant TP4 Production in Shake-flasks

The recombinant protein production studies were carried out in shake-flask conditions. Selected
clone was cultured in 5 mL of YPD medium overnight. The culture was used as inoculum for
BMGY medium and incubated for 18 hours for cell accumulation. The cells were harvested by
centrifugation at 1200 xg and transferred to BMMY medium, which is the protein production
medium. TP4 production was induced by adding methanol to a final concentration of 1% every
24 hours. The induction phase was continued at 28°C for 216 hours.

Purification of the Recombinant TP4

In this study, the recombinant protein was synthesized with a polyhistidine (6xHis) tag attached
to the C-terminus. The use of a histidine tag, particularly the 6xHis tag (0.84 kDa), is
advantageous due to its small size and lack of charge at physiological pH, which typically does
not interfere with the folding, structure, or function of the protein [24]. Moreover, the
purification method employed for histidine-tagged proteins relies on immobilized metal affinity
chromatography (IMAC), offering efficient purification with high yields. In this technique, the
protein of interest selectively binds to transition metal ions (nickel, in this instance)
immobilized on a resin matrix via the histidine tag, effectively separating it from other
unlabeled proteins in the supernatant. Subsequently, the recombinant protein is eluted from the
resin using imidazole, which competes with the histidine tag for binding sites [25].
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The produced 6xHis labeled TP4 peptide was purified using Ni-NTA resin. The resin was
washed with 1xPBS pH 7.4 containing 20 mM imidazole, and then the TP4 peptide attached to
the resin was treated 3 times with 1XPBS pH 7.4 elution buffer containing different
concentrations of imidazole (50, 100 and 200 mM) [26]. Protein samples in different fractions
of the purification process were analyzed by SDS-PAGE. The total protein amount was
determined using the Coomassie Bradford Plus Protein Assay Kit according to the kit protocol.

SDS-PAGE Analysis

For the analysis of protein samples taken from the purification steps analyzed by the tricin SDS-
PAGE protocol described by Schiagger (2006) [23]. The samples were mixed with 4xSDS gel
loading buffer in a 20 uL and incubated at 70°C for 10 min. denatured. Then, peptides were
separated by electrophoresis in the SDS-PAGE gel, which consisted of two phases: a loading
gel containing 4% polyacrylamide and a separation gel containing 16% polyacrylamide.

Electrophoresis was performed in Anode (0.1 M Tris, 0.0225 M HCL pH 8.9) and Cathode
Buffer (0.1 M Tris, 0.1 M Tricine, 0.1% SDS, pH 8.25) buffer at 80V for 30 min. and 120V
100 min. was carried out. Then, the gel was stained with Coomassie Brilliant Blue dye and then
treated with a decolorizing solution (10% acetic acid, 50% methanol and 40% pure water) to
remove the dye, and the resulting SDS-PAGE gel was imaged on ChemiDoc Touch Imaging
System (Bio-Rad Laboratories Inc., Hercules, CA, USA).

Antimicrobial Activity

The minimum inhibitory concentration test (MIC) and the minimum bactericidal concentration
test (MBC) are important methods to assess the antimicrobial activity levels of the recombinant
TP4. MIC and MBC values were determined on Escherichia coli (gram-negative) and Bacillus
subtilis-ATCC 23857 (gram-positive).

The bacteria were activated through batch cultivation in shake-flasks containing sterile Tryptic
Soy Broth (TSB) with at 37 °C 200 rpm. Subsequently, 100 pL of the culture was inoculated
onto tryptone soy agar (TSA) plates and incubated for 24 hours at 37 °C. Then, a single colony
was selected and inoculated into shake-flasks containing sterile TSB, and incubated for 12 hours
at 37 °C.

To determine MIC and MBC, Microtitre Broth Dilution Method was used. Seven decreasing
serial dilutions of TP4 peptide (50-25-12.5-6.25-3.125-1.56-0.78 pg/mL) applied two bacteria
on 96-well plates with 5 replicates. Following incubation at 37 °C for varying durations (6-12-
18-24 hours), bacterial growth was assessed by measuring absorbance at 600 nm using a
microplate reader. As a negative control, bacterial cultures without TP4 were included, while
serial dilutions of 0.01 mg/mL kanamycin used as positive control. Starter culture was prepared
in 5 mL TSB and incubated for 18 hours at 37 °C, then the starter culture was inoculated at a
ratio of 1/100 into the flask, it was incubated at 37 °C in a shaker at 200 rpm until Optic Density
was 0.5. 150 pl of this culture was transferred to each well of the 96-well plate under aseptic
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conditions. Following incubation, viable cell counts were calculated based on absorbance
values at 600 nm.

2.2. Cell Culture

Cell Viability Assay

The anticancer effects of TP4 against growth of cells was determined using the MTT assay.
Firstly, the cancer cells were seeded in 96-well culture plate at 5x10° cells per well for 24 hours
of incubation. In the literature, TP4 has been applied to various cancer cells at different
concentration ranges. Ting et al. (2016) observed that treatment with 15 pg/mL TP4 was
sufficient to kill more than 50% of breast cancer cells within 6 hours. Su et al. (2019) determined
that the 50% lethal dose (LD50) of TP4 for glioblastoma cells was 20 pg/mL. In a subsequent
study, Su et al. (2021) reported IC50 values of 29.20 and 32.41 pg/mL for synovial sarcoma
cells. The TP4 concentration range for this study was determined by considering the 1C50
concentrations reported in previous studies. In this study, TP4 at concentrations of 100, 50, 25,
12.5, 6.25, 3.125, 1.56, and 0.78 pg/mL was applied to HUH-7 cells for 3, 6, 12, and 24 hours
at 37°C, with 5% CO2 and 95% humidity. At the end of the 3, 6, 12, and 24-hour incubations,
100 uL of MTT reagent was added to each well to determine cell viability. After 3 hours, the
absorbance was measured using a microplate reader at 570 nm to calculate the percent cell
viability.

RT-PCR Analysis

Total RNA was extracted from HUH-7 cells treated by TP4 (3.5-4.5-5.5 pg/mL) at the end of
the 3-h incubation. RT-PCR was performed using specific primers for BAX, BCL-2, CASP3 and
first strand cDNA synthesis was carried out according to the manufacturer's protocols. ACTB
was used as the reference gene. Gene expression levels of BAX, BCL-2, CASP3, and ACTB
were analyzed using primers (Table 2) synthesized by Sentebiolab Company (Ankara, Tiirkiye).

PCR was performed using a SYBR Green Master Mix (Qiagen, Hilden, Germany) with a
reaction mix containing 1 uL cDNA, 2 uL each of primer and 12,5 ul SYBR Green Master Mix
(total volume 25 pL). PCR conditions were as follows for one cycle: 95°C for 10 min followed
by 45 cycles of 95°C for 15 sec, 64°C for 30 sec and 72°C for 15 sec. Each reaction was run in
triplicate. Analysis of relative expression of these genes was performed using the 2 22! method.

Table 2. Primers for detection of genes expression.

Gene Primer sequence Reference

F: 5-AGCAGATCATGAAGACAGGG
BAX [27]
R: 5-GAAGTTGCCGTCAGAAAACA

F: 5-GCGCTCTGGTTTTCGTTAAT

CASP3 [27]
R: 5-ACCCATCTCAGGATAATCCATTT
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F: 5-TATCTGGGCCACAAGTGAAG
BCL2 [27]
R: 5-ATTCGACGTTTTGCCTGAAG

F: 5-CACCATGGATGATGATATCGC
ACTB [27]
R: 5-GAATCCTTCTGACCCATGCC

ELISA Tests

Total protein was extracted from HUH-7 cells treated by TP4 (3.5-4.5-5.5 ng/mL) at the end of
the 3-h incubation. To determine protein expression levels of the Bax, Bcl-2, Casp3 on HUH-7
cell treated by TP4 commercial sandwich ELISA Kkits.

TAS and TOS Analysis

TAS (Total Antioxidant Level) and TOS (Total Oxidant Level) tests measure the total capacity
of total antioxidants and oxidants present in a biological sample. Commercially purchased Rel
Assay Diagnostic TAS-TOS Assay Kits (Tiirkiye) were used to determine TAS and TOS status.
Proteins purified from TP4-treated cells and stored at -80 °C for use were used as samples.
Experiments were carried out in 4 replicates according to the kit protocols.

3. Results and Discussion

Cloning of the 7P4 Gene into Expression Vector

In this study, 141 bp DNA sequence encoding the TP4 peptide was obtained by using the
overlap PCR method and sequence was confirmed by agarose gel (Figure 2). After, DNA
sequence containing the TP4 gene was digested with Xhol-Xbal enzymes and ligated to the
pPICZoA plasmid digested from the Xhol-Xbal enzyme recognition site. The generated
expression vector was named pPICZaA-TP4. Ligation mixture was transferred to competent E.
coli XL1-Blue cells prepared using the CaCl, method, and selection was performed on LB
Lennox agar medium containing 25 pg/mL zeocin antibiotic. Three colonies grown on
antibiotic-containing medium were selected, and the accuracy of the expression vector and the
cloned gene was verified Asul ve Sall restriction enzymes. The verified expression vector was
linearized using the Sacl restriction endonuclease. Then linearized plasmid was purified by
using PCR Purification Kit and it was transferred to competent P. pastoris KM71H cells by
electroporation technique.
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M TP4 partial DNA TP4 fullgene M

300 bp

200 bp

Figure 2. Obtaining the 7P4 gene by overlap PCR. (M: 1kb DNA ladder, Fermentas; Line 1-4: Partial
TP4 DNA fragments; Line 5-8: Full construct of 7P4 gene)

Expression Studies of the 7P4 Gene in P. pastoris

After the transformation of the expression vector into the P. pastoris KM71H strain made
competent by the Lithium-acetate method, the selected clone was first developed in YPD
medium at 28°C overnight. The cells grown in YPD medium were inoculated into shake-flask
containing 200 mL of BMGY medium and incubated for 18 hours at 28°C and 250 rpm. At the
end of the cell accumulation period, the culture was centrifuged and the resulting cell pellet was
resuspended in 200 mL of BMMY medium. During the induction phase, methanol, which acts
as both a carbon source and inducer, was added to the medium every 24 hours to a final
concentration of 1% for 216 h. At the end of the induction phase, cell density of the culture
(ODsoo nm) was measured and the supernatant sample was collected for purification analysis.

The literature indicates that the recombinant production of TP4 peptide in the P. pastoris
expression system has been performed using similar methods [11,16,17]. Neshani et al. (2018)
cloned the TP4 gene into the pPIC9 vector and expressed it in the P. pastoris GS115 strain. Tai
et al. (2021) and Huang et al. (2020) both cloned the TP4 gene into the pPICZaA vector and
expressed it in the P. pastoris X-33 strain. In this study, the TP4 gene was cloned into the
pPICZaA vector and expressed in the P. pastoris KM71H strain, unlike previous studies. Most
P. pastoris strains are Mut”™ (methanol usage positive phenotype) and grow rapidly with
methanol induction. However, the KM71H strain is Mut®, with the AOX1 gene deleted,
resulting in slower methanol metabolism due to reliance on the AOX2 gene. Strains with
deleted AOX genes can sometimes outperform wild-type strains in recombinant protein
production [28]. Additionally, the Mut® strain offers advantages such as lower costs in large-
scale fermentations and reduced contamination risk due to requiring less methanol for
induction.
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Purification of Recombinant TP4

The supernatant sample collected was used for recombinant TP4 purification. The sample was
concentrated and equilibrated with 1xPBS pH 7.4 containing 10 mM imidazole and loaded into
the column containing Ni-NTA resin. For elimination of the non-specific binding the column
was washed using 1xPBS buffer containing 20 mM imidazole. Then, the column was treated
I1xPBS buffer containing different concentrations (50, 100 and 200 mM) of imidazole for
elution of the his-tagged TP4 protein. The presence of histidine-tagged TP4 and purified TP4
were determined by the tricine SDS-PAGE gel analysis (Figure 3). Elutions containing
recombinant TP4 protein were collected and dialyzed against 1xPBS buffer and the resulting
purified protein was used to further analysis.

S Conc. FT W E1 E2 E3 M

25 kDa

15 kDa

10 kDa

Figure 3. SDS-PAGE analysis of the purification steps of the TP4 protein (M: Protein marker; S:
Supernatant sample; Conc.: Concentrated sample; FT: Flow Through; W: Wash (1xPBS containing 20
mM imidazole), E1-3: Elution (1xPBS containing 50, 100, 200 mM imidazole, respectively).

There are three main production methods for obtaining AMPs. These are direct AMP extraction
from natural sources, chemical synthesis, and recombinant techniques. The recombinant
method is preferred over the chemical method in many respects and has been increasingly
considered for peptide production in recent years. Direct extraction of AMPs from natural
sources is lengthy and costly, and it also poses a threat to ecosystems by harming many species.
The chemical synthesis method involves multiple complex chemical steps, increasing the risk
of errors in peptide sequences. Recombinant DNA technology is preferred over chemical and
enzymatic synthesis methods in many respects and has been increasingly used for peptide
production in recent years [13, 29].
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Recombinant TP4 Expression in P. pastoris Showed Antimicrobial Activity

First, the antibacterial effect of the recombinant TP4 was determined by MIC and MBC
methods. As seen in the results shown in Table 3 and Figure 4, it was determined that TP4
peptide had an antibacterial effect on E. coli and B. subtilis.

Bacteria have anionic properties, bind to cationic AMP, and disrupt its structure. They bind to
negatively charged bacterial cell membranes through electrostatic interactions, disrupting their
functions and causing death [30]. In this study, the accuracy of the activity of TP4 produced
was examined on gram positive and negative bacteria. As a result, it was determined that even
a small amount of TP4 had a very high antibacterial activity.

Table 3. MIC and MBC values of TP4 on strains

Hour E. coli B. subtilis E. coli B. subtilis
MIC (ng/mL) MIC (ng/mL) MBC (ng/mL) MBC (ng/mL)
6 3.125 6.25 12.5 12.5
12 3.125 3.125 12.5 12.5
18 6.25 1.56 25 25
24 6.25 1.56 50 25

In the literature, the antibacterial activity of recombinantly produced TP4 was investigated
using a similar method [11]. Although the results obtained are partially compatible with the
literature, it is thought that the higher MIC and MBC values even in the same bacteria compared
to the literature are due to the differences in the parameters during the experiment.

E. coli B. subtilis
120 120
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Figure 4. MIC and MBC of TP4 peptide on E. coli and B. subtilis

TP4 Decreases Cell Viability in HUH-7 Hepatocellular Carcinoma Cells

In this study was investigated anticancer effects of TP4 on HUH-7 hepatocellular carcinoma
cells. For this aim, firstly, the cytotoxic effects TP4 on cancerous cells were determined by
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MTT cell proliferation assay. Different concentrations of TP4 (100-50-25-12,5-6,25, 3,125,
1,56, 0,78 pg/mL) were applied on HUH-7 cells for 3-, 6-, 12- and 24-hours at 37 °C, 5% CO»
and 95% humidity. IC50 value was found to be 4.5 ug/mL for 3-hour incubation by using AA
Bioquest IC50 calculator tool. When cell proliferation at different concentrations was
examined, it was observed that more than 80% of the cells died with the application of 100
pg/mL TP4, and 65% of the cells died with 50 pg/mL TP4. In contrast, the proliferation of cells
gradually increased in the control group without treatment. Cytotoxic effects of TP4 are given
in Figure 5.

Cancer cells often have negatively charged phosphatidylserine (PS) or anionic structures in
their outer membranes, unlike healthy cells that are normally zwitterionic. Antimicrobial
cationic peptides target cancer cell membranes and induce cell death through necrosis or
apoptosis [4]. In the literature, TP4 has been investigated in various cell lines including SW982
and Aska-SS human synovial sarcoma cells, MDA-MB231, MDA-MB453 and MCF7 breast
cancer cells, US7MG and U251 glioblastoma cells [10,18,19]. However, its anticancer effect
was investigated for the first time on HUH-7 hepatocellular carcinoma cells. According to the
MTT experiment results in HUH-7 cell line, the IC50 value was determined as 4,5 ug/ml. The
results obtained were mostly consistent with the literature and the IC50 value was found to be
lower than the literature results. This situation is thought to be due to the difference in cell type

and protocol.
200
— 100 pg/mL
180 4 50 ug/mL
— 25 pg/mL
12.5 pg/mL
160 1 —— 6.25 pg/mL
— 3.125 pg/mL
140 4 —— 1.56 pg/mL
0.78 pg/mL
> — 0 pg/mL
=120 he
=
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=
O
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Figure 5. TP4 selectively kills HUH-7 cancer cells. Cell viability in HUH-7 was determined by MTT

assay following treatment with varying doses of TP4 (0.78-100 ug.mL'l) at the indicated time-points
(3-24h).
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TP4 Importantly Effects mRNA and Protein Levels of Cells

Antimicrobial peptides target cancer cells through various mechanisms such as cell membrane
disruption, mitochondrial dysfunction, ROS production, and DNA damage, and induce cell
death through necrosis or apoptosis [10,31,32]. When the cell is damaged, pro-apoptotic (BAX
and CASP3) or anti-apoptotic (BCL-2) genes in the cell are activated, and these genes play an
important role in the control of apoptosis [33,34].

* Cytochromec

#

Apoptosome

L CASP3Hnactive ':
}i'{" "TW CASP3-active ﬂ{"m

Figure 6. Apoptotic induction of TP4 on HUH-7 cells.

Kuo et al. (2018) applied TP4 stock solution (MSP-4) to MG63 osteosarcoma cells and
observed that MSP-4 decreased anti-apoptotic protein BCL-2 levels and increased pro-
apoptotic proteins BAX, CASP3 and BID in a dose-dependent manner. The study demonstrated
that MSP-4 induced apoptosis via both the intrinsic (mitochondrial) and extrinsic (receptor-
mediated) pathways [30, 31]. In this study, gene expression was analyzed using RT-PCR. The
results were found to be consistent with the literature. Results showed that treatment with 4.5
pg/mL TP4 significantly upregulated BAX and CASP3 genes expression on HUH-7 cells.
Otherwise, gene expression levels of BCL-2 downregulated in cells treated with 4.5 ng/mL TP4
(Figure 7). In cells treated with the same concentration, the ELISA findings of Bax and Casp-3
protein significantly increased compared to control, correlating with increased gene expression
levels. The gene expression level of BCL-2 was decreased in cells treated with 4.5 pg/mL TP4
(Figure 7). And ELISA result of Bcl-2 protein level was decreased and correlating with gene
expression level. These findings provided important information about the pro-apoptotic effects
of TP4 on HUH-7 cells. The dual effect of increased pro-apoptotic signals (BAX and CASP3)
and decreased anti-apoptotic signals (BCL-2) demonstrated the strong apoptotic effect of TP4.
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This study demonstrated that TP4 is particularly important for understanding its therapeutic
potential. By promoting apoptosis in cancer cells, TP4 may serve as an effective anti-cancer
agent, especially in cases where conventional treatments fail to trigger sufficient apoptotic
response. Future research should focus on elucidating the detailed molecular mechanisms by
which TP4 modulates these apoptotic pathways and evaluating its effects in various cell types
and in vivo models (Figure 6).
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Figure 7. Expression levels of BAX, BCL-2, CASP3 and BAX/BCL-2 ratio in HUH-7 cells. Values are
represented as mean + standard error of mean. p < 0.05 versus control group, *p < 0.05 versus 3.5 ug/mL
TP4-treated group, °p <0.05 versus 5.5 ug/mL TP4-treated group.

TAS and TOS Status

Antioxidants play a crucial role in preventing oxidative damage caused by free radicals,
whereas oxidants are reactive molecules that can harm cellular structures and contribute to
disease. Su et al. (2021) demonstrated that TP4 initiates the production of reactive oxygen
species (ROS) and induces necrotic cell death in Aska-SS and SW982 cell lines by reducing
levels of antioxidant proteins, such as uncoupling protein-2 and superoxide dismutases SOD-1
and SOD-2. In this study, the total antioxidant status (TAS) and total oxidant status (TOS) in
HUH-7 cells were measured using ELISA kits. The results are shown in Figure 8. These
findings consistent with the literature, demonstrating that TP4 significantly affects the oxidative
balance in HUH-7 cells. The decrease in TAS with increasing TP4 concentration indicates that
TP4 induces oxidative stress, raising oxidant levels. The observed decrease in TOS suggests
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that TP4 may deplete antioxidants or inhibit cellular antioxidant defenses. This highlights TP4's
potential pro-oxidant role, which could cause cellular damage if oxidative stress is not managed.
Additionally, the increase in oxidant levels implies that TP4 may stimulate ROS production or
impair the cell's ability to neutralize them. Overall, this study shows that long-term oxidative

stress can lead to apoptosis in cancer cells, suggesting TP4's potential for anticancer
applications.

TOS
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Figure 8. TAS and TOS status on HUH-7 cell line.

4. Conclusion

In this study, the recombinant production of TP4 was carried out in P. pastoris, and its effects
on HUH-7 hepatocellular carcinoma cells were investigated. The results demonstrated that TP4
exhibits a strong anticancer effect, inducing apoptosis in HUH-7 cells through the induction of
oxidative stress and the activation of pro-apoptotic genes. This study is the first to demonstrate
that recombinant TP4 exhibits potent anticancer activity in the human HUH-7 cell line. The
findings suggest that TP4, an antimicrobial peptide, may serve as a promising candidate for
cancer treatment due to its significant anticancer effects. Additionally, investigating the
potential synergistic effects of TP4 with other anti-cancer agents may provide valuable
information for the development of combination therapies that increase efficacy while
minimizing adverse effects.

Ethics in Publishing
There are no ethical issues regarding the publication of this study.
Author Contributions

The authors declare that they have contributed equally to the article.

Acknowledgements

This project was supported by Health Institutes of Tiirkiye (TUSEB) with project no. 31705.

519



Enhanced Production and Therapeutic Evaluation of TP4 Peptide in Pichia pastoris Against
Hepatocellular Carcinoma HUH-7 Cells

References

[1]https://gco.iarc.fr/today/en/dataviz/pie?mode=cancer&group populations=1&cancers=39&
types=1, Ziyaret tarihi: 14.03.2024.

[2] Chen, Z., Xie, H. et al., (2020) Recent progress in treatment of hepatocellular carcinoma,
Am J Cancer Res., 10 (9) 2993-3036.

[3] Lien, S. and Lowman, H.B. (2003) Therapeutic peptides, Trends Biotechnol., 21(12) 556-
62.

[4] Boohaker, R.J., Lee, M.W., Vishnubhotla, P., Perez, J. M. and Khaled A. R. (2012) The Use
of Therapeutic Peptides to Target and to Kill Cancer Cells, Current Medicinal Chemistry, 19
3794-3804.

[5] Chauhan, S., et al., (2021) Antimicrobial peptides against colorectal cancer-a focused
review Pharmacological Research.

[6] Peng, K.C. et al., (2012) Five Different Piscidins from Nile Tilapia, Oreochromis niloticus:
Analysis of Their Expressions and Biological Functions, plosone, 7, 11.

[7] Mahrous, K.F. et al., (2020) Piscidin 4: Genetic expression and comparative
immunolocalization in Nile tilapia (Oreochromis niloticus) following challenge using different
local bacterial strains, Developmental & Comparative Immunology.

[8] Dyshlovoy, S.A. and Honecker, F., (2020) Marine Compounds and Cancer: Updates 2020
Marine Drugs, 18, 643.

[9] Ting, C.H. and Chen, J. Y., (2018) Nile Tilapia Derived TP4 Shows Broad Cytotoxicity
toward to Non-Small-Cell Lung Cancer Cells, Marine Drugs, 16, 506.

[10] Su, B.C. et al., (2019) Antimicrobial Peptide TP4 Induces ROS-Mediated Necrosis by
Triggering Mitochondrial Dysfunction in Wild-Type and Mutant p53 Glioblastoma Cells,
Cancers, 11, 171.

[11] Neshani, A. Et al., (2018) Extended-Spectrum Antimicrobial Activity of the Low Cost
Produced Tilapia Piscidin 4 (TP4) Marine Antimicrobial Peptide, Journal of Research in
Medical and Dental Science, 6 (5) 327-334.

[12] Zorko, M., Jerala, R. (2010) Production of recombinant antimicrobial peptides in bacteria,
Methods Mol Biol., 618,61-6.

[13] Li, Y. (2011) Recombinant production of antimicrobial peptides in Escherichia coli: A
review, Protein Expr Purif. 80:260-67.

[14] Hagenson, M.J. (1991) Production of recombinant proteins in the methylotrophic yeast
Pichia pastoris, Bioprocess Technol., 12, 193-212.

520


https://gco.iarc.fr/today/en/dataviz/pie?mode=cancer&group_populations=1&cancers=39&types=1
https://gco.iarc.fr/today/en/dataviz/pie?mode=cancer&group_populations=1&cancers=39&types=1

Enhanced Production and Therapeutic Evaluation of TP4 Peptide in Pichia pastoris Against
Hepatocellular Carcinoma HUH-7 Cells

[15] Cregg, J.M. (2007) Pichia Protocols Methods in Molecular Biology Series, Humana Press
Inc., 389(2) 1-10.

[16] Huang, H.N. et al. (2020) Dietary supplementation of recombinant tilapia piscidin 4-
expressing yeast enhances growth and immune response in Lates calcarifer, Aquaculture
Reports, 16.

[17] Tai, HM. et al. (2021) Scale-up production of and dietary supplementation with the
recombinant antimicrobial peptide tilapia piscidin 4 to improve growth performance in Gallus
gallus domesticus, PLOS ONE, 16(6).

[18] Su, B.C. (2021) Marine Antimicrobial Peptide TP4 Exerts Anticancer Effects on Human
Synovial Sarcoma Cells via Calcium Overload, Reactive Oxygen Species Production and
Mitochondrial Hyperpolarization, Mar. Drugs, 19, 93.

[19] Ting, C.H. (2016) Targeting FOSB with a cationic antimicrobial peptide, TP4, for
treatment of triple-negative breast cancer, Oncotarget, 7, 26.

[20] Hazam, P.K. and Chen, J.Y. (2020) Therapeutic utility of the antimicrobial peptide Tilapia
Piscidin 4 (TP4), Aquaculture Reports, 17.

[21] Karaoglan, M., Erden-Karaoglan, F. (2020) Effect of codon optimization and promoter
choice on recombinant endo- polygalacturonase production in Pichia pastoris. Enzyme and
Microbial Technology, 139, 109589.

[22] Wu, S. and Letchworth, G.J. (2004) High efficiency transformation by electroporation of
Pichia pastoris pretreated with lithium acetate and dithiothreitol, Biotechniques, 36,152-154.

[23] Schégger, H. (2006) Tricine—-SDS-PAGE, Nature Protocols, 1 (1) 16-22.

[24] Carson, M. et al. (2007) His-tag impact on structure. Acta Crystallographica Section D”
Structural Biology, 63(3) 295-301.

[25] Spriestersbach, A. et al. (2015) “Purification of His-Tagged Proteins” Methods in
Enzymology, 559, 1-15.

[26] Karaoglan, M. and Erden-Karaoglan, F. (2021) “Extracellular Production and Purification
of the B-glucanase in Pichia pastoris Expression System”. Erzincan University Journal of
Science and Technology, 14 (2) 620-630.

[27] Giinay, N., & Kuzucu, M. (2023). “Agonistic Effects of Deinoxanthin on Tamoxifen
Antiproliferative Activity on HER2 Positive Breast Cancer: An In Vitro Study on MDA-MB-
453”. Erzincan University Journal of Science and Technology, 16(1), 138-154.

[28] Karaoglan, M. (2012) “Pichia pastoris Alkol Oksidaz (AOX1 ve AOX2) Genlerinin Inaktif
Edilmesi ve Elde Edilen Susun Rekombinant Protein Uretiminde Kullanilmasi” (Yiiksek
Lisans), Akdeniz Universitesi Fen Bilimleri Enstitiisii, Antalya, 15-19.

521



Enhanced Production and Therapeutic Evaluation of TP4 Peptide in Pichia pastoris Against
Hepatocellular Carcinoma HUH-7 Cells

[29] Li, Y. et. al. (2012) “Overview on the recent study of antimicrobial peptides: Origins,
functions, relative mechanisms and application” Peptides, 37,207-215.

[30] Zhong, C. et. al. (2020) “A Review for Antimicrobial Peptides with Anticancer Properties:
Re- purposing of Potential Anticancer Agents” BIO Integration, 1(4), 156-167.

[31] Deslouches, B. and Peter Di, Y. (2017) “Antimicrobial Peptides with Selective Antitumor
Mechanisms: Prospect for Anticancer Applications.” Oncotarget, 8(28), 46635-46651.

[32] Kuo, HM. et al. (2018) “MSP-4, an Antimicrobial Peptide, Induces Apoptosis via
Activation of Extrinsic Fas/FasL- and Intrinsic Mitochondria-Mediated Pathways in One
Osteosarcoma Cell Line” marine drugs, 16,8.

[33] Portt, L. et. al. (2011) “Anti-apoptosis and cell survival: A review” Biochimica et
Biophysica Acta 1813, 238-259.

[34] Kiraz, Y. ve ark (2016) “Major apoptotic mechanisms and genes involved in apoptosis”
Tumor Biol., 37, 8471-8486

522



Erzincan Universitesi Erzincan University

Fen Bilimleri Enstitiisii Dergisi Journal of Science and Technology
2024, 17(2), 523-542 2024, 17(2), 523-542
ISSN: 1307-9085, e-ISSN: 2149-4584 DOI: 10.18185/erzitbed.1508424
Aragtirma Makalesi Research Article

Comparison of the Performance of Type-1 and Interval Type-2 Fuzzy PI Controllers
for Liquid Level Control in a Coupled Tank System

Hatice NURSOY®!, Abdullah BASCI®!
"Department of Electrical & Electronics Engineering, Ataturk University, Erzurum, Tiirkiye

Received: 01/07/2024 Revised: 06/08/2024, Accepted: 09/08/2024, Published: 31/08/2024

Abstract

In this study, liquid level control in a coupled tank system is realized with PI controllers whose parameters are
adapted using fuzzy logic approximation methods. Type-1 fuzzy PI control, interval type-2 fuzzy PI control and
classical PI+Feedforward control methods are applied to the tank system in real time for different reference
liquid levels. The performances of the controllers are compared in terms of system response parameters such as
rise time, settling time and overshoot percentage. In addition, the performance evaluation of the controllers over
a certain period of time is also compared by calculating integral-based concepts that express error performance
metrics such as integral square error (ISE), integral time square error (ITSE), integral absolute error (IAE) and
integral time absolute error (ITAE). The obtained results show that the type-2 fuzzy PI controller shows the best
performance, followed by type-1 fuzzy PI control and classical PI+FF controller, respectively.

Keywords: PI controller, fuzzy PI controller, couple tank system, liquid level control

ikili Tank Sisteminde Siv1 Seviye Kontrolii icin Tip 1 ve Aralik Tip 2 Bulamk PI

Kontrolorlerin Performanslarimin Karsilastirilmasi

Oz

Bu c¢alismada, ikili tank sisteminde sivi seviye kontrolii bulanik mantik yaklasim yontemleri kullanilarak
parametreleri uyarlanan PI kontrolciiler ile ger¢eklestirilmistir. Tip-1 bulanik PI kontrol, aralik tip-2 bulanik PI
kontrol ve klasik PI+ileri besleme kontrol yontemleri farkl referans siv1 sevileri i¢in gergek zamanli olarak ikili
tank sistemine uygulanmistir. Kontrolorlerin performanslart yiikselme zamani, yerlesme zamani ve asim
yiizdesi gibi sistem cevabi parametreleri agisindan karsilastirilmistir. Ayrica hatanin karelerinin integrali (ISE),
zaman agirlikli hatanin karelerinin integrali (ITSE), mutlak hatanin integrali (IAE) ve zaman agirlikli mutlak
hatanin integrali (ITAE) gibi hata performans Olgiitlerini ifade eden integral tabanli kavramlarin
hesaplanmasiyla kontrolciilerin belirli bir siire boyunca gosterdikleri performans degerlendirmesi de sayisal
degerlerle ortaya koyularak karsilastirilmistir. Elde edilen sonuglar aralik tip-2 bulanik PI kontrolciiniin en iyi
performans: gosterdigi ve ardindan sirasiyla tip-1 bulanik PI kontrol ve klasik PI+FF kontrolciiniin
performanslarinin iyi oldugu goriilmiistiir.

Anahtar Kelimeler: PI kontroldr, bulanik PI kontrolor, ikili tank sistemi, sivi seviye kontrolii
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Comparison of the Performance of Type-1 and Interval Type-2 Fuzzy PI Controllers for Liquid Level
Control in a Coupled Tank System

1. Introduction

Efficient control of liquid level systems is a common problem in industrial applications. In
liquid level control, it is expected that the liquid level follows the desired level without error,
responds quickly and accurately to changes in system dynamics, is resistant to uncertainties and
disturbances in the system, and can adapt to changing conditions in the system. Effective and
successful control of liquid level systems is important for the reliability and efficiency of
industrial processes. Various control methods have been used to control liquid level systems.
Some of these studies are as follows [1,5].

PI and PID control techniques are widely used in liquid level control because of their simple
structure and ease of parameter setting [6-8]. These controllers have fixed values of the
parameters and are not able to adapt themselves to changing conditions. Therefore, they cannot
provide the desired results when used to control nonlinear systems. In nonlinear systems,
nonlinear control methods can respond quickly to changes in system dynamics and are more
effective against parameter uncertainties [9]. In liquid level systems, liquid level control has
been carried out using various nonlinear control methods such as adaptive, sliding mode and
fractional order controllers with high accuracy against uncertainties [10-12].

Fuzzy logic control method, which is a nonlinear control method and used in liquid level
control, has a structure that expresses uncertain situations better than classical logic systems.
Fuzzy logic evaluates many situations at the same time and performs system control by making
an appropriate inference [13-16]. In order to extend the limit of the fuzzy logic control method
to express uncertainties, the boundaries of the membership functions are extended by a kind of
spreading operation and the resulting interval type-2 fuzzy logic control method is used in the
control of liquid level systems [17,18]. Fuzzy PI control method, which is a combination of
classical PI and fuzzy logic control methods, is used as a more robust and adaptive control
method in nonlinear systems and in the presence of uncertainty [19-23]. In this control method,
the error and error change rate are converted into fuzzy values with the help of membership
functions and K,, and K; values are calculated from these values according to the defined rule

tables.

In this study, PI+FF controller and PI controller whose parameters are adapted with type-1 and
interval type-2 fuzzy logic control methods are tested in the liquid level control of tank-1 and
tank-2 for different reference signals and the controller performances are compared. The results
obtained from the real-time studies show that the PI controller whose parameters are adapted
using interval type-2 fuzzy logic is better than the PI controller adapted using type-1 fuzzy
logic, and the type-1 fuzzy PI is better than the PI+FF controller.

2. Material and Methods

2.1. Material

The coupled tank liquid level system consists of a pump, a water basin, two water tanks and
two pressure sensors to measure the liquid level. There are two configurations of this model of
tank system. These are the tank 1 and tank 2 configurations. In this system, the pump draws
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water from the water basin and pumps the water to tank 1, which is in the upper position. The
water from tank 1 flows to tank 2 through the drain hole at the bottom of tank 1 and the water
in tank 2 flows to the main water basin through the drain hole at the bottom of tank 2.

2.1.1. Tank 1 Model

In the tank 1 model shown in Figure 1, the level of the liquid in tank 1 is controlled. The system
input is the pump voltage and the system output is the water level in tank 1. The volumetric
inflow rate (f;;) of water entering the tank and the outflow rate (f,;) of water leaving through
the hole in the bottom of the tank are used to determine the mathematical model of the tank 1.
Equations (1) and (2) give the volumetric flow rates of water entering and leaving the tank
respectively [24].

fir = KpVp (1)
for = Ao1 Vor 2)

2
In the equation, K, is the pump flow constant (% %), V, 1s the actual voltage applied to the

pump (volt), A,; is the cross-sectional area of the liquid flow path (c¢cm?) and V,; is the
velocity of the water leaving tank 1 to tank 2 (cm/s).

O "
Out 2 Out 1

Figure 1. Tank 1 model

The outflow rate is obtained as follows using the Bernoulli equation.

Vo1 = +/29L, (3)

The g in the equation is the gravitational constant. The cross-sectional area of the liquid outlet
path for tank 1 can be calculated by using the following equation.

1
Aoy =7 T Doy ” )
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D, is the diameter of the liquid outlet path of tank 1. Substituting these expressions into
equation (2) gives the liquid flow rate as follows.

for = Ao129L1 ®)]

The first-order differential equation for L, is obtained using the mass balance principle for tank
1 as follows.

At1ﬂ = fir— for (6)

dt
A1 is the cross-sectional area of the tank and by replacing equations (1) and (5) in equation
(6) and rearranging equation (6), the tank 1 system model can be expressed as follows.

ﬂ _ Kpr—A01,/29L1 (7)

dt Ap

2.1.2. Tank 2 Model

In the tank 2 model shown in Figure 2, the level control of tank 2 is realized. The system input
is the pump voltage and the system output is the water level of tank 2. The water level in tank
2 depends on the water level in tank 1.

O
Out 2 Out 1

Figure 2. Tank 2 model

The liquid outflow rate for tank 2 is given below.

foz = Aoz Vo2 (8)

The liquid outflow rate for tank 2 is obtained using the Bernoulli equation as follows.

Vo2 = +/2gL, ©
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The cross-sectional area of the liquid outlet path of tank 2 can be calculated as given in equation

(10).
1
Agz =7 T Dg3” (10)

If the cross-sectional area of the liquid outlet path is rewritten in equation (8), the liquid outflow
rate of tank 2 is obtained as follows.

foz = Aoz~ 29L; (11)

The liquid flow rate entering tank 2 is obtained as follows.

fiz = Ao1+/29L4 (12)

If the mass balance principle is written for tank 2, the first order differential equation for L, is
obtained as follows.

dL
A —"= fiz = fo2 (13)

If the equations (11) and (12) are replaced in equation (13) and equation (13) is rearranged, the
system model for tank 2 is obtained as follows.

dL; _ Ap1+/29L1— Aoz /2L,

dt Aps

(14)

2.2. Methods

Liquid level control in the coupled tank system is performed for two different cases. Firstly, the
liquid level control of tank 1, whose control block diagram is given in Figure 3, is realized. As
can be seen from the figure, the controller determines the pump voltage required for the liquid
in tank 1 to follow the reference liquid level.

I-1r

e Vp —> Vp L4 m(cm) >

Controller Tank 1

Figure 3. Tank 1 control block diagram

In the second case, the liquid level in tank 2 is controlled. In the control block diagram given
in Figure 4, the first controller determines the reference liquid level for tank 1 by using the
liquid level error of tank 2. The second controller generates the pump voltage that should be
applied to the pump by using the liquid level error of tank 1.
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Lar I-2m(cm) >
€5 L1r ey Vp >» V
L1 m(cm)
Controller 1 Controller 2 Couple Tank Model

Figure 4. Tank 2 control block diagram
2.2.1. Fuzzy Controller Architecture

The fuzzy controller consists of fuzzification, inference engine and defuzzification, as shown
in Figure 5. The crisp values at the fuzzy logic controller input are sent to the inference engine
by calculating the fuzzy input sets with the relevant membership functions. The fuzzy input sets
received by the inference engine are inferred using the defined rule bases and the fuzzy output
sets obtained are sent to the defuzzification interface. The fuzzy output sets received at the
fuzzification interface are converted into crisp output values by output membership functions
and the selected defuzzification method [25].

' | Rule Base \ : ;

Membership \ : ' ./ Membership
Functions : : i ; Functions :
i : Fuzzy : : Fuzzy ; :
' ' Input | A : Output :
Crisp | i I | Sets ! | Inference | Sets | I ' | crisp
Inputs | Fuzzification : r Engine > Defuzzification T Outputs

Figure 5. Fuzzy logic model

Different membership functions are used in the fuzzification and defuzzification interfaces.
Commonly used membership functions are triangular, trapezoidal, gaussian, generalized bell,
n-shaped and s-shaped [26]. In this study, a triangular membership function is used. In the
triangular membership function, a defines the start point of the curve, b defines the peak point
of the curve and ¢ defines the end point of the curve. The mathematical expression of the
triangular membership function is given in equation (15).

ulx) =

(15)

2.2.1.1. Type-1 Fuzzy PI Controller

The parameters of the classical PI controller are fixed values. When there are sudden
disturbances or parameter uncertainties in the system, the performance of the PI controller
decreases or deteriorates. Therefore, adapting the PI controller parameters depending on the
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error value will increase the performance of the controller [27]. In this study, the adaptation of
the parameters of the PI controller is performed using fuzzy logic. The PI controller can be
expressed mathematically as follows.

PI = Kye(t) + K, [, e(t)d(¢) (16)

In the equation, K, and K; are the proportional and integral gains, respectively, and e(t) is the

error value. Equation (17) gives the PI controller whose parameters are adapted using fuzzy
logic [27].

Fuzzy_PI = X,Gpe(t) + X;G; [, e()d(t) (17)

In the equation, X, and X; are the outputs of the fuzzy logic controller and, G, and G; are the
learning rate constants for K;, and K;. Figure 6 shows the block diagram of the type-1 fuzzy PI
controller whose parameters are adapted with fuzzy logic for liquid level control of tank 1.

3 >x
+
4|—>+ —

>

Rule Base

y

Inference
Engine

v

p L‘lm(cm)

Fuzzification

Tank 1

c
L
=
]
Q
=
N
N
S
=
[
[a]

Type-1 Fuzzy Controller

Figure 6. Block diagram of the type-1 fuzzy PI controller for tank 1

The membership functions presented in Table 1 and the fuzzy rules given in Table 2 are used
in type-1 fuzzy control for the liquid level control of tank 1. On the other hand, in the liquid
level control of the tank 2, there are two different controllers as shown in Figure 4. The structure
of each controller is as shown in Figure 6 and the membership functions and rule tables given
in Tables 1 and 2 are used in both controllers. However, the learning constants G, and G; of the
controllers are different values.

Table 1. Input and output membership
function.

Input Membership Function Output Membership Function

e, de Xp, Xi

Linguistic Terms Range Linguistic Terms Range
Negative Big [-1,-0.4] Very Small [0, 0.15]
Negative Small [-0.7,-0.1] Medium Small [0.03, 0.3]
Zero [-0.4, 0.4] Small [0.15, 0.5]
Positive Small [0.1,0.7] Medium [0.3, 0.7]
Positive Big [0.4, 1] Big [0.5, 0.85]
Medium Big [0.7,0.97]

Positive Big [0.85, 1]
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Table 2: IF-THEN rule table

e/de NB NS Z PS PB
NB VS MS MS S M
NS MS MS S M B

Z MS S M B MB
PS S M B MB MB
PB M B MB MB VB

2.2.1.2. Interval Type-2 Fuzzy Controller Architecture

The interval type-2 fuzzy controller, whose block diagram is given in Figure 7, basically
consists of fuzzification, inference engine, type reduction and defuzzification interfaces. The
fuzzy sets of the crisp values at the controller input are calculated using membership functions
and sent to the inference engine. The fuzzy input sets to the inference engine are inferred with
the defined rule bases and sent to the type reduction interface. In the type reduction interface,
the interval type-2 fuzzy output sets are converted into type-1 fuzzy output sets and sent to the
defuzzification interface. The type-1 fuzzy output sets are converted into crisp output values
by output membership functions and the selected defuzzification method [16,28].

...............................................................

e i | _ Crisp
Defuzzification > Outputs
' i ' 5 ;

A
' ‘ i ! Type-1 Reduced
: Interval Type-2 | Interval Type-2 1 Fuzzy Sets

Type-2
Membership
Functions

i Fuzzy Input | h 4 ) Fuzzy Output !
Crisp L I ' Sets | Inference | ! Sets | Type
Fuzzification T : : Ly g
Inputs | “| Engine || :”| Reduction

Figure 7. Interval type-2 fuzzy logic model

Interval type-2 fuzzy logic is a generalized form of type-1 fuzzy logic [29]. The set of fuzzy
values X in interval type-2, shown in Figure 8, is characterized by the membership function
Uz (x,u) as in equation (19).

X={(xw), pz(x,w)|vx € X,vu € J, < [0,1]} (18)

px (xu)
x€Dg fue]xg[orﬂ (€2D) (19)

In the equation, x is the primary variable, Dy is the domain, u € [0, 1] is the secondary variable.
J denotes the domain and J, € [0, 1] for each x € Dg. ], is also called the support of the
secondary membership function and the amplitude of ug(x, u), called the secondary degree of
X,is equal to 1 for Vx € Dy and Vu € ], € [0,1] and is expressed as follows [30,31].

5 1
x€Dx qu]xE[O,l] (xu)

(20)
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Figure 8. Interval type-2 membership function.

In the interval type-2 membership function given in Figure 8, it is seen that there is an interval
in the interval type-2 membership function, unlike type-1 membership functions where the
membership degree for each x is a number. The interval type-2 membership function is bounded

by two type-1 membership functions, the upper membership function (X) and the lower

membership function ( X ). The area between X and X is the footprint of uncertainty [31].

Interval type-2 fuzzy logic IF-THEN rules, inference engine, type reduction, and
defuzzification:

The IF-THEN rule for a single-input single-output system is expressed as follows.
R IFx;=X%and...and x,= X}, THENy =Y" n=12,..,N.

Where X i = 1,...,1 are interval type-2 fuzzy values, Y™ = [y™, ?n] is an interval. For an

input vector x' = (x',x’,, ..., x"; ) g in Figure 8, the output is calculated as in the following
steps [31].

1. For each input vector x';, the membership interval X is calculated in each rule. These
membership intervals are expressed as,

[ixr O, gn D)), i=12,..Land n=12,..N. 1)

In the equation, puyn (x';) represents the lower membership function and Hgn (x'})

represents the upper membership function.

2. The firing interval of nth rule F™ is calculated. This is expressed as the product of the
membership degrees of all inputs:

Fr) = [0 7] = [y () % e g (), g (2 X g () |
n=1,.,N (22)

3. Type reduction steps are applied to combine rule trigger intervals F™(x") and rule results
Y™. There are many types of reduction methods. The most commonly used is the center-of-
sets type reduction method [31].
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(23)

(24)

(25)

In the equation, L and R are the switching points. y; and y, can be calculated using Karnik-
Mendel algorithms as follows [32].

Table 3. Karnic-Mendel type reduction method [32].

Step For computing y, For computing y,
Initialize Initialize
frHF fr+F
ft==—— fr==——
1 2 2
' and compute and compute
g=12nfn Ny f"
y = ——— [
11’\{:1 le g=1 fn
5 Findl € [1,N —1] s.t. Findr € [1,N — 1] s.t.
. Xl < y < ...XH'l 77’ < y < 7T+1
—Nn n
<] f ,TlSST
Setnzf’n— Set”={:
4 {Z”,n>l ! fn,n>r
3. and compute and compute
Y = g=1znfn ;L g=1ynfn
= f" n=1f"
Ify' =y, stop and Ify' =y, stop and
4 sety,=yand L =; sety,=yand R =r;

otherwise, sety =y’
and go to Step 2.

otherwise, sety =y’
and go to Step 2.

The main purpose of the Karnic-Mendel type reduction algorithm is to find the y; and y,.. When
calculating y;, it uses upper membership degrees for n < [ and lower membership degrees for
n > l. When calculating y,, it uses lower membership degrees for n < r and upper membership
degrees forn > r [32].

4. Finally, a precise output value is calculated using the range of fuzzy results obtained after
type reduction. The defuzzied result is calculated as follows.
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y — yl‘;yr (26)

2.2.1.3. Interval Type-2 Fuzzy PI Controller

In the interval type-2 fuzzy logic control system with two inputs and two outputs shown in
Figure 9, the input values are converted into type-2 fuzzy input sets using the type-2 input
membership functions given in Table 4. Interval type-2 output sets are generated using the
output membership functions in Table 5 and the rules in Table 2. Type-2 fuzzy values are
reduced to type-1 values using the Karnik-Mendel type reduction method given in Table 3. The
PI controller parameters Kj, and K; coefficients are adapted using the output values X, and X;

»
[ »
x ‘|—>
X
P : —>» vp le{rm) >
e — 1 Tank 1
X —) ry

parameters.

Rule Base

4

Inference
Engine

Type Reduction
Defuzzification

<
o
2
n-:
15
=
N
S
[

Interval Type-2 Fuzzy Controller

Figure 9. Block diagram of the interval type-2 fuzzy PI controller for tank 1.

Table 4. Input membership function.

Input Membership Function

e, de
Linguistic Terms UPPer Lower Scale Low Lag
Parameters
Negative Big [-1,-0.4] 0.8 [0.30.3]
Negative Small [-0.7,-0.1] 0.8 [0.3 0.3]
Zero [-0.4,0.4] 0.8 [0.30.3]
Positive Small [0.1,0.7] 0.8 [0.30.3]
Positive Big [0.4,1] 0.8 [0.30.3]

Table 5. Output membership function.

Output Membership Function

Xp ’ Xi
Linguistic Terms UPPer Lower Scale Low Lag
Parameters
Very Small 0015 08 (0.3 0.3]
Medium Small  [0.03.03] 0.8 (0.3 0.3]
Small [0.1505] 08 (0.3 0.3]
Medium [03,07] 08 [0.3 0.3]
Big (05085 08 [0.3 0.3]
Medium Big (0.7.097] 0.8 (0.3 0.3]
Very Big [0.85.1] 0.8 (0.3 0.3]
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For tank 2, two different controllers are used as shown in Figure 4. The block structure of each
controller is as shown in Figure 9 and the membership functions given in Tables 4 and 5 and
the rules given in Table 2 are used in both controllers. However, the learning constants G, and

G; of the controllers are different values.

3. Results and Discussion

In this study, the liquid level control in a coupled tank system is realised for two different
configurations, tank 1 and tank 2 model. The proposed controllers are implemented on both
configurations and their performances are tested for different reference liquid levels. The results
obtained are compared in terms of system response parameters such as rise time, settling time
and maximum overshoot and error performance metrics such as ISE, ITSE, ITAE and IAE.
Firstly, the results for the tank 1 model are given in Figures 10-13. Then, the results for the tank
2 model are presented in Figures 14-15.

In order to observe the performance of the controllers in the single tank configuration, a
steptsinusoidal reference liquid level was first selected. With the relevant reference, the
response of the controllers against constant and slowly changing reference signals was
measured. Then, a step+square reference liquid level was applied to observe the performance
of the controllers against reference signals that change suddenly with time. The results of
PI+FF, type-1 fuzzy PI and interval type-2 fuzzy PI controllers for the related references are
given below.

Figure 10 shows that for the step part of the reference signal, the PI+FF controller reaches the
reference more quickly than the type-1 fuzzy PI controller, but it overshoots more than the type-
1 fuzzy PI controller and settles to the reference signal later. This can also be seen from the
values for rise time, overshoot and settling time given in Table 6. It can then be seen that the
controller maintains its performance and follows the sinusoidal reference signal with less error.
This is also confirmed by the error performance metrics given in Table 7 and Figure 10 (b). On
the other hand, Figure 10(c) shows that the type-1 fuzzy PI controller produces a more
chattering control signal than PI+FF in order to follow the reference signal. The fact that the
amplitude of the chattering component of the generated control signal is not high has prevented
a possible negative effect on the system.

Figure 11 shows the results of interval type-2 fuzzy PI controller. Similar to the performance
of the type-1 fuzzy PI controller, it is seen that the rise time of PI+FF is lower than the interval
type-2 fuzzy PI controller in the tracking of the step part of the reference signal, but in terms of
overshoot and settling time, the interval type-2 fuzzy PI controller has lower values. Similarly,
it is seen that interval type-2 fuzzy PI controller is better in terms of tracking performance of
sinusoidal reference. In addition, compared to the type-1 fuzzy PI controller, the interval type-
2 fuzzy PI controller is better in terms of both system response performance and error criterion
performance. On the other hand, it is observed that the control signal produced by both fuzzy
controllers contains chattering, but the amplitude of the chattering produced by interval type-2
fuzzy PI controller is slightly larger than the type-1 fuzzy PI controller. This small change
enables the interval type-2 fuzzy PI controller to follow the reference liquid level better.
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Figure 10. PI+FF and type-1 fuzzy PI controller performances under step + sinusoidal reference

for tank 1.
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Table 6. System response parameters for step+sinusoidal reference in control of tank 1.

Controllers Rise Time Overifleolz)ts (%) Settling Time
PI+FF 2.9356 2.7101 7.8981
Tip-1 Fuzzy PI 3.1205 0.22761 4.2772
Interval Tip-2 Fuzzy PI 3.0108 0.14289 4.345

Table 7. Error performance metrics for step+sinusoidal reference in control of tank 1.

Step Sinusoidal
Controllers
ISE ITSE ITAE IAE ISE ITSE ITAE IAE
PI+FF 174 198.8 43.04 25.02 0.3471 13.47 1529 3.712
Type-1 Fuzzy PI 163 1829 40.95 23.79 0.1706 7.248 99.8 2.328

Interval Type-2 Fuzzy PI  162.7 180.6 39.07 23.54 0.1283 5.471 84.1 1.952

Figures 12 and 13 show the results of the controllers for step+square reference liquid level.
From figure 12, it is seen that the type-1 fuzzy PI controller follows the reference signal better
than the PI+FF controller both in the step part of the reference signal and in the square part of
the reference signal. Figure 13 shows that the interval type-2 fuzzy PI controller shows a similar
performance with the type-1 fuzzy PI controller. When the system response parameters and
error performance metrics given in Tables 8 and 9 are analyzed, it is seen that interval type-2
fuzzy PI controller has the best rise time but type-1 fuzzy PI controller is better in terms of
overshoot and settling time. On the other hand, in terms of error performance criteria, PI+FF,
type-1 fuzzy PI and type-2 fuzzy PI controllers show the best performance respectively
following the step part of the reference signal, but after the addition of the square component
in the continuation of the reference signal, the ranking in terms of performance is type-1 fuzzy
PI, interval type-2 fuzzy PI and PI+FF. Since the single tank system has a linear model, it is
easy to control and therefore the controller performances are close to each other.

Table 8. System response parameters for step+square reference in control of tank 1.

Step
Controllers
Rise Time Overshoots (%) Settling Time
PI+FF 3.0939 2.982 7.6453
Type-1 Fuzzy PI 3.0171 0.25224 4.2376
Interval Type-2 Fuzzy PI 2.975 0.41267 4.514
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Figure 12. PI+FF and type-1 fuzzy PI controller performances under step + square reference
for tank 1.
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Figure 13. PI+FF and type-2 fuzzy PI controller performances under step + square reference
for tank 1.

537



Comparison of the Performance of Type-1 and Interval Type-2 Fuzzy PI Controllers for Liquid Level
Control in a Coupled Tank System

Table 9. Error performance metrics for step+square reference in control of tank 1.

Step Square
Controllers
ISE ITSE ITAE IAE ISE ITSE ITAE IAE
PI+FF 157.5 172.1 39.59 2349 6835 26.55 832.4 20.97
Type-1 Fuzzy PI 163.4 181.2 3892 2357 66.1 2654 828.5 20.59

Interval Type-2 Fuzzy PI 179.1 211 424 252 6633 2675 821.5 20.36

In order to observe the performance of the controllers in the tank 2 configuration, a
step+sinusoidal reference liquid level is selected and the results of PI+FF, type-1 fuzzy PI and
interval type-2 fuzzy PI controllers are given in Figures 14 and 15. When Figure 14 is analyzed,
it is seen that the type-1 fuzzy PI controller reaches the reference liquid level faster than the
PI+FF controller, but overshoots more and has similar settling times. However, it is seen that
the type-1 fuzzy PI controller has a much better performance in tracking the sinusoidal
component of the reference signal.
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Figure 14. PI+FF and type-1 fuzzy PI controller performances under step + sinusoidal reference
for tank 2.
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Figure 15. PI+FF and type-2 fuzzy PI controller performances under step + sinusoidal reference
for tank 2.

Figure 15 shows that the interval type-2 fuzzy PI controller performs similarly to the type-1
fuzzy PI controller in tracking the step component of the reference signal, but performs much
better in tracking the sinusoidal component. This is also seen from the system response
parameters given in Table 10 and the error performance metrics given in Table 11. As a result,
the interval type-2 fuzzy PI controller performed similar to the type-1 fuzzy PI controller in the
control of the single tank configuration, but performed much better than both type-1 fuzzy PI
and PI+FF controllers in the tank 2 configuration.

Table 10. System response parameters for step+sinusoidal reference in control of tank 2.

Step
Controllers
Rise Time  Overshoots (%) Settling Time
PI+FF 11.672 5.8034 79.168
Type-1 Fuzzy PI 10.17 10.065 79.124
Interval Type-2 Fuzzy PI 10.228 10.643 79.137
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Table 11. Error performance metrics for step+sinusoidal reference in control of tank 2.

Step Sinusoidal
Controllers
ISE ITSE ITAE IAE ISE ITSE ITAE IAE
PI+FF 365.3 1282 344.1 64.49 6.281 602.1 2469 25.01
Type-1 Fuzzy PI 2924 928.5 307.8 56,65 2.093 177 1273 13.68

Interval Type-2 Fuzzy PI  292.6 946.2 319.6 57.2 0.7746 57.99 690.6 7.627

4. Conclusion

In this study, PI+FF, type-1 fuzzy PI and interval type-2 fuzzy PI controllers are designed for
different reference liquid levels for tank 1 and tank 2 configuration models in a coupled tank
system and their performances are compared. The comparison is made in terms of system
response parameters such as rise time, settling time and maximum overshoot and error
performance metrics such as ISE, ITSE, ITAE and IAE. The obtained results show that the
interval type-2 fuzzy PI controller performs the liquid level control in single tank configuration
with a similar performance as the type-1 fuzzy PI controller and the performance of both
controllers is much better than the PI+FF controller. On the other hand, it is observed that the
interval type-2 fuzzy PI controller performs much better than both type-1 fuzzy PI and PI+FF
controllers in the tank 2 configuration. As a result, it is observed that the adaptation of the
parameters of the PI controller with fuzzy logic improves the control performance of the system.
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Abstract

The magnetic properties of a borided Co-Cr-Mo alloy were studied in this work. The boron process was
performed by the powder pack method with Ekabor HM and Ekabor III boron sources at 1123 and 1323 K for
9 h. The magnetic properties were characterized with a vibrating sample magnetometer (VSM). The results
show that the non-magnetic Co-Cr-Mo alloy has a low magnetization with the boriding process. In addition, the

saturation magnetization (Ms) varies with the boron source and temperature.

Keywords: Co-Cr-Mo alloy, saturation magnetization, magnetic behavior, boriding, boron source

Borlanmis Co-Cr-Mo Alasiminin Manyetik Ozellikleri
Oz
Bu ¢alismada borlanmig bir Co-Cr-Mo alagiminin manyetik 6zellikleri incelenmistir. Bor iglemi, Ekabor HM
ve Ekabor III bor kaynaklart ile 1123 ve 1323 K'de 9 saat boyunca toz paket yontemiyle gerceklestirildi.
Manyetik ozellikler, titresimli bir numune manyetometresi (VSM) ile karakterize edildi. Sonuglar, manyetik
olmayan Co-Cr-Mo alasimimin borlama islemiyle diisiik miknatislanmaya sahip oldugunu gostermektedir.

Ayrica manyetik doygunluk (Ms) bor kaynagina ve borlama sicakliga gore degisir.

Anahtar Kelimeler: Co-Cr-Mo alagimi, manyetik saturasyon, manyetik davranis, borlama, bor kaynagi
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1. Introduction

Co-Cr-Mo alloy is widely used as orthopedic implant material because it has properties such as
high impact and fatigue resistance [1,2]. Meanwhile, when used as an artificial joint implant
material, this alloy shows low friction properties and low corrosion resistance due to corrosive
body fluid and is subject to wear in a short time [3]. Therefore, a surface coating is applied to
the Co-Cr-Mo alloy surface to improve corrosion and wear resistance. Regarding this, Cuao-
Moreu et al. [4] showed that the wear resistance of the borided Co-Cr-Mo alloy is higher than
that of the untreated Co-Cr-Mo alloy due to the high surface hardness of the boron compounds
such as CoB and Co2B in the boride layer. In addition, it has been shown that the presence of
CoB—Co2B and Co2B layers on the borided Co-Cr-Mo alloy increases bio-tribocorrosion
resistance approximately 2.4 and 1.3 times compared to the unborided Co-Cr-Mo alloy,

respectively [5].

An important issue is what kind of changes the increase in the mechanical and tribological
properties of materials with the boriding process causes in the magnetic properties of the
materials. Generally, studies on the magnetic properties of materials are focused on the effect
of thermal properties on magnetic properties [6], the relationship between mechanical and
magnetic properties [7], the magneto-structural characteristics of obtained magnetic
nanoparticles [8], etc. These studies show that magnetic properties are strongly dependent on
microstructure, particularly crystallite size, particle morphology, and structural defects. On the
other hand, it has been observed that studies in the literature to investigate the effect of boriding
on magnetic properties are limited. In a study conducted by Akkurt et al. [9] on AISI 316L
austenitic stainless steel, they observed that boriding not only improved the shielding properties
of AISI 316L austenitic stainless steel, but also increased the Ms of this steel. On the contrary,
Ekinci [10] found that the boriding process decreased the magnetic saturation in Fe-Ni alloy
due to the formation of boride and/or silicide phases with lower magnetic moments. In this
study, it will be investigated whether Co-Cr-Mo alloy, which normally has non-magnetic
properties, exhibits magnetic properties with the boriding process. Additionally, if it has
magnetic behavior, the relationship of this behavior with the boron source and boriding

temperature will be examined.
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2. Materials and Methods

The chemical composition (wt.%) of the samples of commercially available Co-Cr-Mo alloy
used in this study is Co (65%), Cr (30%) and Mo (5%). The solid boriding method was chosen
for the boriding process, and Ekabor3 and Ekabor HM commercial powders were used as boron
sources. The boriding process was carried out under a controlled atmosphere containing argon
gas flow in two different temperature environments, 1123 and 1323 K, and in a furnace
environment for 9 hours. Afterwards, the samples whose boriding process was completed were
cooled in the oven under a controlled atmosphere. Before microstructural analysis, the polished
samples were etched with macroetchant (30 mL HCI, 15 mL HNO3, 30 mL HF). Boride phases
formed on the surfaces of borided samples were determined by SEM and XRD analyses. A
vibrating sample magnetometer (VSM) was used to determine the magnetic properties of Co-
Cr-MO alloy boronized with different time and boron sources. Measurements were made at
room temperature and within a magnetic field range of £7 Tesla. From the measured values,

M-H graphs were drawn using the masses of the sample.

3. Results and Discussion

Co-Cr-Mo alloy is a non-magnetic material. For this reason, this alloy has a very low mass
magnetic susceptibility of 7x4x-10-9m3/kg. [11] (The mass susceptibility yields the magnetic
moment (or magnetization) per kilogram of material when multiplied by the magnetic field.) In
this study, the curves of magnetization (M(H)) measurements due to the magnetic field of Co-
Cr-Mo alloy borided with two different boron sources is given in Figure 1. When looking at
this graph, the hysteresis loops obtained as a function of boriding source and temperature are
clearly visible, as in ferromagnetic materials. However, a low maximum magnetization called

saturation magnetization (Ms) was obtained (Fig.1).
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Figure 1. The magnetization of Co-Cr-Mo alloy after boriding process

We think that the M(H) curves seen in Figure 1, which are specific to ferromagnetic materials,
are also observed in the non-magnetic Co-Cr-Mo alloy in this study (even if Ms is small),
probably due to the boron phases (CoB and Co2B) formed by the boriding process. Co2B phase
was formed predominantly in the boride layer. (Fig.2). In literature, it has been shown that the

Co,B phase has strong ferromagnetic behavior.
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Figure 2. Microstructure of Co-Cr-Mo alloy borided at 1123 K for 9 h (a) and XRD patterns
of Co-Cr-Mo alloy borided at 1323 K-9 h (b).

From Fig. 1, we see that the Ms of the Co-Cr-Mo alloy borided with ekabor HM is higher. The
Ms attains its maximum value of 4.3 emu/g in Ekabor HM, after which decrease 3.4 emu/g for

Ekabor Il at 1123 K. The reason for this can be shown by the ferromagnetic Fe atoms in Ekabor
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HM (Table 1). In addition, the biggest impact comes from particle size. In many studies, it has
been pointed out that Ms values increase with decreasing particle size. In our study, the particle
size of Ekabor HM was smaller than that of Ekabor III. These values are <100 um and <1400
um for Ekabor HM and Ekabor III, respectively [12].

Table 1. Chemical composition of Ekabor HM and Ekabor III (Weight%)

B O N Fe Si K F Ca

Ekabor HM | 68.19 | 1.58 | 12.65 | 032 | 11.82 | 1.27 | 3.87 | 0.19

Ekabor II1 57.49 | 7.51 -- -- 13170 | 0.90 | 242 | --

Another important point on Figure 1 is that, while the boriding temperature of Co-Cr-Mo alloys
borided with both Ekabor III and Ekabor HM increases, the Ms values decrease slightly. In the
literature [10,13-15], it has been pointed out that Ms depends on composition as well as
structural changes and the resulting phase. In the first stages of the boriding process (at low
boriding temperatures), as mentioned in Ref. [16], the first product formed by B diffusion
during boriding of the Co-Cr-Mo alloy is Co2B, which thermodynamically always has the
lowest mole fraction. With increasing B diffusion on the Co2B surface, Co2B turns into CoB
(Fig. 2.a). With increasing boriding temperature, the phases (CrB and Mo2B5) other than CoB
and Co2B are formed, as seen in Fig. 2.b. We think that the movement of the magnetic domains
is obstructed by these phases in the boride layer. Thus, Ms decreases with increasing boriding
temperature. Another reason for the decrease in Ms is probably the strong interaction of internal
forces and defects with the magnetic domain walls. It is well known that the most important
microstructural changes are atomic displacements that cause defects and internal stresses in the
later stages of the boriding process [17-19]. Corresponding to this, the relationship between B
concentration and Ms is stated in a study by Luo et al. [20] on the Ni50Mn36.5Sb13.5xBx alloy.
He showed in his detailed study that since the atomic radius of B is smaller, the increasing
amount of B shortens the distance between Mn atoms in the structure. This strengthens the
antiferromagnetic coupling between Mn atoms. Consequently, increasing B concentration

reduces Ms.
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4. Conclusion

In conclusion, while Co—Cr—Mo alloys have been used as superalloys in a broad spectrum of
applications that require high strength, oxidation resistance, and wear resistance, this alloy
exhibits a small amount of magnetization behavior with the boriding process. At the same time,

this behavior seems to depend on the boron source and boriding temperature.
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Abstract

Experiments have shown that the violation of the lepton flavor so far is only in the neutrino sector (neutrino
oscillation). Therefore, we predict it to happen in the charged lepton sector. We present a study of the lepton
flavor violation (LFV) of tau lepton decays in two different channels. Tau into muon-gamma and Tau into
electron-gamma. The prediction is performed in the Minimal Supersymmetric Standard Model (MSSM) ex-
tended by Seesaw Type-I Model (MSSM-Seesaw Type-I Model). The predicted calculations of the upper limit
of branching ratio of the two channels are in the order of ~ 10® - 10-°, which is in coincidence with the sensitivity
of the future colliders (FCC-ee/CEPC).

Keywords: MSSM, Beyond Standard Model (BSM), Lepton Flavor Violation (LFV), Seesaw Moel.

Kisith Minimal Siipersimetri Tip-I Seesaw Modelinde Tau’nun Lepton-Gamma
Bozunma Lepton Lezzeti Thlali

Ozet

Deneyler, su ana kadar lepton aromasinin ihlalinin yalnizca nétrino sektdriinde (nétrino salinimi) oldugunu
gostermistir. Bu nedenle bunun yiiklii lepton sektdriinde gerceklesecegini tahmin ediyoruz. Tau bozunmalarinin
lepton lezzet ihlaline (LFV) iligkin iki farkli kanalda bir ¢aligma sunuyoruz. Tau miion-gamaya ve Tau elektron-
gamaya doniisiir. Tahmin, Tahterevalli Tip-I Modeli (MSSM- Tahterevalli Modeli) ile genisletilen Minimal
Siipersimetrik Standart Modelde (MSSM) gergeklestirilir. Tki kanalin dallanma oranina iliskin tahmin edilen
hesaplamalar ~10% - 10" mertebesindedir ve bu, gelecekteki garpistiricilarin (FCC-ee/CEPC) hassasiyetiyle
ortiismektedir.

Anahtar Kelimeler: MSSM, Standart Modelin Otesi (BSM), Lepton Lezzet Thlali (LFV), Seesaw Modeli.
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Lepton Flavor Violation of Tau Decays into Lepton-Gamma in the Minimal
Supersymmetric Type-I Seesaw Model

1. Introduction

Collisions of electrons and nuclei in the cosmic rays and in particle accelerators are done at the
beginning of the Thirties(1930s), causing the discovery of many particles. Some of them are
predicted, others are completely unexpected but discovered by chance. At the beginning it was
thought that all of these particles are fundamentals [1]. Later physicists have found hundreds of
new particles, which we know nowadays that most of them are not fundamental. Several theo-
ries are developed to explain quite well the physical phenomena in nature; the most successful
theory is called the Standard Model of particle physics (SM). The SM defines the block of
matter as elementary particles called fermions and the force carrier as elementary particles
called bosons. Fermions contains two classes six quarks and six leptons where there are four
bosons which are exchanged by three of fundamental forces (the strong force, the weak force
and the electromagnetic force) [2]. Unfortunately, the SM could not explain all the physical
phenomena in nature like Gravity, Dark matter, Dark energy, the origin of neutrino mass, Hi-
erarchy problem, Flavor problem, Unification of forces and other phenomena. Which in turn
led to the emergence of the Beyond Standard Model theories (BSM). The Flavor problem is
one of the phenomena which SM could not explain it, so the lepton number is conserved in SM
but the lepton flavor is not conserved in nature, which is proved by confirming neutrino oscil-
lation experimentally, besides neutrino mass differences and mixing angles [3]. However, the
neutrino sector is the only place where the lepton flavor violation (LFV) has been seen so far.
Consequently, determining whether or not LFV also exists in the charged lepton sector will be
a difficult task for the current and future tests [4]. Based on the discovery of neutrino oscilla-
tions, the standard model (SM) with massless neutrinos must be expanded because lepton fla-
vors are not conserved [3]. However, recent advancements in supersymmetric (SUSY) theories,
particularly SUSY Grand Unified Theories (GUTs) & variants of Minimal Supersymmetric
(MSSM), have made these theories more viable. Lepton flavor violation (LFV) processes have
attracted more attention, including: 1t —e y,t—> WU y,u—ey,Z—-1"1,H—1T.etc. [5].
LFV processes in tau lepton decays (Z boson and Higgs boson decays) are predicted by several
models: Models with heavy neutrinos, Supersymmetry and Extended gauge models [23]. Su-
persymmetry (SUSY) is considered as the most compelling theory from other theories [24].
Although, the Large Hadron Collider (LHC) has not detected any signs of supersymmetry up
to now [25]. SUSY solves the hierarchy problem, provides signs to a dark matter and interprets
neutrino masses when it is extended with right-handed Majorana neutrinos [26]. We will focus
in our study on tau lepton decays into different lepton flavor (t — 1 y) where I either electron
or muon. The observation of the LFV processes demand theories which interpret large mixing
and tiny masses of left-handed neutrinos (Standard Model neutrinos) by the existence of heavy
neutrinos [27]. The Seesaw mechanism is a useful SUSY extension for investigation of the tiny
masses of neutrinos [28], this means that the new physics scale is about 10'* GeV [29]. Which
is the best extension being to impose SUSY on the seesaw mechanism [28]. The study considers
the Universal Gaugino Masses model which is extended by type-I seesaw model (three right-
handed Majorana neutrinos and their supersymmetric partners).
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2. Beyond Standard Model (BSM)

The term beyond standard model (BSM) describes theoretical physics frameworks that make
an effort to explain phenomena that are not currently covered by the Standard Model (SM) of
particle physics [6]. The Standard Model, which defines the fundamental particles and their
interactions, is a very successful theory, yet it has some restrictions as mentioned in the intro-
duction and unanswered issues (Gravity, Dark Matter, Hierarchy Problem, Neutrino Masses
and ....... ) [7]. Several BSM ideas have been put forward to overcome these issues and broaden
the standard model. Several prominent extensions consist of ( Supersymmetry (SUSY), Grand
Unified Theories (GUTs), String Theory and Extra Dimensions and variants of Minimal Super-
symmetric (MSSM) [8]. There are many different methods and theories that have been investi-
gated. It's vital to remember that while these theories might provide workarounds for the prob-
lems with the Standard Model, experimental proof is necessary to confirm their predictions [9].
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left and electron gamma (t —e 7) right.

2. LFV in MSSM-Seesaw Type-1 Model

The study is performed in the scope of the minimal supersymmetric standard model (MSSM)
extended by Seesaw Type-I model by adding three right-handed neutrinos, along with their
SUSY partners [10]. We focus on two decay channels (1 — e + vy and T — p + v), where it is
anticipated that LFV effects in the charge lepton sector may be detectable as shown in Figure
1. The seesaw mechanism is a straightforward and alluring addition to introduce the neutrino
masses [3]. The charged lepton sector encounters lepton flavor violations (LFVs) due to a new
additional Yukawa matrix for right-handed neutrinos, just like the quark sector in the Standard
Model (SM) [11]. The LFV processes, however, only take place via a loop containing neutrino,
and they are suppressed by small neutrino masses. Thus, just the neutrino oscillations can be
used to observe the LFV [4]. Due to considerable experimental advancements in recent years,
the permitted ranges of the model parameters have altered significantly. The most significant
development is that a Higgs boson, whose mass is now determined to be approximately 126
GeV, was discovered at the Large Hadron Collider (LHC) in July 2012 [12].

The super-potential in this case is written as following:
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s A 5o A T P A .o
W=_YuuRHuQ+YddRHdQ+YIZRHdL+ﬂHqu+5MRVV+yvVLHu (1)

y.: Yukawa coupling constant for up quarks.
¥4: Yukawa coupling constant for down quarks.
¥,: Yukawa neutrino coupling.

Q : left quark superfield.

y:: Yukawa coupling constant for leptons.

p: Higgsino mass.

e 1Up: Right up quark superfield.

o dp: right down quark superfield.

e ['z: Right leptons superfield.

e Mpy: Heavy Majorana neutrinos masses (right-handed neutrinos mass).
e Mpy: Heavy Majorana neutrinos masses (right-handed neutrinos mass).

The soft super-symmetry breaking results in the mass terms of the supersymmetric field parti-
cles as well as the triplet coupling constants between the supersymmetric fermions and the
Higgs field The mass terms in the supersymmetric leptons sector is written as the following
equation [13].

2 77 2 7t 7 2 ot o AT
—Lsoft, tepton = Li=genMELIL; + mzRil;EilRi + mﬁRiV;ivRi + 2 j=gen AijYij lriHaL; +

. m,%i , miZR,- , m,g,m_ :The square of mass terms of supersymmetric leptons.

e i, j: Indicates to generation number.

. ng = Aﬁjyﬁj , Ty = ALjyij: Af]-, Aj;: The terms of the trilinear coupling.

e h.c: Hermitian conjugation.

We assume that Majorana mass is greater than Msusy; hence, the appropriate neutrinos should
be integrated out and should not contribute to Msyusy in any way [14]. This will produce the
Weinberg operator, which combines two left-lepton superfields with two up-Higgs superfields
[15].

~

1 PO
EM/opLLHuHu (3)

The huge Mg suppresses the Weinberg operator, which violates the lepton-number. After soft
symmetry-breaking produces a Majorana mass of left-handed light neutrinos [15]:

m, = =% (3,)7(Mp) 1y, )

The low neutrino masses imply that the Mg scale is very high. After the electroweak symmetry
is broken, this term yields the neutrino mass matrix. where VEV =~ 174 GeV|[16].

Using the Constrained MSSM, we assume global conditions at the Grand Unified Theory
(GUT):  my, myp, Ao, tanp, sign(u)
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e Soft Gaugino masses combine to a common value: M; = M, = M3 = my ;.

e The square of the symmetry-breaking masses of both supersymmetric fermions and
Higgs doublets combine to a common value: miZR = mzz =m%=miI & mzﬁu =
m¥, = m}

e Terms of linear triplet couplings to a common value:4; = A; = 4, = A, = A,.

e The ratio of the Higgs vacuum exception values tanp and the sign of the Higgs mixing
term (Higgs mass term) sign(p) are at the electroweak scale.

e All the values of the soft super-potential breaking terms at the electroweak scale are
obtained through the Renormalization Group Equations (RGEs).

3. Renormalization Group Equations and Lepton Flavor Violation:

The two parameters of supersymmetric Seesaw Type-I model, are Yukawa neutrino coupling
Matrix yv and the right-handed neutrino mass matrix Mg [17]. Left-handed sleptons mass ma-
trix receives an additional contribution from RGEs into LFV occurs in the left-handed sleptons
sector [11]. Right-handed sleptons mass matrix does not receive any contribution to the log-
decimal approximation. Linear triplet coupling terms are suppressed by the charged leptons

masses:
2 _ __1 2 AL |yt Mgyt
Am5 = 8ﬂ2m0{3+m20}Yvalog(MR ) (5)
- M
_ + GUT
AT? = 8n2A0Ylvav log( M, )
Am% =0
Ao
; m—=const=a0:>A0 = agmy
0

Models with large mixing in yy are achieved [18]: y,= D, U ; MNS
¢ vy Yukawa neutrino coupling Matrix.
e Du: Diagonal Yukawa coupling matrix for top quarks.

e Upmns: leptonic mixing matrix.

The mixing matrix appears in the Dirac couplings in this scenario, with the Majorana matrix
being diagonal, analogous to the quark case. The PMNS matrix then controls the mixing in yy
[19].
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(Mri1, MRr2, Mg3) = (4.0x10° GeV, 4.0x10° GeV, 5,9x10' GeV)

The soft SUSY breaking terms Ao, mo, and mi; as well as tanf} are free parameters [19].

4. Results and Discussion

The final variables in the research are: yy, Mr, mi2, Ao, mo, sign(p) and tanf [20]. In our cal-
culations, the soft symmetry breaking terms are constrained by several theoretical and experi-
mental conditions, such as the lightest supersymmetric particle of the used model is the neu-
tralino [21]. For heavy Majorana neutrinos masses we will consider the degenerate case as fol-
lows: (Mr1, Mr2 , Mg3 )= (4.0x10° GeV, 4.0x10° GeV, 5,9x10'* GeV) [19].

The energy scale of Great Unified Theory (GUT) is fixed to be Mgur = 2x10'¢ GeV. The su-
persymmetric breaking scale is fixed to be Msusy =10° GeV.

We calculate the upper limit of the branching ratio for the two channels BR(t —e y) and BR(t
—HY).

First, we calculate the upper limit of the branching ratio BR as a function of my, so we tune the
other parameters to get the best value of BR. The tuned parameters values are tan(f})=5,
Ao=0*mo, + 2*mo GeV, m12,=200 GeV, sign(pn)>0, Msusy=1000 GeV.

We tune the Ao parameter value. The best calculated values of BR for BR(t —e y) are at
Ao=42*mo GeV, mo= 200 GeV. While the best calculated values of BR for BR(t —p vy) are
also at Ao =+2*mo GeV, mo= 200 GeV. By increasing values of mo the values of BR(t —e )
and BR(t —p y) are decreasing as shown in Figure 2.
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Figure 2. The upper limit of BR(t —e y) and BR(t —p y) as function of my, tan(p)=5,
Ao=0*mo, +2*mo GeV, m;2=200 GeV, sign(n)>0, Msusy=1000 GeV. BR(t —e y) “Left
panel”. BR(t —p v) “Right panel”. Blak line for Ao= 2*my, blue line for Ao = -2*mg and red
line for Ag= 0*my.
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BR(t — e v)

Secondly, we calculate the upper limit of the branching ratio BR as a function of mo, so we
tune the other parameters to get the best value of BR. The tuned parameters values are tan()=5,
Ao=2*mo GeV, m;2=200, 300, 400, 500 GeV, sign(n)>0, Msusy=1000 GeV.

We tune the value of the mi, parameter .The best calculated values of BR for BR(t —e y) are
at m1»=200 GeV. While the best calculated values of BR for BR(t — v) are also at m;,=200
GeV. By increasing values of mo the values of BR(t —e y) and BR(t — 1 v) are decreasing as
shown in Figure 3.
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Figure 3. The upper limit of BR(t —e 7y), (t — v) as function of my, tan()=5, Ao=2%*myo
GeV, m»=200, 300, 400, 500GeV, sign(n)>0, Msusy=1000GeV.The best value of BR(t —e
v) “Left panel” at m1»,=200 GeV (red line). The best value of BR(t —p v) “Right panel” at
mi2=200 GeV (red line).
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Thirdly, we calculate the upper limit of the branching ratio BR as a function of tan(f), so we
tune the other parameters to get the best value of BR. The tuned parameters values are mo=500,
Ao=2*mo GeV, mi» =500 GeV, tan(B)=[5 - 55] ,sign(n)>0/ sign(p)<0, Msusy=1000 GeV.

We tune the value of the sign(u) parameter .The best calculated values of BR for BR(t —e¢ v)
are at sign(p)>0 and tan(B)=55. While the best calculated values of BR for BR(t —py) are also
at sign(pn)>0 and tan(p)=55. By increasing values of tan(p) the values of BR(t —e y) and BR(z
— v) are increasing as shown in Figure 4.
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Figure 4. The upper limit of BR(t —e y) and BR(t —p 7) as function of tan(f3), m¢=500 GeV,
Ao=2*mo GeV, m1»=500 GeV, sign(pn)<0/ sign(n)>0, Msusy=1000 GeV. The best value of
BR(1 —e y)“Left panel” at sign(n)>0 (red line). The best value of BR(t —u ) “Right panel”
at sign(p)>0 (red line).

Fourthly, we calculate the upper limit of the branching ratio BR as a function of cos(8), so we
tune values of other parameters to get the best value of BR. The tuned parameters values are
mo=m12=500 GeV, Ao=2*mo GeV, tan(B)=5, sign(p)>0/ sign(pn)<0 , Msusy=1000 GeV.

We tune the value of the cos(6) with respect to sign(p) parameter .The best calculated values
of BR for BR(1 —e y) are at sign(u)>0 and cos(8)=1. While the best calculated values of BR
for BR(t —p v) are also at sign(n)>0 and cos(6) =1. By increasing values of cos(6) the values
of BR(t —e y) and BR(t —p y) are increasing as shown in Figure 5.

558



Lepton Flavor Violation of Tau Decays into Lepton-Gamma in the Minimal
Supersymmetric Type-I Seesaw Model

BR(t — e vy)

10°°

107
= F
2 L
10° T 1otk
£
r =
m -
10° 10°
10—10|\Hu\H\:\1\\u\\u||\|H|||||||||\|\\l\1|\l\l 10—10’_11141]1\JiIIL\|M|11[1||llx||l||||lljj||lxlll
01 02 03 04 05 06 07 08 09 01 02 03 04 05 06 07 08 09
cos(0) cos(6)
10°° | | RN T T

T T17T1TT

LI 1III[I[
1 I!IIIlI[

P SR NS SN S I P T T S N I S S A N SN

10—9I... PRI BTSN S T I
01 02 03 04 05 06 07 08 09
cos{6}
Figure 5. The upper limit of BR(t —e y) and BR(t —p v) as function of cos(8), me=m,=200
GeV, Ao=2*mo GeV, sign(pn)>0/ sign(n)>0, Msusy=1000 GeV. The best value of BR(t —e v)
“Left panel” at sign(n)>0 (red line). The best value of BR(t —p y) “Right panel” at sign(p)>0
(red line). Bottom figure shows the upper limit of BR for the two channels only when sign(p)>0.

Last and not least, we calculate the upper limit of the branching ratio BR as a function of mo,
final tuned parameters values are Ao=2*mo GeV, mi»=200 GeV, tan(f)=5 ,sign(n)>0 and
Msusy=1000 GeV. We tune the value of the mg parameter .

Best calculated values of BR(t —e y) are at mp-200 GeV and the best calculated values of BR(t
—u v) are also mo=200 GeV. By increasing values of mg the values of BR(t —e y) and BR(z
—u y) are decreasing as shown in Figure 6.

By comparing the results of the upper limit of the branching ratio for the two considered chan-
nels BR(t —e y) and BR(t —p v) as shown in the figure below, we conclude here that the
upper limit value for the muon-gamma channel is better than that for the electron-gamma chan-
nel. Thus, the probability to detect LFV process in muon-gamma channel is most likely.

559



Lepton Flavor Violation of Tau Decays into Lepton-Gamma in the Minimal
Supersymmetric Type-I Seesaw Model

107 =
i I ol
T e e
e = |
o Jic2 =]
s i il

1957 = =

10*10 1 1 1 1 | 1 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 1 | 1 1 1 1 ‘ 1 1 1 1

200 300 400 500 600 700 800 900 1000
m, (GeV)

Figure 6. The upper limit of BR(t—{, y) as function of mo. Where tan(f)=5, Ao=2*mo GeV,
mi»=200 GeV, sign(pn)>0, Msusy =1000 GeV. The best value the upper limit of branching ratio
BR is for (t —p v) channel (black line), where the one for the (t —e y) channel is less probable
(red line).

5. Conclusion

In this article, lepton flavor violation (LFV) of the tau lepton decays (t—{ y), where {= muon
or electron, in the minimal supersymmetric standard model (MSSM) extended by the Seesaw
Type-I model are studied in this article. In supersymmetric models, the Seesaw-I mechanism
can be realized by adding three right-handed neutrinos. Universal Gaugino masses with the
degenerate case scenario is considered. Because of light neutrino masses, Majorana neutrinos
scale is about (10'°~10'%) GeV and Yukawa coupling of neutrinos Yv is ~1. From numerical
calculations we found that the branching ratios BRs of tau lepton decays (t—{ y) are decreasing
when increasing the values of universal scalar mass mo and Gaugino masses (mi» ). While the
values of BRs are increasing when the values of trilinear parameter A0, tan() and cos(0) are
increasing. The best values of BR(t—{ y) are at input parameters: mo =200 GeV, m1/2 = 200
GeV, tan(p)=5, signu > 0, and cos(0)=0.61. The obtained results for tau decays (t — e y), (t
—u v) are close to the experimental limits in BABAR and BELL. We observed the best value
for t—e y which is around ~4 x 10, while the experimental limit in BABR is around < 3,3x10
8, We obtained also the best values for t —p y which is around ~1.3x 10 %, while the experi-
mental limit in BELL is around < 4,2 x10%. Furthermore, the obtained values of BR of
BR(1—1 y) for some parameters are in the range of the expected experimental upper limit for
the LHC [22] as shown in figure(2-5). Also, the values of BR(t—{ y) are coincidence with
the sensitivity of future colliders (FCC-ee/CEPC) [22]. Thus, the lepton flavor violation of the
tau lepton decays in the MSSM-Seesaw Type-I model can be realized and can be observed in
future colliders.
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Abstract

In this research, boron and nitrogen-doped carbon nanotubes (B-N-CNTs) were synthesized at 900°C using the
FCCVD method. Carbon, nitrogen, and boron as source materials were simultaneously introduced using a batch-
mode droplet reactor and ferrocene as a catalyst. B-N-CNTs were obtained with diameters ranging from 10 - 50
nm and lengths around 30 — 80 um. These B-N-CNTs were thoroughly characterized and structurally analyzed.
Subsequently, tungsten disulfide (WS,) nanosheets on B-N-CNTs were synthesized using the hydrothermal
method to design a composite material and were investigated as electrodes for supercapacitors. The
morphological properties of B-N-CNT@WS; were determined by various analytical techniques such as XRD,
FESEM, XPS, and EDS. B-N-CNT@WS, was investigated as an electrode for supercapacitors in two- and
three-electrode cells. In the three-electrode cell, B-N-CNT@WS; exhibited a specific capacitance of 320 F g!
at a current density of 0.5 A g”!, while the two-electrode cell showed a capacitance of 41 F g™!. The symmetric
supercapacitor at a current density of 5 A g! exhibited excellent structural stability by preserving 90% of its
specific capacitance after 9000 cycles in the 1 V potential range.

Keywords: B-N-CNTs, WS,, composite electrode, supercapacitor

Siiperkapasitorlerin Elektrokimyasal Performansinin Iyilestirilmesi icin B-N-Katkih Karbon
Nanotiipler iizerine Tungsten Disiilfiiriin Sentezi

Oz

Bu arastirmada, FCCVD yodntemi kullanilarak 900°C’de bor ve nitrojen katkili karbon nanotiipler (B-N-CNT)
sentezlenmistir. Kaynak malzeme olarak karbon, nitrojen ve bor, katalizér olarak ferrosenin oldugu toplu modlu
damlacik reaktorii kullanilarak es zamanli olarak dahil edilmistir. Caplart 10 - 50 nm arasinda degisen ve
uzunluklart 30 - 80 um civarinda olan B-N-CNT'ler elde edilmistir. Bu B-N-CNT'ler kapsamli bir sekilde
karakterizasyonu yapilmistir. Daha sonra, B-N-CNT'ler iizerine tungsten disiilfiir (WS;) nanotabakalari,
kompozit bir malzeme tasarlamak i¢in hidrotermal yontem kullanilarak sentezlenmis ve siiperkapasitorler igin
elektrotlar olarak arastirilmigtir. B-N-CNT@WS:'nin morfolojik 6zellikleri XRD, FESEM, XPS ve EDS gibi
cesitli analitik tekniklerle belirlenmistir. B-N-CNT@WS,, hem iki hem de ii¢ elektrotlu hiicrelerde
siiperkapasitorler icin bir elektrot olarak arastirilmustir. Ug elektrotlu hiicrede, B-N-CNT@WS,, 0.5 A g ! akim
yogunlugunda 320 F g "lik spesifik bir kapasitans sergilerken, iki elektrotlu hiicrede 41 F g "'lik bir kapasitans
gostermistir. Simetrik siiperkapasitor ise 5 A ¢! akim yogunlugunda 1 V potansiyel araliginda 9000 déngiiden
sonra kapasitesinin %90'ini koruyarak miikemmel yapisal kararlilik sergilemistir.
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Synthesis of Tungsten Disulfide on B-N-Doped Carbon Nanotubes to Enhance the Electrochemical
Performance of Supercapacitors

1. Introduction

Due to the increasing demand for efficient and sustainable energy storage technology, driven
by the escalating consumption of fossil fuels and their depletion, there is a growing search for
alternative solutions and the development of new and environmentally energy sources (Wang
et al., 2015; Tu et al., 2016). Alternative electrical energy emerges as the most popular option
to address this issue as it is generated from clean and renewable sources such as wind and solar
(Dai et al., 2016). Extensive efforts are being made to store electrical energy safely and
environmentally, with batteries and supercapacitors being one solution (Choudhary et al.,
2016). Supercapacitors, also known as double-layer capacitors, consist of opposing electrodes
separated by an insulator (Tomko et al., 2011; Wu et al.,, 2012). Energy is stored in
supercapacitors in the form of electric charges on the surface of the electrodes, allowing for
rapid discharge when needed (Yesilbag et al., 2022). Supercapacitors are characterized by fast
charge and discharge rates, long-term cycle life, and the ability to withstand many charge-
discharge cycles compared to conventional batteries. However, they still suffer from lower
energy storage capacity compared to batteries. Thus, efforts are focused on improving their
performance for applications requiring large amounts of energy. Supercapacitors excel in their
ability to store and release energy quickly and efficiently, making them ideal for various
applications in renewable energy and energy storage systems (Tuzluca Yesilbag & Huseyin,
2024).

In recent years, researchers have focused on using nanomaterials as electrodes for
supercapacitors (Kinoshita et al., 2019; Béguin et al., 2014). Nanomaterials emerge as an
excellent option for manufacturing supercapacitor electrodes due to their excellent conductivity
and large surface area (Li et al., 2018). Recently, hybrid nanomaterials with one-dimensional,
two-dimensional, and three-dimensional structures have been synthesized to enhance the
electrochemical performance of supercapacitors. Among the one-dimensional materials, carbon
nanotubes (CNTs) and boron and nitrogen-doped carbon nanotubes (BCN) have shown promise
as electrode materials for supercapacitors and batteries (Yesilbag et al., 2021). Also, WS,
nanosheets were synthesized on reduced graphene oxide (RGO) using a molten salt process,
exhibiting a high specific capacitance of 2508.07 F g™! at a scan rate of 1 mV s™! due to the
synergistic effect of WS, and RGO (Kim et al., 2011; Zhang et al., 2014; Chen et al., 2011).
CNTs were introduced to improve the conductivity of WS>, WS>@CNT exhibited good specific
capacitance of up to 752.53 mF ¢cm™ at a scan rate of 20 mV s™! (Yang et al., 2020).

In this study, boron- and nitrogen-doped carbon nanotubes were synthesized using the Floating
Catalyst Chemical Vapor Deposition (FCCVD) system. The doping process enhances the
nanotube electron and ion transport during charge and discharge, increasing mechanical
flexibility and contributing to pseudocapacitance. Transition metal dichalcogenide (WS>) was
synthesized on B-N-CNT without additional treatment. B-N-CNT@WS, was examined as
electrode materials for supercapacitors and exhibited good capacitive properties.
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2. Materials and Methods
2.1. Synthesis of B-N Doping CNTs by Chemical Vapor Deposition:

B-N-CNTs were synthesized using the FCCVD method, which is a modified version of the
chemical vapor deposition method. In batch-mode droplet reactor, methanol, boric acid, and
acetonitrile were used as sources for B, N, and C, respectively. Ferrocene (CioHioFe) was used
as a catalyst. Initially, methanol (CHsOH) and boric acid (H3BOs) were mixed in a weight ratio
of 1%, and then acetonitrile (C2HsN) was added. 0.15 g of ferrocene powder was placed in a
quartz tube at the front of the furnace. The mixed carrier gas (H>=30 sccm, Ar=60 sccm) was
initially sent upon reaching the desired temperature of 900°C. Then, the gas flow rate was
changed to Ar=500 sccm and H>=300 sccm, and ferrocene was vaporized to initiate the growth
process of B-N-CNTs. The solution injection rate was 10 ml/hour. The growth process
continued for half an hour, and then the process was stopped while the flow of gases continued
Ar=60 sccm and H>=30 sccm until it reached room temperature. B-N-CNTs were collected
from the walls of the quartz tube.

2.2. Synthesis of Tungsten Disulfide (WS2):

Tungsten disulfide nanosheets were synthesized using the hydrothermal method. In this
method, 1 g of oxalic acid (C2H204), 0.3 g of sodium tungstate dihydrate, and 0.4 g of
thioacetamide were taken in 50 ml of deionized water and mixed for an hour at room
temperature. Then, the solution was transferred to a Teflon-lined autoclave with a capacity of
100 ml and heated to 200 °C for 12 h. After the process, the powder was washed with water
several times and dried in an oven at 60 °C for 24 h.

2.3. Electrochemical Measurements:

The electrode was coated on carbon cloth consisting of active material, carbon black, and binder
(PDVF) with a weight ratio of 8:1:1. Sample areas of 1 x 1 cm? were immersed in the electrolyte
and tested as working electrodes. Electrochemical measurements of cyclic voltammetry (CV)
and galvanostatic charge-discharge (GCD) were performed using a three-electrode system with
a platinum (Pt) counter electrode and Ag/AgCl reference electrode. A 6 M KOH solution was
used as the electrolyte. Electrochemical impedance spectroscopy (EIS) was performed over a
frequency range from 10 kHz to 10 mHz. The specific capacitance (Cs) was calculated from
GCD curves using the following equations:

C=Ixt/mxV

where / is the constant discharge current, ¢ is the discharge time, V' is the potential window, and
m is the mass of the active material. Additionally, measurements were carried out in a
symmetrically design two-electrode cell in a 6 M KOH electrolyte using B-N-CNT@WS;
electrodes.
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3. Results and Discussion

Figure 1 depicts the synthesis steps for the B-N-CNT@WS; electrode. Briefly, B-N-CNTs were
synthesized via the FCCVD process, followed by powder collection, HCl washing, and
sonication. After then, B-N-CNTs and WS, precursor materials was put into the autoclave for
a hydrothermal growth.

H,BO, +C,H,N +C,H,0H B-N-CNT+
t Na,WO,+2H,0+
C,H NS

B-N-CNTs
: f
(i F =
| | 5] I' ' ®
m Bubbler || Ultrasonication

Figure 1. Schematic diagram of B-N-CNT@WS: synthesis.

In our previous study, B-N-CNTs were grown at 900°C and appeared as intertwined threads
adhering to each other; hence, ultrasonic treatment was employed to separate them (Yesilbag
et al., 2022). This process facilitates electron transfer on the one hand and provides a high
surface area on the other hand. The FESEM images demonstrate the successful synthesis of B-
N-CNT@WS:, as shown in Figure 2 (a-c). The full area EDS analysis of B-N-CNT@WS;
shown in Figure 3 showed that the atomic concentrations of W, S, B, C, N, and O were observed
without any impurities.

Figure 2. FESEM images for B-N-CNT@WS,.
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Element Weight % Atomic %
BK 3n 11.62

CK 1747 48.37
NK 1.57 3.80
oK 245 519
WM 55.36 10.19
SK 19.74 20.83

0.80 120 160 2.00 240 280 3.20 360 40

Energy (keV)

Figure 3. Full area EDS analysis for B-N-CNT@WS..

XRD analysis was conducted to analyze further and confirm B-N doping into the CNTs. Figure
4 shows an XRD pattern attributed to JCPDS card no: 41-1487 of graphitic structure B-N-doped
carbon and JCPDS Card No: 84-1398 of WS,, confirming the successful synthesis of B-N-
CNT@WS:.

- m:C
0:WS,

Intensity (a.u.)

10 20 30 40 50 60 70 80
20 (degree)
Figure 4. XRD analysis for B-N-CNT@WS, composite electrode material.

Through XPS analysis of B-N-CNT@WS,, all elements B, C, N, W, S, and O appeared in the
full spectrum, indicating the presence of peaks corresponding to B 1s, C 1s, N 1s, W 4f, S 2p,
and O 1s (Figure 5 (a)). In the high-resolution XPS spectrum, the binding energies of C 1s, B
Is, and N 1s found at 285 eV, 185.5 eV, and 402 eV was shown in Figure 5 (b), (¢), and (d),
respectively. This indicates that boron and nitrogen bond to carbon. Additionally, peaks for W
appeared at 36.4 eV and 34.5 eV, corresponding to W 4f7, W 4fs, respectively (Figure 5 (e)).
Moreover, in Figure 5 (f), the peaks for S appeared at 168.1 eV and 161.9 eV, corresponding to
S 2p32 and S 2p1y, respectively, confirming the successful synthesis of WS».
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Figure 5. (a) XPS full spectrum of B-N-CNT@WS:, the high-resolution spectrum of peaks (b)
B 1s, (c) C 1Is, (d) N 1s, (e) W 4f, and (f) S 2p.

Electrochemical measurements for the B-N-CNT@WS: electrode were conducted in a 6 M
KOH electrolyte in a three-electrode system. In Figure 6 (a), the CV curves show broad shapes
within the voltage range of -1.1 V to -0.2 V, indicating a mixture of EDLC and surface Faradaic
processes occurring on the electrode surface. Small peaks are observed at -0.8 V and -0.5 V,
corresponding to the surface oxidation and reduction processes of WS». Various scan rates 5-
100 mV s™! were applied, showing minimal changes in shapes, indicating capacitive properties
and excellent performance. In Figure 6 (b), charge/discharge curves exhibit nearly symmetric
triangular shapes, confirming the good capacitive behavior of the B-N-CNT@WS: electrode.
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Figure 6 (c) illustrates the specific capacitance values at 0.5, 1, 2, 5, and 10 A g current
densities 320, 286, 210, 195, and 186 F g! respectively. Electrochemical behavior is further
confirmed by EIS measurement shown in Figure 6 (d). The B-N-CNT@WS; electrode displays
a parallel curve to the y-axis in the low-frequency range, indicating good capacitive behavior.
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Figure 6. (a) CV curves at scan rates of 5-100 mVs™, (b) GCD curve at current densities of 0.5-
10 A g!, (c) specific capacitance values, (¢) Nyquist curves for EIS measurement (inset is
enlarged high-frequency region).

A symmetrical supercapacitor (SSC) B-N-CNT@WS2//B-N-CNT@WS, was assembled in
two-electrode cell. CV and GCD measurements of the SSC were conducted within the voltage
range 0-1 V, as shown in Figure 7 (a) and (b). The CV curves appeared rectangular, and the CV
area increased with the scan rate, indicating capacitive behavior and reversibility. Figure 7 (¢)
shows the specific capacitance values of the SSC at current densities 0.5, 1,2, and 5 A g to be
41, 25,20, and 18.4 F g'!, respectively. Moreover, to evaluate the cycling stability of the SSC,
a test was conducted at a current density of 5 A g’ demonstrating a high stability of 90% after
9000 cycles, as shown in Figure 7 (d). In the EIS spectrum in Figure 7 (e), the intersection of
the semicircle with the x-axis is ESR, and its value is 0.46 ohms, while the diameter of the
semicircle is R¢, and its value is 0.51 ohms.
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Figure 7. (a) CV curves at scan rates 5-100 mV s for the SSC, (b) GCD curves at different
current densities in the 0-1 V potential range, (c) specific capacitance values, (d) Nyquist plot,
(e) Long-term cycling stability at 5 A g current density.

4. Conclusion

In conclusion, the B-N-CNT@WS; electrode was synthesized in two stages. Initially, B-N-
CNT was synthesized at a temperature of 900°C using the FCCVD method, followed by the
WS, synthesis on the B-N-CNT surface via hydrothermal treatment. The B-N-CNT@WS;
electrode was studied through structural and morphological analyses using characterization
techniques such as XRD, FESEM, and XPS. WS, nanosheets were grown homogeneously on

570



Synthesis of Tungsten Disulfide on B-N-Doped Carbon Nanotubes to Enhance the Electrochemical
Performance of Supercapacitors

BCN nanotubes, creating a synergistic effect. The B-N-CNT@WS: composite electrode shows
a higher specific capacitance of 320 F g at a current density of 0.5 A g”!. Moreover, the SSC
demonstrated the specific capacitance 41 F g at a current density of 0.5 A g, with a
capacitance retention rate of 90% after 9000 cycles.
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Abstract

The distribution of power balances among countries has driven states to become part of an international system
within the context of the principles of territorial integrity, sovereignty, and independence. Turkey's process of
joining the European Union (EU), which dates back to 1959, has been supported by various reforms and
harmonization packages. However, the prolonged negotiations have led Turkey to explore other organizations.
In recent times, Turkey, while not completely abandoning its bid for EU membership, has been considering
membership in alternative organizations, particularly the Shanghai Cooperation Organization (SCO). In this
study, the proximity of Turkey to EU and SCO member countries is evaluated by creating a dataset that includes
various indicators for 34 countries. Subsequently, the dataset was grouped based on various indicators. The
Naive Bayes and K-Nearest Neighbors algorithms were applied to the five different datasets obtained. In these
applications, Turkey was positioned in relation to two different classes based on the EU and SCO member
countries, depending on various indicators. The results of the applications, along with the performance metrics
obtained for the two different algorithms, are presented.

Keywords: European Union, Shanghai Cooperation Organization, machine learning, classification

Tiirkiye icin Alternatif Uluslararasi Orgiitlerin Makine Ogrenmesi Algoritmalariyla
Degerlendirilmesi

0Oz

Ulkelerin gii¢ dengesindeki dagilimlar devletleri toprak biitiinliigii, egemenlik ve bagimsizlik ilkeleri
baglaminda uluslararas1 bir sistemin pargast olmaya itmigtir. Tiirkiye'nin 1959 yilina kadar uzanan Avrupa
Birligi (AB)'ne katilma stireci cesitli reformlar ve uyum paketleriyle desteklenmektedir. Ancak uzun siiren
miizakerelerin neticelenmemesi Tirkiye'yi farkli orgiitlere yonelmeye itmistir. Son donemde Avrupa Birligi
iiyeliginden tam olarak vazgecmeyen Tiirkiye'nin basta Sangay Isbirligi Orgiitii (SI0) olmak iizere alternatif
orgiitlere iiyeligi degerlendirilmektedir. Bu calisma kapsaminda Tiirkiye’nin AB ve SIO iiyesi iilkelere
yakimligmin degerlendirilmesi amaglanarak 34 iilkenin g¢esitli gostergelerini igeren bir veri seti olusturulmustur.
Sonrasinda olusturulan veri seti ¢esitli gostergelere bagli olarak gruplandirilmistir. Elde edilen bes farkli veri
setine Naive Bayes ve K En Yakin Komsu algoritmasi uygulanmistir. Bu uygulamalarda cesitli gostergelere
bagl olarak Tiirkiye, AB ve SIO iiyesi iilkelerin yer aldig1 iki farkli simifa gére konumlandirilmistir. Yapilan
uygulamalarda iki farkli algoritma i¢in elde edilen performans metrikleriyle birlikte tahmin edilen degerlere yer
verilmistir.

Anahtar Kelimeler: Avrupa Birligi, Sangay Isbirligi Orgiitii, makine égrenmesi, siniflandirma
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1. Introduction

In today's world politics, the uncertainties that emerged in the aftermath of the Cold War have
led to a search for a new order. The distribution in the balance of power has pushed states to
become part of an international system in the context of the principles of territorial integrity,
sovereignty and independence. At the beginning of a new order, the power of states over world
politics is associated with their share in the world economy. Along with economic power,
military power is also seen as an important element for states to maintain and strengthen their
current situation [1]. Along with military and economic power, social indicators including
consumption, education and health parameters are considered in determining the
socioeconomic status of states [2]. Finally, environmental and infrastructural indicators are also
considered important in assessing the welfare and holistic development of states [3]. In the light
of all these indicators, various states come together to form international institutions and
organizations. In this respect, Turkey's possible cooperation with international organizations
and institutions is also evaluated. In particular, it is emphasized that the negotiations between
Turkey and the European Union (EU), which started in 2005, are important for Turkey in terms
of keeping up with the globalizing economy and politics [4]. With the start of the negotiations,
Turkey has been inspired by the EU in its foreign policy and has developed a more active line
[5]. However, there are ups and downs in the relationship between Turkey and the EU due to
problems such as judicial independence, human rights, freedom of expression and the Cyprus
problem [6]. In addition, elements such as the rule of law, democratic freedoms and respect for
minorities are also taken as issues that have a negative impact on Turkey and the EU
negotiations [7]. In addition to these negativities, the EU's migration policies have led to various
partnerships and agreements with Turkey [8].

With the dissolution of the Union of Soviet Socialist Republics, the United States of America
(USA) has become a unipolar power center by gaining power in world politics. On the other
hand, Russia's desire to prevent the US from approaching the Eurasian region and the border
problems between China and Central Asian countries brought Russia and China together. In
addition to Russia and China, Kazakhstan, Tajikistan, and Kyrgyzstan also joined the talks. As
a result of the negotiations of these 5 countries, the agreement, which is referred to as the
foundation of Shanghai 5, was signed in 1996 and the Shanghai Cooperation Organization
(SCO) was officially established in 2001 with the participation of Uzbekistan [9].

Turkey's full membership to the SCO started to be discussed due to the EU's attitude towards
Turkey, uncertainties in the relations, and the negotiations that have not been concluded for a
long time during the process in which financial markets were transferred to the east.
Accordingly, Turkey applied for full membership to the SCO in 2011. Afterwards, it was
accepted as a dialogue country [10].In recent years, Turkey has been engaged in joint economic,
social and cultural activities with the SCO member Turkic Republics [11]. Along with these
activities, the trade relations developed with China increase the cooperation between Turkey
and the SCO [12].

Turkey's process of joining the EU, which dates back to 1959, has been supported by various
reforms and harmonization packages. However, the protracted negotiations have led Turkey to
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turn to different organizations. Recently, Turkey, which has not completely given up on EU
membership, has been considering membership in the SCO and the Eurasian Economic Union
[13]. Especially the SCO is considered as an organization that Turkey can join commercially
as an alternative to the EU [14].

The problems encountered in Turkey's accession process to the European Union bring along
uncertainties. Along with these uncertainties, Turkey's SCO membership is being discussed.
Turkey's membership to the European Union and other alternative international organizations
is becoming complex. Various artificial intelligence techniques are used to solve such complex
problems. With these techniques, data can be processed, interpreted, analyzed and classified.
These techniques are frequently used in the field of International Relations to solve complex
problems based on data analysis. For example, Katagiri and Min (2015) applied machine
learning techniques to US diplomatic documents. These documents were obtained from the
digitization of the US Foreign Relations 1945-1980 collection. The aim of the applications is
to predict the perceived threat from the documents. As a result of the study, it was emphasized
that the methods used will contribute to the testing of International Relations theories [15]. In
another study, machine learning algorithms were used to detect patterns in North Korea's
military provocations. For this purpose, news articles of the Korean Central News Agency
between 1997 and 2013 were analyzed. As a result of the analysis, 82% success was achieved.
As a result of the study, it was stated that the use of machine learning techniques in similar
studies will be beneficial [16]. Another study using machine learning algorithms aims to predict
country risk. For this purpose, four different algorithms were applied to a dataset consisting of
macroeconomic indicators of 75 countries between 2015-2019. As a result of the study, it was
stated that the highest success was obtained with the K Nearest Neighbor (KNN) algorithm and
it was emphasized that high success was achieved in the applications [17]. In another study, the
performance of two different algorithms was compared. In this direction, data from EU
candidate and member countries were analyzed. In the light of these data, it was aimed to
evaluate the effect of the factor of increasing the level of economic development on the EU
membership of the countries. As a result of the study, the most effective variables in the EU
membership process were revealed [18]. In another study, two different algorithms were used
to detect terrorist attacks and their economic damage, which is one of the most difficult
problems for governments to deal with. As a result of the study, performance metrics obtained
from the algorithms were given and various suggestions were presented [19]. Within the scope
of this study, a dataset was created to evaluate Turkey's relationship with the SCO and the EU.
For the dataset consisting of 34 records, Naive Bayes and KNN algorithms were applied and
performance metrics were compared.

The objective of this study is to illustrate the applicability of machine learning algorithms in
addressing similar classification problems within the field through the applications conducted
in the context of this research. Furthermore, the study offers a distinct perspective on the
international organizations to which Turkey is aligned, based on various indicators and
quantitative data.
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The aim of this study is to demonstrate the applicability of machine learning algorithms in
solving similar classification problems in the field with the applications made within the scope
of this study. In addition, international organizations that Turkey is close to depending on
different indicators are presented from a different perspective depending on quantitative values.

2. 2. Material and Methods
2.1. Data Collection

The dataset used in this study consists of general indicators, economic indicators, social
indicators, environmental and infrastructural indicators of 35 countries, including 26 EU
member states, 8 SCO member states and Turkey. The dataset, consisting of records from 2021,
consists of eight different attributes. The records in the dataset were obtained from the
data.un.org website developed by the United Nations (UN) Statistics Department. In the dataset,
the class representing the SCO is assigned a value of 0 and the class containing EU member
states is assigned a value of 1. Thirty percent of the records in the dataset were used for testing
and 70 percent for training. Naive Bayes and KNN algorithms were applied to the obtained
dataset. The applications were realized using Python sklearn library.

The dataset examined in this study consists of records related to various indicators of 35
different countries. It is anticipated that in future studies, more effective and efficient results
can be achieved through applications conducted with more comprehensive datasets, which are
supported by document-based research and expert opinions on these indicators and their related
records.

2.2. Naive Bayes

Naive Bayes, a probabilistic algorithm, is a popular algorithm based on Bayes' theorem. The
algorithm is based on the assumption of independence between attributes, hence the name
"naive". This independence assumption implies conditional independence between attributes.
Although this is not suitable for concrete problems, it shows high performance in solving
different problems in various fields [20].

In the Naive Bayes algorithm, where learning is performed on the training dataset, the learning
process is performed on the training dataset. After the probabilistic calculation, the record with
the highest value is assigned to the relevant class [21]. The formula used for this calculation is
given below. In the formula below

- P (A/B), the probability of A in situation B,
- P (B/A), the probability of B in situation A,
- P (A), the probability of state A,

- P (B) denotes the probability of state B.
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P(B/A) x P(A)

PA/B) ==

2.3. K-Nearest Neighbor (KNN)

The KNN algorithm developed by Cover and Hart is frequently used to solve nonlinear
classification problems. The K value in the calculations refers to the number of nearest
neighbors. The distances of the value to be classified to K number of neighbors are calculated.
This calculation process is based on Euclidean distance measurement [22]. For example, for
K=7, the distances of the 7 points closest to the value to be classified are calculated. Then, the
classes in which the 7 points are included are examined and assignment to the closest class is
made.

2.4. Performance Metrics

In applications with machine learning algorithms, various metrics are used to evaluate the
performance of the models. In this study, accuracy, precision, sensitivity and f1 score are among
the most commonly used performance metrics. These performance metrics are calculated with
the values in the confusion matrix. There are four basic variables in the confusion matrix: True
Positive (TP), True Negative (TN), False Positive (FP) and False Negative (FN). TP refers to
the number of correctly predicted positive (1) values, while TN refers to the number of correctly
predicted negative (0) values. Similarly, FN refers to the number of incorrectly predicted
negative values and FP refers to the number of incorrectly predicted negative values.

The formulas used to calculate the accuracy, precision, sensitivity and f1 score based on these
values are given in Table 1.

Table 1. Performance metrics

Accuracy Precision Recall F1 Skoru
(TP + TF) TP TP Precision * Recall
*
(TP + TF + FP + FN) (TP + FP) (TP + FN) Precision + Recall

3. Results and Discussion

Within the scope of the study, Naive Bayes and KNN algorithms were applied to the dataset
consisting of indicators from Turkey, EU member countries and SCO member countries. The
dataset used in the first application consists of 8 attributes. The dataset was then grouped into
general indicators, social indicators, economic indicators, environmental and substructural
indicators. The training dataset used in the study consists of records of EU and SCO countries.
After the learning has taken place, Turkey's data is considered and it is aimed to predict the
classes to which Turkey belongs depending on the indicators.

The attributes and the indicators used in the applications are given in Table 2.
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Table 2. Attribute and groups

Attribute Group

Population Density General Indicators

Surface Area

GDP Economic Indicators

CPI

Health Expenditures Social Indicators

Education Expenditures

Internet Usage Environmental and

Infrastructural Indicators

Energy Supply Per Capita

The attributes considered in the study are given above. From these attributes, the classes in
which Turkey is included are estimated. The class with EU member countries is labeled as 1
and the class with SCO member countries is labeled as 0.

The accuracy values obtained with Naive Bayes and KNN algorithms in the first application
with the dataset including all indicators and the final results obtained from the algorithms are
given in Table 3. In the table below, 1 represents the EU and 0 represents the SCO.

Table 3. Accuracy values and predicted values

Naive Bayes KNN
Accuracy 0.81 0.94
Predicted Class 1 1

As seen in Table 3, in the application with the dataset including all indicators, an accuracy value
of 0.81 was obtained with the Naive Bayes algorithm and 0.94 with the KNN algorithm. In
addition, a value of 1 was obtained for both algorithms in the predictions made for the class that
Turkey will be in. This shows that Turkey is in the class of EU member states for all indicators
in the predictions made with Naive Bayes and KNN algorithms.
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In the applications, high accuracy values were obtained for both algorithms. However, the use
of more than one performance metric in classification problems contributes to the reliability of
the results. In this direction, the precision, sensitivity values and F1 scores obtained with the
Naive Bayes algorithm applied to the dataset including all indicators are given in Table 4.

Table 4. Performance metrics (Naive Bayes)

Precision Recall F1 Score
0 1,00 0,50 0,67
1 0,78 1,00 0.88

The performance metrics obtained with KNN in the application with the dataset including all
indicators are also given in Table 5.

Table 5. Performance metrics (KNN)

Precision Recall F1 Score
0 1,00 0,75 0,86
1 0,88 0,75 0,93

The performance metrics obtained in the applications with the dataset consisting of 8 different
attributes are given above. In order to evaluate Turkey's proximity to EU and SCO member
countries in terms of different parameters, four different datasets were created by grouping these
attributes as general indicators, social indicators, economic indicators, environmental and
infrastructural indicators. Each dataset consists of two attributes. The accuracy values and
predicted values obtained with Naive Bayes and KNN algorithms in the applications with
general indicators including population density and surface area records of the countries are
given in Table 6.

Table 6. Accuracy values and predicted values (General Indicators)

Naive Bayes KNN
Accuracy 0.90 0.94
Predicted Class 0 1

579



Assessment of Alternative International Organizations for Turkey Using Machine Learning Algorithms

As can be seen in Table 6, for general indicators, Turkey is in the class of SCO member
countries in the application with the Naive Bayes algorithm, while it is in the class of EU
member countries in the application with the KNN algorithm.

In the application with 34 different countries' economic indicators consisting of GDP and CPI
records, the accuracy values and predicted values obtained with Naive Bayes and KNN
algorithms are given in Table 7.

Table 7. Accuracy values and predicted values (Economic Indicators)

Naive Bayes KNN
Accuracy 0.90 0.97
Predicted Class 0 0

In the applications where high performance was obtained from both algorithms, it was observed
that Turkey was in the class of SCO member countries in terms of economic indicators.

The accuracy values and predicted values obtained with Naive Bayes and KNN algorithms in
the application with social indicators consisting of health and education expenditures, which
are considered to evaluate the socioeconomic status of states, are given in Table 8.

Table 8. Accuracy values and predicted values (Social Indicators)

Naive Bayes KNN
Accuracy 0.62 0.79
Predicted Class 1 0

As can be seen in Table 8, lower accuracy values were obtained in the applications made with
the dataset containing social indicators compared to the applications made with the datasets
containing general indicators and economic indicators. In the application with the Naive Bayes
algorithm, Turkey was positioned in the class of EU member countries, while in the application
with the KNN algorithm, Turkey was positioned in the class of SCO member countries.

Finally, the accuracy and predicted values obtained in the applications with environmental and
infrastructural indicators, including records on internet usage and per capita energy supply, are
given in Table 9.

Table 9. Accuracy values and predicted values (Environmental and Infrastructural Indicators)

Naive Bayes KNN

Accuracy 0.54 0.85
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Predicted Class 1 1

With 5 different datasets, the performance metrics and predicted values obtained in the
applications vary. In order to convey this situation as a whole, the accuracy values and predicted
values obtained with Naive Bayes and KNN algorithms for 5 different datasets are given in
Table 10.

Table 10. Accuracy values and predicted values

Group Algorithm Accuracy Turkey’s class
) Naive Bayes 0.81 EU
Indicators
KNN 0.94 EU
Naive Bayes 0.90 SCO
General Indicators
KNN 0.94 EU
Naive Bayes 0.90 SCO
Economic Indicators
KNN 0.97 SCO
Naive Bayes 0.62 EU
Social Indicators
KNN 0.79 SCO
Naive Bayes 0.54 EU
Environmental and
Infrastructural Indicators
KNN 0.85 EU

4. Conclusion

Despite long negotiations, reforms and harmonization packages, Turkey's EU accession
process, which has not been finalized, has brought about various debates. Turkey's membership
status in other international organizations is being evaluated since the membership process has
not yielded a final result. In 2011, the SCO, which was applied for full membership and was
accepted as a dialogue country, is one of these organizations.

In this study, a dataset consisting of various indicators of EU and SCO member countries was
created with the aim of estimating Turkey's proximity to EU and SCO member countries. Naive

581



Assessment of Alternative International Organizations for Turkey Using Machine Learning Algorithms

Bayes and KNN algorithms were applied to the dataset. In addition, four different groups were
created for the evaluation of various indicators and different applications were made with a total
of five different datasets.

In the applications made with the dataset consisting of records on surface area, population
density, CPI, GDP, education expenditures, health expenditures, internet usage and energy
supply per capita, Turkey is positioned in the class of EU member states. In line with the high
performance metrics obtained from the applications with the dataset including all indicators, it
can be said that Turkey is close to the EU in terms of general indicators.

In two different applications made with the dataset consisting of the population density and
surface area records of the countries, it was observed that Turkey was positioned in different
classes. While the population density of countries such as Finland, Latvia and Sweden in the
class of EU member countries is low, the population density of Malta, the Netherlands and
Belgium in the same class is high. Similarly, in the class of SCO member countries, India and
Pakistan have high population densities while Kazakhstan and Kyrgyzstan have low population
densities. It can be said that the difference in the result values obtained from the algorithms is
due to this situation.

In the application with the dataset including education and health expenditures, the Naive Bayes
algorithm achieved lower performance than the KNN algorithm. In the application with the
KNN algorithm, it was observed that Turkey was positioned in the class of SCO member
countries in terms of social indicators. While the average annual health expenditure of EU
member countries is 8.21%, the average annual health expenditure of SCO member countries
1s 5.1%. Similarly, while the average education expenditure for EU member countries is 4.96%,
the average for SCO member countries is 3.7%. The fact that Turkey's health expenditures are
4% and education expenditures are approximately 3% is similar to the result obtained in the
application with the KNN algorithm. In addition, Iran and Kyrgyzstan allocate more to health
expenditures than other SCO member countries.

High performance was obtained for both algorithms in the applications with the dataset
including CPI and GDP records. In the applications with economic indicators, Turkey is
positioned in the class of SCO member countries. In terms of economic indicators, Turkey is in
the class of SCO member countries, while in terms of environmental and infrastructural
indicators, Turkey is in the class of EU member countries. The same result was obtained for
two different algorithms in the applications with environmental and infrastructural indicators.

It is important to process and transform raw data obtained from various sources in different
disciplines into meaningful data. Processing and transforming data into information contributes
to decision-making processes. In this study, machine learning algorithms were applied to the
dataset created in line with the data obtained from the search engine provided by the United
Nations System. In this direction, it is aimed to demonstrate the applicability of machine
learning algorithms in forecasting applications involving different datasets. In addition, this
study is expected to contribute to interdisciplinary studies using machine learning algorithms.
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