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ADIM Fizik Giinleri VIII

ADIM Universiteleri Konsorsiyumu 30.03.2001 yilinda Adnan Menderes Universitesi, Pamukkale Universitesi,
Siileyman Demirel Universitesi ve Mugla Universitesi igbirligi ile kurulmustur. Bu iiniversiteler Pamukkale
Universitesi Rektorliigiinde bir araya gelerek egitim-dgretim, bilimsel-teknik ve sosyal-kiiltiirel alanlarda
isbirligi konularinda birlikte hareket etmek tizere ADIM adi altinda bir ortaklik protokolii imzalamislardir.

Bu dort iiniversiteye, 2003 yilinda Afyon Kocatepe Universitesi, 2005 yilinda Dumlupinar Universitesi ve 25
Aralik 2008 tarihinde Pamukkale Universitesi’nde gerceklestirilen “Bolge Universite Rektdrleri Toplantist”
neticesinde; Mehmet Akif Ersoy Universitesi ve Usak Universitesi katilmig olup, bu isbirliginin adinin ADIM
olarak devam etmesine karar verilmistir. Konsorsiyuma 2011 yilinda Celal Bayar Universitesi, 2012 yilinda
Balikesir Universitesi ve Uluslararas1 Antalya Universitesi, 02 Nisan 2013 tarihinde Mehmet Akif Ersoy
Universitesi'nde gerceklesen Rektdrler Toplantisi neticesinde Bilecik Seyh Edebali Universitesi ve Eskisehir
Osmangazi Universitesi, 06 Aralik 2013 tarihinde Pamukkale Universitesi’nde diizenlenen Rektdrler Toplantist
ile de Canakkale Onsekiz Mart Universitesi Konsorsiyuma katilmustir.

Imzalanan ADIM Protokolii; birbirine cografi ve kurulus tarihi olarak yakiligi olan, ortak sorunlara ortak
¢dziim arayan iiniversiteler tarafindan yiiriitiilen Isbirligi Programu cercevesinde, lisans ve lisansiistii egitim-
Ogretim, bilimsel ve teknolojik arastirma-gelistirme projeleri, sosyal ve kiiltiirel alanlarda yapilacak ortak
calismalarla ilgili esaslar1 belirlemeyi amaclar. ADIM Universiteleri, egitim-6gretim, arastirma-gelistirme,
bilimsel-teknik, sosyal ve kiiltiirel {iniversitelerarasi etkinliklerde isbirligi ve ortak girisimlerde bulunmak tizere
bir araya gelmistir.

ADIM Universiteleri Birligi Genel Koordinatorliigii, Pamukkale Universitesi tarafindan vyiiriitiilmektedir.
Koordinatorliik tarafindan; Konsorsiyuma iiye Universitelerde gerceklestirilecek olan toplanti bilgileri ile
toplantida alinan kararlarn  ADIM  Universitelerine bildirimi yapilarak, konsorsiyumun faaliyetlerinin
duyuruldugu ve arsivlendigi bir merkez olarak islevini siirdiirmektedir. Ayrica konsorsiyuma iiye Universitelerde
ADIM Birim Sorumlular1 belirlenerek, koordinasyonun daha hizli ve etkin olmasi saglanmistir. ADIM
Universiteleri web sayfasi hazirlanarak yaymlanmistir. Web sayfasinda, gerceklestirilen toplantilara ait kararlar
yayinlanmakta, ayrica ge¢mis yillara ait toplant1 kararlartyla toplanti arsivi olusturulmaktadir. Bugiine kadar
ADIM Universiteleri arasinda bircok toplant1 gerceklesmistir. Bu toplantilarda Universitelerin karsilastig ortak
sorunlar ve ¢oziim yollar1 belirlenmis, ortak hareket etme yoniinde kararlar alinmigtir. Boliimlerin kendi
aralarinda ortak doktora programlar1 agilmistir.

ADIM Universitelerinin Fizik bdliimlerinin bir araya gelmesiyle ilki 2010 yilinda Afyon Kocatepe
Universitesi'nde ADIM Fizik Giinleri I, ikincisi 2012 yilinda Pamukkale Universitesi’nde ADIM Fizik Giinleri
11, iigiinciisii 2014 yilinda Siileyman Demirel Universitesi'nde ADIM Fizik Giinleri III, dérdiinciisii 2015 yilinda
Dumlupmar Universitesi'nde ADIM Fizik Giinleri IV, besincisi 2016 yilinda Eskisehir Osmangazi
Universitesi'nde ADIM Fizik Giinleri V, altincist 2017 yilinda Balikesir Universitesi’nde ADIM Fizik Giinleri
VI ve yedincisi 2018 yilinda Adnan Menderes Universitesi'nde ADIM Fizik Giinleri VII adi altinda
diizenlenmeye devam etmistir.

ADIM Fizik Giinlerinin sekizincisi 12 — 15 Eyliil 2019 tarihlerinde, Biecik Universitesi Fizik Boliimii
bilinyesinde gerceklestirilecektir. Kongre, fizik alanindaki gelismelere paralel olarak bilimsel paylagimlara ve
ortak caligmalar i¢in is birligi ortami olusturmayi hedeflemektedir. Kongremizin Onursal Baskanlar1 Bilecik
Universitesi Rektorii Sayin Prof. Dr. Ibrahim TAS katilimiyla beraber Bilecik’de giizel bir kongre olmasi
dilegiyle, sevgi ve saygilar sunariz..

Dog. Dr. Arslan UNAL
ADIM Fizik Giinleri VIII Kongre Baskam
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12 EYLUL 2019 PERSEMBE

09:30-10:30 KAYIT
10:30-12:00 ACILIS KONUSMALARI
13:30-14:50 I. OTURUM
Yer Salon 1
Oturum Baskani | Dog. Dr. Arslan UNAL
13:30-14:10 Barry Dunietz
MODELING PHOTO AND BIAS INDUCED ELECTRON TRANSFER AND TRANSPORT. AN AB-INITIO PERSPECTIVE ON KINETICS
14:10-14:50 Hassan Hassanabadi
Q-DEFORMED CLASSICAL AND QUANTUM MECHANICS BASED ON THE Q ADDITION
16:30-16:50 Il. OTURUM
Yer Salon 1 Salon 2
Oturum Bagkam | Prof. Dr. Yusuf ATALAY Prof. Dr. Erdogan TARCAN
15:10-15:30 Burcu AKCA M. Fatih GOzUKIZIL
BAZI POTASYUM BILESIKLERI ICIN KUTLE SOGURMA YENI BIR INCE FiLM URETIM TEKNIGI OLAN MANYETIK
KATSAYILARININ OLGULMESI DONDUREREK KAPLAMA TEKNIGI KULLANARAK ZnO INCE FILMLERIN
URETILMESI
15:30-15:50 Murat KOCAK Hiiseyin AKSU
iKi GRUPLU DiFUZYON TEQRISI YARDIMIYLA KRITIK UNDERSTANDING OF THE QUANTUM NATURE OF ELECTRON
NUKLEER REAKTOR EBATININ TESPITI TRANSFER AND EXPLAINING THE SPECTRAL ASYMMETRIES IN
PHOTOSYNTHETIC BACTERIO REACTION CENTER: RHODOBACTER
SPHAEROIDES
15:50-16:10 Ercan SAHIN Aylin YALCIN SARIBEY
GAUSYAN KABUK ORBITALLERI ICIN ATOM FiZIGIN ADLI BILIMLERDEK] UYGULAMALARI
INTEGRALLERININ HESAPLANMASI
16:10-16:30 Mustafa KURBAN Handan ENGIN KIRIMLI
INVESTIGATION OF ELECTRONIC STRUCTURE AND SERBEST RADIKAL ICEREN COZELTILERDE OVERHAUSER
THERMAL PROPERTIES OF NANO-SATURN FOR DINAMIK NUKLEER POLARIZASYON BUYUMELERININ INCELENMESI
FUNCTIONAL MATERIALS
16:50-18:30 Ill. OTURUM
Yer Salon 1
Oturum Baskami | Dog. Dr. Arslan UNAL
16:50-17:30 Dimitar Pushkarov
VACANCY-IMPURITY NANOCLUSTERS IN QUANTUM CRYSTALS
Yer Salon 1 Salon 2
Oturum Bagkani Dog. Dr. Sinan TEMEL Dr. Ogr. Uyesi Yalgin KALKAN
17:30-17:50 Arif Kbsemen Zekayi ANDIC
INVESTIGATION OF COMPOSITE GEL DIELECTRIC YARDIMCI FONKSIYONLARI KULLANARAK SLATER TiPLI
MATERIALS FOR OFET APPLICATIONS ORBITALLERINE ORTME INTEGRALLERININ GENELLESTIRILMESI
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17:50-18:10 Ayse Nur MUTLU Mustafa KURBAN
A NEW WAY TO DEFINE CLUSTER IONS IN MPGds STUDY OF STRUCTURAL AND OPTOELECTRONIC PROPERTIES OF
HEXAGONAL ZnO NANOPARTICLES
18:10-18:30 Ash Ayten KAYA Murat ERTURK

Mn ve Sn KATKILI ZnO NANOPARTIKULLERININ SOL_GEL
METODU iLE ELDE EDILMESI X-ISINI ILE YAPISININ
AYDINLATILMASI

ATOMLARIN ELEKTRONIK YAPI HESAPLAMALRI ICIN BAZ KUMESI OLARAK
KISITLANMAMIS USTEL TIPLI FONKSIYONLARIN HASSASIYETI

13 EYLUL 2019 CUMA
Yer Salon 1
Oturum Dog. Dr. Arslan UNAL
Bagkani
09: 30-09:50 Andre Filipe Cortez

GAS RADIATION DETECTORS-CONTRIBUTIONS FROM COIMBRA
09:50-10:30 Yalgin KALKAN
HISTORICAL DEVELOPMENT OF GAS DETECTORS AND NEW GENERATIONS

Yer Salon 1 Salon 2
Oturum Dog. Dr. Ash Ayten KAYA Dog. Dr. Yunus KAYA
Baskani

10:30-10:50

Meryem Cansu SAHIN

SICANLARDA SIYATIK SINIR YARALANMASI SONRASI UG BOYUTLU
BIYOYAZICIDA URETILEN BiYOUYUMLU SINIR TUPLERININ ETKILERININ
ARASTIRILMASI

GENELLESTIRILMIS SPIN-S MANYETIK iKiLi ALASIMLARIN HISTEREZIS

Giilsen KARAKOYUN

KARAKTERISTIKLERI

11:10-11:30 Giirkan DEMIRDAK Elif Ece DEMIR
ATOMIK HARTREE-FOCK-ROOTHAAN HESAPLAMALARINDA FRW UZAY-ZAMANINDA TACHYON SCALAR ALAN COZUMLERI
GENELLESTIRILMIS OZ-SURTUNME USTEL TiPLi BAZ TAKIMLARI

11:30-11:50 Gencer SARIOGLU Meryem Cansu SAHIN

Al-1,1Sc ve Al-1,9Sc ALASIMLARININ BAZI TERMAL OZELLIKLERININ KEMIK DEFEKTLERIN ONARIMINDA 3D VE BiYOMALZEMELER; BOR

DENEYSEL YONTEMLE iNCELENMESI VE Sc ETKISININ PLA URETIMI
KARSILASTIRILMASI

11:50-12:10 Volkan CETINKAYA Ertugrul KARACA

CLIC BAZLI ye GARPISTIRICISINDA UYARILMIS SPiN-3/2 NOTRINOLAR KUBIK YAPIDA KRISTALLESEN Ta,Sb BILESIGININ YAPISAL,

iCIN ARASTIRMA ELEKTRONIK VE ELASTIK OZELLIKLERI
Yer Salon1
Oturum Dog. Dr. Arslan Unal
Bagkani
13:30-14:10 Udo Schwingenschlogl
OBSTACLES AND POSSIBLE SOLUTIONS ON THE WAY TO VALLEY-POLARIZED 2D MATERIALS

Yer Salon 1 Salon 2
Oturum Dr. Ogretim Uyesi Adil MERAKI Dr. Ogretim Uyesi Yalgin KALKAN
Bagskani
14:10-14:30 Manolya CiN Volkan CETINKAYA

ZrRuP MALZEMESININ YAPISAL ve ELESATIK OZELLIKLERI: Ab-INITIO HZZ VE HyZ ANORMAL BAGLASIMLARININ GELECEK NESIL

HESAPLAMALARI DOGRUSAL CARPISTIRICILARDA INCELENMESI
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14:30-14:50 Umit AKINCI Bilal CANGUL
MALZEMELERIN MANYETIK OZELLIKLERININ BELIRLENMESINDE ETKIN (2)-N-(3,4-DIMETILISOXAZOL-5-YL)-4-(2-HIDROKSI-5-
ALAN YAKLASIMLARI METILBENZYLIDENE)AMINO)BENZENSULFONAMIT
MOLEKULUNUN YAPISININ SPEKTROSKOPIK(X-RD, FT-IR, NMR)
YONTEMLERLE AYDINLATILMASI
15:10-17:30 Ill. OTURUM
Yer Salon 1 Salon 2
Oturum Dr. Ogretim Uyesi Adil MERAKI Dr. Ogretim Uyesi Yalgin KALKAN
Bagkani
15:10-15:30 Bilal CANGUL Muhammet OKUR
(2)-N-(3,4-DIMETILISOXAZOL-5-YL)-4-(2-HIDROKSI-5 DFT CALCULATIONS ON SPECTROSCOPIC AND STRUCTURAL
METILBENZYLIDENE)AMINO)BENZENSULFONAMIT MOLEKULUNUN PROPERTIES OF MgCl,.6H,0.C;Hs(OH);
HOMO-LUMO, NLO VE MEP ANALIZLERI
Emirhan BOZOGLAN Yunus KAYA
15:30-15:50
BIYOYAZICI TASARIMI VE URETIMI BAZI OKSIM MOLEKULLERININ MOLEKULER DOCKING
CALISMALARI: SUBSTITUENT ETKISININ INCELENMESI
15:50-16:10 Durgun DURAN Nazmiye ALBAYRAK
JAYNES-CUMMINGS MODELI iCIN KUANTUM PARAMETRE TAHMINI | L-PROLINIUM PICRATE MOLEKULUNUN SPEKTROSKOPIK VE
DOGRUSAL OLMAYAN OPTIK OZELLIKLERI UZERINE BIR CALISMA
16:10-16:30 Gokhan DIKMEN Asli Ayten KAYA
HEGZAGONAL YAPILI ZnO MOLEKULLERININ
DETERMINATION OF TEMPERATURE-DEPENDENT CONFORMATION MODELLENMESI, Mn ve Sn KATKISI ILE OPTIK BAND
STATES OF CINNAMIC ACID BY SPECTROSCOPIC METHODS BOSLUGUNUN DEGISIMININ KURAMSAL INCELENMESI
16:30-16:50 Keziban AY Yunus KAYA
GIDALARDA KARBONDIOKSIT TAYINI BROM-aSETOFENON OKSiM MOLEKULUNUN KONFORMER
VE INFRARED SPEKTROSKOPI CALISMASI
16:50-17:10 Ali BAGCI Nazmiye ALBAYRAK
ROLATIVISTIK OUA YAKLASAMINDA ORTAYA CIKAN 2-METHYL-PYRIDINIUM PICRATE BILESIGININ YAPISAL VE
MATEMATIKSEL ZORLUKLAR UZERINE NOTLAR SPEKTROSKOPIK INCELEMESI
17:10-17:30 ismail YORULMAZ Muhammet OKUR
GLASS-BLOWN SPHERICAL MINIATURE CESIUM VAPOR CELSS FOR [Li(CgHsC1,0,)(Cy3HgN,)(H,0)) MOLEKULUNUN SPEKTROSKOPIK VE
ATOMIC MAGNETOMETER APPLICATIONS DOGRUSAL OLMAYAN OPTIK OZELLIKLERI UZERINE BiR CALISMA

10
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CK-1

Q-Deformed Classical and Quantum Mechanics Based on the Q-Addition

Hassan Hassanabadi
Faculty of physics, Shahrood University of Technology, Shahrood, Iran

We find the g-analogue of the Newton mechanics based on the g-addition. We prove the energy
conservation and formulate the Lagrangian-Hamiltonian formalism for the g-deformed mechanics. We
extend one dimensional g-deformed mechanics into two dimension and discuss the effect of q in Kepler
problem. Then, we consider the g-derivative appearing in the non-extensive thermodynamics to
formulate the g-deformed quantum mechanics. From the g-addition we discuss the g-deformed calculus
and g-deformed elementary functions. We use these to construct the g-deformed quantum mechanics.
As examples we discuss momentum eigenfunction, one dimensional box problem and quantum
harmonic potential problem.
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Vacancy-Impurity Nanoclusters in Quantum Crystals

D. I. Pushkarov

Bulgarian Academy of Sciences, Independent Scholar

A new kind of nanoclusters in the solid solutions of *He and *He are presented. They exist only due to
the quantum nature of defects — vacancies and impurities which are delocalized and behave as
quasiparticles — defectons (vacancions and impuritons). They are described in an ideal crystal lattice
not by their positions and velocities, but by the dispersion law g(p) with p for quasimomentum. The
situation is similar to that of electrons in metals, but with the essential difference that the creation
energy of vacancies and impurities is of the order of several degrees, and the energy bands are
extremely narrow (several degrees for vacancions and about 10™K for impuritons. Delocalization
lowers the activation energy compared with the localized defect. However, this needs a good
periodicity. Impurities brake the periodicity and prevent delocalization of the vacancies. So, around the
vacancy a region rid of impurities appears. But there is also another way for a vacancy to create a
periodic structure around itself. It can attract impurities and build a cluster around itself. The vacancy-
impurity nanocluster may have different structure compared to that of the main lattice and stimulate
phase transitions. This effect is important as well when considering the phase separation in helium solid
solutions.

References

[1] D. I. Pushkarov, JETP Lett. 27 (6) 337-339 (1978); Phys.Rev. B 70 172506 (2004)

[2] Ganshin A.N., Grigor’ev V.N. et al. - JETP Letters 73 (6) 289-293 (2001); Physica B: Condensed
Matter 329-333 (1) 390-391 (2003)
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CK-3

Obstacles And Possible Solutions on the Way to Valley-Polarized 2D Materials

U. Schwingenschlogl
King Abdullah University of Science and Technology (KAUST), Physical Science and
Engineering Division (PSE), Thuwal 23955-6900, Saudi Arabia

The presentation addresses possible realizations of valley-polarized 2D materials. The electronic
properties of 2D MoTe; on EuO(111) substrate are discussed [1]. Strong spin polarization is induced in
2D MoTe; by proximity to the substrate. Due to spin-valley coupling, this spin polarization results in
large valley polarization. Besides transition metal dichalcogenides, silicene and germanene are key
materials for the field of valleytronics. However, interaction with the substrate, which is necessary to
support the electronically active medium, becomes a major obstacle. We show that magnetically doped
WS, can be used as substrate that avoids detrimental effects and at the same time induces valley
polarization [2]. Broken inversion symmetry due to the presence of WS, opens a substantial band gap
in silicene and germanene, and the induced spin polarization in conjunction with proximity-enhanced
spin-orbit coupling creates sizable valley polarization. We also discuss the possibility to generate valley
polarization in 2D MoS; by substitutional magnetic doping [3]. An unprecedented physical-chemical
mechanism, based on delicate interplay between defect state and extended moment formation, is
identified as source of the valley polarization.

References

[1] Q. Zhang, S. A. Yang, W. Mi, Y. Cheng, and U. Schwingenschlogl. Advanced Materials, 2016, 28:
959.

[2] S. Sattar, N. Singh, and U. Schwingenschlogl. Physical Review B, 2016, 94: 205415.

[3] N. Singh and U. Schwingenschlogl. Advanced Materials, 2017, 29: 1600970.
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CK-4

Gas Radiation Detectors — Contributions from Coimbra

André F.V. Cortez
Laboratory of Instrumentation, Biomedical Eng. and Radiation Physics (LIBPhys-UC)
Department of Physics, University of Coimbra, Rua Larga, Coimbra, Portugal

The use of electroluminescence as the amplification mechanism in gas detectors has the
advantage of introducing much smaller fluctuations than the charge amplification mechanisms,
allowing to obtain very competitive solutions. Some of the most relevant contributions of
Coimbra in the development of gas radiation detectors based on electroluminescence and
possible applications are reviewed.

Keyword: Electroluminescence, Gas radiation detectors, Large Volume Detectors, High
Pressure, Secondary Scintillation
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CK-5

Modeling Photo and Bias Induced Electron Transfer and Transport. An Ab-Initio
Perspective on Kinetics

Barry Dunietz

Charge transfer and transport processes through molecular interfaces are ubiquitous as they play a
crucial role in determining functionality of biological systems and in enabling energy conversion
applications. We study computationally such processes to understand structure-function relationships at
the molecular level.

I will describe our modeling of (1) Photovoltaic and charge transfer properties of organic
semiconductors materials. (2) Charge transport through voltage-biased molecular scale bridges.
Importantly we establish predictive computational scheme that addresses key challenges. Our studies
are employed in conjunction with experimental efforts to design materials and applications that control
and tune relevant physical properties.
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CK-6

Historical Developments of Gas Detectors and New Generations

Yalgin Kalkan
Mus Alparslan University

Gas detectors; has been used for many years to detect radiation because of their detection rates, high
resolution and cheap costs. After the invention of the Geiger Miiller meter, these detectors have
undergone a long-term research and development process and can now be used in many areas such as
industry, fire security, biology, health etc. After the invention of the Geiger Miiller counter, these
detectors have undergone a long-term research and development process and can now be used in many
areas such as industry, fire security, biology, health etc. In spite of the negative effects of ionic clusters,
gas detectors are being used in experiments carried out in CERN with micro-structured models such as
GEM and Micromegas. Mus Alparslan University team conducts theoretical and experimental research
on determination of ionic cluster sizes, development of gaseous flame detectors, development of
gaseous neutron detectors and their use in security sector, theoretical approaches of signal generation
mechanisms in detectors within the framework of this CERN RD51 collaboration.
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S-01

Baz1 Potasyum Bilesikleri i¢in Kiitle Sogurma Katsayilarimn Olciilmesi

Burcu AKCAY

YUrdahan Universitesi, Miihendislik Fakiiltesi, Bilgisayar Miihendisligi Boliimii, Ardahan
*Yazisilan yazar e-posta: burcuakca@ardahan.edu.tr

Ozet: Bu caligmada, bazi potasyum bilesiklerinin (KH,PO4, KNO3, K;S;05, KOH, K;HPOy,
K2S04, KCI, KlO3, ve Kl) kiitle sogurma katsayilart Enerji Ayrimli X-151n1 Floresans Spektrometresi
(EDXRFS) ve yiiksek ¢oziiniirliiklii bir Si(Li) detektdr kullanilarak 6l¢iilmiistiir. Elde edilen deneysel
kiitle sogurma katsayilari, WinXCom ve FFAST teorik degerleriyle karsilastirilmigtir.

Anahtar Kelimeler: Potasyum, EDXRFS, WinXCom, FFAST.

Measurement of Mass Attenuation Coefficients for Some Potassium
Compounds

Abstract: In this study, the mass attenuation coefficients of some potassium compounds
(KH2PO4, KNO3, K;S,05, KOH, K;HPO,4, K2SO4, KCI, KIO3; and Kl) have been measured by using
Energy Dispersive X-ray Fluorescence Spectrometer (EDXRFS) and a high-resolution Si(Li) detector.
Obtained experimental mass attenuation coefficients have been compared with WinXCom and FFAST

theoretical values.

Keywords: Potassium, EDXRFS, WinXCom, FFAST.
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S-02

Yeni Bir Ince Film Uretim Teknigi Olan Manyetik Dondiirerek Kaplama
Teknigi Kullanarak Zno Ince Filmlerin Uretilmesi

M. Fatih Géziikizil™", Sinan Temel?, Nurgiil Ozbay®

Bilecik Seyh Edebali U@iversitesi, Fen Bilimleri Enstitiisii, Enerji Sistemleri Miihendisligi ABD, Bilecik
2 Bilecik Seyh Edebali Universitesi, Merkezi Arastirma Laboratuvar: Uygulama ve Arastirma Merkezi,
Bilecik
% Bilecik Seyh Edebali Universitesi, Miihendislik Fakiiltesi, Kimya Miihendisligi Boliimii, Bilecik
*Yazisilan yazar e-posta: fatih.gozukizil@bilecik.edu.tr

Ozet: ZnO ince filmler, literatiirde ilk defa kullanilan “Sol-Gel Manyetik Dondiirerek Kaplama
Teknigi” ile elde edilmistir. Gelistirilen bu teknikte dondiirme islemi, diger pahali tekniklerden farkl
sekilde manyetik olarak gerceklestirilmektedir. Elde edilen ZnO ince filmlerin yiizeysel 6zellikleri X-
Isim1 Kirmmimi (XRD), ylizeysel ozellikleri ve kimyasal bilesimi Alan Emisyonu Taramali Elektron
Mikroskopisi-Enerji Dagilimli X-Isin1 Spektroskopisi (FESEM-EDX) ve optik 6zellikleri UV-Vis.
Spektroskopisi kullanilarak incelenmistir. Bu sayede yeni gelistirilen ince film kaplama teknigimizin
ince film iiretiminde kullanilabilecegini gostermek amaglanmaktadir. Yapilan XRD analizlerinde elde
edilen tiim ince filmlerin polikristal yapida oldugu ve hekzagonal ZnO yapisi ile birebir Ortiistiigii
goriilmiistiir. FESEM goriintiileri incelendiginde ise, filmin tiim ylizeyine hemen hemen homojen
dagilmis nanoboyutta taneciklerden meydana geldigi goriilmiistiir. Ayrica yiizeyde bosluklar olmadigi
ve y1gin seklinde olusumlarin bulunmadigr anlasilmistir. EDX analizi ile de ince filmlerin kimyasal
bilesimleri elde edilmis ve yapmin ZnO oldugu ispatlanmistir. UV-Vis Spektroskopisi dlgtimleri ile
elde edilen yasak enerji aralig1 degerleri yaklasik 3,3 eV olarak hesaplanmistir ve bu deger literatiirde
daha 6nce ZnO ince filmler i¢in bulunan deger ile uyum igerisindedir. Bu sonuglara gore literatiirde ilk
defa kullanilan, “Manyetik Dondiirerek Kaplama Teknigi” ile ZnO ince filmler daha basit ve ekonomik
bir sekilde rahatlikla tiretilebilmistir.

Anahtar Kelimeler: Ince film, ZnO, sol-gel, manyetik dondiirerek kaplama.
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Deposition of Zno Thin Films by Using a Novel Technique: Magnetic Spin
Coating

Abstract: ZnO thin films were deposited by using Sol-Gel Magnetic Spin Coating Technique
which is used for the first time in the literature. In this technique, spin process is performed
magnetically. Structural, morphological and optical properties of obtained ZnO thin films were
investigated by X-Ray Diffraction (XRD), Field Emission Scanning Electron Microscopy- Energy
Dispersive X-Ray Spectroscopy (FESEM-EDX) and UV-Vis. spectroscopy respectively. Thus, it is
aimed to show that our newly developed thin film deposition technique can be used in thin film
production. XRD analysis showed that all thin films were polycrystalline nature and matched with
hexagonal ZnO structure. When FESEM images were examined, it was seen that the film consisted of
nano particles which were almost homogeneously distributed over the whole surface. It was also found
that there were no gaps on the surface and there were no stack formations. The chemical composition
of the thin films was obtained by EDX analysis and the structure was proved to be ZnO. The band gap
values obtained by UV-Vis Spectroscopy measurements, were calculated to be approximately 3.3 eV
and this value is consistent with the value found in the literature for ZnO thin films previously.
According to these results, ZnO thin films could be produced more easily and economically with
Magnetic Spin Coating Technique which is used for the first time in the literature.

Keywords: Thin film, ZnO, sol-gel, magnetic spin coating.
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S-03

Iki Gruplu Difiizyon Teorisi Yardiimiyla Kritik Niikleer Reaktér Ebatinin
Tespiti

Murat Kogakl’*, Ali ihsan Goker?

'Bilecik Seyh Edebali Universitesi,“Fen Bilimleri Enstitiisii, Enerji Sistemleri Miihendisligi ABD, Bilecik
2 Bilecik Seyh Edebali Universitesi, Fen-Edebiyat Fakiiltesi Fizik Béliimii, Bilecik
*Yazisilan yazar e-posta: muratkocak06@outlook.com

Ozet: Fosil yakitlarin haricinde kesintisiz gii¢ kaynag1 olarak kullanilabilecek bilinen tek enerji
kaynag1 niikleer enerjidir. Niikleer enerjinin aciga ¢ikarilmasi ise niikleer reaktorlerde gergeklesen
fisyon reaksiyonuyla meydana gelmektedir. Fisyon reaksiyonun kontrol altinda tutulabilmesi ise
kritiklik sartinin saglanmasina baglidir. Bu ¢alismada, fisyon reaksiyonunu tetikleyen ndtronlar diisiik
enerjili termal nétronlar ve yiiksek enerjili hizli nétronlar olmak tiizere iki ayri grup halinde
degerlendirilmistir. Bunun sonucunda ortaya ¢ikan iki gruplu nétron difiizyon teorisi iki gruplu kritiklik
denklemine yol agar. Verilen bir reaktor kompozisyonu i¢in kritikligi saglayan reaktor ebati iki gruplu
kritiklik denklemini numerik olarak ¢ozerek tespit edilmistir. Bu yolla, kiiresel geometride ¢ekirdek
yarigapi, yansitict kalinhigi ve ekstrapolasyon uzunlugundaki degisimlerin kritik reaktor ebati
iizerindeki etkileri detayl bir sekilde arastirilmistir.

Anahtar Kelimeler: Niikleer enerji, Fisyon, Kritiklik, Notron difiizyon

Determination of the Critical Nuclear Reactor Size via the Two Group
Diffusion Theory

Abstract: The only known energy source that can be used as a continuous power source except
fossil fuels is the nuclear energy. Exploitation of the nuclear energy takes place via the fission reaction
that takes place inside the nuclear reactors. Being able to keep the fission reaction under control
depends on satisfying the criticality condition. In this work, the neutrons that trigger the fission reaction
have been regarded as two different groups that are low energy thermal neutrons and high energy fast
neutrons. Two group neutron diffusion theory that arises as a result of this yields two group criticality
equation. The reactor size that satisfies the criticality condition for a given reactor composition has
been determined by solving the two group criticality equation numerically. In this way, the effects of
the changes in the core radius, the reflector thickness and the extrapolation length on the critical reactor
size in spherical geometry have been investigated in detail.

Keywords: Nuclear energy, Fission, Criticality, Neutron diffusion
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Understanding of the Quantum Nature of Electron Transfer and Explaining
the Spectral Asymmetries in Photosynthetic Bacterio Reaction Center: Rhodobacter
Sphaeroides

Huseyin Aksu®”, Alexander Schubert? Eitan Geva®, Barry Dunietz*

Kent State University, Department of Chemistry and Biochemistry, Kent, Ohio / USA
’Friedlich-Schiller University, Institute of Physical Chemistry ,Jena / Germany
3University of Michigan, Department of Chemistry, Ann Arbor, Michigan / USA

*Yazisilan yazar e-posta: haksu@kent.edu

Abstract: Spectral peaks of the special pair (P) and adjacent pigments in the bacterial reaction
center (BRC) are investigated computationally. We employ a novel computational framework based on
a polarization-consistent treatment of the dielectric environment, combining the polarizable continuum
model (PCM) with time-dependent screened range-separated hybrid density functional theory (TD-
SRSH-DFT). Our calculations quantitatively reproduce the recently measured spectral peak splits
between P states, and spectral asymmetries within pairs of the adjacent bacteriochlorophyll a (BChl)
and bacteriopheophytin a (BPhe) pigments. Measured spectral trends are correctly reproduced based on
X-Ray resolved structures (LIPCR and 2J8C), and where the effect of neighboring pigments on the
electronic structure is addressed through an effective dielectric environment. We also reproduce the
spectral shifts due to the BChl and BPhe pigment pairs, where the pigment of branch A is affected by a
larger polarization dielectric environment. We find in the BChl case a positive shift and in the case of
the BPhe a negative shift in agreement with the experimental measurements only with SRSH energies.
The special pair found at the core of bacterial reaction centers (BRCs) a dimer of bacteriochlorophyll a
(BChl), is known to play a key role in the functionality of the photosystem, serving as a precursor to
the photosynthesis process. We have calculated the charge transfer rates within the pair and investigate
the rectification ratio. We identify the roles of stereo structural asymmetry between the two BChl units
and of the dielectric environment in stabilizing and discriminating between the CT processes.

Keywords: Charge transfer, Fermi golden rate, polarizable continuum model, screened range seperated
DFT functional
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S-05

Gausyan Kabuk Orbitalleri icin Atom integrallerinin Hesaplanmasi -

Ercan SAHIN'"", Telhat OZDOGAN?

1Amasya Universitgsi, Tasova Yiiksel Akin Meslek )_’.iiksekokulu, Tasova, Amasya
2 Amasya Universitesi, Egitim Fakiiltesi, BOTE Béliimii, Amasya
**Yazisilan yazar e-posta: ercan.sahin@amasya.edu.tr

Ozet: Gausyan kabuk orbitalleri igin, bir ve iki elektonlu atom integralleri yardime1 fonksiyonlar
ve sayisal integrasyon yontemleri kullanilarak incelenmistir. Elde edilen ifadelerin keyfi kuantum
sayilar1 ve diger orbital parametreleri i¢in gegerli oldugu gosterilmistir. Ayrica, Gausyan kabuk
orbitalleri kullanilarak bazi atomlar i¢in Hartree-Fock-Roothaan hesaplamalar1 da yapilmustir.

Anahtar Kelimeler: Gausyan kabuk orbitali, Hartree-Fock-Roothaan metodu, atom integralleri

*Bu calisma Amasya Universitesi Bilimsel Arastirma Projeleri Koordinasyon Birimi tarafindan
desteklenmistir. Proje numarasi: FMB-BAP 18-0362.

Evaluation of Atomic Integrals Over Gaussian Shell Orbitals

Abstract: One- and two-electron atomic integrals over Gaussian shell orbitals were examined by
the use of auxiliary functions and numerical integration methods. It is shown that the relationships
obtained are valid for the arbitrary quantum numbers and other orbital parameters. Also, the Hartree-
Fock-Roothaan calculations were performed for some atoms by using Gaussian shell orbitals.

Keywords: Gaussian shell orbital, Hartree-Fock-Roothaan method, atomic integrals

*This study was supported by The Scientific Research Projects Coordination Unit of Amasya
University. Project number: FMB-BAP 18-0362.
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S-06

Fizigin Adli Bilimlerdeki Uygulamalar:

Aylin YALCIN SARIBEY*?

1lzskb'idar Qniversitesi, Miihendislik ve Doga Bilimleri Fakiiltesi, Adli BilimlerBoliimii, jstqnbul
2Uskiidar Universitesi, Bagimhilik ve Adli Bilimler Enstitiisii, Adli Bilimler Anabilim Dali, Istanbul
aylin.yalcinsaribey@uskudar.edu.tr

Ozet: Adli Bilimler, olay yerinden elde edilen delillerin bilimsel yontemler kullanilarak
incelenmesi ile sugun aydinlatilmasi i¢in yapilan teknik degerlendirmelerdir. Delillerin incelenmesi
sirasinda kimya, biyoloji, fizik ve daha pek cok uzmanlik alanindan faydalanilmaktadir. Adli amacl
incelemelerde fizik kilit 6neme sahiptir. Ara¢ kazalari, patlama sonrasi olay yeri inceleme, kan
sigramas1 model analizi gibi pek cok alan, incelemelerin karmasikligindan dolay1 6zel bilgi, birikim,
egitim ve beceri gerektirmektedir. Bu alanlarin yaninda balistik incelemelerde de fizik bilgisi
gerekmektedir. Atesli silahlarin kullanildig1 olaylar sonrasinda mermi ¢ekirdeginin hareketi, menzili,
hedef ylizeyde yaptig1 tahribat olayda kullanilan silahin tespiti agisindan biiyilk 6nem tasimaktadir.
Olay yeri incelemecileri ve sorusturma ekipleri, bir sugun tam olarak nasil gerceklestigini anlamak igin
olaym yeniden canlandirmasini yaparlar ki bu da biiytlik olcilide fizik bilgisi gerektirmektedir. Ayrica
kan lekesi model analizi ile olay yerindeki kan lekeleri degerlendirilerek sekil, biiyiikliik, carpma agisi,
dagilimlarina gore olaym nasil, nerede, ne tiir alet kullanilarak meydana geldigi anlasilmaya
caligilmaktadir. Tiim bu alanlarda fizik bilgisine ve egitimine ihtiya¢ duyulmaktadir. Bu calismada
fizigin adli bilimler alaninda kullanimi ele alinmistir.

Anahtar Kelimeler: Adli Bilimler, adli fizik, olay yeri, balistik
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Investigation of Electronic Structure and Thermal Properties of Nano-Saturn
for Functional Materials

Mustafa Kurban”

Kirsehir Ahi Evran University, Department of Electronics and Automation, Kirgehir
*Yazisilan yazar e-posta: mkurbanphys@gmail.com

Abstract: In recent years, nano-Saturn systems have attracted a lot of attention because a ring
moiety gives rise to an attractive interaction in its cavity where there is a spherical molecule like
fullerene (Cep). In this regard, nano-Saturn including of disk-type hydrocarbon rings has been studied in
this study in detail. Density functionals based tight binding (DFTB) method has been performed in the
calculations. The nano-Saturn structure is composed of a Cg in the cavity, anthracene as a ring. Firstly,
the electronic and structural properties anthracene molecule have been investigated using self-
consistent redistribution of Mulliken charges (SCC) long-range corrected (LC)-DFTB and SCC-DFTB
methods to get reasonable results with experimental data. Later, the electronic structure of anthracene
ring structure, Cg, and nano-Saturn structures have been researched. HOMO, LUMO, band gap
energies, Fermi levels, dipole moments and absorption spectra were investigated for these structures.
Moreover, the electronic structure of nano-Saturn was researched under heat treatment (up to 600 K).
The obtained results show that nano-Saturn structure has more desirable properties than anthracene,
anthracene ring structure and Cgo. For instance, the band gap of nano-Saturn (1.73 eV) is smaller than
anthracene (2.95 eV) anthracene ring (2.25 eV) and Cg (2.22 €V). The reduction in the bandgap means
that less energy is needed for photogenerated charge carriers. In addition, the results are compared with
experimental data in the literature.

Keywords: NanoSaturn; Hydrocarbon rings; Band gap; Electronic structure; DFTB
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Serbest Radikal iceren Cozeltilerde Overhauser Dinamik Niikleer
Polarizasyon Biiyiimelerinin Incelenmesi

Handan Engin Kirrmli™”

'Bursa Uludag Universitesi, Fen Edebiyat Fakiiltesi, Fizik Béliimii, Bursa
*Yazisilan yazar e-posta: hengin@uludag.edu.tr

Ozet: Polarizasyon tekniklerinden biri olan Overhauser dinamik niikleer polarizasyon (DNP)
teknigi, niikleer manyetik rezonans deneylerinden elde edilen sinyallerde belirgin bir artis saglayabilir.
Bu teknikle, Tempo serbest radikaline sahip ii¢ farkli ¢oziicii igin "H Overhauser dinamik niikleer
polarizasyon biiylimeleri 1.5 mT’lik manyetik alanda incelendi. Overhauser biiylimeleri dl¢iildii. Bu
sinyal bliylimeleri, serbest radikalin ¢iftlenmemis elektronu ile ¢ozgendeki hidrojen ¢ekirdegi
arasindaki etkilegsmelerin skaler oldugunu gostermektedir. Gozlenen biiyiimeler -0.005 ile -0.139
araliginda degismektedir. Ek olarak, ESR frekansina bagli sinyal biiyiime faktorleri 6l¢iilerek tim
orneklerin EPR spektrumlar1 elde edildi. Cozgen i¢indeki serbest radikal Tempo’dan elde edilen EPR
spektrumlarinin Gauss egrilerinden olustugu gozlenmistir.

Anahtar Kelimeler: Dinamik niikleer polarizasyon, Overhauser etkisi, Niikleer manyetik
rezonans, Serbest radikal.

A Study on Overhauser Dynamic Nuclear Polarization Enhancements in
Solutions Including Free Radical

Abstract: Polarization techniques, such as Overhauser dynamic nuclear polarization (DNP), can
provide a significant increase in the signal obtained from nuclear magnetic resonance experiments. By
this technique, studies of the *H Overhauser dynamic nuclear polarization enhancements at 1.5 mT
were investigated for three different solvents with the Tempo free radical. Overhauser enhancements
were measured. This is indicating that there are scalar interactions between the unpaired electron of the
free radical and the hydrogen nuclei of solvents. The observed enhancements vary from -0.005 and -
0.139. Additionally, By measuring signal enhancement factors which depend on ESR frequency, EPR
spectra of all the samples were obtained. It was seen that EPR spectra obtained from Tempo free
radical in solvents consist of Gaussian curves.

Keywords: Dynamic nuclear polarization, Overhauser effect, Nuclear magnetic resonance, Free
radical.
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Investigation of Composite Gel Dielectric Materials for OFET Applications

Arif Kosemen
MusAlparslan University, Department of Physics, 49250Mus, Turkey

Abstract: In today's scientific world, Organic field effect transistors (OFETSs) are being researched
intensively and take their place in technological applications. However, due to the low mobility values
of organic materials, they have problems such as not having a low operating voltage, high mobility and
not stable structure for commercial applications [1-3]. To overcome such problems several fabrication
methods and material combinations have been investigated such as self-assembled monolayer
dielectrics (SAM), Organic-Inorganic structures, high-k inorganic thin film dielectrics, organic-
inorganic composite dielectrics [4,5]. Solid state composite dielectric materials frequently are used as a
dielectric material for OFET application [6,]. However, the use of these structures poses important
problems such as the increase in leakage currents due to the deterioration of surface morphology and
the decrease in on / off ratio. Because of that, using of gel form composite dielectric materials in the
OFET structure suggested and investigated in this study. This proposed structure both solves the
problems caused by surface roughness and reduces the operation voltages of the OFETSs.
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Yardime1 Fonksiyonlari Kullanarak Slater Tipli Orbitallerine Ortme
Integrallerinin Genellestirilmesi

*Zekayi ANDIC, zekayiandic@hotmail.com
1Cana/’d’mle Onsekiz Mart tiniversitesi, Fen Edebiyat Fakiiltesi, Fizik Boliimii, Canakakle

Ozet: Bu calismada, yardime1 fonksiyonlar kullanilarak, tamsay1 ve tamsay1 olmayan n y-Slater
tipli yoriingelerin (x-ISTO ve x-NISTO) 6rtme integralleri incelenmistir. Ortme integrallerinin kuantum
sayilar1 ve yoriinge konumlarinin keyfi degerleri i¢in hesaplamalar yapilmistir.. Hesaplamalarin
sonugclari literatiirle karsilastirild1 ve tutarli oldugu gosterildi.

Anahtar Kelimeler: Slater Tip Orbitaller, Ortme integralleri, Yardime1 fonksiyonlar

Generalization of Overlap Integrals Using Auxiliary Functions for Slater Type
Orbitals

Abstract In this study, by using auxiliary functions, the overlap integrals of n S-Slater type orbit
(x-ISTO and y-NISTO) are investigated. Calculations were made for the arbitrary values of the
quantum numbers and orbit positions of the overlap integrals. The results of the calculations were
compared with the literature and shown to be consistent.

Keywords: Slater type orbitals, Overlap integrals, Auxiliary functions
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Mn ve Sn katkili ZnO nanopartikiillerinin Sol-gel metodu ile elde edilmesi ve
X-151m1 ile yapisinin aydinlatilmasi

Asli A. Kaya

Bilecik Seyh Edebali Universitesi, Fen Edebiyat Fakiiltesi, Fizik Boliimii, Bilecik, Tiirkiye

e-mail: asli.kaya@bilecik.edu.tr

Ozet: 1I-IV. grup yar iletken smifinda yer alan ¢inko oksit (ZnO) nanopartikiillerine farkli gegis metalleri
katkilandiginda band boslugunda degisimler meydana gelmektedir. Bu degisimler malzemenin uygulama alanina
gore kullanim alanlarmi genisletmektedir. Bu nedenle, ozellikle gecis metallerinin katkilandigi ZnO
nanopartikiillerinin sentezi ve yapilarinin aydinlatilmasi yogun bir sekilde ¢alisilmaktadir. Bu c¢aligmada, saf
Zn0, %0,5, 1,5 ve 2,5 oranlarinda Mn ve Sn katkili ¢inko oksit nanopartikiillerinin sol-gel metodu ile elde
edilmistir. Elde edilen nanopartikiillerin yapilart X-1s11 toz difraksiyon yontemi ile aydinlatilmstir.

Anahtar Kelimeler: Cinko oksit, X-1s1n1 analizi, Sol-gel metodu

Synthesis of Mn and Sn doped ZnO nanoparticles by Sol-gel method and
characterization of their structures by X-ray

Abstract

When different transition metals are added to the zinc oxide (ZnO) nanoparticles in the class of I1I-1V group
semiconductor, changes occur in the band gap. These changes extend the usage areas of the material according
to the application area. For this reason, the synthesis of ZnO nanoparticles to which transition metals are doped
and the elucidation of their structures are extensively studied. In this study, pure ZnO, Mn and Sn doping at 0.5,
1.5 and 2.5% of zinc oxide nanoparticles were obtained by sol-gel method. The structures of nanoparticles were
illuminated by X-ray powder diffraction method.

Keywords: Zinc oxide, X-ray analysis, Sol-gel method.
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A New Way to Define Cluster lons in MPGDs
Ayse Nur Mutlu
Mus Alparslan University

Email: aysemutlu4906 @gmail.com

Abstract:

Gas detectors such as Micromegas, TPC’s and Drift Tubes are suffering about ions because of their
effect on signal. The idea is that ions disrupting electric field in the detector volume so scientists are
trying different ways to overcome this problem. In fact, our work in recent years showed that initial
ions react carrier gas so cluster ions are forming at the last (not ions). By placing a detector in the
detector, we can accurately measure the dimensions of the ionic clusters with a new experimental
system we have recently developed. Measured values show that ionic clusters are heavier and slower
than we know, so they affect the signal than we expect. Solutions and simulation programs produced
for the ion problem should be reviewed in the light of these data.

Keywords: Gas radiation detectors, Definition of cluster ions.
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Study of Structural and Optoelectronic Properties of Hexagonal Zno
Nanoparticles

Hasan Kurban'?, Mustafa Kurban®"

! Computer Science Department, Indiana University, Bloomington, 47405 Indiana, USA.
Computer Engineering Department, Siirt University, 56100 Siirt, Turkey.
SKirsehir Ahi Evran University, Department of Electronics and Automation, Kirsehir
*Yazisilan yazar e-posta: mkurbanphys@gmail.com

Abstract:

In this work, we study the structural and electronic properties of ZnO nanoparticle (NP) using the
density-functional tight-binding (DFTB) method. First, a ZnO NP with ~0.9 nm including 258 atoms
was characterized from 30%30%30 supercell based on the hexagonal crystal structure of ZnO. Second,
some electronic properties, such as HOMO, LUMO, bandgap energies, Fermi levels and density of
states (DOS), of undoped ZnO NP were calculated. These properties were also analyzed in terms of
temperature (up to 1000 K). The structural analysis, such as the number of bonds, segregation
phenomena and radial distribution function (RDF) of two-body interactions such as Zn-Zn, O-O, Zn-O
were investigated using novel algorithms. The results reveal that the number of Zn-Zn bonds is greater
than that of O-O, and Zn-O bonds; thus, it appears that Zn atoms have a greater preference for O atoms.
From the density of state (DOS) analysis, our experiments show that ZnO NPs demonstrate a
semiconductor-like character. The HOMO-LUMO energy gap increases while the temperature goes up.
The results are found to be compatible with experimental data.

Keywords: ZnO; Nanopaticles; Band gap; Electronic structure
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Atomlarin Elektronik Yapi Hesaplamalari i¢cin Baz Kiimesi Olarak
Kisitlanmamus Ustel Tipli Fonksiyonlarin Hassasiyeti

Murat Ertiirkl’*, Giirkan Demirdakl, Meral Coskun1

lCanakkale Onsekiz Mart Universitesi, Fen Edebiyat Fakiiltesi, Fizik Boliimii, Canakkale
*Yazisilan yazar e-posta: merturk@comu.edu.tr

Ozet: Atom orbitalleri merkezi atom ¢ekirdeginde olan iistel tipli baz fonksiyonlarinin iist iiste
binmesi ile ifade edilebilmektedir. Literatiirden bilindigi gibi Hartree-Fock-Roothaan (HFR)
hesaplamalarinda iistel tipli baz fonksiyonlari bir¢ok dezavantaja sahip olan Gausyan tipli baz
fonksiyonlarindan daha kesin ve hassas sonuclar elde edilmesini saglayabilir. Bu yiizden, iistel tipli baz
fonksiyonlarinin parametrelerinin kisitlanmadan kullanimi atomik 6zelliklerin hesaplanmasinda 6nemli
bir role sahip olacaktir.

Bu ¢alismada, HFR yaklasiminda hesaplama biiytikligiinii etkilemeden kosiniis hiperbolik
ve genellestirilmis radyal fonksiyonlar1 kullanilarak bazi tam {istel tipli fonksiyonlar gelistirilmistir.
Atomlarin enerjisinin ve Ozelliklerinin hesaplanmasinda kullanilan bu degistirilmis baz kiimelerinin
performanslari literatiirde kullanilan diger iistel tipli baz fonksiyonlari ile karsilastirilmustir. Ozet olarak
sonugclar tablolarda verilecektir.

Bu ¢alisma Canakkale Onsekiz Mart Universitesi Rektorliigii Bilimsel Arastirma Projeleri Birimi
(BAP) FBA-2019-2888 Nolu BAP Projesi Kapsaminda desteklenmektedir.

Anahtar Kelimeler: Ustel tipli orbital, Hartree-Fock-Roothaan yontemi, Genellestirilmis {istel
fonksiyon
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Accuracy of Unrestricted Exponential Type Functions as a basis set for
Electronic Structure Calculations of Atoms

Abstract: Atomic orbitals may be represented as superpositions of exponential type basis
functions centered on the atomic nuclei. As is well known that Hartree-Fock-Roothaan (HFR)
calculations can potentially be much more precise with exponential type basis functions than mostly
used Gaussian basis functions which have many disadvantages. Therefore, use of exponential type
basis functions without any restriction will play an important role in the calculations of atomic
properties.

In this work, some complete sets of exponential type functions in HFR approximation are
improved with the generalized radial functions and hyperbolic cosine functions as possible as without
sucrifice the efficiency of computational cost. The performance of these modified atomic basis sets in
the calculations of atomic energy and their properties is also compared to those obtained by using other
exponential type functions used in the literature. A summary of results are given in tables.

This work is financially supported by the Research fund of the Canakkale Onsekiz Mart
University, Project ID: FBA-2019-2888.

Keywords: Exponential type orbital, Hartree-Fock-Roothaan method, Generalized exponential
function.
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Kemik Defektlerin Onariminda 3d ve Biyomalzemeler; Bor Pla Uretimi

Meryem Cansu Sahin®”, Ismail Kaya®, Hasan Emre Aydin®

'Kiitahya Saglik Bilimleri Universitesi, Miihendislik ve Doga Bilimleri Fakiiltesi, Fizik Béliimii, Kiitahya
*Kiitahya Saghk Bilimleri Universitesi, Tip Fakiiltesi, Beyin ve Sinir Cerrahisi ABD, Kiitahya
$Kiitahya Saghk Bilimleri Universitesi, Tip Fakiiltesi, Beyin ve Sinir Cerrahisi ABD, Kiitahya

*Yazisilan yazar e-posta: meryemcansu.sahin@ksbu.edu.tr

Ozet: Kemik hiicresi iyilesmesi ve antibakteriyel 6zelligi nedeniyle bor, dogru oranlarda
kullanildiginda medikal {iriinii iiretiminde bir ¢cok avantaji bir arada bulunduran bir elementtir. PLA
gibi biyouyumluluk, biyobozunurluk ve termal plastisite nedeniyle kemik doku miihendisliginde tercih
edilen bir polimer ile borun birlesimi cerrahi branslarda kullanilan bir ¢ok ekipmanin iiretiminde
avantaj saglayacaktir.

Calismamizin amaci kemik defektlerin onariminda polilaktik asidin kullanim amaci
dogrultusunda bu iirlinlin antimikrobiyal 6zelligini saglamak i¢in bor katkilamak medikal alanda
uygulama alanlarini arttirarak yeni kullanim sahalar1 olusturabilmektir.

Uretimde kullanilan malzeme ve ydntem, “PLA’nin Toz Hale Getirilmesi”, “PLA tozunun
eritilmesi” , “Eriyik haldeki PLA’ya bor katkilanmas1” “Bor-PLA karigiminin sogutularak pellet haline
getirilmesi” ve “Mekanik testler” alt bagliklar1 altinda detayli olarak bahsedilmistir.

Elementel bor ve PLA karisimindan elde edilen filament ile {iretilen numunenin sertlik degeri
yaklagik 17.5 Hv olarak 6l¢lilmiistiir. Tiim numuneler i¢in sertlik degerinin 3 mm ile 5 mm arasinda
artt1g1 gozlenmistir.

Bor kombinasyonu ile basladigimiz ve basarili sonuglar elde ettigimiz bilimsel ¢alismalarimizi
farkli biyomalzemeler ile birlikte daha genis bir kullanim alanina tagimay: ve kullanabilecegimiz yeni
faydali modeller bulmay1 planliyoruz.

Anahtar Kelimeler: Elementel Bor, Polilaktik Asit, Doku Miihendisligi, Biyomalzeme.
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3d and Biomaterials in Bone Defect Repair; Boron Pla Production

Abstract: Due to its bone cell healing and antibacterial properties, boron is an element which has
many advantages in the production of medical product when used in the correct proportions.
Combination of a preferred polymer in bone tissue engineering with boron, such as PLA due to
biocompatibility, biodegradability and thermal plasticity, will provide advantages in the production of
many equipments used in surgical branches.

The aim of our study is to add boron in order to provide antimicrobial properties of polylactic
acid in the repair of bone defects.

Materials and methods used in production, detayli PLA Powdering ”,* PLA powder melting ”,
bor Boron doped to molten PLA” sogutul Pelletizing boron-PLA mixture “and“ Mechanical tests
olarak It has been mentioned.

Hardness value of the sample produced with filament acquired from elemental boron and PLA
mixture was measured nearly 17.5 Hv. For all samples, hardness value was observed to increase
between 3 mm and 5 mm.

We plan to carry out our scientific studies, which we started with the combination of boron and
achieved successful results, with different biomaterials to a wider area of use and to find new useful
models that we can use.

Keywords: Elemental Boron, Polylactic Acid, Tissue Engineering, Biomaterials.
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Bazi Oksim Molekiillerinin Molekiiler Docking Calismalari: Substituent
Etkisinin Incelenmesi

Yunus Kaya

Bursa Teknik Universitesi, Miihendislik ve Doga Bilimleri Fakiiltesi, Kimya Béliimii, Bursa, Tiirkiye

e-mail:yunus.kaya@btu.edu.tr

Ozet

Bu ¢aligmada, bazi fonksiyonel gruplara sahip oksim molekiilleri modellenerek, autodock vina programi
yardimiyla DNA ile etkilesimleri kuramsal olarak incelenmistir. Etkilesimlerde eklenen gruplarin etkileri
tartisilmustir. Farkli gruplara sahip 57 oksim molekiilii B3LYP/6-311++G(d,p) yontem ve taban kiimesinde
optimize edilerek .pdbqt dosyalari hazirlanmistir. Elde eilen molekiillerin DNA ile etkilesim caligmalari
sonucunda siilfonil grubu igeren yapinin en iyi kenetlenmeyi gerceklestigi belirlenmistir.

Anahtar Kelimeler: Oksim, DNA, Molekiiler docking, Autodoc vina

Molecular Docking Studies of Some Oxime Molecules: Investigation of Substituent
Effect

Abstract

In this study, oxime molecules with some functional groups were modeled and their interactions with DNA were
examined theoretically with the help of autodock vina program. The effects of the added groups in the
interactions were discussed. 57 oxime molecules with different groups were optimized in B3LYP / 6-311 ++ G
(d, p) method and base set .pdbqt files were prepared. As a result of the interaction studies of the obtained
molecules with DNA, it was determined that the structure containing the sulfonyl group had the best coupling

Keywords: Oxime, DNA, Molecular docking, Autodock vina
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Genellestirilmis Spin-S Manyetik Ikili Alasimlarin Histerezis Karakteristikleri

Giilsen KARAKOYUN?, Umit AKINCI*”

'Dokuz Eyliil Universitesi, Fen Bilimleri Enstitiisii, Nanobilim ve Nanomiihendislik Anabilim Dali, Izmir
2Dokuz Eyliil Universitesi, Fen Fakiiltesi, Fizik Boliimii, lzmir
*Yazisilan yazar e-posta: umit.akinci@deu.edu.tr

Ozet: Ikili alasimlarm kritik ve termodinamik 6zellikleri Bethe-Peierls yaklasimi [1], ortalama
alan yaklagimi [2,3], etkin alan yaklasimi [4,5,6] ve Monte Carlo simiilasyonu [7,8] gibi ¢esitli
yaklagimlarla incelenmistir. Son arastirmalarda, manyetik ikili alasim sistemlerinin belirli
konsantrasyon degerlerinde ikili histerezis davranigi sergiledigi sonucuna varilmistir [9]. Ayrica,
manyetik ikili alasimin rasgele alan dagiliminin etkisi de incelenmistir [10].

Bu calismada, A.B;_. ile temsil edilen genellestirilmis spin-S ikili alasiminin histerezis
ozellikleri, etkili alan yaklagimi gergevesinde incelenmistir. A tipi (spin-S) ve B tipi (spin-S)
atomlardan olusan ikili alasim sisteminin atomlar1 bir 6rgii iizerinde rastgele dagitilmistir. Iki atom
tipinin hem tamsayil1 hem de yarim tamsayili spin modelleri incelenmistir. ikili alasim sisteminin taban
durum manyetizasyonlar1 ve histeresis dongii alanlar1 karsilastirilarak verilen Hamiltoniyen parametre
setleri i¢in ikili histerezis davranislar1 elde edilmistir. Ayrica, histerezis dongii alani, kalict
miknatislanma ve koersif alan gibi histerezis karakteristiklerinin nicelikleri incelenmistir.

Anahtar Kelimeler: ikili Alasim, Etkin Alan Yaklasimi, Histerezis Karakteristikleri.
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Hysteresis Characteristics of Generalized Spin-S Magnetic Binary Alloys

Abstract: Critical and thermodynamical properties of the binary alloys have been investigated by
various methods such as Bethe-Peierls Approximation [1], mean-field approximation (MFA) [2,3],
effective field theory (EFT) [4,5,6] and Monte Carlo (MC) simulation [7,8]. In recent studies, it has
been concluded that magnetic binary alloy systems exhibit double hysteresis behavior at certain
concentration values [9]. Besides, the effect of random field distribution of the magnetic binary alloy
has also been studied [10].

In this study, hysteresis characteristics of the generalized spin-S binary alloy represented by the
formula A.B,_. have been investigated within the framework of effective field approximation. The
binary system A.B;_. consists of type A (spin-S) and type B (spin-S) atoms which are randomly
distributed on a regular lattice. Both integer and half-integer spin models of two atomic types are
examined. Ground state magnetizations and hysteresis loop areas of binary alloy systems are compared
with each other and double hysteresis behaviors are obtained for a given set of Hamiltonian parameters.
Besides, the quantities of hysteresis characteristics as the hysteresis loop area, remanent magnetization,
and coercive field have been investigated.

Keywords: Binary Alloy, Effective Field Theory, Hysteresis Characteristics.
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Atomik Hartree-Fock-Roothaan Hesaplamalarinda Genellestirilmis Oz-
surtiinme Ustel Tipli Baz Takimlar:

Giirkan Demirdakl*, Murat Ertiirk®

lCanakkale Onsekiz Mart Universitesi, Fen Edebiyat Fakiiltesi, Fizik Boliimii, Canakkale
*Yazisilan yazar e-posta: gurkan_demirdak@yahoo.com.tr

Ozet: Bu calismada, Hartree-Fock Roothaan (HFR) yontemi ile atomik elektronik yap1
hesaplamalarinda baz fonksiyonu olarak genellestirilmis 6z-siirtiinme {istel tipli fonksiyonlar (OSUTF)
kullanilmistir. OSUTEF lerin radyal kisminda r yerine r* kullanilmast ile fonksiyonlar dalga fonksiyonu
parametrelerinin optimizasyonu islemlerinde daha fazla esneklige sahip olmaktadir. Yeni baz
fonksiyonu i¢in optimize edilmis parametreler, atom numarast Z<21 olan bazi atomlarin temel durum
ve =1 yiikli iyonlarin en diisiik enerjili terim i¢in minimal baz yaklagimi ile HFR hesaplamalarinda
toplam enerjilerinin minimumluguna dayali olarak yapilan optimizasyon ile elde edilmistir. Ayrica her
biri i¢in kinetik enerji, potansiyel enerji virial oranlari ve orbital enerjileri hesaplanmistir. Ar atomu, CI°
anyonu ve K" katyonu icin her orbitale ait orbital momentlerinin beklenen degerleri <r"> n -3’ten 2’ye
kadar hesaplanmigtir. Bdylece yeni baz fonksiyonlari ile olusturulan atom orbitallerinin kalitesi
degerlendirilmistir. Bu calismada toplam enerji ve orbital momentleri literatiirdeki sonuclar ile
miikemmel uyumlu sekilde elde edilmistir.

Bu ¢alisma, Canakkale Onsekiz Mart Universitesi Rektorliigii Bilimsel Arastirma Projeleri Birimi
(BAP) tarafindan, FBA-2019-2888 Nolu proje kapsaminda desteklenmektedir.

Anahtar Kelimeler: Ustel Tipli Fonksiyonlar, Hartree-Fock-Roothaan Yontemi, Orbital
Momentleri
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Validity of Generalized Self-frictional Exponential Type Basis Sets for Atomic
Hartree-Fock-Roothaan Calculations

Abstract: In this work, within Hartree-Fock-Roothaan (HFR) method the generalized complete
orthonormal sets of Self-frictional exponential type functions (SFETF) have been used as basis
functions in atomic electronic structure calculations. Using r" instead of r in the radial part of SFETF
has given more flexibility to them in the optimization process of wavefunctions parameters. Optimal
variation parameters of the new basis functions have been obtained by minimizing the total energies for
the ground states of some neutral atoms and the low lying states of singly charged ions with Z<21
using minimal basis approximation in HFR calculations. Kinetic energy, potential energy, orbital
energies and virial ratios have been also calculated for each of them. Expectation values of the orbital
moments <r"> with n from -3 to 2 for each orbital of Ar atom, CI anion and K" cation have been
calculated. Thus, the quality of atomic orbitals constructed by new basis functions has been evaluated.
Total energies and orbital moments obtained in this work are in excellent agreement with the results in
literature.

This work is financially supported by the Research fund of the Canakkale Onsekiz Mart
University, Project ID: FBA-2019-2888.

Keywords: Exponential Type Functions, Self-frictional Polynomials, Orbital Moments
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Frw Uzay-Zamaninda Tachyon Scalar Alan Coziimleri

Elif Ece Demir®”, Can Aktas®

'Gazi Univgrsitesi, Fen Fakiiltesi, Matematik Boliimii, Ankara
2Canakkarle OnsekizMart Universitesi,Fen Edebiyat FakiiltesiMatematik Béliimii, Canakkale
*Yazisilan yazar e-posta: elifecedemir@gazi.edu.tr

Ozet: Bu calismada, diiz FRW uzay-zamam igin skaler alan formundaki karanlik enerji
adaylarindan biri olan tachyon iizerinde c¢alistik. Frenleme parametresini kullanarak Lyra
geometrisindeki alan denklemlerinin tam ¢6ziimiinii elde ettik. Ayrica, karanlik enerji modellerinden
biri olan takyonun fiziksel ve geometrik 6zelliklerini tartistik.

Anahtar Kelimeler: FRW uzay-zamani, tachyon, Lyra geometri

Tachyon Scalar Field Solutions in FRW Space-Time

Abstract: In this research, we studied tachyon one of the dark energy candidates in scalar field
form for the flat FRW space-time. We have obtained the exact solution of the field equations in Lyra
geometry by using the deceleration parameter. Also, we have discussed the physical and geometrical
quantities of tachyon one of the dark energy models.

Keywords: FRW space-time, tachyon, Lyra geometry
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Al-1,1sc Ve Al-1,9sc Alasimlariin Bazi Termal Ozelliklerinin Deneysel
Yontemle Incelenmesi ve Sc Etkisinin Karsilastirnlmasi

Gencer Sartoglu’”, Hamza Yasar Ocak?

'Kiitahya Dumlupinar Qniversitesi, Fen Edebiyat Fakiiltesi, Fizik Boliimii, Kiitahya
2 Kiitahya Dumlupinar Universitesi, Fen Edebiyat Fakiiltesi, Fizik Béliimii, Kiitahya
Yazisilan yazar e-posta: gencer.sarioglu@dpu.edu.tr

Ozet: Al-Sc alasimlar1 mekanik &zellikleri bakimindan endiistri sektdriinde 6nemli bir yere
sahiptir. Bu bakimdan Al-Sc alagimlarinin termal 6zellikleri de oldukga ilgi ¢ekmektedir. Bu maksatla
ozel teknikle elde edilen Al-1,1Sc ve Al-1,9Sc alasimlarinin termal O6zellikleri deneysel teknikler
kullanilarak incelendi. Bu calisma Kiitahya Dumlupmar Universitesi ileri Teknoloji Merkezi
laboratuvarinda oda sicakligindan 600°C sicakliga kadar yapildi. Analizin sonucunda Al-1,1Sc ve Al-
1,9Sc alagimlarinin sicakliga bagli olarak termal genlesme sabiti, Young sabiti, makaslama sabiti,
entalpi degisimi, Gibbs enerji degisimi ve entropi degisimi elde edildi. Analizin sonucunda Sc
elementinin malzemeye mukavemet kattig1 belirlendi. Ayrica elde edilen sonuglarin yakin orantili Al-
Sc alagim sonuglartyla uyumlu oldugu goriildii.

Anahtar Kelimeler: Al-Sc, Diferansiyel Termal analiz, Termomekanik Analiz.

Experimental Investigation of Some Thermal Properties of Al-1,1sc and Al-
1,9sc Alloys and Comparison of Sc Effect

Abstract: Al-Sc alloys have an important place in the industrial sector in terms of their
mechanical properties. In this respect, the thermal properties of Al-Sc alloys are of great interest. For
this purpose, thermal properties of Al-1,1Sc and Al-1,9Sc alloys obtained by special technique were
investigated using experimental techniques. This study was conducted in Kiitahya Dumlupinar
University Advanced Technology Center laboratory from room temperature to 600°C temperature. As a
result of the analysis, thermal expansion constant, Young constant, shear constant, enthalpy change,
Gibbs energy change and entropy change of Al-1,1Sc and Al-1,9Sc alloys were obtained. As a result of
the analysis, it was determined that the element Sc added strength to the material. In addition, it was
found that the results obtained were consistent with the results of Al-Sc alloy.

Keywords: Al-Sc, Differential Thermal Analysis, Thermomechanical Analysis.
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Sicanlarda Siyatik Sinir Yaralanmasi Sonrasi Uc¢ Boyutlu Biyoyazicida
Uretilen Biyouyumlu Sinir Tiiplerinin Etkilerinin Arastirilmasi

Meryem Cansu Sahin®”, ilker Deniz Cingéz?, Salih Kavuncu®

'Kiitahya Saglik Bilimleri Universitesi, Miihendislik ve Doga Bilimleri Fakiiltesi, Fizik Béliimii, Kiitahya
*Kiitahya Saghk Bilimleri Universitesi, Tip Fakiiltesi, Beyin ve Sinir Cerrahisi ABD, Kiitahya
Afyon Saghik Bilimleri Universitesi, Tip Fakiiltesi, Plastik Rekonstriiktif ve Estetik Cerrahi ABD, Kiitahya
*Yazisilan yazar e-posta: meryemcansu.sahin@ksbu.edu.tr

Ozet: Periferik sinir yaralanmalar ile klinik pratikte siklikla karsilasiimaktadir. Diinyada yillik
goriilme insidansinin 1/1000 oldugu gosterilmistir. Gerilme, ezilme, kesilme nedeniyle meydana gelen
hasar sonras1t onemli histopatoljik degisiklikler ortaya ¢ikmaktadir. Bu histopatolojik degisikliklerle
birlikte aksonal yap1 tamamen hasarlanir ve sinir hasarindan sonraki ilk 48-96 saat icinde impuls iletimi
bozulur. Hasarlanan sinir hiicresi tarafindan uyarilan kas veya duyu organlaria impuls iletilemez ve
etkilenen bolgeye gore norolojik disfonksiyon geligir.

Periferik sinir yaralanmalarimin tedavisi i¢in tiip benzeri materyaller ile sinir arasindaki bosluk
doldurulabilmektedir. Fakat iiretilen sentetik sinir tlipleri biyouyumlu olmamakla birlikte enfeksiyon
riski tasimaktadir.

Gilinlimiizde bir ¢ok alanda hizla gelisen {i¢ boyutlu bio yazici teknolojisi tamamen biyolojik,

dayanikli ve enfeksiyon riskini belirgin oranda azaltan, ihtiyaca uygun olarak bilgisayar
ortaminda modellenebilen yapilar liretmemize imkan sunmaktadir. Farkli kimysal materyal (fibrin,
collagen, polycaprolactone, alginate, laminin, gelatin vb.) ve yontemlerle hazirlanan jel fazindaki bio
filamentlerin sinir rejenerasyonu, kemik onarimi gibi farkli alanlardaki in vivo ve in vitro ¢alismalari
hizla devam etmektedir.

Calismamiz, siyatik sinir hasar1 bulunan si¢anlara uygulanacak iki farkli bio filament (PLA ve
Ekstraseliiler Matriks) ile hazirlanan Bio 3D tiiplerinin, standart tedavi materyali olan silikon tiiplere
iistiinliigiiniin arastirilmasini amaglamaktadir.

Cerrahiden 8 hafta sonra genel anestezi altinda sicanlar lizerinde elektrofizyolojik calisma
yapilarak her bir deney grubunun motor sinir iletim hiz1 hesaplanmistir. Elektrofizyolojik ¢alismadan
sonra CO 2 ile sakrifiye edilen sicanlardan sinir rejenerasyonunu tamamlamis tibialis anterior kasi
diseke edilerek 1slak kas kiitleleri karsilastirilmistir. Periferik sinir hasar1 sonrasi, iskemi reperfiizyona
bagl olarak ortamda gelisen inflamatuvar yanit1 degerlendirmek amaciyla ELISA yontemiyle TNF a
ve S100 diizeyleri 6l¢iilmiistiir.

Anahtar Kelimeler: Ekstraseliiler Matriks, Polilaktik Asit, Periferik Sinir Hasar1, Biyomalzeme.
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Produced in Three Dimensional Biopatician After Sciatric Nerve Injury in
Rats Investigation of The Effects of Bio-Compatible Nerve Tubes

Abstract: Peripheral nerve injuries are frequently encountered in clinical practice. The annual
incidence in the world has been shown to be 1/1000. Significant histopathological changes occur after
damage caused by stress, crush and shear. With these histopathological changes, the axonal structure is
completely damaged and impulse conduction is impaired within the first 48-96 hours after nerve
damage. Impulse cannot be transmitted to the muscle or sensory organs stimulated by the damaged
nerve cell and neurological dysfunction develops depending on the affected area.

For the treatment of peripheral nerve injuries, the space between the tube and the nerve can be
filled. However, the synthetic nerve tubes produced are not biocompatible but carry a risk of infection.

Nowadays, rapidly developing three dimensional bio printer technology in many fields is
completely biological,

It allows us to produce structures that are durable and can be modeled in computer environment
according to the need, significantly reducing the risk of infection. In vivo and in vitro studies of
different chemical materials (fibrin, collagen, polycaprolactone, alginate, laminin, gelatin, etc.) and gel
phase bio filaments prepared in different methods such as nerve regeneration and bone repair are
continuing rapidly.

The aim of this study was to investigate the superiority of Bio 3D tubes prepared with two
different bio filaments (PLA and Extracellular Matrix) to silicone tubes which are the standard
treatment material for rats with sciatic nerve damage.

Electrophysiological study was performed on rats under general anesthesia 8 weeks after surgery
and motor nerve conduction velocity of each experimental group was calculated. After
electrophysiological study, the anterior muscle of the tibialis, which had completed nerve regeneration,
was dissected from the rats sacrificed with CO 2 and wet muscle masses were compared. TNF o and
S100 levels were measured by ELISA in order to evaluate the inflammatory response caused by
ischemia reperfusion after peripheral nerve injury.

Keywords: Extracellular Matrix, Polylactic Acid, Peripheral Nerve Injury, Biomaterials.
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Hegzagonal Yapih Zno Molekiillerinin Modellenmesi, Mn Ve Sn Katkisi ile
Optik Band Boslugunun Degisiminin Kuramsal Incelenmesi

Asli A. Kaya

Bilecik Seyh Edebali Universitesi, Fen Edebiyat Fakiiltesi, Fizik Boliimii, Bilecik, Tiirkiye

e-mail: asli.kaya@bilecik.edu.tr

Ozet

Bu caligmada, ZnO molekiillerinin hegzagonal yapida sekli ¢izilerek optimize edilmistir. Optimize molekiil
iizerinden Zn atomlar1 yerine Mn ve Sn atomlar1 yer degistirilerek her bir molekiil i¢in elektronik enerjileri
hesaplanmis ve optik yogunluk analizleri yapilmistir. Her bir molekiiliin band boslugu (Eg) hesaplanarak gegis
metallerinin ilavesi ile degisimler tartigilmusgtir.

Anahtar Kelimeler: ZnO, Band boslugu, Optik yogunluk analizi, pm6

Modeling of Hexagonal Zno Molecules, Theoretical Examination of the Change of
Optical Band Gap With Doping Mn And Sn

Abstract

In this study, hexagonal structure of ZnO molecules by drawing has been optimized. Instead of Zn atoms over
the optimized molecule, Mn and Sn atoms were replaced and electronic energies were calculated for each
molecule and optical density analyzes were performed. The band gap (Eg) of each molecule is calculated and the
changes are discussed with the addition of transition metals.

Keywords: ZnO, Band gap, Optical density analysis, Density functional theory
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Clic Bazli yE Carpistiricisinda Uyarilmis Spin-3/2 Nétrinolar i¢cin Arastirma

Volkan Cetinkaya”"

Kiitahya Dumlupwinar Universitesi, Fen Edebiyat Fakiiltesi, Fizik Boliimii, Kiitahya
* e-posta: volkan.cetinkaya@dpu.edu.tr

Ozet: Bu calismada, foton indiiklii reaksiyonlarda uyarilmis spin-3/2 nétrinolarin (v*) t-kanali
yoluyla dogrudan olmayan iretimi incelenmistir. Bunun igin gelecek nesil elektron-pozitron
carpistiricist olan CLIC in (Kompakt Lineer Carpistirict) ye modu diisiiniilmiistiir. ¢ €* sisteminin kiitle
merkezi enerjisi 1500 GeV alinmistir. Alt siire¢ icin Compton geri sagilan foton dagilimi kullanilmastir.
Dolayistyla ye ¢arpigsmast igin kiitle merkezi enerjisi yaklasik 1367 GeV olmustur. Uyarilmis leptonlar,
Standart Model (SM) leptonlar1 ve ayar bozonlar1 arasindaki etkilesmeler igin efektif Lagranjiyen
yontemi kullanmilmistir. Boylece, ye'—veW" siirecinde tesir kesiti degerleri, sinyal ve karsilik gelen SM
ardalan degerleri igin hesaplanmistir. Bu galismada istatistik analiz yontemi olarak SS (Istatistik Onem)
kullanilmistir. SS>3 kriteri i¢in spin-3/2 uyarilmis notrinolar, son durumdaki W bozonunun leptonik ve
hadronik bozonumlar1 dikkate alindiginda, sirasiyla 2300 GeV ve 2500 GeV kiitle degerine kadar
dolayli olarak gdzlemlenebilir. Sonug¢larimiz, CLIC’in, uyarilmig nétrinolarin arastirilmasi i¢in dikkate
deger bir potansiyele sahip oldugunu gostermistir.

Anahtar Kelimeler: CLIC, ye Carpistiricisi, Efektif Lagranjiyen Metodu, Uyarilmig Spin-3/2 Nétrino.
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Search for Excited Spin-3/2 Neutrinos at Clic Based yE Collider

Abstract: In this study, we investigate the indirect production of excited spin-3/2 neutrinos (v*)
via t-channel in the photon induced reactions. For this purpose, the ye mode of CLIC (Compact Linear
Collider), an electron-positron collider in future, is considered. The center of mass energy of the ee”
system is taken as 1500 GeV. Compton backscattering photon distribution was used for the subprocess.
Thus, the center of mass energy for the ye collision was about 1367 GeV. For the interactions among
excited leptons, Standard Model (SM) leptons and gauge bosons, the effective Lagrangian method was
used. Thus, we calculate the cross sections for the signal through the process ye —v.W" and the
corresponding SM background. In this study, we used SS (Statistical Significance) as a statistical
analysis method. For the criteria SS>3 spin-3/2 excited neutrinos can be indirectly observed up to a
mass value of 2300 GeV and 2500 GeV, respectively, given the leptonic and hadronic decays of W

boson in the final state. Our results have showed that CLIC has a remarkable potantial for the study of
excited neutrinos.

Keywords: CLIC, ye Collider, Excited Spin-3/2 Neutrino, Effective Lagrangian Method.
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Kubik Yapida Kristallesen Ta;Sb Bilesiginin Yapisal, Elektronik ve Elastik
Ozellikleri

Karaca E.>”

Sakarya Universitesi, BIMAYAM Biyomedikal, Manyetik ve Yariiletken Malzemeler Arastirma Merkezi,
54187 Adapazari, Turkey
*ertugrulkaraca@sakarya.edu.tr

Ozet: Kiibik yapida kristallesen TasSb bilesiginin yapisal, elektronik ve elastik 6zellikleri Ab
initio pseudopotansiyel hesaplamalariyla ¢alisildi. Kiibik yapida kristallesen TasSb bilesigi Pm3n uzay
grubundadir. Bu kristal yapidaki atomlarin Wyckoff pozisyonlari: 6 Ta atomu 6¢ (1/4, 0, 1/2) ve 2 Sn
atomu (2a) (0, 0, 0) olarak verilir. Sonu¢ olarak TazSb bilesiginin kiibik yapisi sadece bir kristal
parametresi a ile belirlenir. TasSb bilesiginin elektronik yapsindan metalik ozellik gosterdigi
anlagilabilir, c¢linkii baz1 bantlar Fermi seviyesini kesmektedir. Bu bilesigin elektronik yapisinin en
ilging 6zelligi I' -X, R- I" ve I' -M yiiksek simetri noktalarinda diiz bant bulunmaktadir. Bu durum
elektronik durum yogunlugu (DOS) grafiginde Fermi seviyesi civarinda giiglii pik olusturmaktadir.
Hesaplanan elastik sabitler, TasSb bilesigini mekanik olarak kararli ve islenebilir oldugunu
gostermektedir.

Anahtar Kelimeler: Yogunluk fonksiyonel teorisi, elektronik yapi, mekanik dzellikler.

Structural, Electronic and Elastic Properties of Cubic Phase TasSb

Ab initio pseudopotential calculations have been performed to study for the structural, electronic
and elastic properties of cubic phase of TazSb. The cubic phase of TaszSh belongs to the space group
Pm3n. The Wyckoff positions of the atoms are: (1/4, 0, 1/2) for 6 Ta atoms and (2a) (0, 0, 0) for 2 Sn
atoms. As a consequence, the cubic phase of TasSbh is defined by only its lattice parameter a. The
electronic structure signals the metallic nature of TazSb because the metallic d-like bands cut the Fermi
level. The most striking feature in the electronic structure of this material is the presence of an almost
flat band coinciding with the Fermi level along the I' -X, R- I" and I" -M symmetry lines, constituting a
strong peak in the electronic density of states (DOS). The calculated second-order elastic constants
indicate that TazSb is mechanically stable and behaves in a ductile manner.

Keywords: Density-functional theory; electronic structure; mechaniccal properties
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ZrRuP Malzemesinin Yapisal ve Elesatik Ozellikleri: Ab-initio Hesaplamalar

Bage1 S.2?, Cin M., Uzunok H. Y.1?, Karaca E.2, Tiitiincii H.M."?, Srivastava G. P.3

1Sakarya Universitesi, Fen-Edebiyat Fakiiltesi, Fizik Béliimii, 54187 Adapazari, Turkey
zSakarya Universitesi, BIMAYAM Biyomedikal, Manyetik ve Yariiletken Malzemeler Arastirma Merkezi,
54187 Adapazari, Turkey
%School of Physics, University of Exeter, Stocker Road, Exeter EX4 4QL, United Kingdom
*manolya.cinl@ogr.sakarya.edu.tr

Ozet:

Hegzagonal ve ortorombik yapida kristallesen ZrRuP malzemesinin yapisal, elastik ve mekanik
ozellikleri Ab initio pseudopotansiyel hesaplamalariyla galisildi. Hegzagonal fazda her tabaka Zr ve P
atomlar1 ya da Ru ve P atomlarin1 igermektedir. Ortorombik fazda ise her tabaka Zr, Ru ve P atomlarini
birlikte icermektedir. Sonu¢ olarak ortorombik fazin tabakalar1 esdegerdir ve hegzagonal fazdan
farklidir. Her iki fazinda yapisal optimizasyonu minimum enerji ve sifir basing sartlarinda elde
edilmistir. ZrRuP kristalinin ortorombik fazi igin a, b ve ¢ degerleri sirasiyla 6.4786, 3.907 ve 4.441 A
olarak bulundu. ZrRuP kristalinin hegzagonal fazi1 icin ise a ve c¢ degerleri sirastyla 6.4630 and 3.8584
A olarak hesaplandi. ZrRuP kristalinin her iki fazi igin hesaplanan kristal yap1 degerleri genel olarak
onceden Olgiilen veya hesaplanan degerler ile uyumludur. Hesaplanan elastik sabitler, her iki fazinda
mekanik olarak kararli ve islenebilir oldugunu gostermektedir. Bulk modiilii, shear modiilii, Young
modiilii, Poisson orani, iiniversal anisotropik indeks ve anisotropi yiizdeleri gibi mekanik 6zellikler her
iki yap1 i¢in de hesaplanmistir. Elastik ve mekanik 6zelliklerden faydalanilarak h-ZrRuP fazinin o-
ZrRuP fazindan daha islenebilir oldugu belirlendi.

Anahtar Kelimeler: Yogunluk fonksiyonel teorisi; elektronik yapi, elastik sabitler.
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Structural and Elastic Properties of ZrRuP: An Ab-initio Study

Ab initio pseudopotential calculations have been performed to study the structural, elastic and
mechanical properties of orthorhombic and hexagonal ZrRuP. Each layer contains either Zr and P
atoms or Ru and P atoms in the hexagonal phase, while orthorhombic phase is formed by layers which
are filled with Zr, Ru and P atoms. As a result, all layers are equivalent in the orthorhombic phase
different from the hexagonal phase. Full structural optimization for both phases of ZrRuP has been
achieved by making use of total energy minimization and zero force criteria. The calculated a, b and ¢
parameters are found to be as 6.4786, 3.907 and 4.441 A for orthorhombic phase of ZrRuP. On the
other hand, the a and ¢ parameters for hexagonal phase of ZrRuP have been calculated as 6.4630 and
3.8584 A, respectively. In general, the calculated values of lattice parameters and internal parameters
for both phases of ZrRuP harmonize with the measured and previously calculated results. The
calculated second-order elastic constants indicate that both phases is mechanically stable and behaves
in a ductile manner. The mechanical properties like the bulk modulus, shear modulus, Young’s
modulus, Poisson’s ratio, the universal anisotropic index and percent anisotropy for orthorhombic and
hexagonal phases of ZrRuP have been calculated for the two phases of ZrRuP. An assessment of their
elastic and mechanical properties reveals that h-ZrRuP is more ductile than o-ZrRuP.

Keywords: Density-functional theory; electronic structure; elastic constant
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Hzz Ve HyZ Anormal Baglasimlarinin Gelecek Nesil Dogrusal
Carpistiricillarda Incelenmesi

Volkan Cetinkayal‘*, Volkan Ari?, Ahmet Alper Billur®

Kiitahya Dumlupwinar Universitesi, Fen Edebiyat Fakiiltesi, Fizik Boliimii, Kiitahya
2Ankara Universitesi,Fen Fakiiltesi, Fizik Béliimii, Ankara
3Sivas Cumhuriyet Universitesi, Fen Fakiiltesi, Fizik Boliimii, Sivas
*e-posta: volkan.cetinkaya@dpu.edu.tr

Ozet: Bu calismada, HZZ ve HyZ anormal baglasimlari model bagimsiz efektif teori kullanilarak
arastirilmistir. ye- — HZe siirecinde tesir kesiti degerleri hem yeni fizik etkileri hem de Standart Model
ardalan i¢in hesaplanmistir. Burada Z bozonu yiiklii lepton (e, p) ¢iftine bozunurken higgs bozonu (H)
bb ¢iftine bozunur. Bu siirecteki ye garpistiricisi gelecek nesil dogrusal garpistiricilarin bir modu
olarak ele alinmistir. Tesir kesiti degerleri ve fit fonksiyonlar1 hesaba katilarak Wilson katsayilari
tizerine %68 giivenirlilik seviyesinde sinirlamalar getirilmistir. ye~ ¢arpismasinda Weizsacker-Williams
Yaklagimi (WWA) ve Lazer foton (Compton geri sagilan foton) dagilim fonksiyonlar1 kullanilarak
hesaplama yapilmistir. Lazer fotonlar ile elde edilen sonuclarin WWA’ya gore daha duyarli oldugu
ortaya konulmustur. Ayrica, katsayilar iizerine getirilen sinirlamalarin giincel deneysel limitleri
tyilestirebildigi gosterilmistir.

Anahtar Kelimeler: Anormal Baglagimlar, Ayar Bozonlari, Efektif Lagranjiyen, Higgs Bozonu,
Wilson katsayilart.
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Investigation of Hzz and HyZ Anomalous Couplings at the Future Linear
Colliders

Abstract: In this study, we investigate HZZ ve HyZ anomalous couplings using model
independent effective theory. The cross-section values have been calculated for both new physics
effects and the Standard Model background through the process ye* — HZe™ . Here, while Z boson
decays into a pair of charged leptons (e, 1), Higgs boson (H) decays into the bb pair. The ye~ collider in
this process is considered as a mode of the future linear colliders. By taking effect cross-section values
and fit functions into account, bounds on the Wilson coefficients have been obtained at 68%
Confidence Level (CL). In the ye™ collision, calculations were made using Weizsacker-Williams
Approach (WWA) and Laser photon (Compton back scattering photons) distribution functions. The
obtained results with laser photons have been found to be more sensitive than WWA. In addition, we
have shown that limits on coefficients can improve the current experimental limits.

Keywords: Anomalous Couplings, Effective Lagrangian, Gauge Bosons, Higgs Boson, Wilson
coefficients.
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Malzemelerin Manyetik Ozelliklerinin Belirlenmesinde Etkin Alan
Yaklasimlar:

Umit AKINCI

Dokuz Eyliil Universitesi, Fen Fakiiltesi, Fizik Boliimii, Izmir
*Yazisilan yazar e-posta: umit.akinci@deu.edu.tr

Ozet:

Manyetik malzemelerin, istatistik fizik dahilinde faz geg¢is ve manyetik 6zelliklerinin
belirlenmesinde kullanilan araclar genellikle uzun zaman alan Monte Carlo simiilasyonlar1 gibi
simiilasyon yontemleridir [1]. Seri acilimlari, ortalama alan ya da etkin alan yaklagimi gibi
yontemlerin, manyetik model ¢ézlimlerinde Monte Carlo simiilasyonu gibi yontemlerle kiyaslandiginda
gercekten uzak sonug verdigi goriilmektedir [2]. Bu nedenle bu tip yontemler gercek malzeme
hesaplarinda tercih edilmemektedir. Ote yandan, gelisen niimerik ¢6ziim yontemleri daha karmasik
formiilasyonlarin sonug iiretmesine olanak tanimaktadir. Bu nedenle, simiilasyon yontemleri digindaki
yontemlerin gelistirilmesi, bunlarin ger¢cek malzeme hesaplarinda kullanilabilmesine olanak taniyabilir.

Bu noktadan hareketle, son zamanlarda etkin alan yaklasimi dahilindeki formiilasyonlarda bazi
gelistirmeler gerceklestirilmistir [3]. Bu gelistirmeler ile manyetik modellerin ¢oziimlerinde daha iyi
sonuclar elde edilebilmistir. Bu sunumda s6z konusu gelismeler gézden gecirilerek, Heisenberg model
icin elde edilen sonuglar Monte Carlo simiilasyon sonuglar iel kiyaslamali bir sekilde verilecektir.

Anahtar Kelimeler: Etkin Alan Yaklagimi, Manyetik Malzemeler.
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Effective Field Approximations in Determination of the Magnetic Properties
of Real Materials

Abstract:

The tools used for determination of phase transition and magnetic properties of the magnetic
materials in statistical physics are mostly time-consuming simulation methods such as Monte Carlo
simulations [1]. The methods such as series expansions, mean-field or effective field approximations
give poor results, in comparison to the results of Monte Carlo simulations [2]. Therefore, these methods
not preferred for real material calculations. On the other hand, developed numerical solution methods
allow producing results with more complex formulations. Therefore, by an improvement of methods
other than the computer simulations, they can be used in real material calculations.

From this point of view, some improvements have been made recently in formulations within the
effective field approximations [3]. With these improvements, better results have been obtained in the
solutions of magnetic models.In this presentation, these developments will be reviewed and the results
obtained for the Heisenberg model will be given in a comparative manner with Monte Carlo simulation
results.

Keywords: Effective Field Approximation, Magnetic Materials
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(Z)-N-(3,4-Dimetilisoxazol-5-YL)-4-(2-Hidroksi-5-
Metilbenzylidene)Amino)Benzensiilfonamit Molekiiliiniin Yapisimin Spektroskopik
(X-RD, FT-IR, NMR) Yontemlerle Aydinlatilmasi

Bilal Cangiill’*, Arslan Unal?, Saliha Alyar3, Hamit Alyar4

1‘4Cankzrz Karatekin Universitesi, Fen Fakiiltesi, Fizik Boliimii, Cankirt

2Bilecik Seyh Edebali Universitesi,Fen Fakiiltesi, Fizik Boliimii, Bilecik

3Cankzr1 Karatekin Universitesi, Fen Fakiiltesi, Fizik Boliimii, Cankirt
*Yazisilan yazar e-posta:bilalcangul@gmail.com

Ozet: Siilfonamitler insanlarda bakteri enfeksiyonlarinin tedavisinde sistematik olarak kullanilan ilk
ila¢ grubudur. Ticari olarak da {iretilen siilfonamit tiirii ilaclar genis bir spektrumda hem Gram (+) hem
de Gram (-) bakterilere kars1 yiiksek etkinlik gostermektedir. Bu 6zelliklerinden dolayi, antimikrobiyal,
antiviral, hipoglisemik, diiiretik ve antitlimor olarak yaygin bir sekilde kullanilmaktadir.

Bu calismada yeni sentezlenen ve bir siilfonamit tiirevi olan (Z)-N-(3,4-dimetilisoxazol-5-yl)-4-(2-
hidroksi-5-metilbenzilidene)amino)benzensiilfonamit molekiiliiniin yapist spektroskopik (X-RD, FT-
IR, NMR) yontemleriyle aydinlatildi. Teorik hesaplamalarda DFT/B3LYP metodu ve 6-311++G(d,p)
temel seti kullanildi. Hesaplamalarin tamami Gaussian 09 (Linux) ve Gauss View 5 paket
programlariyla gergeklestirildi.

Anahtar Kelimeler: Silfonamitler, X-RD, FT-IR, NMR, DFT
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Determination Of The Structure Of (Z) -N- (3,4-Dimethylisoxazol-5-Y1) -4- (2-
Hydroxy-5-Methylbenzylidene) Amino) Benzenesulfonamide Molecule by
Spectroscopic (X-RD, FT-IR, NMR) Methods

Abstract: Sulfonamides are the first group of drugs systematically used in the treatment of bacterial
infections in humans. Commercially produced sulfonamide-type drugs have a high spectrum of activity
against both Gram (+) and Gram (-) bacteria. Because of these properties, it is widely used as
antimicrobial, antiviral, hypoglycemic, diuretic and antitumor.

In this study, the structure of the newly synthesized (Z) -N- (3,4-dimethylisoxazol-5-yl) -4- (2-
hydroxy-5-methylbenzylidene) amino) benzenesulfonamide molecule was clarified by spectroscopic
(X-RD, FT-IR, NMR) methods. DFT / B3LYP method and 6-311 ++ G (d, p) basic set were used in

theoretical calculations. All calculations were performed with Gaussian 09 (Linux) and Gauss View 5
package programs.

Keywords: Sulfonamides, X-RD, FT-IR, NMR, DFT
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Biyoyazici Tasarim ve Uretimi

Emirhan Bozoglanl‘*, Meryem Cansu Sahin®, ismail Kaya3, Ilker Deniz Cingézg, Hasan Emre
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'Kiitahya Saglik Bilimleri Universitesi, Uygulama ve Arastima Merkezi, Kiitahya
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$Kiitahya Saghk Bilimleri Universitesi, Tip Fakiiltesi, Beyin ve Sinir Cerrahisi ABD, Kiitahya
*Yazisilan yazar e-posta: meryemcansu.sahin@ksbu.edu.tr

Ozet: Ug boyutlu (3B) yazdirma, dijital bir modelin 3B yapismnin kat tabaka seklinde katkili iiretimi
olarak ifade edilebilir. ik olarak stereolithograpydan (SLA) teknigi ile ortaya ¢ikmustir. Isimlendirme
islemi ¢ok genis bir ¢ercevede ele almabilir: kati, sivi vb. malzeme ¢esidi, 3B nesnenin olusturulma
bicimine ve ya malzeme ekleme ya da c¢ikarma islemine gore islem temelde 5 asama ile
gerceklesmektedir; 1) 3B goriintlinlin iiretilmesi, 2) 3B goriintiiniin kullanici tarafindan belirli sayida
2B katman yigin1 haline getirilmesi, 3) bu verilerin cihazin anlayacagi bir dile ¢evrilmesi, 4) belli
sayida olusturulan 2B katmanlarin yapiy1 olusturana kadar birer birer basilmasi ve 5) malzemenin
ozelligine gore ihtiya¢ duyulan son islemin yapilmasi.

Ug boyutlu yazicilar ile temelde benzer mekanik sistemlere ve yazilima sahip oldugu icin acik
kaynaklardan faydalanilarak iiretimi gerceklestirilecektir. Kendi tasarimimiz olan biyoyazici, sase,
elektronik modiiller ve mekanik pargalar dahil olmak tizere 10.000 TL’ye {iretilebilcektir. Giliniimiizde
piyasada satilan fabrikasyon iiretim 3B biyoyazicilarin fiyati ise 7.000-25.000 $ arasinda
degismektedir. Urettigimiz biyoyazici istege bagli olarak degistirilebilen ve sayis1 artirilabilen
ekstruder tasarimu ile farkli biyomateryallerin basiminda kolaylik saglayacaktir.

KSBU olarak multidisipliner bir ¢alisma gerceklestirerek mevcut kadromuz ve bilgi birikimleri ile
piyasaya nazaran daha diisiik biitgeler kullanarak biinyemizde yapilacak olan ¢aligmalarda kullanilacak
bir 3B biyoyazici tasarlanmistir. Standart 3B biyoyazicilara gore daha genis basim alanina sahip,
ekstruder ¢esitliligi ile farkli biyomateryaller basabilen ve ihtiya¢ dahilinde ekstruder sayisi
arttirllabilen bir tasarim ortaya konmustur. Bu c¢alisma ile ortaya ¢ikan tasarim hem giinliimiiz
ihtiyaglarina cevap verirken hem de gelecekte dogacak ihtiyaglar i¢in minumum masraf ile tekrar
revize edilebilecektir.

Anahtar Kelimeler: Biyoyazici, 3 Boyutlu Modelleme, Doku Miihendisligi, Biyomalzeme.
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Biopinter Design and Production

Abstract: Three-dimensional (3D) printing can be expressed as the doped production of the 3D
structure of a digital model. It was first introduced by stereolithograpy (SLA) technique. The
nomenclature process can be handled in a wide range: solid, liquid, etc. depending on the type of
material, the manner in which the 3D object is formed and either the material addition or subtraction,
the process takes place in essentially 5 steps; 1) generation of the 3D image, 2) rendering the 3D image
into a certain number of 2D layer stack by the user, 3) translating this data into a language the device
understands; the last operation heard.

Since it has basically similar mechanical systems and software with three dimensional printers,
production will be realized by using open sources. Our own design, including biomass, chassis,
electronic modules and mechanical parts will be produced for 10,000 TL. Today, the price of fabricated
3D biodivers sold in the market varies between $ 7,000-25,000. The biofuel we produce will provide
ease of printing of different biomaterials with its extruder design which can be changed and increased
optionally.

As KSBU, a multidisciplinary study has been designed and a 3D bio-printer is designed to be
used in our studies using lower budgets compared to the market with our current staff and knowledge.
A design which has a wider printing area compared to standard 3D biodiesel, which can print different
biomaterials with a variety of extruders and which can increase the number of extruders when needed,
has been proposed. The design that is created with this study will be able to be revised with minimum
cost for both the needs of today and the future needs.As Kiitahya University of Health Sciences, a
multidisciplinary study was carried out and a 3D biodeveloper was designed to be used in our studies
by using lower budgets compared to the market with our current staff and knowledge. A design which
has a wider printing area compared to standard 3D biodiesel, which can print different biomaterials
with a variety of extruders and which can increase the number of extruders when needed, has been
proposed. The highest efficiency levels that can be obtained mechanically have been tested with the
preferred frame type and the quality of the movement elements (chrome plated sled, trolley and ball
screw etc.). In accordance with the modification, the design presented with open source codes and
design details is suitable for add-ons according to the needs arising from future projects. The design
that is created with this study will be able to be revised with minimum cost for both the needs of today
and the future needs.

Keywords: Bioprinter, 3D Modeling, Tissue Engineering, Biomaterials.
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Jaynes-Cummings Modeli i¢cin Kuantum Parametre Tahmini

Durgun DURAN™"

lYozgat Bozok Universitesi, Fen Edebiyat Fakiiltesi, Fizik Boliimii, Yozgat
*Yazisilan yazar e-posta: durgun.duran@bozok.edu.tr

Ozet: Kuantum Fisher bilisimi (KFB),verilen bir gozlenebilir cinsinden bir kuantum sistemin biligim
icerigini niteler ve kuantum metrolojide 6nemli bir rol oynar. Cevreyle etkilesmelerden dolay1 tiim
kuantum sistemler, ¢esitli esfazliligin kaybolmasi etkilerine maruz kalirlar. Bundan dolay1 bu etkiler
altindaki KFB arastirmalari son zamanlarda daha fazla dikkat ¢ekmektedir. Bu c¢alismada, Jaynes-
Cummings ve Tavis-Cummings modellerinin etkisi altinda baz1 diisiik boyutlu sistemler (iki-kiibit saf-
olmayan durumlar) kullanarak optimal parametre tahmini i¢cin KFB’nin davranigin1 incelenecegiz.
KFB’nin baglagim sabitine gore ilgi ¢ekici davranigina isaret eden sonuglar1 sunacagiz.

Anahtar Kelimeler: Kuantum Fisher bilisimi, parametre tahmini, Jaynes-Cummings modeli.

Quantum Parameter Estimation for Jaynes-Cummings Model

Abstract: Quantum Fisher information (QFI) quantifies the information content of a quantum
state with respect to a given observable and is playing a paramount role in quantum metrology. Due to
the interactions with the environment, all quantum systems are subject to various decoherence effects.
Therefore the researches on QFI under this effects have been recently attracting more attention. In this
work, we investigate the behavior of QFI for the optimal estimation of parameter using some low
dimensional systems, say two-qubit mixed states, under action of Jaynes-Cummings and Tavis-
Cummings model. We present our results which point the interesting behavior of QFI with respect to
the coupling constant.

Keywords: Quantum Fisher information, parameter estimation, Jaynes-Cummings model.
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(Z)-N-(3,4-Dimetilisoxazol-5-Y1)-4-(2-Hidroksi-5-
Metilbenzylidene)Amino)Benzensiilfonamit Molekiiliiniin Homo-Lumo, Nlo ve
Mep Analizleri

Bilal Cangiil®”, Arslan Unal®, Saliha Alyar®, Hamit Alyar*

1'4Cankzrl Karatekin Universitesi, Fen Fakiiltesi, Fizik Boliimii, Cankirt

2Bilecik Seyh Edebali Universitesi,Fen Fakiiltesi,Fizik Boliimii, Bilecik

3Cankzrz Karatekin Universitesi, Fen Fakiiltesi, Fizik Boliimii, Cankirt
*Yazisilan yazar e-posta:bilalcangul@gmail.com

Ozet: Siilfonamitler bakteri enfeksiyonlarinin tedavi nlenmesinde sistematik olarak kullanilan ilk ilag
grubudur. Siilfonamitlerin antibakteriyel olarak kullanilmasi 1933 yilinda Domagk tarafindan
farelerdeki bakteri enfeksiyonlarinin tedavi etkinliginin bulunmasiyla baglar.

Bu c¢alisgmada yeni sentezlenen ve bir siilfonamit tiirevi olan (Z)-N-(3,4-dimetilisoxazol-5-yl)-4-(2-
hidroksi-5-metilbenzilidene)amino)benzensiilfonamit molekiiliiniin yapist DFT/B3LYP metodu ve 6-
311++G(d,p) temel seti ile optimize edildi. Sentezlenen molekiiliin kararli yapis1 bulunduktan sonra
cizgisel olmayan optik oOzellikleriNLO), HOMO-LUMO molekiiler orbital enerjileri, kimyasal
reaktivite tanimlayicilari, molekiiler elektrostatik potansiyel (MEP) ve Mulliken atomik yiikleri yine
ayn1 metot ve temel set ile incelendi. Hesaplamalarin tamami Gaussian 09 (Linux) ve Gauss View 5
paket programlariyla gerceklestirildi.

Anahtar Kelimeler: Silfonamitler, NLO, HOMO-LUMO, MEP, DFT
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Homo-Lumo, Nlo And Mep Analysis of (Z) -N- (3,4-Dimethylisoxazol-5-Y1) -4- (2-
Hydroxy-5-Methylbenzylidene) Amino) Benzenesulfonamide Molecule by DFT
Method

Abstract: Sulfonamides are the first group of drugs used systematically to prevent the treatment of
bacterial infections. Antibacterial use of sulfonamides began in 1933 when Domagk discovered the
efficacy of bacterial infections in mice.

In this study, the structure of the newly synthesized (Z)-N-(3,4-dimethylisoxazol-5-yl)-4-(2-hydroxy-5-
methylbenzylidene)amino)benzenesulfonamide molecule, which is a sulfonamide derivative, was
optimized with DFT / B3LYP method and 6-311 ++ G (d, p) basis set. After determining the stable
structure of the synthesized molecule, nonlinear optical properties (NLO), HOMO-LUMO molecular
orbital energies, chemical reactivity descriptors, molecular electrostatic potential (MEP) and Mulliken
atomic charges were examined with the same method and basis set.All calculations were performed
with Gaussian 09 (Linux) and Gauss View 5 package programs.

Keywords: Sulfonamides, NLO, HOMO-LUMO, MEP, DFT
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Brom-Asetofenon Oksim Molekiiliiniin Konformer ve Infrared Spektroskopi
Calismasi

Yunus Kaya'", Asli Kaya®

'Bursa Teknik Universitesi, Miihendislik ve Doga Bilimleri Fakiiltesi, Kimya Boliimii, Bursa, Tiirkiye
2Bilecik Seyh Edebali Universitesi, Fen Edebiyat Fakiiltesi, Fizik Boliimii, Bilecik, Tiirkiye

e-mail:yunus.kaya@btu.edu.tr

Ozet

Bromoasetofenon molekiilii yapisinda para konumunda brom bagh bir fenol ve oksim grubunu bulunduran
organik bir molekiildiir. Oksim molekiilleri biyolojik aktivite ozelliklerinden dolayr yogun ilgi goren
molekiillerdir. Bu tiir molekiillerin ilging elektronik 6zellikleri bu molekiillerin teorik hesaplamalarina olan ilgiyi
artirmaktadir. Bu ¢alismada, bromoasetofenon oksim molekiiliiniin fenil ve oksim karbonu arasindaki bagin
donmesine bagli olarak konformer caligmasi ve en olasi geometrinin frekans hesaplamalan ile infrared
spektroskopisinin incelenmesini icermektedir. Hesaplamalarin tiimiinde Yogunluk Fonksiyon Kurami (YFK),
B3LYP metodu ve 6-311++G(d,p) taban kiimesi kullanilmustir.

Anahtar Kelimeler: Oksim, YFK, Konformer, Spektroskopi

Conformer and Infrared Spectroscopic Studies of Bromine-Acetophenone Oxime

Abstract

Bromoacetophenone molecule is an organic molecule containing a bromine-bound phenol and oxime group in its
para position. Oxime molecules are of great interest due to their biological activity. The interesting electronic
properties of such molecules increase the interest in the theoretical calculations of these molecules. In this study,
the conformer study of the bonding between phenyl and oxime carbon of bromoacetophenone oxime molecule
and the frequency calculations of the most possible geometry and infrared spectroscopy are examined. Density
Function Theory (DFT), B3LYP method and 6-311 ++ G (d, p) base set were used in all calculations.

Keywords: Oxime, DFT, Conformer, Spectroscopy
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2-Methyl-Pyridinium Picrate Bilesiginin Yapisal ve Spektroskopik Incelemesi
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Ozet: Bu caligmada taban durumda, yogunluk fonksiyoneli teorisi BALYP ve PBEIPBE
yontemleri 6-311++G(d,p) temel seti ile 2-methyl-pyridinium picrate bilesiginin yapisal ve
spektroskopik incelemesi sunulmaktadir. Bilesige ait taban durumdaki kararli yapi ayni1 yontemlerle
hesaplandi. Yapiy1 karakterize etmek icin kararlt yapidan hareketle IR, NMR ve Molekiiler orbital
enerji degerleri hesaplanmistir. Elde edilen sonucglarin deneysel verilerle uyumlu oldugu gézlenmistir.
Ayrica, molekiile ait kimyasal sertlik ve elektronegatiflik degerleri HOMO ve LUMO enerji degerleri

kullanilarak hesaplanmistir. Son olarak 3D molekiiler yiizey simiile edildi.

Anahtar Kelimeler: DFT, IR, NMR, FMOs, pyridinium picrate

Structural and Spectroscopic Investigations of 2-Methyl-Pyridinium Picrate

Abstract: This paper presents the structural and spectroscopic investigations on 2-methyl-
pyridinium picrate using the Density Functional Theory B3LYP and PBE1PBE levels with the 6-
31++G (d,p) basis set on the ground state. The optimized structure of the 2-methyl-pyridinium picrate
on the ground state was obtained by using same metods. In order to characterize the title compound, IR,
NMR and Frontier molecular orbital(FMOs) energies computation are performed based on the
optimized structure. Obtained results showed that there is an agreement between the calculated data
and experimental ones. In addition, chemical hardness and electronegativity values of the molecule
were calculated using HOMO and LUMO energy values Finally, 3D molecular surfaces were

simulated.

Keywords: DFT, IR, NMR, FMOs, pyridinium picrate
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Determination of Temperature-Dependent Conformation States of Cinnamic
Acid by Spectroscopic Methods

Gokhan Dikmen'”

'Eskisehir Osmangazi University, Central Researh Labratory Research and Application Center (ARUM),
Eskisehir

*gdikmen@ogu.edu.tr

Abstract: Cinnamic acid has anti-inflammatory, anti-oxidative, anti-tumor and anti-microbial
effects. However, these effects vary depending on cinnamic acid conformation states. Because,
cinnamic acid has two conformational states such as trans and cis. In this study, Nuclear Magnetic
Resonance (NMR), Infrared (IR) and Raman spectroscopic methods were used to determined
conformational states of cinnamic acid molecule. In these methods, the temperature was adjusted
between -10 and + 100 °C and change in chemical structure of cinnamic acid were observed. As a
result, cinnamic acid was observed in trans conformational state up to 50 °C and the chemical structure
change to cis conformational state at temperatures after 50 °C using all spectroscopic methods.

Keywords: Cinnamic Acid, NMR, IR, Raman.
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Gidalarda Karbondioksit Tayini

Keziban Ay"”, Hamit Onur Isik®, Ertugrul Ozkan', Metin Bilge, Cemal Parlak®
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Ozet: Giinliik yasantimizda insan sagligmi tehlikeye atacak olaylara karsi alinan tedbirlerin temelinde
sensOr ve mikrodenetleyiciler bulunmaktadir. Fizik bilimi sayesinde gelisen, yasadigimiz diinyanin
fiziksel biiyiikliiklerini elektrik sinyallerine ¢eviren aktif ya da pasif cihazlar olan sensorler ile gilinliik
yasantimiz daha kolay ve verimli hale gelmistir. Bu sensorlerin ¢esitlerinden biri olan NDIR (Non
dispersive infrared) sensorler ise, genelde gaz ve ilgili biiylikliikklerinin 6lglim islemlerinde kullanilan
spektroskopik sensorlerdir. Enfraruj enerjisinin, deforme olmadan atmosferik 6rnekleme odasindan
geemesine izin verildiginden optik dagilim bakimindan dagilmazlar [1,2]. Calismada processing dili ile
programlanmis Arduino Uno mikrodenetleyici kartt ve NDIR karbondioksit sensorii kullanilarak
giinliik yasantimizda sikca tiikettigimiz gidalarin bozulmalari ile karbondioksit salgilamalari arasindaki
iliski anlasilmaya ve ortaya konulmaya calisilmistir [3-4]. Uriin olarak yumurta kullanilmis ve
yumurtanin olusturdugu karbondioksit 6l¢iimii sayesinde iiriiniin yas1 belirlenmistir. Bu tiir bir calisma
ile tiikkettigimiz gidalarin tedarik ve depolama davraniglarinin gelistirilmesine olanak saglanabilecektir.

Kaynakga:

[1] G. Korotcenkov, Handbook of Gas Sensor Materials, Springer Science & Business, 2013.

[2] F. Erding, Yeni Baslayanlar icin ARDUINO, Pusula Yaymncilik, 2016.

[3] S.O. Dogu, U.T. Sireli, Gidalarda izlenebilirlik, The Journal of Food, 40/5, 295-302, 2015.

[4] D. Folinas, I. Manikas, B. Manos, Traceability data management for food chains, British Food
Journal, 108/8, 622-633, 2006.

Anahtar Kelimeler: Arduino, CO, Sensérii, Gidalarda izlenebilirlik.
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Determination of Carbon Dioxide in Foods

Abstract: Sensors and microcontrollers are the basis of the measures taken in our daily lives against
events that may endanger human health. Thanks to the science of physics, our daily life has become
easier and more efficient with sensors, which are active or passive devices that transform the physical
quantities of the world we live into electrical signals. One of these sensors, NDIR (Non-dispersive
infrared) are spectroscopic sensors which are generally used for measuring gas and related sizes. It is
nondispersive in the sense of optical dispersion since the infrared energy is allowed to pass through the
atmospheric sampling chamber without deformation [1,2]. In this study, using Arduino Uno
microcontroller card (programmed with processing language) and NDIR carbon dioxide sensor, it is
tried to understand and reveal the relationship between the foods spoilage we consume frequently in
our daily lives and the secretions of carbon dioxide [3,4]. Eggs were used as the product and the age of
the product was determined by the measurement of carbon dioxide produced by the egg. With this kind
of study, it will be possible to improve the supply and storage behavior of the foods we consume.

Keywords:Arduino, Sensor of CO,, Traceability in Food
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Rélativistik OUA Yaklasaminda Ortaya Cikan Matematiksel Zorluklar
Uzerine Notlar

Ali Bagcel

Pamukkale Universitesi, Fen-Edebiyat Fakiiltesi, Fizik Béliimii, 20017 Denizli, Tiirkiye
abagci@pau.edu.tr

Ozet: Rolativistik molekiiler OUA denklemleri, dort-bilesenli Dirac spindrleri igin Slater-tipli
spindr orbitaller kullanilarak elde edilir. Rolativistik olmayan limit durumunda bu spindr orbitalleri
kesirli bas-kuantum sayili Slater-tipli orbitallere indirgenir. Slater-tipli orbitaller, kompleks analize
gore r=0’da analitik degildir. Bu, OUA yonteminde ortaya cikan molekiiler integrallerin analitik
yonteme dayali hesaplamalarinda zorluklarin ortaya ¢ikmasma neden olur. Yazarin daha Onceki
caligmalarinda, tekrarlama bagntilari, yakinsak seri formiilleri bu zorluklarin agilmasi adina Coulomb
etkilesiminin Laplace acilimi1 ve “prolate” kiiresel koordinatlar1 kullanilarak iiretilmistir. Daha onceki
caligmalara dayal1 olarak burada genel bir formalizm sunulur.

Anahtar Kelimeler: Dirac denklemleri, Slater-tipli spindr orbitalleri, 6z-uyumlu alan, molekiiler
integraller, analitik hesaplama

Notes on Mathematical Difficulties Arising in Relativistic Scf Approximation

This work presents the formalism for evaluating molecular SCF equations, as adapted to four
component Dirac spinors, which in turn reduce to Slater-type orbitals with non-integer principal
guantum numbers in the non-relativistic limit. The diculty associated with finding relations for
molecular integrals over these type of orbitals which are not analytic in the sense of complex analysis
at r=0, is eliminated. Unique numerical accuracy is provided by solving the molecular integrals through
Laplace expansion of Coulomb interaction and prolate spheroidal coordinates. Recurrence relations and
new convergent series representation formulae are derived. The technique draws on previous work by
the author and the general formalism is presented in this paper.

Keywords: Dirac equations, Slater-type spinor orbitals, self-consistent field, molecular integrals,
analytical evaluation.
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MgCl,.6H,0.C,H.(OH), nin Yapisal ve Spektroskopik Ozelliklerinin DFT
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Ozet: Bu calismada MgCl,.6H,0.C,H4(OH), molekiiniin yapisal ve titresim frekansi degerleri
lizerine calisma sunulmaktadir. Ilk olarak, taban durumundaki kararli molekiile ait bag agis1 ve bag
uzunlugu gibi geometrik parametreler Yogunluk Fonksiyoneli Teorisi B3LYP ve PBEIPBE
metotlartyla 6-311++G(d,p) temel seti kullanilarak elde edilmistir. Kararli yapidan hareketle molekiile
ait titresim frekanslari, 'H ve *C kimyasal kaymalari, HOMO ve LUMO enerji degerleri de ay
metotlar ile hesaplanmistir. Ayrica, molekiile ait kimyasal sertlik ve elektronegatiflik degerleri HOMO
ve LUMO enerji degerleri kullanilarak hesaplanmistir. Elde edilen sonuglar deneysel verilerle
karsilastirildiginda uyumlu oldugu gézlenmektedir.

Anahtar Kelimeler: DFT, IR, NMR, HOMO, LUMO, MgCl,.6H,0.C,H4(OH);

DFT Calculations On Spectroscopic And Structural Properties Of
MgC|26H20C2H4(OH)2

Abstract: In this study, structural and vibration frequency values of MgCl,.6H,0.C,H4(OH),
molecule are presented. Initially, geometric parameters such as bond angle and bond length of the
optimized molecule in the ground state were obtained by using the Densitiy Functional Theory (DFT)
B3LYP and PBE1PBE methods by using the 6-311 ++ G (d, p) basis set. The vibration frequencies of
the title molecule, *H and **C chemical shifts, HOMO and LUMO energy values were also calculated
by using same levels. In addition, chemical hardness and electronegativity values of the molecule were
calculated using HOMO and LUMO energy values. The results are consistent with the experimental
data.

Keywords: DFT, IR, NMR, HOMO, LUMO, MgCl,.6H,0.C,H4(OH),
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L-Prolinium Picrate Molekiiliiniin Spektroskopik ve Dogrusal Olmayan Optik
Ozellikleri Uzerine Bir Calisma
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Ozet: Bu calismada L-pronilium picrate molekiiliiniin dogrusal olmayan optik ve titresimsel
ozellikleri sunulmaktadir. Kararli durumdaki yapiya ait bag uzunlugu ve bag agis1 gibi geometrik
parametreler B3LYP/6-311++G(d,p) ve PBEL1PBE/6-311++G(d,p) yoOntemleriyle hesaplanmistir.
Molekiile ait titresim frekanslar;, *H ve **C kimyasal kayma degerleri, HOMO-LUMO enerjileri de
ayni yontemler ile elde edilmistir. Molekiiler orbital enerji (FMOs) degerleri kullanilarak L-pronilium
picrate molekiiliiniin kimyasal sertlik ve elektronegatiflik parametreleri elde edildi. Molekiiliin dogrusal
olmayan optik 6zellikleri tipik bir NLO materyal olan para-Nitroanilin(pNA) ile karsilastirildi. Elde
edilen verilerin deneysel sonuclarla uyumlu oldugu goriildii. Tiim hesaplamalar Gaussian 09 paket
programi ile gerceklestirildi.

Anahtar Kelimeler: DFT, NMR, NLO 6zellikler, picrate

A Study on Nonlinear Optical Properties and Spectroscopic of L-Pronilium Picrate

Abstract: In this paper, presents nonlinear optical and vibrational properties on L-pronilium
picrate. Geometric parameters such as bond lengths and bond angles were calculated B3LYP/6-
311++G(d,p) and PBE1PBE/6-311++G(d,p) levels on the graund state. Vibrational frequencies, ‘H and
3¢ chemical shifts, HOMO-LUMO energies of the title compound were performed on same levels.
The chemical hardness (1) and electronegativity (y) parameters were also obtained by using frontier
molecular orbital (FMOs) energies. The NLO parameters of the title compound were compared with
those of para- Nitroaniline (pbNA) and urea which are typical NLO materials. Obtained data showed
that there is an agreement between the calculated data and experimental ones. All calculations were
carried out with the GAUSSIAN 09 package program.

Keywords: DFT, NMR, NLO properties, picrate
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Glass-blown Spherical Miniature Cesium Vapor Cells for Atomic
Magnetometer Applications

i. Yorulmaz®, A. Meraki*?, B. Ka¢ar',B. Kubanaliev’, i. Araz ',

! Atomic Sensors Laboratory, TUBITAK National Metrology Institute, Kocaeli, Turkey
2 Department of Physics, Bilecik Seyh Edebali University, Bilecik, Turkey
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In recent years, there is considerable interest in the development of atomic magnetometer technology
for the measurement of weak magnetic fields. Atomic vapor cells play crucial roles for precise
measurement devices such as atomic clocks [1], atomic magnetometers [2] and, atomic spin gyroscopes
[3], all of which consist of alkali metal atoms with long-lasting polarization [4]. The magnetic field
sensitivity of an optically pumped magnetometer is mainly related to the cell volume, the gyromagnetic
ratio of alkali metal and the alkali metal density and the relaxation time, T2. [5]

We report on the fabrication of millimeter-sized vapor cellsand their performance
in cardiomagnetometric measurements. The process of manufacturing an atomic vapor cell is important
to ensure uniformity in the magnetic field sensitivity of optically pumped atomic magnetometer. It is
well known that alkali metals are very volatile and easily react with oxygen. Therefore, alkali metals
must be processed under high vacuum conditions. In this study, manual glass-working technique was
used to fill the alkali metal into empty cells. The fabrication and the characterization of nitrogen
buffered and pure cesium vapor cells were reported. The natural linewidth of F=4 to F=5" transition was
measured as 5.36 MHz by using Doppler-free saturated absorption spectroscopy. In addition, an Mx
type atomic magnetometer setup was used to measure and compare the magnetic resonance lineshapes
of the pure and buffered Cs vapor cells for cardiomagnetometer applications. The halfwidths at half
maxima of the phase signals were measured as 1039 Hz and 4450 Hz for 10 torr N, buffered and pure
Cs vapor cells, respectively. The calculated sensitivities for these lineshapes are 22.4 pT/NHz and 76
pTAHz, respectively. The sensitivities of both cells are optimized for cardiomagnetometric
measurements.

Keywords: atomic vapor cells, high precision magnetometry, optically detected magnetic
resonance
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[Li(CsHsC1.02)(C12HsN2)(H,0)] Molekiiliiniin Spektroskopik ve Dogrusal
Olmayan Optik Ozellikleri Uzerine Bir Calisma
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Ozet: Bu calismada, [Li(CgH5Cl20,)(C12HgN2)(H20)] molekiiliiniin spektroskopik ve dogrusal
olmayan optik Ozellikleri Gaussian 09 paket programi kullanilarak teorik olarak incelenmistir.
Molekiiliin taban durum enerjisindeki kararli yapist Yogunluk Fonksiyoneli Teorisinin B3LYP ve
PBEIPBE yontemleriyle 6-311++G(d,p) temel seti kullanilarak elde edilmistir. Taban durum enerjisine
ait bu yapidan hareketle molekiiliin dogrusal olmayan optik 6zelliklerinin yaninda titresim frekanslari
ve kimyasal kayma degerleri de ayni1 metotlarla hesaplanmistir. IR ve NMR spektroskopisi yardimiyla
molekiiliin kararli yapis1 aydinlatilmistir. Yapilan hesaplamalar molekiiliin deneysel verileriyle
karsilastirildiginda uyum oldugu goézlenmektedir.

Anahtar Kelimeler: DFT, FMOs, NLO 6zellikler, [Li(CgH5Cl202)(C12HgN2)(H20)]

A Study On Spectroscopic and Nonlinear Optical Properties of
[Li(CsHsCl02)(C12HsN,) (H20)]

Abstract: In this study, spectroscopic and nonlinear optical properties of
[Li(CgH5Cl,0,)(C12HgN2)(H20)] were performed by using Gaussian 09 package program in
theoretically. The optimized structure of the L-pronilium picrate on the ground state was obtained by
using B3LYP and PBE1PBE methods of Density Functional Theory with 6-311 ++ G (d, p) basis set.
In addition, the nonlinear optical properties, vibration frequencies and chemical shift values of the title
molecule were calculated by using the same methods. The optimized structure of the title molecule was
established by IR and NMR spectroscopy. When the calculated data of the molecule are compared with

the experimental ones, it is observed that there is agreement.

Keywords: DFT, FMOs, NLO properties, [LI(CgHsCl,0,)(C1,HgN,)(H,0)]
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Yiizeyde Giiclendirilmis Raman Sag¢iimasiyla Fe@Au/Hidrojel Nanoplatform
Uzerinde Glikoz Tayini

Erkan Altun”, ilknur Ustiindag

Dumlupinar Universitesi, Fen Edebiyat Fakiiltesi, Fizik Boliimii, Kiitahya
*e-posta: erkanaltuncagman@gmail.com

Soljel yontemiyle aljinat ¢ozeltisi i¢inde demir nanoparcaciklar sentezlendikten sonra demir
nanoparcaciklarin ¢evresi altin nanoparaciklarla kaplanmistir. Kolloidal ¢ozelti kalsiyum ¢ozeltisi ile
hidrojel haline dontstiiriilmiistiir. Hazirlanan kompozit malzemenin ismi Fe@Au/Hidrojel olarak
kisaltilmistir.

Hazirlanan hidrojeller vizkozitesi yiiksek jel haline getirildikten sonra aliiminyum levha iizerine
doner kaplama sistemi ile film halinde kaplanmistir. Altin nanopargaciklar {izerine 4-
merkaptofenilboronik asit kendiliginden diizenlenen tektabakalar (SAMs) yontemi ile baglandiktan
sonra 1-10 mM glikoz standart ¢ozeltisi damlatilan filmler iyice saf su ile yikandiktan sonra SERS
Olgtimleri alinarak kalibrasyon g¢alismasi yapilmistir. Gelistirilen yontemin alt tayin sinir1 0,011 mM
olarak hesaplanmistir (S/N=3). Ticari insan serum numunesiyle ger¢ek numune uygulamasi yapilarak
basarili geri kazanim degerleri (% 98 ile %103 araliginda) elde edilmistir.

Anahtar Kelimeler: SERS, Glikoz Sensor, Fe@Au/hidrojel
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P-02
Bir Iyot Atomu Katkilanan Lityum Topaklarinin Bagil Kararhliklar

Arslan Unal!, Omer Aymm®”

'Bilecik Seyh Edebali Universitesi, Fen Edebiyat Fakiiltesi, Fizik Béliimii, Bilecik
2Bilecik Seyh Edebali Universitesi,Fen Bilimleri Enstitiisti, Bilecik
*Yazisilan yazar e-posta: omr.ayin@gmail.com

Ozet: Bir iyot atom katkili lityum topaklarinin yerel minimum yapilar1 [Linl (n = 1-8)] yogunluk
fonksiyonel teorisi (YFT) kullanilarak incelenmistir. Lipl (n = 1-8) topaklarinin bagil kararlhiliklar
YFT-B3LYP teori seviyesinde relativistik efektif c¢ekirdek potansiyelini igeren Lanl2dz baz seti
yardimiyla arastirilmistir. Elde edilen herbir topagin lokal minimum yapisinin atom basina baglanma
enerjisi (Ep), ayrisma enerjisi (AE), ikinci dereceden enerji farki (A;E) ve HOMO-LUMO araligi
(gapHL) belirlenmistir. Bagil enerji hesaplamalar1 sonucunda, Linl (n = 3, 5, 7) topaklarinin komsu Lipl
(n =2, 4, 6, 8) topaklarina gore daha kararli oldugunu gosteren bir tek-gift osilasyon gozlemlenmistir.
Lil arastirilan lityum-iyodiir topaklar1 i¢inde en kararli olamidir.

Anahtar Kelimeler: Topak, YFT, Kararlilik, Lityum, Iyot.

The Relative Stability of One lodine-Doped Lithium Clusters

Abstract: The local minima structures of an iodine atom doped lithium clusters [Li,l (n = 1-8)]
have been examined by using the density functional theory (DFT). The relative stabilities of Li,l (n =
1-8) clusters have been investigated at the DFT-B3LYP theory level within the help of Lanl2dz basis
set containing relativistic effective core potential. The binding energy per atom (Ep), dissociation
energy (4E), second-order energy difference (4,E) and HOMO-LUMO gap (gapHL) of the obtained
local minimum structure of each cluster have been determined. As a result of the relative energy
computations, a odd-even oscillation has been observed showing that Li,l (n = 3, 5, 7) clusters are
more stable than adjacent Li,l (n =2, 4, 6, 8) clusters. Lil is the most stable one in the studied range of
lithium-iodide clusters.

Keywords: Cluster, DFT, Stability, Lithium, lodine.
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Lityum-Floriir Topaklarimin DFT Optiksel Aktivite Calismasi

Arslan Unal', Selcuk Giivenir®”
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Ozet: LinX (n > 2 ve X = Cl, Br, F ve I) kimyasal formiillii halojen atom katkilanmis kiiciik
lityum topaklar1 kuramsal ve deneysel bilim insanlari tarafindan yogun olarak ¢alisilmistir. Son on
yilda, nanomalzemeler, sarj edilebilir lityum bazli bataryalar, silipertuzlar, sogutma sistemleri, optik
sensorler ve elektridler gibi ¢esitli arastirma alanlarindaki uygulamalardan dolay1 Li X (6zellikle LinF)
topaklarina 6zel bir ilgi gosterilmistir. Bu ¢alismada, Li,F (n = 2-8) topaklarinin taban durum yapilar
yogunluk fonksiyonel teorisi (YFT) gercevesinde optimizasyon ve kizilotesi frekans hesaplamalari
kullanilarak elde edilmistir. Taban durum yapilarinin dogrusal olmayan optik (NLO) aktiviteleri
ornegin dipol momenti (p), ortalama kutuplanabilirlik (<o>) ve birinci dereceden toplam statik
kutuplanabilirlikleri (Bo) hesaplanmistir. Global reaktivite tanimlayic1 parameterleri Ornegin
elektronlarla isgal edilmis en yliksek molekiiler yoriinge enerji (Enomo), elektronlarla isgal edilmemis
en diisitk molekiiler yoriinge enerji (ELumo), HOMO-LUMO gap (gapHL), elektron ilgi (A), iyonlagsma
potansiyeli (I), elektronegatiflik (), kimyasal sertlik (n) ), kimyasal yumusaklik (o), kimyasal
potansiyel (Pi) ve elektrofillik indeksi (w) de arastirilmistir. YFT-B3LYP fonksiyoneli ile birlikte
Lanl2dz baz seti yukarida bahsedilen tiim hesaplamalar1 yapmak i¢in kullanilmistir.

Anahtar Kelimeler: YFT, Lityum, Flor, NLO, Kutuplanabilirlik.
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A DFT Optical Activity Study of Lithium-Fluoride Clusters

Abstract: Halogen atom doped small lithium clusters with chemical formula Li,X (n>2 and X =
Cl, Br, F and 1) have extensively studied by theoretical and experimental scientists. In the last decade, a
special interest has been focused on the Li,X (particularly Li,F) clusters due to the applications in
various research areas as in the nanomaterials, rechargeable lithium-based batteries, supersalts, cooling
systems, optical sensors and electrides. In this study, the ground state structures of Li,F (n = 2-8)
clusters were obtained by using optimization and infrared frequency calculations within the framework
of density functional theory (DFT). The nonlinear optical (NLO) activities for the ground state
structures such as dipole moment (u), average polarizability (<o>) and first order total static
hyperpolarizability (Bo) were computed. Global reactivity descriptor parameters for instance highest
occupied molecular orbital energy (Enomo), lowest unoccupied molecular orbital energy (ELumo),
HOMO-LUMO gap (gapHL), electron affinity (A), ionization potential (I), electronegativity (y),
chemical hardness (1), chemical softness (o), chemical potential (Pi) and electrophilicity index ()
were also analyzed. The DFT-B3LYP functional within Lanl2dz basis set were used to perform all the
above mentioned calculations.

Keywords: DFT, Lithium, Fluorine, NLO, Polarizability.
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Determination of the Structure Of (Z) -N- (3,4-Dimethylisoxazol-5-YL) -4- (2-
Hydroxy-5-Methylbenzylidene) Amino) Benzenesulfonamide Molecule By
Spectroscopic (X-RD, FT-IR, NMR) Methods

Bilal Cangiil', Arslan Unal?, Saliha Alyar®, Hamit Alyar*"

'Cankiri Karatekin University, Faculty of Science, Department of Physics, Cankiri, Turkey.
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*Corresponding author e-mail: halyar@karatekin.edu.tr

Abstract

Sulfonamides are the first group of drugs systematically used in the treatment of bacterial infections in humans.
Commercially produced sulfonamide-type drugs have a high spectrum of activity against both Gram (+) and
Gram (-) bacteria. Because of these properties, it is widely used as antimicrobial, antiviral, hypoglycemic,
diuretic and antitumor. In this study, the structure of the newly synthesized (Z) -N- (3,4-dimethylisoxazol-5-yl) -
4- (2-hydroxy-5-methylbenzylidene) amino) benzenesulfonamide molecule was clarified by spectroscopic (X-
RD, FT-IR, NMR) methods. DFT / B3LYP method and 6-311 ++ G (d, p) basic set were used in theoretical
calculations. All calculations were performed with Gaussian 09 (Linux).

Keywords: Sulfonamides, X-RD, FT-IR, NMR, DFT.

INTRODUCTION

Sulfonamides together with various pharmacological agents with antibacterial [1,2], insulin-releasing [3,4],
carbonic anhydrase inhibitory [5], anti-inflammatory [6], antidiabetic [7] and antitumor [8] activities are an
important class of drugs. With advancing technology and work, many important effects of sulfonamides in
metabolism have been explained. Considering the multifunctional chemistry of the sulfonamide derivatives, it
appears that continuous efforts have been made to synthesize the Schiff base ligands of the substituted
sulfonamides. Due to the great biological importance of sulfonyl derivatives, we planned the evaluation of the
hybrid derivatives of this group and the various enzyme inhibition potentials. In our previous studies, we
synthesized different sulfonamides and tested their antimicrobial activity [9,10,11]. Spectroscopic properties and
carbonyl complexes of methanesulfonic acid hydrazide [12], methanesulfonic acid 1-methylhydrazide [13] and
some ethanesulfonylhydrazone derivatives were also studied [14]. In addition, different aromatic/heteroaromatic
sulfonylhydrazone derivatives and their transition metal complexes have been investigated for their inhibitory
effects on carbonic anhydrase 11 (hCA I1) isoenzyme [15].

In this study, the structure of the newly synthesized (Z) -N- (3,4-dimethylisoxazol-5-yl) -4- (2-hydroxy-5-
methylbenzylidene) amino) benzenesulfonamide molecule was clarified by spectroscopic (X-RD, FT-IR, NMR)
methods. DFT / B3LYP method and 6-311 ++ G (d, p) basic set were used in theoretical calculations.
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MATERIALS AND METHODS

The entire calculations of (Z) -N- (3,4-dimethylisoxazol-5-yl) -4- (2-hydroxy-5-methylbenzylidene)
amino) benzenesulfonamide were performed with Gaussian 09(Linux) [16] and Gauss View 05 program
packages using density functional theory (DFT). The geometries of the compounds were fully optimized without
any constraint with the help of an analytical gradient procedure implemented with the B3LYP functional and 6-
311++G(d,p) basis set. Optimized geometry of (Z) -N- (3,4-dimethylisoxazol-5-yl) -4- (2-hydroxy-5-
methylbenzylidene) amino) benzenesulfonamide presented at Fig. 1. The optimized structural parameters
have been evaluated for the calculation of vibrational frequencies at functional (B3LYP) method.

RESULTS AND DISCUSSION

Molecular Geometry

The geometrical parameters of title compound calculated at B3LYP/6-311++ G (d, p) level of theory are
presented in Table 1 and Fig. 1 depicts the optimized structure of the host molecule along with atom numbering.
The calculated energies and dipole moments for the molecule are -1599.0399 a.u. and 8.4129 D respectively. A
superposition of the molecular structure of the compound evaluated by quantum mechanical calculations and X-
ray study show almost perfect matching comparing the theoretical data with the experimental results indicate
that optimized bond length and bond angle values are slightly different from these experimental ones.

Table 1. The experimental and theoretical bond lengths (A), bond angles (°) of (Z) -N- (3,4-dimethylisoxazol-5-
yl) -4- (2-hydroxy-5-methylbenzylidene) amino) benzenesulfonamide

Exp DFT/B3LYP Exp DFT/B3LYP
S-02 1.423(2) 1.456 C19-H13C | 0.96 1.084
S-N2 1.654(3) 1.747 C19-H13A | 0.96 1.085
01-C5 1.352(3) 1.352 C1-H1A 0.96 1.003
04-C14 1.313(4) 1.366 S-03 1.428(3) 1.460
N3-C12 1.298(4) 1.280 S-C6 1.756(3) 1.788
N2-C5 1.401(4) 1.393 01-N1 1.417(3) 1.398
C11-C10 1.378(4) 1.405 04-H9 0.82 0.96
C5-C3 1.329(4) 1.361 N3-C11 1.413(4) 1.398
C10-H7 0.93 1.083 N2-H3 0.85(3) 1.017
C14-C13 1.409(4) 1.408 C11-C9 1.390(4) 1.405
C13-C12 1.416(4) 1.463 C10-C7 1.378(4) 1.389
C6-C7 1.373(4) 1.393 C14-C16 1.388(4) 1.396
C3-C2 1.404(4) 1.432 C13-C15 1.400(4) 1.404
C12-H8 0.93 1.093 N1-C2 1.300(4) 1.312
C9-C8 1.377(4) 1.386 C6-C8 1.385(4) 1.395
C8-H4 0.93 1.082 C3-C4 1.484(4) 1.493
C18-C17 1.401(5) 1.397 C7-H5 0.93 1.082
C15-H10 0.93 1.083 C9-H6 0.93 1.083
C17-C16 1.361(5) 1.390 C18-C15 1.360(5) 1.386
C16-H11 0.93 1.085 C18-C19 1.510(5) 1.474
C4-H2B 0.96 1.094 c2-C1 1.507(5) 1.494
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Table 1. (continued)

Exp DFT/B3LYP Exp DFT/B3LYP

02503 | 121.42117) | 1220 025-N2 | 107.4417) | 1062
03-sN2 | 10466(17) | 1070 02-s-Cc6 | 10855(17) | 1090
03-s-C6 | 108.47(16) | 1080 N2-S-C6 | 105.13(15) | 1024
C5-01-N1 | 106.7(3) 108.1 C14-04-H9 | 1095 1100
C12-N3-C11 | 124.9(3) 1200 C5-N2-S 119.2(2) 1190
C5-N2-H3 | 112.3) . S-N2-H3 | 109.3) 108.0
C10-C11-C9 | 119.6(3) 113.0 C10-C11-N3 | 1165(3) 123.0
CO-C11-N3 | 124.0(3) 118.0 C3-C5-01 | 111.7(3) 111.0
C3-C5-N2 | 132.7(3) 1322 01-C5-N2 | 1155(3) 117.0
C11-C10-C7 | 120.8(3) 1205 C11-C10-H7 | 119.6 120.0
C7-C10-H7 | 119.6 1200 04-C14-C16 | 121.0(3) 122.0
04-C14-C13 | 121.2(3) 1180 gig-cm- 117.8(3) 120.4
212-013- 11500) 1183 gg-cm- 120100 1183
gig-ms- 120.9(3) 120.2 C2-N1-01 | 105.2(3) 106.0
C7-C6-C8 | 120.4(3) 121.2 C7-C6-S 119.5(3) 119.3
C8-C6-S 119.9(2) 1194 c5-C3-C2 | 1035@3) 103.0
C5-C3-C4 | 129.2(3) 1290 c2-c3-C4 | 1273(3) 1284

N3-C12-H8 | 118.6 121.5

This small difference originate from that the theoretical calculations are performed for isolated molecule in gas-
phase. It should be noted that the geometry of solid state structure is subject to intra and inter molecular
hydrogen bonding.
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Figure 1. Ortep diagram and optimized structure of (Z) -N- (3,4-dimethylisoxazol-5-yl) -4- (2-hydroxy-5-
methylbenzylidene) amino) benzenesulfonamide

Vibrational Assignments

The title molecule consists of 45 atoms and they have 132 normal modes of vibrations. The detailed vibrational
assignment for some important peaks of title molecule presented in Table 2.

The IR spectrum of the prepared compounds exhibits the characteristic bands of the expected functional groups.
The IR spectrum of free Schiff base ligand shows a strong bond at 1625 cm™ (Fig. 2), which refers to the the
stretching vibration of azomethine as the main characteristic band and obviously confirms the formation of the
Schiff base. In the IR spectra of ligands vibrational band observed at 1374 cm™" and 1165 cm™' are assigned to
asymmetric and symmetric SO, stretching modes, respectively. The presence of single and strong NH band
at~3192 cm™' confirms the presence of secondary amine group in compounds.
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Table 2. Vibrational assignment of studied compound

Mod Experimental ~ B3LYP/6-311++G(d,p) Vib. Assign.

132 3836 v5(OH)

131 3192 3520 Vas (NH)

130 2925 3206 V5(CH)r2

129 3202 Vs (CH),

128 3190 Vas (CH)2

127 3187 Vs (CH)

126 3185 Vas (CH)2

125 3169 Vs (CH)

124 3149 Vas (CH)

123 3126 v5(C39-Hy)

122 3106 Vgs (C43-H,)

121 3103 Vs (C35-H,)

120 3084 Vs (C39-H,)

119 3082 Vgs (C35-Hs)

118 3072 Vgs (C43-H,)

117 3068 v (C2-H)

116 3033 v (C39-H,)

115 3029 v (C35-H,)

114 3024 Vs (C43-H,)

113 1690 v (C30-C31)

112 1680 V(C2-N) + v(CC)p2
111 1650 v(CC)y + v(C2-C3) + 6(CH)n
110 1630 v(CC); + 8(C4-012-H) + 6(CH),
109 1625 1618 V(CC)rz + v(C2-CN) + 3(CH)y,
108 1598 v(CC);; + 8(CH),,
107 1532 v(C34-N) + v(C30-C31)
106 1530 v(CC);y + 6(CH),y

105 1514 v(CC);, + 8(CH),,

104 1504 d(C35-Hy)

103 1502 d(C43-Hy)

102 1488 d(C43-Hy)

101 1487 d(C35-Hy)

100 1481 3(C39-Hy)

99 1473 8(C39-Hs) + 8(C35-Hs)
98 1454 3(SNH)

97 1450 v(CC)n

96 1434 v(CC)r, + 3(N1-C-H)
95 1425 d(SNH) + 8(C31-NH)
94 1420 v(C35-Hs) + y(C39-Hs)
93 1418 v(C43-Hs)

92 1412 8(N1-C-H)

91 1404 v(C39-Hz)

90 1374 1300 V55(S0,)

89 1165 1125 v5(SO)
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Figure 2. Experimental FT-IR spectra of (Z) -N- (3,4-dimethylisoxazol-5-yl) -4- (2-hydroxy-5-

NMR

methylbenzylidene) amino) benzenesulfonamide

Theoretical NMR calculations were performed with B3LYP/6- 311G++(d, p) level of theory in DMSO phase.
Isotropic shielding tensors of **C were changed into chemical shifts by using a linear relationship suggested by
Blanco et al. [17]. A similar relationship proposed by Silva et al. [18] was used to obtain chemical shifts for *H.
The computed chemical shift values fit well with experimental values. The experimental and calculated chemical

shift values are shown in Table 3.

Table 3. The experimental and theoretical *H and**C NMR chemical shifts 8(ppm) for (Z) -N- (3,4-
dimethylisoxazol-5-yl) -4- (2-hydroxy-5-methylbenzylidene) amino) benzenesulfonamide

Assigment d(exp.) o(calc.)
C1 6.27 6.08

C4 12.51 12.48
C12 191.75 192.00
Ar-CHs 20.36 21.45
Ar-C 95.88-170.86 95.00-172.75
H1 1.69 1.70

H4 2.10 2.07
Ar-CHs 2.31 2.87
CH=N 8.91 8.95
Ar-H 6.60-7.80 6.62-7.92
NH 11.10 11.28
OH 12.20 12.80
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CONCLUSION

In these study, structure of (Z) -N- (3,4-dimethylisoxazol-5-yl) -4- (2-hydroxy-5-methylbenzylidene) amino)
benzenesulfonamide were investigated with experimental and theoretical spectroscopic (X-RD, FT-IR, NMR)
methods. The all calculated parameters were compared with the experimental ones. The calculated theoretical
values were found to be consistent with the experimental data.
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Abstract

Sulfonamides are the first group of drugs used systematically to prevent the treatment of bacterial infections.
Antibacterial use of sulfonamides began in 1933 when Domagk discovered the efficacy of bacterial infections in
mice.

In this study, the structure of the newly synthesized (Z)-N-(3,4-dimethylisoxazol-5-yl)-4-(2-hydroxy-5-
methylbenzylidene)amino)benzenesulfonamide molecule, which is a sulfonamide derivative, was optimized with
DFT / B3LYP method. 6-31++ G (d, p) and 6-311 ++ G (d, p) basis sets were chosen for calculations. After
determining the stable structure of the synthesized molecule, nonlinear optical properties (NLO), HOMO-LUMO
molecular orbital energies, chemical reactivity descriptors, and molecular electrostatic potential (MEP) and
Mulliken atomic charges were examined. All calculations were performed with Gaussian 09 (Linux) and Gauss
View 5 package programs.

Keywords: Sulfonamides, NLO, HOMO-LUMO, MEP, DFT

INTRODUCTION

Sulfonamides, its derivatives, and complexes are important pharmacological molecules. They are ones of the
oldest synthetic antimicrobial agents and are used in the treatment of many bacterial, protozoal and fungal
infections [1, 2]. Although the use of penicillin and other antibiotics is increased compared to sulfonamides, they
are still used actively in ophthalmic infections and for urinary and gastrointestinal infections [3, 4]. In particular,
situations such as multidrug resistance (MDR), bioterrorism and biological assault increase the need for the
search for new and more effective antibiotics [5-9]. It is very important to examine the physical, chemical and
antibacterial effects of molecules with important biological effects such as sulfonamides. In our previous studies,
we have reported conformational analysis and vibrational spectroscopic investigation of the methanesulfonic
acid hydrazide [10] methanesulfonic acid 1-methylhydrazide [11] sulfonamide, p-toluensulfonamide [12] and
some methanesulfonyl hydrazone derivatives [13-15].

In this study, nonlinear optical properties (NLO), HOMO-LUMO molecular orbital energies, chemical reactivity
descriptors, molecular electrostatic potential (MEP) and Mulliken atomic charges were examined. DFT / B3LYP
method 6-31 ++ G (d, p) and 6-311 ++ G (d, p) basis sets were used in theoretical calculations.
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MATERIALS AND METHODS

The entire calculations of (Z) -N- (3,4-dimethylisoxazol-5-yl) -4- (2-hydroxy-5-methylbenzylidene) amino)
benzenesulfonamide were performed with Gaussian 09(Linux) [16] and Gauss View 05 program packages using
density functional theory (DFT). The geometries of the compounds were fully optimized without any constraint
with the help of an analytical gradient procedure implemented with the B3LYP functional and 6-31++G(d,p)
basis set. Optimized geometry of (Z) -N- (3,4-dimethylisoxazol-5-yl) -4- (2-hydroxy-5-methylbenzylidene)
amino) benzenesulfonamide presented at Fig. 1. The HOMO-LUMO molecular orbital energies and nonlinear
optical properties (NLO) calculated with B3LYP/6-31++G(d,p) level of theory. Molecular electrostatic potential
(MEP) and Mulliken atomic charges were examined with B3LYP/6-31++G(d, p) level of theory.

Figure 1. Optimized molecular structure with atomic numbering of (Z) -N- (3,4-dimethylisoxazol-5-yl) -
4- (2-hydroxy-5-methylbenzylidene) amino) benzenesulfonamide.

RESULTS AND DISCUSSION
HOMO and LUMO Molecular Orbital Energies

The frontier molecular orbitals (FMOs) help for physicists and chemists for the main orbital taking part in
chemical reaction. While the HOMO s directly related to the ionization potential, the LUMO is directly related
to the electron affinity. The molecules with a larger AEsomo-Lumo band gap should be less reactive than one
having a smaller gap [16].
The calculated values of HOMO and LUMO energies and AEyomo-Lumo band gaps of studied molecules were
listed in Table 1. As shown in Fig. 2 and Table 1, the difference between HOMO and LUMO energy levels
(AEhomo-Lumo ) Were found to be 4.03 eV. The ionization energy and electron affinity can be expressed through
HOMO and LUMO orbital energies according to the Koopman's theorem [17];

1= -Enhomo 1)

A= -ELumo 2
In the past, the hardness has been associated with the stability of chemical system [18]. The chemical hardness
corresponds to the gap between the HOMO and LUMO orbitals. The larger the HOMO-LUMO energy gap the
harder molecule.

n= % (ELUMO'EHOMO) (3)

The chemical softness is as follows,
_1

= (4)
2n
Electro negativity is a measure of the tendency of an atom to attract a bonding pair of electrons.
1
2 =5(1+A) 5)

Electronic chemical potential p defined by Parr and Pearson [19] as follow;
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u=- %(""A) :%(EHOMO + ELumo) (6)
The global electrophilicity index @ was introduced by Parr [20] and calculated as follow equation;
w=1/2n (7
3 4 ‘¢ Epumo
4y g g —r—
@
9 ’,

Egomo - ELumo =4-1539 eV

‘9
. i Eqomo

Figure 2. Molecular orbital surfaces and energy levels for the HOMO and LUMO of (Z) -N- (3,4-
dimethylisoxazol-5-yl) -4- (2-hydroxy-5-methylbenzylidene) amino) benzenesulfonamide.

All the calculated parameters were given in Table 1.

Table 1. Calculated values for frontier orbital energies, energy band gap (AE), ionization energy (1), electron
affinity(A), electronegativity(), chemical hardnesses (n) and chemical softness (S), chemical potential(y) and
electrophilicity index (o) of (Z) -N- (3,4-dimethylisoxazol-5-yl) -4- (2-hydroxy-5-methylbenzylidene)
amino) benzenesulfonamide.

Physical properties B3LYP/6-311++G(d,p)
E,omo (€V) -6.49829
E uwo (EV) -2.34441
AE=E_vo.Lumo €V) 4.15390
| (eV) 6.49829
A (eV) 2.34441
Y (eV) 4.42135
neVv) 2.07695
SV 0.24074
u(eV) -4.42135
o (eV) 4.70602
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Nonlinear optical properties (NLO)

The dipole moment (), the static polarizability (o) and first static hyperpolarizability (By) are related directly
to the nonlinear optical (NLO) activity of structures. The calculated values of the polarizabilities and the
hyperpolarizabilities from Gaussian 09 output were converted from atomic units into electrostatic units (a: la.u
=0.1482*10*esu; B: la.u = 8.6393*10esu) [21].

The total static dipole moment, p is defined as; p = (u,2 + pyz + 1,2)"2. The calculations of static polarizability
(0ave) and first static hyperpolarizability (By) from the Gaussian output have been stated in detail previously [22]
as follows:

12

<0> = 1/3 (Oxx T Oyy + 077 ) 8

Brot = [(Buooc+ Byt Braa)” + Byt Bzt By + (Brzz Boot Bun) 1™ 9)

The first static hyperpolarizability (Bi), mean polarizability (<o>) and the ground state dipole moment (p) of (Z)
-N-  (3,4-dimethylisoxazol-5-yl) -4- (2-hydroxy-5-methylbenzylidene) amino) benzenesulfonamide were
calculated and results presented at Table 2. First static hyperpolarizability of studied compound was computed to
be 12740.4 x10™* esu. It found that, the first static hyperpolarizability of (Z) -N- (3,4-dimethylisoxazol-5-yl) -4-
(2-hydroxy-5-methylbenzylidene) amino) benzenesulfonamide is 342.65 times larger than that of urea (0.3728x
10*%su). According to this result, (Z) -N- (3,4-dimethylisoxazol-5-yl) -4- (2-hydroxy-5-methylbenzylidene)
amino) benzenesulfonamide present large nonlinear optical activity and this compound is candidate system for
nonlinear optical applications.

Table 2. The electric dipole moment p (D), the mean polarizability <o> (x 10%%esu) and the first
hyperpolarizability Bo (x10%esu) of  (Z) -N- (3,4-dimethylisoxazol-5-yl) -4- (2-hydroxy-5-
methylbenzylidene) amino) benzenesulfonamide by DFT B3LYP/6-31++G(d,p) method.

Parameter Parameter Sulfisoxazole
B 0.7256 B -1658.9
" 8.3772 B -348.3
K, 0.2713 By 937
M 8.4129 B 190.3
o 499.14 B 120.6
o, 031 B, 47.1
o, 265.19 B, -8.56
o, -9.77 B, 100.7
o, 15.37 B, 30.7
o 182.49 B, 4.8
<o>(au.) 315.6 B (au) 14747
<o>(esu) 46.77 B, (esu) 12740.4

o: la.u=0.1482%10""esu
B: la.u=8.6393*10 esu
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Molecular Electrostatic Potential Surface

The MEP for the title compound was composed by DFT calculation using the optimized geometry at the
B3LYP/6-311++G(d, p). Our aim is to investigate reactive sites for electrophilic and nucleophilic attack, the
regions of the MEP. The MEP of (Z) -N- (3,4-dimethylisoxazol-5-yl) -4- (2-hydroxy-5-methylbenzylidene)
amino) benzenesulfonamide by DFT B3LYP/6-31++G(d,p) method molecule in 3D is presented in Fig. 3.

9 2 2
J“"’\ -2 2 s

'/{3 Ly o 9
\\ . P 9 “ )

Figure 3. Molecular electrostatic potential of (Z) -N- (3,4-dimethylisoxazol-5-yl) -4- (2-hydroxy-5-
methylbenzylidene) amino) benzenesulfonamide.

As shown in Fig. 3, while the blue colors indicate for partial positive regions to nucleophilic reactivity (where is
the electron-poor region), red and yellow colors indicated for the negative regions of the MEP (where is the
electron-rich region) are related to electrophilic reactivity. While the blue colors represent strongest attraction,
the red colors represent repulsion.

Mulliken Atomic Charges

The calculation of atomic charges very important in the application of quantum mechanical calculations the
molecular systems due to atomic charges affect some molecular properties including dipole moment and
molecular polarizability. Also, the atomic charges have been used to describe the MEP surfaces. We calculated
the Mulliken atomic charges of (Z) -N- (3,4-dimethylisoxazol-5-yl) -4- (2-hydroxy-5-methylbenzylidene)
amino) benzenesulfonamide) by using DFT/B3LYP methods and 6-311++G(d,p) basis set. The total Mulliken
atomic charges were listed in the Table 3.
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Table 3. Mulliken atomic charges of (Z) -N-
methylbenzylidene) amino) benzenesulfonamide molecule by using B3LYP/6-311++G(d,p) level of theory.

(3,4-dimethylisoxazol-5-yl)

-4-

Atoms B3LYP/6-311++G(d,p) Atoms B3LYP/6-311++G(d,p)
C2 -0,154 H8 0,171
C3 0,700 H10 0,184
C4 -0,660 H1l 0,205
C5 -0,564 H13 0,302
C6 -0,248 H14 0,208
C7 0,267 H44 0,162
C9 -0,384 H45 0,160
C43 -0,505 H46 0,167
C15 -0,088 H19 0,211
Table 3. (continued)

Atoms B3LYP/6-311++G(d,p) Atoms B3LYP/6-311++G(d,p)
C16 -0,304 H21 0,219
C17 -0,154 H23 0,242
C18 -0,169 H24 0,219
C20 -0,068 H29 0,355
C22 0,063 H36 0,196
C30 0,550 H37 0,191
C31 -0,526 H38 0,157
C34 0,381 H40 0,181
N1 0,179 H41 0,172
N28 -0,104 H42 0,182
N33 -0,471

012 -0,255

026 -0,082

027 -0,193

032 0,173

S25 -0,012

(2-hydroxy-5-

According to the calculated Mulliken atomic charges, the C3 atom has a largest positive atomic charge and C4
atom has a largest negative atomic charge. As can be seen the Table 3, all of the hydrogen atoms have positive
charge. The obtained atomic charge was showed that the H29 atom has bigger positive atomic charge than the
other hydrogen atoms. The N28, N33 and 026, 027 atoms have negative atomic charges. This behavior may be
result of the intermolecular hydrogen bond.
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CONCLUSION

In the present study, we investigated the HOMO and LUMO molecular orbital energies, global reactivity
descriptors nonlinear optical properties (NLO) , molecular electrostatic potential( MEP) and Mulliken atomic
charges of (Z2) -N- (3,4-dimethylisoxazol-5-yl) -4-  (2-hydroxy-5-methylbenzylidene)  amino)
benzenesulfonamide compound. All calculations performed by using quantum chemical density function theory
(DFT) B3LYP functional 6-31 ++ G (d, p) and 6-311 ++ G (d, p) basis sets. The HOMO-LUMO energy gap
value of (Z) -N- (3,4-dimethylisoxazol-5-yl) -4- (2-hydroxy-5-methylbenzylidene) amino) benzenesulfonamide
was found to be 4.1539 eV. According to the energy band gap between the HOMO and LUMO, the value of
chemical hardness and chemical softness is 2.07695 eV and 0.24074 eV for the title molecule. The
computational results show that By for the title compound is greater than those of urea. So (Z) -N- (3,4-
dimethylisoxazol-5-yl) -4- (2-hydroxy-5-methylbenzylidene) amino) benzenesulfonamide molecule is a good
candidate system as a nonlinear optical material.

REFERENCES

[1] Anand N., in: Wolff M.E. (Ed.).1996. Burger’s Medicinal Chemistry and Drug Discovery, fifth ed.,
Therapeutic Agents; New York: J. Wiley & Sons.

[2] Mastrolorenzo A., Scozzafava A., Supuran C.T.,2000. Antifungal activity of silver and zinc complexes of
sulfadrug derivatives incorporating arylsulfonylureidomoieties, Eur. J. Pharm. Sci. 11 (2) :99-107.

[3] Barnhart E.R. (Ed.), 1989. Physicians Desk Reference, PDR, 43rd ed, Medical Economics, New York.

[4] Singh H., Srivastava V.K., Shukla S.N., Srivastava M.K., Upadhyay M.K.,1994. Synthesis, characterization
and fungitoxicity of manganese(ll), iron(ll), cobalt(ll), nickel(Il), copper(ll) and zinc(ll) complexes of N-
phenyl-S-phenyl-I ,3,4-0xadiazole-2-sulphonamide and S-phenyl- 1,3,4-oxadiazole-2-imino
sulphonamide,Indian J. Chem. 33A : 350-353.

[5] Metwally K.A., Abdel-Aziz L.M., Lashine E.M., Husseiny M.l., Badawy R.H.,2006. Hydrazones of 2-aryl-
quinoline-4-carboxylic acid hydrazides: synthesis and preliminary evaluation as antimicrobial agents, Bioorg.
Med. Chem. 14 :8675-8682.

[6] Hadj-esfandiari N., Navidpour L., Shadnia H., Amini M., Samadi N., Faramarzi M.A., 2007. A. Shafiee,
Synthesis, antibacterial activity, and quantitative structure-activity relationships of new (2)-2-
(nitroimidazolylmethylene)-3(2H2H)-benzofuranone derivatives, Bioorg. Med. Chem. Lett. 17 : 6354-6363.

[7] Khan M.W., Alam M.J., Rashid M.A., Chowdhury R.,2005. A new structural alternative in benzo [b] furans
for antimicrobial activity, Bioorg. Med. Chem. 13: 4796-4805.

[8] Nilo Z., Alves S.H., Coelho H.S., Borchhardt D.M., Machado P., Flores ,, da Silva F.M., Spader T.B.,
Santurio J.M., Bonacorso H.G., Martins M.A.,2007. Synthesis, antimicrobial activity, and QSAR studies of
furan-3-carboxamides, Bioorg. Med. Chem. 15 :1947-1958.

[9] Greenfield R.A., Bronze M.S., 2003. Prevention and treatment of bacterial diseases caused by bacterial
bioterrorism threat agents, Drug Discov. 8:881-888.

[10] lenco A., Mealli C., Paoli P., Dodoff N., Kantarci Z., Karacan N., 1999. Structure and vibrational
spectrpscopy of methanesulfonic acid hydrazide: an experimental and theoretical study, New J. Chem. 23: 1253-
1260.

[11] Ozbek N., Alyar S., Karacan N.,2009. Experimental and theoretical studies on methanesulfonic acid 1-
methylhydrazide: antimicrobial activities of its sulfonylhydrazone derivatives, J. Mol. Struct. 1-3:48-53.

[12] Alyar S., Zengin H., Ozbek N., Karacan N.,2011. Synthesis, characterization, spectroscopic properties,
theoretical calculation, and antimicrobial activity of new aryldisulfonamides, J. Mol. Struct. 992:27-32.

93



ADIM FIZIK GUNLERI VIII I
I Bilecik Seyh Edebali Universitesi, Fen-Edebiyat Fakiiltesi, Fizik Bﬁliiml'il I .

12 - 15 EYLUL 2019, BILECIK / TURKIYE

EDERA BILECHK SEYH EDEBAL
(IVERSITES| OMIVERSITES

[13] Dodoff N.I., Ozdemir U., Karacan N., Georgieva M.Ch., Konstantinov S.M., Stefanova M.E.,1999. Schiff

bases of methanesulfonylhydrazine. Synthesis, spectroscopic characterization, conformational analysis and

biological activity, Z. Naturforsch 54b :1553-1562.

[14]0zbek] N., Kavak G., Ozcan Y., Ide S., Karacan N.,2009. Structure, antibacterial activity and theoretical

study of 2-hydroxy-1-naphthaldehyde-N-methylethanesulfonylhydrazone, J. Mol. Struct. 919:154-159.

[15] Alyar S., Ozmen U.O., Karacan N., Senturk O.S., Udachin K.A., 2008. Tautomeric properties,

conformations and structure of 2-hydroxyacetophenone methanesulfonylhydrazone, J. Mol. Struct. 889: 144-

149.

[16] Kurtaran R., Odabasoglu S., Azizoglu A., Kara H., Atakol O. 2007. Experimental and computational study
on [2,6-bis(3,5-dimethyl-N-pyrazolyl) pyridine]-(dithiocyanato)mercury(Il)”, Polyhedron, 26:5069-5074.

[17] Koopmans T., 1933. Uber die Zuordnung von Wellenfunktionen und Eigenwerten zu den einzelnen
Elektronen eines Atoms, Physica 1: 104-113.

[18] Pearson R. G., 2005.Chemical hardness and density functional theory , J. Chem.Sci. 117:369-377.

[19] Parr R. G., Pearson R. G., 1983. Absolute hardness: companion parameter to absolute electronegativity” J.

Am. Chem. Soc. 105:7512-7516.

[20] Roy R. K., Choho K., De Proft F., Geerlings P., 1999. Reactivity and stability of aromatic carbonyl

compounds using density functional theory-based local and global reactivity descriptors”, J. Phys. Org. Chem.

12: 503-509.

[21] Sundaraganesan N., Kavitha E., Sebastian S., Cornard J. P., Martel M.,2009. Experimental FTIR, FT-IR

(gas phase), FT-Raman and NMR spectra, hyperpolarizability studies and DFT calculations of 3, 5-

dimethylpyrazole, Spectrochemica Acta Part A 74: 788—797.

[22] Alyar H., Kantarci Z., Bahat M., Kasap E.,2007. “Investigation of torsional barriers and nonlinear optical
(NLO) properties of phenyltriazines”, J. Mol. Struc. 834-836: 516-520.

94



E1 I

ADIM FIZIK GUNLERI VIII I
Bilecik Seyh Edebali Universitesi, Fen-Edebiyat Fakiiltesi, Fizik Bﬁliiml'il I .
12 - 15EYLUL 2019, BILECIK / TURKIYE -
BILECH E

! " BLECHK SE'H EDERAL
OMIVERSITES OMIVERSITES

r
=
=}
-

Mn ve Sn katkili ZnO nanopartikiillerinin Sol-gel metodu ile elde edilmesi ve X-
15101 ile yapisinin aydinlatilmasi

Asli A. KAYA"
Bilecik Seyh Edebali Universitesi, Fen Edebiyat Fakiiltesi, Fizik Boliimii, Bilecik, Tiirkiye
*Sorumlu yazar e-mail: asli.kaya@bilecik.edu.tr

Ozet

II-IV. grup yan iletken sinifinda yer alan c¢inko oksit (ZnO) nanopartikiillerine farkli gecis metalleri
katkilandiginda band boslugunda degisimler meydana gelmektedir. Bu degisimler malzemenin uygulama alanina
gore kullanim alanlarmi genisletmektedir. Bu nedenle, o0zellikle gecis metallerinin  katkilandigi ZnO
nanopartikiillerinin sentezi ve yapilarinin aydinlatilmasi yogun bir sekilde calisilmaktadir. Bu ¢alismada, saf
Zn0, %0,5, 1,5 ve 2,5 oranlarinda Mn ve Sn katkili ¢inko oksit nanopartikiillerinin sol-gel metodu ile elde
edilmistir. Elde edilen nanopartikiillerin yapilar1 X-1s1n1 toz difraksiyon yontemi ile aydinlatilmigtir.

Anahtar Kelimeler: Cinko oksit, X-1sin1 analizi, Sol-gel metodu

Synthesis of Mn and Sn doped ZnO nanoparticles by Sol-gel method and
characterization of their structures by X-ray

Abstract

When different transition metals are added to the zinc oxide (ZnO) nanoparticles in the class of I1-1V group
semiconductor, changes occur in the band gap. These changes extend the usage areas of the material according
to the application area. For this reason, the synthesis of ZnO nanoparticles to which transition metals are doped
and the elucidation of their structures are extensively studied. In this study, pure ZnO, Mn and Sn doping at 0.5,
1.5 and 2.5% of zinc oxide nanoparticles were obtained by sol-gel method. The structures of nanoparticles were
illuminated by X-ray powder diffraction method.

Keywords: Zinc oxide, X-ray analysis, Sol-gel method.

GIRIS

II-IV. grup yari iletken smifinda yer alan ¢inko oksit (ZnO) genis bir band bosluguna (3,27 eV) sahip ve genel
olarak hegzagonal yapiya sahiptir [1]. Cinko oksitler, optik, optoelektronik, manyeto-elektronik, mikrodalga
cihazlar1 gibi bir¢cok alanda kullanilmaktadir [2]. Bu tiir malzemelerin optik band boslugu, kristal yapilar gibi
ozellikleri gecis metallerinin katkilanmasiyla degisiklik gostermektedir. Bu degisiklikler, malzemelerin kullanim
alanlarim1 da degistirebilmektedir. Bu nedenle, farkli gecis metalleri katkilanarak olusturulan ¢inko oksitlerin
elde edilmesi ve yapilarinin aydinlatilmas: énemlidir.

Bu ¢alismada, farkli konsantrasyonlarda Mn ve Sn katkili ¢inko oksit nanopartikiillerinin sol-gel metodu ile elde
edilmistir. Elde edilen nanopartikiillerin yapilar1 X-1s1m1 toz difraksiyon yontemi ile aydinlatilmistir. Kristal
analizi sonucunda kristal yapisindaki degisiklikler tartigilmigtir.
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Zn(Ac), 2H,0, MnCl,.4H,0 ve SnCl,.2H,0 tuzlari satin alinarak saflastirmaksizin esit derisimlerde ¢ozeltileri
hazirlanmustir. Katkisiz ve katkili ZnO nanopartikiilleri, Zn;,Mn,Sn,O, x = 0; 0,005; 0,015; 0,025 igerecek
sekilde uygun hacimlerde alinarak sulu c¢ozeltileri hazirlanmistir. Cozeltinin pH s1 7 olacak sekilde ayarlanarak
kontrol altinda tutulmustur. Sulu ¢ozelti oncelikle 70 °C sicaklikta bir saat karistirilarak homojen hale
getirilmistir. Sonrasinda sicaklik 150 °C’ye ¢ikarilarak ¢oziiciiniin tamamen u¢masi saglanmistir. Elde edilen toz
numunelerin kararl kristal yailar elde edilmek i¢in 500 °C’de 4 saat tutulmustur.

BULGULAR ve TARTISMA

Bu caligmada katkisiz ¢inko oksit (ZnO) ve farkli konsantrasyonlarda Mn ve Sn katkili ZnO nanopartikiillerinin
sol gel metodu kullanilarak elde edilmesi ve yapilarinin aydinlatilmasi hedeflenmistir. Cok genis bir uygulama
alanina sahip olan ZnO nanopartikiillerinin katkilanarak o6zellikle band boslugu degistirilebilir. Boylelikle
uygulama alanlart da daha genisletilebilir. Bu malzemelerin uygulama alanlarinin 6neminin yaninda kristal
olarak elde edilmeleri de bir o kadar 6nem tasimaktadir. Ayrica sol gel yontemi, kimyasal bir yontem olmakla
birlikte ucuz ve uygulama kolaylig1 gibi avantajlari1 da vardir. Bu yontemde sistem sivi fazdan (sol) kat1 faza (jel)
gecis yapar. Zn(Ac), 2H,0, MnCl,.4H,0 ve SnCl,.2H,0 tuzlari ayni derisimlerde ¢6zeltileri hazirlanip, Tablo 1°
de listelendigi hacimlerde karistirilarak sivi ¢ozeltiler (sol) hazirlanmistir. Oncelikle maddelerin homojen
karisimi saglanarak suyun uzaklastirilmasi ile kat1 malzemeler elde edilmistir. Son olarak ta kararl kristaller elde
edilmek i¢in 500 °C’de malzemeler tavlanarak nanopartikiiller elde edilmistir.

Tablo 1. Sivi1 gozeltilerin karisim oranlari

- Cozeltiler (mL)
Nanopartikiller Zn(Ac), 2H,0 MnCl,.4H,0 SnCl,.2H,0
ZnO 100
ZNg,990MnNo 005SN0,0050 99 0,5 0,5
ZNg,970MnNo 015SN0,0150 97 1,5 15
ZNo,950MNg025SN0,0250 95 2,5 2,5

Katkisiz ve katkili ZnO nanopartikiillerin XRD toz difraksiyon analiz sonuglar1 Sckil 1’ de resmedilmistir.
Katkisiz ZnO nanopartikiiliin elde edilen pikleri incelendiginde, piklere ait miller indisleri literatiirden elde
edilenler ile uyum igerisinde olup, nanopartikiillerin wurtzite-hekzagonal yap1 fazinda kristallendigini
gostermektedir. Mn ve Sn katkili ZnO nanopartikiillerininde ayni1 yap1 fazinda kristallendigi gdzlenmistir.
Numuneye yapilan Mn ve Sn katkilariyla, katki miktarinin artisiyla piklerin siddetinde artan azalmalar tespit
edilmistir. %1,5 ve %2,5 oraninda Mn ve Sn katkilanan XRD deseni incelendginde ZnO nanopartikiillerine ait
piklerin disinda yeni pikler olustugu goézlenmistir. Bu olusumlar, %1,5 ve %2,5 oraninda Mn ve Sn katkilarmin
ZnO disina yeni bir faz olustugunu gostermektedir. Bu durum, ilave edilen katkilarin ZnO yapisina katilmak
yerine disinda bir yapr olusturdugun gostermektedir. Olusan bu yeni fazin kalay oksitten kaynaklandigi
diistiniilmektedir.
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Sekil 1. Katkisiz ve katkilt ZnO nanopartikiillerin X Rd difraksiyon analiz sonuglari

SONUC

Katkisiz, Mn ve Sn katkilt ZnO nanopartikiilleri sol-gel metodu ile elde edilmistir. Elde edilen nanopartikiillerin
wurtzite-hekzagonal yapi fazinda kristallendigini XRD sonuglarindan elde edilmistir. Katki yapilmasi ile XRD
desenlerinin siddetinde azalma gozlenmistir. %1,5 ve %2,5 oraninda Mn ve Sn katkilanan nanopartikiillerde yeni
bir fazin olustugu belirlenmistir.

KAYNAKLAR

[1] Ozgur U, Alivov YL, Liu C, Teke A, Reshchikov MA, Dogan S, Avrutin V, Cho SJ, Morkoc H. 2005. J.
Appl. Phys. 98, 041301.
[2] Ohno H, Matsukura F, Ohno Y. 2002. JSAP Int. 5, 4.
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Hegzagonal yapili ZnO molekiillerinin modellenmesi, Mn ve Sn katkisi ile
optik band boslugunun degisiminin kuramsal incelenmesi
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'Bilecik Seyh Edebali Universitesi, Fen Edebiyat Fakiiltesi, Fizik Béoliimii, Bilecik, Tiirkiye
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Ozet

Bu calismada, ZnO molekiillerinin hegzagonal yapida sekli cizilerek optimize edilmistir. Optimize molekiil
iizerinden Zn atomlar1 yerine Mn ve Sn atomlart yer degistirilerek her bir molekiil i¢in elektronik enerjileri
hesaplanmis ve optik yogunluk analizleri yapilmistir. Her bir molekiiliin band boslugu (Ey) hesaplanarak gecis
metallerinin ilavesi ile degisimler tartigilmstir.

Anahtar Kelimeler: ZnO, Band boslugu, Optik yogunluk analizi, pm6

Modeling of hexagonal ZnO molecules, theoretical examination of the change of
optical band gap with doping Mn and Sn

Abstract

In this study, hexagonal structure of ZnO molecules is optimized by drawing. Instead of Zn atoms over the
optimized molecule, Mn and Sn atoms were replaced and electronic energies were calculated for each molecule
and optical density analyzes were performed. The band gap (Eg) of each molecule is calculated and the changes
are discussed with the addition of transition metals.

Keywords: ZnO, Band gap, Optical density analysis, Density functional theory

GIRIS

Cinko oksit (ZnQO) nanopartikiilleri, 3.27 eV gibi bir band bosluguna sahip yari iletken malzemelerdir. yar1
iletken sinifinda yer alan metal oksitlerdir [1]. Genel olarak optik, optoelektronik, manyeto-elektronik gibi
yiiksek verimli mavi LED’ler, mikrodalga cihazlar1 gibi bir¢ok alanda kullanilmaktadir [2]. Bu kadar genis bir
uygulama alanina sahip bu malzemelerin farkli gecis metalleri ile katkilanmasi ile optik o6zellikleri
degistirilebilir. Ayrica, son yillarda bilgisayar biliminin ve uygun metotlarinda ilerlemesi ile birlikte, bu tiir
malzemelerin modellenerek kuramsal olarak 6zelliklerinin incelenmesine ilgide artmistir.

Bu ¢alismada, ZnO molekiillerinin hegzagonal yapida sekli ¢izilerek optimize edilecektir. Optimize molekiil
iizerinden Zn atomlar1 yerine Mn ve Sn atomlart yer degistirilerek her bir molekiil i¢in elektronik enerjileri
hesaplanacak ve optik yogunluk analizi yapilacaktir. Her bir molekiiliin band boslugu (E4) hesaplanarak gecis
metallerinin ilavesi ile degisimler tartisilacaktir.
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Hegzagonal yapili Zn;O; molekiillerinin yapisi gizilerek yar1 deneysel yontem ve pm6 taban kiime kullanilarak
optimize edilmistir. Optimize yap1 tizerinden katkisiz, Mn ve Sn katkili ZnO molekiillerinin enerji hesaplamalar
ayni yontem ve taban kiimede yapilmistir. Yapilan tim kuramsal ¢alismalar Gaussian 09 paket programi [3]
kullanilarak yapilmustir.

BULGULAR ve TARTISMA

Zn;04, ZnsMn,0O; ve ZnzMn,Sn,0; molekiilleri yar1 deneysel yontem ve pm6 taban kiimesinde modellenerek
optimize edilmistir. Katkisiz ve katkili ZnO molekiil kiimelerinin optimize molekiil yapilar1 Seckil 17 de
resmedilmigtir.

Zn
O
Mn
ZnO Mn doped ZnO Mn,Sn doped ZnO

Sekil 1. Katkisiz ve Mn, Mn,Sn katkili1 ZnO molekiillerinin optimize yapisi

Optimize edilen molekiil kiimelerinin elektronik enerjileri ve optik yogunluklar1 ayn1 yontem ve taban kiimede
hesaplanmistir. Yapilan hesaplamalarda katkisiz ZnO igin band boslugu, Eg 2.90 eV olarak hesaplanmistir. Bu
deger litratiirde deneysel olarak 3.27 eV olarak o6l¢iilmiistiir [1]. Bu sonu¢ yapilan hesaplamalarin dogrulugunu
desteklemektedir. Daha sonra ginko oksit molekiiliindeki iki Zn*? iyonu yerine Mn*? iyonlar1 yer degistirerek, en
son olarakta iki Zn*? iyonu yerine daha Sn*? iyonlari gegerek hesaplamalar tekrarlanmustir. Her {i¢ molekiil
kiimesi i¢in hesaplanan band boslugu ve optik yogunluk degerleri Sckil 2 ‘de resmedilmistir. ZnO molekiil
kiimesinin sirasiyla Mn ve Mn,Sn katkilanmasi sonucunda band bosluklar1 3.58 ve 3.64 eV olarak
hesaplanmistir. Bu sonu¢ Mn ve Mn,Sn katkilanmasiyla band boslugunun arttigin1 géstermektedir.
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Sekil 2. Katkisiz ve Mn, Mn,Sn katkili ZnO molekiillerinin optik yogunluk grafikleri

SONUC

Yapilan bu ¢alismada, hegzagonal yapili Zn7O07, ZnsMn,07 ve ZnzMn,Sn,O7 molekiilleri optimize edilmistir.
Cikis dosyalarindan her bir molekiil igin orbital yogunluk diyagramlar1 ¢izildi. Molekiillerin sirasiyla 2.90, 3.58
ve 3.64 eV band boslugu degerleri hesaplanmistir. Bu sonug, ZnO molekiillerinin band boslugunun, Eg, Mn ve

Mn,Sn katkilanmastyla arttigin1 gostermektedir.

KAYNAKLAR

[1] Ozgur U, Alivov YL, Liu C, Teke A, Reshchikov MA, Dogan S, Avrutin V, Cho SJ, Morkoc H. 2005. J.

Appl. Phys. 98, 041301.
[2] Ohno H, Matsukura F, Ohno Y. 2002. JSAP Int. 5, 4.
[3] Frisch, M.F., et al. 2009. Gaussian 09. Gaussian Inc.: Wallingford, CT.
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Baz1 oksim molekiillerinin molekiiler docking calismalari: Substituent etkisinin
incelenmesi

Yunus KAYAY
Bursa Teknik Universitesi, Miihendislik ve Doga Bilimleri Fakiiltesi, Kimya Béliimii, Bursa, Tiirkiye
*Sorumlu yazar e-mail: yunus.kaya@btu.edu.tr

Ozet

Bu calismada, bazi fonksiyonel gruplara sahip oksim molekiilleri modellenerek, autodock vina programi
yardimiyla DNA ile etkilesimleri kuramsal olarak incelenmistir. Etkilesimlerde eklenen gruplarin etkileri
tartistlmistir. Farkli gruplara sahip 22 oksim molekiilii B3LYP/6-311++G(d,p) yontem ve taban kiimesinde
optimize edilerek .pdbqt dosyalar1 hazirlanmistir. Elde edilen molekiillerin DNA ile etkilesim caligmalar
sonucunda stilfonil grubu igeren yapilarin en iyi kenetlenmeyi gerceklestigi belirlenmistir.

Anahtar Kelimeler: Oksim, DNA, Molekiiler docking, Autodoc vina

Molecular docking studies of some oxime molecules: Investigation of substituent
effect

Abstract

In this study, oxime molecules with some functional groups were modeled and their interactions with DNA were
examined theoretically with the help of autodock vina program. The effects of the added groups in the
interactions were discussed. 22 oxime molecules with different groups were optimized in B3LYP / 6-311 ++ G
(d, p) method and base set .pdbqt files were prepared. As a result of the interaction studies of the obtained
molecules with DNA, it was determined that the structure containing the sulfonyl group had the best coupling.

Keywords: Oxime, DNA, Molecular docking, Autodock vina

GIRIS

[k kez 1882 yilinda Meyer ve arkadaslar tarafindan sentezlenen oksim molekiilleri, arastirmacilar tarafindan
yiiz yili agkin siiredir yogun bir sekilde ¢alisilmaktadir [1]. Oksim molekiilleri yapisinda azot ve oksijen gibi
heteroatomlar1 bulunduran biyolojik olarak aktif bir molekiildiir. Bu nedenle bir ¢ok uygulama alanina sahiptir
[2-4]. Bu tiir molekiiller ayrica ila¢ etken madde olarak ta kullanilabilirler. Bu nedenle farkli fonksiyonel
gruplara sahip oksim molekiillerinin DNA ile etkilesimlerinin incelenmesi 6nemlidir [5]. Diger taraftan, 6zellikle
ila¢ denemelerinin maliyeti olduk¢a yiiksektir ve sentez agamalari olduk¢a zaman almaktadir. Bu nedenle
molekiillerin 6ncesinde modellenerek, 6zelliklerinin incelenmesi ve 6zellikleri beklenen degerin {izerinde olan
sentezlerin ilizerine yogunlasilmasi 6nemlidir.

Bu calismada, baz1 fonksiyonel gruplara sahip oksim molekiilleri modellenerek, autodock vina program ile

DNA (PDB no = 1BNA) ile etkilesimleri kuramsal olarak incelenmistir. Etkilesimlerde eklenen gruplarin etkileri
tartigilmustir.
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MATERYAL VE METOT

Bu ¢aligmada, genel yapis1 Sekil 1°de gosterilen oksim molekiillerinin R ve R’ gruplariin farklilagmasina gore
Tablo 1’de listelenen 22 oksim molekilii kullanilmistir. Molekiillerin optimizasyonunda yogunluk fonksiyon
kurami (YFK/B3LYP) metodu [6] ve 6-311++G(d,p) taban kiimesi kullanilmistir. Optimize molekiil yapilarin
frekans hesaplamalar1 da yapilarak molekiillerin en uygun geometride optimize olduklar1 dogrulanmistir (negatif
frekans degerinde titresim kipi gozlenmemistir). Molekiiller docking c¢aligmalarinda optimize molekiil
parametreleri kullanilmistir. YFK hesaplamalarinda Gaussian 09 paket programi [7] ve HP Z240 model is
istasyonu kullanilmistir. Optimize molekiil yapilarindan .pdbqt dosyalar1 elde edilmis ve kenetleme
hesaplamalar1 autodock vina programi ile yapilmistir. Kullanilan DNA molekiiliiniin kristal yapis1 protein data
bank (PDB)’ tan indirilmistir (PDB no: 1BNA). Her bir molekiil i¢in 9 farkli konformerdeki baglanma tiirleri
incelenmis, en uygun baglanma tiirii belirlenmistir (RMSD < 2 A).

R
\
C—N
\
R’ O—H
Sekil 1. Oksim molekiiliiniin genel gosterimi

Tablo 1. Calismada kullanilan oksim molekiillerinin listesi

Molekiil R R’

1 -CH2F -CH2ClI
2 -CH2ClI -CH2ClI
3 -CH2Br -CH2ClI
4 -CH2CH3 -CH2ClI
5 -C6H5 -CH2ClI
6 -C6H4F -CH2ClI
7 -C6H4CI -CH2ClI
8 -C6H4Br -CH2ClI
9 -C6H4NO2 -CH2ClI
10 -C6H4NH2 -CH2ClI
11 -C6H4S0O3H -CH2ClI
12 -CH2F -CH2Br
13 -CH2ClI -CH2Br
14 -CH2Br -CH2Br
15 -CH2CH3 -CH2Br
16 -C6H5 -CH2Br
17 -C6H4F -CH2Br
18 -C6HA4CI -CH2Br
19 -C6H4Br -CH2Br
20 -C6H4NO2 -CH2Br
21 -C6H4NH?2 -CH2Br
22 -C6H4S0O3H -CH2Br
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BULGULAR ve TARTISMA

Bu calismada, genel yapist Sekil 1’ de verilmis olan oksim molekiillerine farkli elektronegatiflikte gruplarin
katilmasi ile elde edilen 22 molekiil incelenmistir. Oksim molekiillerinin biyolojik aktif 6zellikleri bilinen bir
ozellik olmasindan yola ¢ikilarak farkli gruplar baglanmis olan oksim molekiillerinin DNA ile etkilesimleri
incelenmistir. Molekiillerin her biri Tablo 1’ de verilmis olan numaralar ile tanimlanmistir ve tartismalar
boyunca bu numaralar kullanilmigtir.

Hesaplamalarda molekiillerin en olasi geometrilerinin bulunmasi icin Gaussian 09 paket programi kullanilmaistir.
Molekiiler docking ¢alismalarinda ise DNA i¢in PDB no=1BNA ve Autudock/vina programi kullanilmistir.
Molekiillerin optimizasyonu B3LYP/6-311++G(d,p) yontem ve taban kiimesinde yapilarak, secilen bazi
molekiillerin optimize yapilar1 Sekil 2’ de verilmistir. Optimize molekiil yapilarinda molekiillerin daha ¢ok
diizlemsel yapiy1 benimsedigi belirlenmistir.

22

Sekil 2. Secilmis bazi oksim molekiillerinin optimize yapisi

Optimize edilen molekiillerin her biri ayr ayr1 1BNA molekiilii ile etkilesimleri Autodock/vina programu ile
hesaplanmistir. Molekiillerin .pdbqt dosyalar1 autodock programu ile olusturulmustur. Molekiillerin DNA ile en
olas1 etkilesimleri belirlenerek kenetlenme enerjileri hesaplanmistir. Her bir molekiil i¢in etkilesim enerjileri
Tablo 2’ de listelenmistir.
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Tablo 2. Oksim molekiillerin DNA ile baglanma enerjileri

Molekiil Kenetlenme enerjileri (kJ/mol)
1 -18.83
2 -18.83
3 -18.41
4 -19.25
5 -23.43
6 -25.52
7 -24.69
8 -24.69
9 -25.10
10 -23.85
11 -26.36
12 -18.41
13 -18.41
14 -18.83
15 -18.41
16 -23.43
17 -24.69
18 -24.69
19 -24.27
20 -25.10
21 -23.85
22 -26.78

Tablo 2’ deki degerleri incelendiginde en yiiksek kenetlenme enerjisinin goriildiigii molekiil siilfonil grubu
iceren oksim molekiilii (22) oldugu ve kenetlenme enerjisinin -26,78 kJ/mol olarak hesaplandig1 goriilmektedir.
Bu molekiilii yine siilfonil grubu igeren ve R2 grubunda klor atomunu bulunduran 11 nolu molekiil izlemektedir.
Bu sonug elektronegatif gruba sahip molekiillerin kenetlenmeye etkisinin yiiksek oldugunu desteklemektedir.
Ancak 22 nolu molekiiliin baglanma enerjisi ¢ok azda olsa 11 nolu molekiilden daha yiiksek hesaplanmistir. Bu
durum polarizlenme giiciinden kaynaklandigi diisiiniilebilir. Siilfonil grubunu igeren 22 nolu bilesigin DNA
molekiilii ile etkilesimini Sekil 3° te gorsellestirilmistir.
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Sekil 3. 22 nolu oksim molekiiliiniin a) DNA nin kiiclik oluklarina kenetlenmesi, b) DNA ile olusturdugu
hidrojen baglari

22 nolu molekiiliin DNA’nin kii¢iik oluklarma ve guanin-sitozin baz ¢iftlerinin oldugu bélge ile etkilestigi
gorlilmektedir. Bu molekiiliin DNA ile etkilesiminde en yiiksek baglanma enerjisine sahip olmasinda hidrojen
baglar1 etkin rol oynamustir.

SONUC

Farkli siibstitiie gruplara sahip 22 farkli molekiil YFK/6-311++G(d,p) yontem ve taban kiimesi kullanilarak
optimize edildi. Optimize edilen her bir molekiil Autodock vina programi kullanilarak, IBNA DNA molekiilii ile
docking hesaplamalar1 yapildi. Hesaplama sonuglarina goére siilfonil grubu igeren 22 nolu DNA’ya en yliksek
kararlilik ile baglandig1 belirlenmistir.
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Brom-asetofenon oksim molekiiliiniin konformer ve infrared spektroskopi
calismasi

Yunus KAYA' Asli A. KAYA?

'Bursa Teknik Universitesi, Mz'ihendislik ve Doga Bilimleri Fakiiltesi, Kimya Béliimii, Bursa, Tiirkiye
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Ozet

Bromoasetofenon molekiilii yapisinda para konumunda brom bagh bir fenol ve oksim grubunu bulunduran
organik bir molekiildiir. Oksim molekiilleri biyolojik aktivite Ozelliklerinden dolay1r yogun ilgi goren
molekiillerdir. Bu tiir molekiillerin ilging elektronik 6zellikleri bu molekiillerin teorik hesaplamalarina olan ilgiyi
artirmaktadir. Bu calismada, bromoasetofenon oksim molekiiliiniin fenil ve oksim karbonu arasindaki bagin
donmesine bagli olarak konformer caligmasi ve en olasi geometrinin frekans hesaplamalan ile infrared
spektroskopisinin incelenmesini icermektedir. Hesaplamalarin tiimiinde Yogunluk Fonksiyon Kurami (YFK),
B3LYP metodu ve 6-311++G(d,p) taban kiimesi kullanilmustir.

Anahtar Kelimeler: Oksim, YFK, Konformer, Spektroskopi

Conformer and infrared spectroscopic studies of bromine-acetophenone oxime

Abstract

Bromoacetophenone molecule is an organic molecule containing a bromine-bound phenol and oxime group in its
para position. Oxime molecules are of great interest due to their biological activity. The interesting electronic
properties of such molecules increase the interest in the theoretical calculations of these molecules. In this study,
the conformer study of the bonding between phenyl and oxime carbon of bromoacetophenone oxime molecule
and the frequency calculations of the most possible geometry and infrared spectroscopy are examined. Density
Function Theory (DFT), B3LYP method and 6-311 ++ G (d, p) base set were used in all calculations.

Keywords: Oxime, DFT, Conformer, Spectroscopy

GIRIS
Oksim molekiilleri, yapisinda azot ve oksijen heteroatomlarina sahip olmasindan dolayi, kuramsal kimya
alaninda 6nemli bir rol oynamaktadir [1]. Bu molekiillerin sahip oldugu bu heteroatomlar, konformer yapisinin

incelenmesini de o©Onemli hale getirmektedir. Ayrica, bu tiir molekiillerin elektronik ve spektroskopik
ozelliklerinin deneysel ve kuramsal incelenmesi 6nemlidir [2,3].

Bu c¢aligmada, yapis1 Sekil 1°de gosterilen bromoasetofenon oksim molekiiliiniin o bagi etrafinda dénmesine
bagh olarak enerji taramasi yapilmistir, en kararli konformer yapisi belirlenerek yeniden optimize edilmistir.
Optimize edilen molekiiliin frekans hesaplamasi yapilarak deneysel IR spektrum sonuglar ile karsilagtirilmigtir.
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Hesaplamalarin hepsinde Yogunluk Fonksiyon Kurami (YFK), B3LYP metodu ve 6-311++G(d,p) taban kiimesi
kullanilmustir.

Br /

Sekil 1. Brom-asetofenon oksim molekiiliiniin yapisi

MATERYAL VE METOT

Biitiin kimyasallar ticari olarak satin alinmis ve saflastirma yapilmadan kullanilmistir. Bromaasetofenon oksim
literatiirde verilen yol ile sentezlenmistir [4]. Sentezlenen molekiiliin FT-IR spektrumu Perkin Elmer Spektrum II
spektrofotometre ile dl¢iilmiistiir.

Biitiin hesaplamalarda Gaussian 09 [5] paket programi kullanilmistir. Konformer ¢alismalar1 optimizasyon ve
titresim frekanslarinin hesaplanmasinda DFT/B3LYP metod [6] ve 6-311++G(d,p) taban kiimesi kullanilmustir.
Frekans hesaplamalarinin harmonik osilatore gore yapilmasi ve bazi sistematik hatalardan dolay1 hesaplanan
frekans degerleri deneysel degerlerden daha yiiksek ¢ikmaktadir [7]. Bu nedenle, frekans hesaplar1 4000-1700
cm™ araligi igin 0,958 [8], 1700-400 cm™ araligi igin 0,978 [9] skala faktérii ile carpilmustir.

BULGULAR ve TARTISMA

Bu galismada ilk olarak, yapist Sekil 1° de verilmis olan brom-asetofenon molekiiliinde fenol ve oksim karbonu
arasindaki bag, o onar derece artirilmasi ile toplam 36 molekiiliin single point (SP) enerjisi hesaplanmustir.
Hesaplamalar sonucunda potansiyel enerji grafigi (PES) olusturularak en kararli molekiil yapisi belirlenmistir.
Molekiile ait PES grafigi Sekil 2° de verilmis olup, a = 11,9° hesaplanmistir. Optimizasyon ve frekans
hesaplamalar1 bu molekiil iizerinden yapilmistir.

-3013.855
-3013.856
-3013.857 / \ / \
-3013.858 / \ / \
-3013.859

-3013.86 / \ / \

-3013.861

Total energy (Hartree)

Scan step number

Sekil 2. Brom-asetofenon oksim molekiiliiniin PES grafigi
Brom-asetofenon molekiiliin en kararli geometrisi B3LYP/6-311++G(d,p) metod ve taban kiimesinde yeniden
optimize edilip, frekans hesaplamalar yapilmustir. Negatif frekansin goézlenmemesi molekiiliin en kararl

108



ADIM FIZIK GUNLERI VIII
Bilecik Seyh Edebali Universitesi, Fen-Edebiyat Fakiiltesi, Fizik Bﬁliiml'il
12 - 15EYLUL 2019, BILECIK / TURKIYE

BILECHK SE'H EDERAL
UMIVEREBITES

geometride optimize oldugunu gostermektedir. Molekiilde en karakteristik bandlar olan oksim CN ve NO
baglari, sirastyla 1.286 ve 1,398 A olarak hesaplanmistir. Fenil grubundaki CC ¢ift baglar1 ortalama olarak 1,401
A hesaplanmistir. Molekiiliin optimize yapisi Sekil 3° te resmedilmistir.

Sekil 2. Brom-asetofenon oksim molekiiliiniin optimize molekiil yapisi

Molekiilin  harmonik osilatore gore frekans hesaplamalari B3LYP/6-311++G(d,p) seviyesine gore
hesaplanmistir. Deneysel olarak gozlenen ve kuramsal olarak siddeti onun iizerinde hesaplanan kiplerin listesi
Tablo 1° de verilmistir. Aromatik ve alifatik CH bandlar1 genel olarak 3100-2800 cm™ araliginda gozlenmektedir
[10]. Aromatik CH gerilme titresimleri 3058 cm™de gozlenirken 3069 ve 3055 cm™ degerlerinde
hesaplanmustir. Metil grubundan kaynaklanan alifatik CH gerilme titresimleri ise 2943-2896 cm™ degerinde
gozlenirken 2962-2909 cm™ araliginda hesaplanmustir. Oksim molekiillerinde en 6nemi gerilme bandlar1 CN ve
NO gerilme titresimleridir. Bu titresim frekanslari sirastyla 1633 ve 958 cm™ degerlerinde gozlenmistir. Bu
gerilme titresimleri ise programdan 1652 ve 997 cm™ degerlerinde elde edilmistir. Hesaplanan degerlerin
gbzlenen degerlerden daha yiiksek ¢ikmasi molekiiliin kuramsal hesaplarinda izole ortam kullanilmasi ve tek
molekiiliin hesaplamaya katilmas1 gosterilebilir. Deneysel sistemde ise molekiiller arasi hidrojen baglari bu
titresim frekanslarinin daha diisiik degerlerde gozlenmesine neden olmaktadir. Diger titresim frekanslar1 ve
isaretlemeleri Tablo 1’ de listelenmistir.
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Tablo 1. Brom-asetofenon oksim molekiiliin deneysel ve kuramsal frekans degerleri

Mod  Titresim atamalari Deneysel Skalasiz Skalanmus Siddet
8 YNOH + yCCrp 329 322 7
10 yOH 406 397 105
13 vCBr + §NO 462 452 25
15 YCHgen 541o0s 569 556 25
19 8CCfen+ 6CN 754s 781 764 21
20 YCHgen 833s 833 815 13
21 YCHgen 846 827 35
22 vNO + 8CCre 9260s 941 920 119
25 vNO + §CCfen 9580s 1019 997 191
26 8CCen + 6C-C 1024 1001 12
28 dCCen +86C-C 10380s 1083 1059 31
29 dCCfen +86C-C 1105 1081 8
32 8OH + vC-C 12420s 1296 1267 99
35 80H + vC-C 13680s 1390 1359 22
36 yCH 1402 1371 9
37 S8CHien + VCCrep 1424 1393 22
38 yCH 1486 1453 12
39 yCH 1496 1463 12
40 S8CHien + VCCrep 1464s 1518 1485 53
42 VCCien 1625 1589 17
43 vCN + 80H 16330s 1689 1652 10
44 vCH 2896z 3037 2909 9
45 vCH 2943z 3092 2962 10
47 VCHen 3189 3055 5
49 VCHen 3058¢z 3204 3069 5
51 vOH 3242y 3844 3683 149

y: yayvan, s:giiclii, os: orta, z: zayif, ¢z: ¢cok zayif;
Skala faktrii: 0,958 for 4000-1700 cm™; 0,978 for 1700-400 cm™.

SONUC

Bu calismada, brom-asetofenon oksim molekiiliiniin konformer ve frekans hesaplamalar1 yapilmistir. Molekiiliin
en kararli yapisinda o dihedral acgisinin 11,9° oldugu belirlenmisti. Hesaplanan frekans degerleri deneysel
degerler ile karsilagtirilmigtir. Deneysel sonuglarin hesaplanan degerler ile uyum igerisinde oldugu gozlenmistir.
Gozlenen ve hesaplanan frekans degerleri i¢in korelasyon sabiti 0,990 olarak hesaplanmustir.
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OZELLIKLERININ DENEYSEL YONTEMLE INCELENMESI VE Sc
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Ozet- Al-Sc alasimlari mekanik 6zellikleri bakimindan endiistri sektoriinde onemli bir yere
sahiptir. Bu bakimdan Al-Sc alagimlariin termal 6zellikleri de oldukga ilgi cekmektedir. Bu maksatla
Ozel bir teknikle elde edilen Al-1,1Sc ve Al-1,9Sc alasimlarinin termal 6zellikleri deneysel teknikler
kullanilarak incelendi. Bu ¢alisma Kiitahya Dumlupmar Universitesi ileri Teknoloji Merkezi
laboratuvarinda oda sicakligindan 600°C sicakliga kadar yapildi. Analizin sonucunda Al-1,1Sc ve Al-
1,9Sc alagimlarinin sicakliga bagli olarak termal genlesme sabiti, Young sabiti, entalpi degisimi, Gibbs
enerji degisimi ve entropi degisimi elde edildi. Analizin sonucunda Sc elementinin malzemeye
mukavemet kattig1 belirlendi. Ayrica elde edilen sonuglarin yakin orantili Al-Sc alasgim sonuglariyla
uyumlu oldugu goriildi.

Anahtar Kelimeler- Al-Sc, Diferansiyel Termal analiz, Termomekanik Analiz.

EXPERIMENTAL INVESTIGATION OF SOME THERMAL PROPERTIES
OF Al-1,1Sc and Al-1,9Sc ALLOYS AND COMPARISON OF Sc EFFECT

Abstract- Al-Sc alloys have an important place in the industrial sector in terms of their
mechanical properties. In this respect, the thermal properties of Al-Sc alloys are of great interest. For
this purpose, the thermal properties of Al-1,1Sc and Al-1,9Sc alloys obtained by a special technique
were investigated using experimental techniques. This study was carried out in Kiitahya Dumlupinar
University Advanced Technology Center laboratory from room temperature to 600 °C. As a result of
the analysis, thermal expansion constant, Young's constant, enthalpy change, Gibbs energy change and
entropy change of Al-1,1Sc and Al-1,9Sc alloys were obtained. As a result of the analysis, it was
determined that the element Sc added strength to the material. In addition, it was found that the results
obtained were consistent with the results of Al-Sc alloy.

Keywords- Al-Sc, Differential Thermal Analysis, Thermomechanical Analysis.
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Al-Sc alagimlart hafif ve yiiksek mukavemete sahip olmalar1 nedeni ile havacilik ve ulastirma
endiistrilerinde biiyiik ilgi gormektedir. Yeni alasim elementleri bularak aliiminyumun mekanik
ozelliklerini gelistirmek giiniimiizde de arastirmacilarin ilgisini gekmektedir [1,2]. Ik Al-Sc alasimlari
Willey (1971) tarafindan patentlenmistir [3]. Cesitli aliminyum alagimlarina % 0.1-1 Sc eklendiginde
mekanik Ozelliklerde Onemli bir iyilesmenin oldugu belirtilmistir. Bu bulus, skandiyum igeren
aliminyum alagimlarimin sertlesme mekanizmalari, faz gecisleri, elektronik yapilar ve mekanik
ozselliklerinin detayli aragtirllmasini saglamistir [4]. Aliiminyumdaki ¢oziniirliigiiniin ¢ok diisiik
olmasia ragmen, Skandiyum Aliiminyum ic¢inde belli oranda ¢oziinerek, alagimlarmin mekanik
ozelliklerinin iyilestirilmesinde 6nemli katkida bulunur. Ayrica, Skandiyum elementi alagimin
mukavemetinde artig, tanecik boyutunun azalmasi, yeniden kristallesme sicakliginin artmasi ve sicak
catlamaya kars1 biiyiik oranda direngli olmas1 bakimindan oldukga ilave faydalar saglamaktadir. Bu iki
elementin dort intermetalik faz olusturdugu bilinmektedir: AlsSc, Al,Sc, AlISc ve AlSc,. Diisiik
Skandiyum oranlarinda malzemenin yiiksek mukavemet ve yiiksek sicaklikta yeniden kristallesmesini
saglayan etki malzeme igerisindeki Al3Sc ¢okeltilerinden kaynaklanmaktadir [5,6]. Bu ¢alismada Al-
1,1Sc ve Al-1,9Sc alasiminin termal Slgimleri yapilarak sicaklik degisimi ile fiziksel parametrelerinin
nasil etkilendigi incelenmistir. Ayrica bu 1,1Sc ve 1,9Sc orandaki ilk ¢alisma olmasi bakimindan da
onemlidir.

II. YONTEM VE METODLAR

Termal analiz deneylerinde Al-1,1Sc alagimma ait numunelerin Diferansiyel taramali
kalorimetre (TG/DSC) ve Termomekanik analiz (TMA) dl¢timleri yapilmistir.

TG/DSC i¢in 30 — 1600 °C arasindaki sicakliklarda calisabilen SETARAM marka Labsys Evo
modeli Simultane Termal Analiz cihazi kullanilmistir. TMA deneyleri i¢in 30-1750 °C arasindaki
sicakliklarda caligabilen SETARAM marka Setsys Evo modeli Termo-Mekanik Analiz cihazi
kullanilmastir.

Sekil 1. SENSYS EVO TG-DSC

’,
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Sekil 2. SETSYS EVOLUTION TMA

TG/DSC analizleri i¢in 55 mg agirliginda numuneler platin krozelere konulmustur. Cihaza bagl
bilgisayar yardimiyla argon atmosferinde 10°C/dk 1sitma hiz1 kullanilarak numunelere 30 - 600 °C
sicakliklart arasinda 1s1l islem uygulanmustir. Isil islem siiresince es zamanli olarak malzeme {izerinde
gerceklesen agirlik ve enerji degisimi dlciilmiistiir. Olgiilen degerlerden Entalpi, Gibbs serbest enerjisi
ve Entropi degerleri tliretilmistir.

TMA analizleri i¢in 2,36 mm yiiksekliginde numuneler alumina holder {istline yerlestirilmis ve
5 g yiik uygulanmistir. Cihaza bagl bilgisayar yardimiyla argon atmosferinde 10°C/dk 1sitma hizi
kullanilarak numunelere 30 - 600 °C sicakliklar1 arasinda 1s1l islem uygulanmigtir. Isil islem siiresince
malzeme tlizerinde gerceklesen boyut degisimi ve termal genlesme ve Young modiilii katsayisi elde
edilmistir.

Diferansiyel taramali kalorimetre (TG/DSC) analizleri i¢in kullanilan LABSYS EVO TG-DSC
cihaz1 ve Termomekanik analiz (TMA) icin kullanilan SETSYS EVOLUTION TMA cihaz sirasi ile
Sekil 1 ve Sekil 2’de goriilmektedir. Olgiim cihazlar1 Kiitahya Dumlupinar Universitesi ILTEM
arastirma merkezinde bulunmaktadir.

Elde edilen TG/DSC egrisinde olusan piklerden yeniden kristallesme sicakliklari, pik
alanlarindan entalpi - sicaklik araliklar1 ve 1s1 verileri de kullanilarak entropi hesaplanmistir. Denklem 1
kullanilarak yeniden kristallesme pikine ait Gibbs enerjisi hesaplanmistir. Burada AG; Gibbs enerjisi,
AH; Entalpi, T; yeniden kristallenme sicakligi ve AS; Entropi degerlerini gostermektedir.

AG = AH — TAS (1)

TMA o6l¢iimleri ile elde edilen grafiklerden faydalanarak boyut degisimi (€), termal genlesme

katsayist (@) ve Young Sabiti (E) sirasiyla denklem 2, 3 ve 4 kullanilarak hesaplanmistir. Burada Al;

genlesme miktari, [y; malzemenin ilk uzunlugu ve AT; sicaklik degisimini gostermektedir [8].
Al

€= (2)
@=n (0™ 3)
E =Z(N/m?) @)
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ITII. TARTISMA ve SONUC

Alasimlarin DSC grafikleri Sekil 3’de goriilmektedir. Grafik incelendiginde artan Sc oraninin
yeniden kristallesme sicakligini azalttigi goriilmiistiir. Al-1,1Sc alagiminin yeniden kristallesme
sicakligr 293,71°C iken Al-1,9Sc alasiminin yeniden kristallesme sicakligi 276,55°C olarak deneysel
veriler ile ile elde edilmistir.

3 — Al-1,1Sc
— Al-1,9Sc

Is1 (mW)

T T T T T T T T T T
100 200 300 400 500 600
Sicaklik (°C)

Sekil 3. Al-1,1Sc ve Al-1,9Sc Alagimlarinin DSC grafigi

101,2 4

101,0 4

100,8 4

TG (%)

100,6 4

100,4 4

100,2 4

100,0 4

T T T T T T T T T T
100 200 300 400 500 600
o
Sicaklik ( C)

Sekil 4. Al-1,1Sc ve Al-1,9Sc alagimlarinin sicaklik ile TG(%) degisimi
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Alasimlarin sicaklik artisi ile kiitlesi 6l¢iilmiis ve sicaklik degiskenli kiitle yiizdesindeki degisim
Sekil 4’de verilmistir. Buna gore alasimlarin kiitlesinde azalma olmamistir. Olusan ¢ok kiigiik artig
ortam basincindan kaynaklanmaktadir.

Alagimlarin DSC grafiklerinden yeniden kristallesme sirasinda olusan entalpi, entropi ve Gibbs
enerjisi degisimleri hesaplanmistir. Bu degerler her iki alasim i¢in Tablo 1’de gosterilmektedir. Buna
gore Al-1,9Sc alagiminin entalpi degisimi degeri daha kiigiik bulunmustur. Entropi degisimi degeri ise
her iki alagimda birbirine ¢ok yakin c¢ikmustir. Al-1,9Sc alagiminin entropi degerinin kismen daha
kiigiik olmas1 bu alagimin kristal yapisinin biraz daha diizenli oldugu seklinde yorumlanir.

Yeniden
Kristallesme Sicakhg AH (J/g) AS (J/g°C) AG (J/g)
(*C)
Al 293,71 -14,61 0,0095 -17,41
-1,1Sc ’ ’ ’ ’
Al-1,9Sc 276,55 -5,116 0,0092 -7,664

Tablo 1. Al-1,1Sc ve Al-1,9Sc alagimlarinin bazi termal parametreleri.

2.0 1 1 1 1 1

Ist (mW)

T T T T T
100 200 300 400 500 600

Stcaklik (°C)

Sekil 5. Al-1,1Sc ve Al-1,9Sc alagimlarinin sicaklik ile genlesme degisimi

Termomekanik analiz (TMA) Olgiimlerinde alasimlarin sicaklik ile genlesme oranlari
belirlenmistir. Sekil 5’de alasimlarin TMA grafikleri goriilmektedir. Buradan alagimlarin termal
genlesme katsayilar1 ve Young sabiti hesaplanmistir. Tablo 2’de her iki alagimin farkli sicaklik
degerleri i¢in termal genlesme katsayist ve Young sabiti degerleri gosterilmektedir. Al-1,1Sc
alasiminin ortalama termal genlesme katsayisi 30,33*10'6(°C)‘1, Al-1,9Sc alasiminin ortalama termal
genlesme katsayis1 27,84*10°(°C)~1 olarak bulunmustur. Bu deger saf aliiminyumun termal genlesme
katsayis1 olan 24%10°(°C)1 degeri ile birbirine yakin bir degerdir. Al-1,1Sc alasgiminin Young sabiti
ortalama degeri 25,57 GPa ve Al-1,9Sc alasimiin Young modiilii ortalama degeri 61,71 GPa iken saf
aliminyumun Y oung sabiti degeri 69 GPa degerindedir.
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Al-1,1Sc Al-1,9Sc
Sicakhik o (*10-6) E Sicakhik o (*10-6) E
Arahg (°C) cc)* (GPa) Arahg (°C) )t
(GPa)
45,822 — 126,13 1,077 72,19 42,86 — 122,89 3,34 64,78
126,13 — 143,34 6,97 52,04 122,89- 141,77 10,74 85,54
143,34 — 165,13 71,16 4,02 141,77 — 171,06 51,39 11,52
165,13 — 223,53 7,705 13,87 171,06 — 229,23 11,03 27,03
223,53 — 266,55 37,42 3,87 229,23 — 277,54 39,44 9,10
266,55 — 308,71 24,19 6,12 277,54 — 532,55 43,44 1,56
308,71 — 594,71 45,59 0,47 532,55 — 593,37 47,47 6,00
594,71 — 597,18 48,58 52,04 593,37 — 597,15 15,92 288,17
Aritmetik Ortalama 30,33 25,57 Aritmetik Ortalama 27,84 61,71
45,82- 32,32 0,34 42,58 — 597,15 33,23 0,33
597,18 ' ’ ' ’ ’

Tablo 2. Al-1,1Sc ve Al-1,9Sc alagimlarinin termal genlesme ve Young modulii degerleri

Sonug olarak, DSC verilerinden yeniden kristallesme sicakligi, entalpi, entropi ve Gibbs enerji
degisimleri elde edilmistir. Sc eklenmesi Al-1,9Sc alagimi igin yeniden kristallesme sicakligini
azaltmistir. Termal grafiklerden ve sonuglarindan malzemede ekzotermik reaksiyona sahip oldugu ve
buna bagl olarak ¢ok kii¢iik oranda madde miktarinda artis oldugu goriildii. Gibbs enerji degisiminin
negatif olmasi reaksiyonun istemli, yani kendiliginden olma eyliminde oldugunu, entropi degisiminin
cok kiiciik olmasi ise malzemedeki kristal diizenliliginin iyi oldugunu anlamma gelir. Al-1,9Sc
alastminin entropi degisiminin kiiclik olmasi, kristallesmenin daha diizgiin oldugu, bunun da
mukavemette etken oldugunu ifade edilebiliriz.

TESEKKUR

Bu ¢alismayi destekleyen Kiitahya Dumlupinar Universitesi BAP programina tesekkiirlerimizi
sunariz.
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Abstract

ZnO thin films were deposited by using Sol-Gel Magnetic Spin Coating Technique which is used for the first
time in the literature. In this technique, spin process is performed magnetically. Structural, morphological and
optical properties of obtained ZnO thin films were investigated by X-Ray Diffraction (XRD), Field Emission
Scanning Electron Microscopy- Energy Dispersive X-Ray Spectroscopy (FESEM-EDX) and UV-Vis.
spectroscopy respectively. Thus, it is aimed to show that our newly developed thin film deposition technique can
be used in thin film production. XRD analysis showed that all thin films were polycrystalline nature and matched
with hexagonal ZnO structure. When FESEM images were examined, it was seen that the film consisted of nano
particles which were almost homogeneously distributed over the whole surface. It was also found that there were
no gaps on the surface and there were no stack formations. The chemical composition of the thin films was
obtained by EDX analysis and the structure was proved to be ZnO. The band gap values obtained by UV-Vis
Spectroscopy measurements, were calculated to be approximately 3.3 eV and this value is consistent with the
value found in the literature for ZnO thin films previously. According to these results, ZnO thin films could be
produced more easily and economically with Magnetic Spin Coating Technique which is used for the first time
in the literature.

Keywords: Thin film, ZnO, sol-gel, magnetic spin coating.

Ozet: ZnO ince filmler, literatiirde ilk defa kullanilan “Sol-Gel Manyetik Déndiirerek Kaplama Teknigi” ile elde
edilmistir. Gelistirilen bu teknikte dondiirme islemi, diger pahali tekniklerden farkli sekilde manyetik olarak
gerceklestirilmektedir. Elde edilen ZnO ince filmlerin yilizeysel ozellikleri X-Isin1 Kirinimi (XRD), yiizeysel
Ozellikleri ve kimyasal bilesimi Alan Emisyonu Taramali Elektron Mikroskopisi-Enerji Dagilimli X-Igini
Spektroskopisi (FESEM-EDX) ve optik 6zellikleri UV-Vis. Spektroskopisi kullanilarak incelenmistir. Bu sayede
yeni gelistirilen ince film kaplama teknigimizin ince film {retiminde kullanilabilecegini gostermek
amaglanmaktadir. Yapilan XRD analizlerinde elde edilen tiim ince filmlerin polikristal yapida oldugu ve
hekzagonal ZnO yapist ile birebir Ortiistiigii goriilmiistiir. FESEM goriintiileri incelendiginde ise, filmin tim
ylizeyine hemen hemen homojen dagilmis nanoboyutta taneciklerden meydana geldigi goriilmiistiir. Ayrica
ylizeyde bosluklar olmadig1 ve yigin seklinde olusumlarin bulunmadigi anlasilmistir. EDX analizi ile de ince
filmlerin kimyasal bilesimleri elde edilmis ve yapmin ZnO oldugu ispatlanmistir. UV-Vis Spektroskopisi
Olciimleri ile elde edilen yasak enerji araligi degerleri yaklasik 3,3 eV olarak hesaplanmistir ve bu deger
literatiirde daha 6nce ZnO ince filmler i¢in bulunan deger ile uyum igerisindedir. Bu sonuglara gore literatiirde
ilk defa kullanilan, “Manyetik Dondiirerek Kaplama Teknigi” ile ZnO ince filmler daha basit ve ekonomik bir
sekilde rahatlikla tretilebilmistir.

Anahtar Kelimeler: Ince film, ZnO, sol-gel, manyetik déndiirerek kaplama.
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GIRIS

Fotoelektrik[1], piezoelektrik[2] ve termoelektrik[3] 6zelliklerinin yiiksek olmasindan dolay1 ZnO yariiletkenler;
gaz sensorleri [4], ince film transistorler[5], optoelektronik cihazlar[6], giines hiicreleri[7], UV dedektorler[8],
piezoelektrik giic ceviriciler, yiizey akustik devreleri[9], biosensorler[10] gibi uygulamada kullanilmaktadir.

Ayrica ZnO ince filmler; Magnetron Sactirma[11], lazer asindirma[12], ultrasonik sprey[13], elektrokimyasal
depolama[14] ve sol-gel [15] gibi bir¢ok teknikle tiretilebilmektedir.

ZnO ince film tiretiminde kullanilan kismen maliyetli, karmagik ve yurt disindan ithal edilen sistemlere alternatif
olarak, Sol-gel dondiirerek kaplama metodu gelistirilerek daha ekonomik, basit ve kullanigh Sol-gel manyetik
dondiirerek kaplama metodu kullanilmistir.Bu ¢alisma kapsaminda literatiirde ilk defa kullamilan Sol-gel
manyetik dondiirerek kaplama metodu ile iiretilen ZnO ince filmlerin, yapisal ve ylizeysel karakterizasyonlar
incelenmistir.

MATERYAL VE YONTEM

Teknigin kurulumu i¢in IKA marka, Big Squid White model, 1sitmasiz, yiiksek hizda donebilen (0-3000 rpm)
manyetik karistirici, 6zel yapiskanli PTFE yuvarlak teflon manyetik dondiiriicti ve ince film olusumu sirasinda
altlik dondiiriiliirken {izerine damlatilan sol-gel ¢ozeltisinin etrafa sigramasini 6nleyen bir kapak kullanilmistir.
Kapagin {izerinde uygulama sirasinda ¢6zeltiyi mikropipetle altligin iizerine damlatabilmek i¢in kiigiik bir delik
vardir.

Manyetik dondiirerek kaplama yontemi, elde edilecek filmler i¢in hazirlanan ¢ozeltilerin bir taban tizerine
aktardiktan sonra bu tabani ¢esitli hizlarda ve siirelerde manyetik olarak dondiirerek ¢dzeltinin bu taban {izerine
yayllmast ile film olusturmasidir. Manyetik dondiirerek kaplama olayr temelde bes asamadan meydana
gelmektedir. Bu agsamalar;

1- Hazirlanan ¢6zeltinin altlik iizerine damlatilmasi,

2- Altligin farkli hizlarda ve siirelerde manyetik olarak dondiiriilmesi,

3- Dondiiriilerek elde edilen ince filmin kurutulmasi,

4- Cok kath yap1 hazirlamak i¢in siirecin tekrarlanmasi,

5- Elde edilen ¢ok katli filmde yapinin kristallesmesi igin farkli sicakliklarda tavlama igleminin
gergeklestirilmesi.

Dondiirerek kaplama yonteminde; film kalinlig1, doniis hizi, doniis zamani, kaplama katman sayisi, ¢ézelti hacmi
ve tavlama sicaklig1 gibi parametreler degistirilerek iiretilmek istenen filmler kolayca ¢esitlendirilebilir.

Bu ¢aligmada iiretilen ince filmler i¢in altlik malzeme olarak ISOLAB marka mikroskop lami kullanilmistir.
Zn0 ince filmleri {iretmek i¢in kullanilacak sol-gel ¢ozeltisi 0,5 M olarak hazirlanmustir. Bu sol-gel ¢ozeltisi i¢in
Zn(CH3C00),.2H,0 (¢inko asetat dihidrat), ¢6ziicii olarak 2-metoksietanol ve stabilizor olarak monoetanolamin
(MEA) kullanilmustir. Cozelti hazirlanirken 6nce ¢6zeltinin hazirlanacagi kaba 30 ml 2-metoksietanol
konulmustur. Igerisine 3,3005 gr ¢inko asetat dihidrat ilave edilmistir. 10 dk. 70°C’de karistirilmistir. Daha sonra
cozeltiye 0,3 ml monoetanolamin (MEA) damla damla eklenmistir. 150 dk. 70°C’de karistirilmis ve son olarak
hazirlanan ¢ozelti iki giin bekletilmistir.

Uretilen filmlerden en iyi sonucu elde edebilmek icin damlatma ¢ozeltisi, dondiirme siiresi, dondiirme hizi,
kaplama katman sayis1 ve tavlama sicakliklar1 parametreleri degistirilerek sonuglar incelenmistir. ZnO serisi i¢in
yapilan denemeler sonucunda; damlatma ¢o6zeltisi miktarinin 15 pl, dondiirme siiresinin de 30 s olmasi
kararlastirilmistir. Dondiirme hizlar1 1000, 2000 ve 3000 rpm olarak belirlenen filmlerin 9 katman olarak
kaplanmasi1 ve hava ortaminda 300, 400 ve 500°C’de tavlanmasina karar verilmigtir. ZnO serisi i¢in seg¢ilen bu
parametreler Cizelge 1’de verilmistir.
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Cizelge 1. ZnO serisi i¢in filmlerin kaplama parametreleri.

Dondiirme Hizi | Katman Sayisi Tavlama Seri Adi

(rpm) Sicakhig (°C)
300 Al

1000 9 400 A2 A
500 A3
300 Bl

2000 9 400 B2 B
500 B3
300 Cl

3000 9 400 C2 @
500 C3

DENEYSEL SONUCLAR

Elde edilen filmlerin yapisal 6zelliklerinin incelenmesi icin PANALYTICAL Empreyan X-Isin1 Kirinimi (XRD)
cihaz1 kullanilmigtir,

Sekil 1. A serisi ince filmlerin karsilastirmali XRD analiz spektrumu.

XRD spektrumlarindan da goriildigii gibi, tiim seriler polikristal yapidadir. Ayrica A3 serisi ZnO ince filmlerin
pik siddetleri A1 ve A2 serisi ince filmlerin pik siddetlerinden daha biiyiiktiir. Tiim serilerde en siddetli pik
hekzagonal ZnO yapisina ait (011) pikidir. Ayrica bu filmlerde sirasiyla (010), (002), (011), (012) ve (110)
olmak tizere 5 adet pik gbzlenmektedir.

Cizelge 2’de de A serisi ZnO ince filmlerin XRD spektrumundan elde edilen yar pik genislikleri (FWHM) ve
Scherrer Formiilii ile hesaplanan tane boyutu degerleri verilmistir.

Cizelge 2. A serisi piklerine ait bilgiler.

Seri FWHM D (nm)
Al 0,29 68
A2 0,28 70
A3 0,23 88

Bu veriler ve XRD spektrumlart goz oniine alindiginda, A serisi igin en iyi kristallesmeyi A3 serisi ince filmler
gOstermistir.
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Sekil 2. B serisi ince filmlerin karsilagtirmali XRD analiz spektrumu.

XRD spektrumlarindan da goriildiigi gibi, tiim seriler polikristal yapidadir. Ayrica B3 serisi ZnO ince filmlerin
pik siddetleri, Bl ve B2 serisi ince filmlerin pik siddetlerinden daha biiyiiktiir. Tiim serilerde en siddetli pik
hekzagonal ZnO yapisina ait (011) pikidir. Ayrica bu filmlerde sirasiyla (010), (002), (011), (012) ve (110)
olmak tizere 5 adet pik gozlenmektedir. Cizelge 3°de de B serisi ZnO ince filmlerin XRD spektrumundan elde
edilen yar pik genislikleri (FWHM) ve Scherrer Formiilii ile hesaplanan tane boyutu degerleri verilmistir.

Cizelge 3. B serisi piklerine ait bilgiler.

Seri FWHM D (nm)
Bl 0,25 84
B2 0,23 86
B3 0,18 108

Yari pik genisligi ve ortalama tane boyutu degerleri incelendiginde ve XRD spektrumlari gz 6niine alindiginda,
B serisi igin en iyi kristallesmeyi B3 serisi ince filmler gostermistir.

Sekil 3. C serisi ince filmlerin karsilagtirmali XRD analiz spektrumu.

XRD spektrumlarindan da goriildiigii gibi, tiim seriler polikristal yapidadir. Ayrica C3 serisi ZnO ince filmlerin
pik siddetleri, C1 ve C2 serisi ince filmlerin pik siddetlerinden daha biiyliktiir. Tiim serilerde en siddetli pik
hekzagonal ZnO yapisina ait (011) pikidir. Ayrica bu filmlerde sirasiyla (010), (002), (011), (012) ve (110)
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D

olmak tizere 5 adet pik gozlenmektedir. Cizelge 4’de de C serisi ZnO ince filmlerin XRD spektrumundan elde
edilen yari1 pik genislikleri (FWHM) ve Scherrer Formiilii ile hesaplanan tane boyutu degerleri verilmistir.

Cizelge 4. C serisi piklerine ait bilgiler.

Seri FWHM D (nm)
C1 0,25 82
C2 0,20 90
C3 0,17 112

Yar1 pik genisligi ve ortalama tane boyutu degerleri incelendiginde ve XRD spektrumlar1 géz 6niine alindiginda,
C serisi igin en iyi kristallesmeyi C3 serisi ince filmler gostermistir.

A, B ve C serileri XRD spektrumlar1 incelendiginde her seride en iyi kristallesmeyi gosteren filmlerin 500°C’de
tavlanan A3, B3 ve C3 serileri oldugu goriilmiistiir. Tavlama sicaklig1 arttikca kristallesme iyilesmektedir.

Sekil 4’de tliim seriler iginde en iyi kristallesmeyi gosteren A3, B3 ve C3 ince filmlerin XRD analiz spektrumlari
karsilagtirmali olarak verilmistir. Cizelge 5’te A3, B3 ve C3 serisi ZnO ince filmlerin XRD spektrumundan elde
edilen yari pik genislikleri (FWHM) ve Scherrer Formiilii ile hesaplanan tane boyutu degerleri verilmistir.

Sekil 4. ZnO ince filmlerin karsilagtirmali XRD analiz spektrumu.

Cizelge 5. A3, B3 ve C3 serilerinin piklerine ait bilgiler.

Seri FWHM D (nm)
A3 0,23 88

B3 0,18 108

C3 0,17 112

XRD spektrumlari ve gizelge incelendiginde dondiirme hiz1 arttikga kristallesmenin iyilestigi goriilmektedir. Bu
sonuglara gore, 3000 rpm dondiirme hizinda 9 katman olarak iiretilen ve 500°C’de tavlanan C3 serisi tiim seriler
icinde en iyi kristallesmeyi gdsteren ince film olarak 6ne ¢ikmustir.

Elde edilen filmlerin yiizey oOzelliklerinin incelenmesi i¢in ZEISS Supra 40VP Alan Emisyonu Taramali

Elektron Mikroskobu (FESEM) kullanilmistir. XRD sonuglarina gore en iyi kristallesmeyi gosteren C3 serisi
ZnO ince filmlere ait 50kx ve 100kx biiyiitmeli FESEM goriintiileri verilmektedir.
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Sekil 6. C3 serisi ZnO ince filmlerin 100kx biiyiitmeli FESEM goriintiileri.

FESEM goriintiileri incelendiginde, filmin tiim yiizeyine hemen hemen homojen dagilmis nanoboyutta
taneciklerden meydana geldigi goriilmektedir. Ayrica yigilma seklinde olusumlarin bulunmadigi ve yiizeyde
bosluklar olmadig1, bdylece tanelerin birbirine daha iyi tutundugu goériilmektedir.

Sekil 8’de ise 100kx biiyiitiilmiis FESEM goriintiisii iizerinde belirlenen tane boyutu degerleri verilmektedir.
Goriintiilerden belirlenen tane boyutu degerleri yaklasik 120 nm’dir. Bu tane FESEM goriintiilerinden belirlenen
tane boyutu degerleri XRD spektrumundan hesaplanan tane boyutu degerleri ile ¢ok yakindir ve birbirini
destekler niteliktedir.

Sekil 7. C3 serisi ZnO iﬁcelni erin tane OYujcu égerleri.
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Yiizey ozellikleri incelenen ince filmlerin ayn1 zamanda taramali elektron mikroskobuna baglit BRUKER marka
Enerji Dagilimli X-Isin1 Spektrometresi (EDX) dedektdrii kullanilarak kimyasal bilesimleri de elde edilmistir.
Cizelge 6’da C3 serisi ZnO ince filmlere ait EDX sonuglar1 verilmistir. Alttas {izerinde ZnO yapist olustugu
EDX sonuglarinda da belirlenmistir.

Cizelge 6. C3 serisi ZnO ince filmlere ait EDX sonuglari.

Element Atomik Yiizde (%)
Cinko (Zn) 62
Oksijen (O) 38

Elde edilen filmlerin optik 6zelliklerinin incelenmesi igin UV-Vis Spektroskopisi dlglimleri, Bilecik Seyh
Edebali Universitesi, Merkezi Arastirma Laboratuvari’nda bulunan PERKIN ELMER LAMBDA 25 cihazinda
300 - 1100 nm dalgaboyu araliginda alinmustir. UV-Vis Spektroskopisi 6l¢iimlerinden elde edilen temel
absorpsiyon spektrumu verilerinden yararlanarak filmlerin yasak enerji araliklarinin belirlenebilmesi Tauc
Metodu kullanilmistir. C3 serisi ince filmlerin yasak enerji araligi degeri 3.31 eV olarak hesaplanmustir.

SONUC

Oncelikli hedef olan yeni bir ince film iiretim teknigi olarak "Sol-Gel Manyetik Déndiirerek Kaplama Teknigini
olusturma isi basartyla gerceklestirilmistir. Hazirlanan ¢ozeltiler ile dondiirme hizi, kaplama katman sayisi,
tavlama sicakligi gibi birgok deney parametresi denenmistir. Elde edilen ince filmlerin XRD analiz sonuglari
incelenerek en iyi kristallesmeyi gosteren seriye karar verilmis ve bu sonuglara gore optimum ince film olusum
sartlar1 belirlenmistir. ZnO ince filmlerin iiretimi sirasinda, burada elde edilen sonuglar dogrultusunda ince film
iiretim sartlar1 olarak 3000 rpm dondiirme hizi ve 500°C tavlama sicakligi optimum parametre degerleri olarak
bulunmustur. Belirlenen seriye ait ince filmlerin FESEM goriintiileri de incelenmis ve sonuclarin XRD
spektrumlarindan elde edilen sonuglar ile uyum igerisinde oldugu goérilmistir. Ayrica UV-Visible
Olciimlerinden yasak enerji araligi degeri 3.31 eV olarak belirlenmistir. Bu sonuglar literatiirde daha 6nce ZnO
ince filmler i¢in bulunan degerler ile uyum igerisindedir. Bu incelemelerden de anlasilacag: gibi literatiirde ilk
defa kullanilan, "Sol-Gel Manyetik Dondiirerek Kaplama Teknigi" ile ZnO ince filmler daha basit ve ekonomik
bir sekilde rahatlikla iiretilebilmistir.
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Abstract

In this study, hysteresis characteristics of the generalized spin-S binary alloy represented by the formula have
been investigated within the framework of effective field approximation. The binary system consists of type A
(spin-S) and type B (spin-S) atoms which are randomly distributed on a regular lattice. Both integer and half-
integer spin models of two atomic types are examined. By detailed investigation on hysteresis loops, double and
multi hysteresis behaviors are obtained for a given set of Hamiltonian parameters. Besides, the quantities of
hysteresis characteristics as the hysteresis loop area, remanent magnetization, and coercive field have been
investigated with concentration.

Keywords: Binary Alloy, Effective Field Theory, Hysteresis

INTRODUCTION

The disordered magnetic alloys represented by constitute a wide range of theoretical and experimental field of
study due to their modifiable composition properties. More information on the magnetism of alloys can be found
in the reference [1].

Although the spin-1/2 [2] and spin-1 [3,4] models are very basic models of magnetism, demand with high-order
spin systems has increased for many systems day by day. Generalized spin-S models have been investigated by
means of several methods such as mean field theory (MFT) [5], effective field theory (EFT) [6,7], Monte Carlo
(MC) method [8], series expansion method [9,10]. Besides, a lot of mixed spin system systems are modeled
where at least one of the components is generalized spin-S. For instance, mixed spin-1/2-spin-S system has
examined with EFT [11,12], series expansion [13], exact recursion relations on the Bethe lattice [14] and exact
results [15].

There are also many studies in literature for certain spin values of binary alloys. Binary alloy systems consisting
of different spin values such as spin-1/2-spin-1 are investigated by the use of EFT [16,17,18,19,20], MFT [21],
MC method [22]. Spin-1/2-spin-3/2 are also inspect by means of EFT [23,24] and MFT [25]. Besides,
experimental implementation of magnetic alloy systems supported by experimental studies such as FeAl,_,Mn,
[26], Gd,_,C, [27], Mn,Sc,_, N [28], Mn,Zn,_, F,[29], Ag.Au,_. and Ag.Pd,_. [30].

The main of this work to determine hysteresis characteristics of the binary alloys by taking both generalized
spin-S of type A and type B atoms consisting of different spin values. The outline of this paper as follow: the
formulation of the generalized spin-S binary alloy has been constructed by effective field theory. In the
following section, evolution of hysteresis loops is presented with selected parameters. Then, quantities of
hysteresis characteristics have been investigated. The last section contains our conclusions.
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MODEL AND FORMULATION

Binary alloy system consists of type A atoms with concentration ¢ and type B atoms with concentration 1-c
which are represented by A B, .. The Hamiltonian of the generalized spin-S binary ferromagnetic alloy model
can be given by

H=-33% (5&0i0;+86£,0:S,+6£,8,0,+66,55)-DQ .5 (S)’ (1)
<i,j> i

where J is the ferromagnetic exchange interaction between nearest neighbor spins and D is the crystal field

(single ion anisotropy) parameter. o,and S, represents spin operator of type A atoms and type B atoms

respectively. In our model both of A and B type atoms have spin-S values. They have 2o +1 and 2S+1

different spin values such as o =-o0,-c+1,..0-1,0and S =-5,-S+1,..S-S,S. & and O, are the site

occupation numbers and & +J, =1. While £, =1means that the site i has type A atom, & = 0 means that the site |
has type B atom.

The magnetizations and quadrupole moments of the system is obtained via exact identities which are given by
[31]

N = << 6T >> =<< exp(EoAV) >> FA(X)| -0 @
<& > "

| SS%0 > exp(EPV) > F, )| C)
<5, > 0

where m, is the magnetization of A atom and My is the magnetization of the B atom.

2
O = << 6Ty >> =<< exp(E(fV) >> GA(X)| -0 @
<& > )
2
O = << Sy >> =<< exp(Eg V) >> Gy (X)| -0 ©
<5, > "

where @, is the quadrupole moment of A atom and 0 is the quadrupole moment of the B atom. E(f and EOB'
represent local fields. The explicit form of the functions,

3°  kexp(BDk?)sinh[Ak(x)]
Zi:_ . exp(Dk*) cosh[k (X)]

F(x,D)= (6)
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> K exp(BDK) cosh[Ak (x)]

Gk D)=s " )
D s EXP(BDK?) cosh[Bk(x)]
Differential operator technique on functions can be given as,
exp(aV)F(x) =F(x+a) @®)

This expression can be used as approximated van der Waerden identities [32] for high order spins which is given
by the formula;

exp(asS, ) =cosh(an) +isinh(an) 9)
n

where 7 is the square root of the quadrupole moments.

Total magnetization of magnetic binary alloy system is calculated by

m=cm, +(1-c)m, (10)

Linearization of this formula gives us second order critical temperatures of the binary alloy system.

RESULTS and DISCUSSION

Results have been obtained for honeycomb lattice throughout this work. We will utilize scaled (dimensionless)
quantities with the following

K, T D
£ d=— (12)

J J
The hysteresis loops which is the response to the magnetization by sweeping the magnetic field from —h to h,
and reverse direction. It has been shown that different hysteresis characteristics are obtained for integer-integer
model in Fig.1 with selected values of the Hamiltonian parameters. First we choose both of spin-A and spin-B
atoms as integer-integer model. The concentration ¢ =1 and ¢ = 0means that full of lattice consists of type-A

t=
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Figure 1. Selected hysteresis loops for S, =1.0 and S, =2.0 binary Ising model on honeycomb lattice for the

concentration values (a) ¢ =0.2and (b) ¢ = 0.8 with the crystal field parameter d =—2 and the temperature
t=0.5.

atoms and type-B atoms respectively. Spin values of type A and type B atoms chosenas S, =1.0 and S; =2.0

values. We emphasize that S, <S; within this work. Hysteresis loop of the binary alloy system evolve from

four hysteresis loops to double hysteresis loops with rising concentration for fixed temperature and crystal field
parameter. The system is in paramagnetic phase for both hysteresis characters.

The second case of hysteresis loops consists of spin-A and spin-B atoms as half integer- half integer model as
seen in Fig. 2. Spin values of type A and type B atoms chosen as S, =0.5 and S, =1.5 values. The system

exhibits single hysteresis loop for the parameter values of the concentration ¢ =0.5, the crystal field d =—1and
the temperature t =0.7 (can be seen in Fig 2a). This loop represents the ferromagnetic phase. If the value of the
crystal field parameter takes negative large values as d =—2, then the system exhibits paramagnetic hysteresis.
The system evolves from the single hysteresis loop to paramagnetic loop, when crystal field takes negative large
values for half integer-half integer model.

£ £
0.5 4 054
§,=0.5 $,=05
) S$=15 7 H 5.=15 ]
154 c=0.5 ] 1.5 c=0.5
d=-1.0 d=-2.0
20 t=07 2.0 =07 A
T T T T T T T T T T T ¥
3 2 1 0 1 2 3 -3 2 1 0 1 2 3
h h

Figure 2. Selected hysteresis loops for S, =0.5 and S; =1.5 binary Ising model on honeycomb lattice for the

crystal field values (a) d =—1and (b) d =—2 with the concentration parameter ¢ =0.5and the temperature
t=0.7.
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The quantities of hysteresis characteristics are constructed such as hysteresis loop are (HLA), remanent
magnetization (RM) and coercive field (CF). HLA which is the area covered by hysteresis loop in (m,h) plane.
The RM is residual magnetization in the system after the magnetic field is removed. The CF is the intensity of
the magnetic field which is needed to change the sign of the magnetization. The variation of this quantities with
temperature are obtained for selected values of concentration values ¢ =0.0, ¢ =0.5and ¢ =1.0can be seen in

Fig.3. Spin values of type A and type B atoms chosen as S, =1.0 and S, =2.0 values. HLA decreases with

rising temperature and then disappears for d =0 (can be seen in Fig. 3a). When the concentration value
increases from Oto 1, HLA decreases. This behavior holds for RM and CF (can be seen in Fig. 3b and 3c).
When HLA, RM and CF are non-zero, we can say that the system exhibits single hysteresis character and the
system is in ferromagnetic phase. As temperature rises, transition occurs from the single hysteresis to the
paramagnetic hysteresis.

The effect of the crsytal field parameter is obtained for the quantities of hysteresis characteristics HLA, RM and

CF can seen in Fig. 4. Spin values of type A and type B atoms chosen as S, =1.0 and S, =2.0 values. When

the crystal field parameter takes negative values, the system exhibits double or multiple hysteresis characteristics
at low temperatures. The relations between HLA, RM and CF explain type of the hysteresis. When HLA is non-
zero, RM and CF is zero, the system exhibits double hysteresis or hysteresis which has the number of even
loops.

HLA,

8,710 |
8,720
4=00 |

—e=10] |

=0
c=.5

B

Figure 3. Variation of (a) hysteresis loop area (HLA), (b) coersive field (CF) and (c) remanent magnetization
(RM) with the temperature for the crystal field parameter d =0 and the selected values of the concentration
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For the crsytal field parameter d =—2, the system has double or multiple hysteresis which consists of even
loops at low temperatures for the concentration value ¢=0.0. The transition occurs from double or multiple
hysteresis to paramagnetic hysteresis, as the temperature rises. Because of all of this quantities are zero, The
system exhibits paramagnetic hysteresis for ¢ =0.5and ¢ =1.0for all temperatures (can seen in Fig 4). So the
system is in disordered state for integer-integer model at the negative d =—2 value of the crystal field for all
concentrations.

8,10

5210

8,10 1

A i i §=20
10 §,=20 104 di 20 - 320
=20 —_ Ly d=20 ]
04 E—, N —— :ggg i
— 05 oo | vsd
—=1.0
5 06 w U0 s 00
I 3] z

——ri
—c=ll5
15 —c=1.0] 7

Figure 4. Variation of (a) hysteresis loop area (HLA), (b) coersive field (CF) and (c) remanent magnetization
(RM) with the temperature for the crystal field parameter d =—2 and the selected values of the concentration

c=0.0, c=0.5and c=1.0. The values of the spin models chosenas S, =1.0 and S, = 2.0.

CONCLUSION

In conclusion, hysteresis characteristics of the generalized spin-S magnetic binary alloy system represented by
A.B, . have been investigated within the framework of effective field theory. The system consists of type A

atom and type B atom with the concentration ¢ and 1—c respectively. Both of spin values of the system is
chosen as generalized spin-S model. Results of generalized spin- S binary alloy model discussed as integer-
integer and half integer-half integer model.

The effects of the concentration of the magnetic binary alloy model strongly depends on whether the spins of
atoms are integer or half-integer. As consistently literature, the system exhibits double hysteresis or multiple
hysteresis which consists of even loops for the integer-integer spin model. Besides, the transition occurs between
this hysteresis characters with the variation of concentration and the crystal field parameter. The system exhibits
single hysteresis character with small half-integer spin values. The relation between HLA, RM , CF support type
of the hysteresis characters.
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Abstract

In this research, we have studied tachyon one of the dark energy candidates in scalar field form for the flat
FRW space-time. We have obtained the exact solution of the field equations in Lyra geometry by using the
deceleration parameter. Also, we have discussed the physical and geometrical quantities of tachyon one of the
dark energy models.
Keywords: FRW space-time, tachyon, Lyra geometry

INTRODUCTION

The idea that the universe was static disappeared by proving its expansion [1]-[2]. Then, it was suggested
that the universe was expand by accelerated. However, Einstein thought that the universe was static. His
calculations gave him the opposite of his opinion. For this reason, he added the cosmological term, he thought
would constitute a driving power to his equation, in 1916. However, he removed this term from his equation. It
was seen that this term, which Einstein added, should not be removed from the equation as a result of proving
that the universe is expanding by accelerated. Since this term has problems such as cosmic coincidence and fine-
tuning, another solution has been searched for as an alternative to this term. As a consequence of, scientists have
suggested dark energy which existence is still unproven but there are traces of its existence through astrophysical
observations [3]. Models such as k-essence, quintessence, tachyon are some of the models nominated for dark
energy. Setare, Felegary and Darabi have studied tachyon field and they showed that the formation of the
structure may be earlier in tachyon compared to other matter [4]. Salako and Jawad have obtained solutions for
tachyon scalar field in f (R, T) gravity [5]. Aygiin and Aktas have obtain exact solutions in Lyra theory for
various spaces and matters [6]-[7].

Einstein field equations based on Lyra geometry which can be written as[8],

1 3 1 i
Rik =5 8ikR+3 (Cbiq’k - ggikq’jq”) = —XTik 1

here ®; = (0,0,0, 8) is the displacement vector and gauge function f is gauge function. Also, B is a function of
time.
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MODIFIED FIELD EQUATIONS IN LYRA GEOMETRY

Friedman-Robertson- Walker (FRW) metric doesn't give the full distribution of matter in the early
universe. But it is also the observed universe is homogeneous and isotropic, thus spacetime is usually defined by
FRW cosmology.

ds? = A%dr? + A*r?(d6? + sin? 0 d®? ) — dt? (2)

here A is the function of t. The energy momentum-tensor for perfect fluid is given by

Tix = (p + P)uwju £ 0Ggix 3)

where u; = (0,0,0,1) is 4-velocity of the co-moving observer, p is the energy density and p denote the cosmic
pressure. From equations (1)- (3) modified field equations in Lyra geometry as follows

3HZ+2H+E 2= _ 4
4B p 4)

3H2 —2p% =p (6)

When we look at the field equations, we see that there are two equations with four unknowns. From this
reason, we need additional equations. Therefore, we used the deceleration parameter and conservation equation
to solve the equations. The deceleration parameter is defined by

=il
1= 4t \H
The sign of deceleration parameter g represents the cosmological model inflation. The positive sign

corresponds to standard decelerating models whereas the negative sign indicates inflation and when g =0 is
expansion with a constant velocity. We can take the deceleration parameter as follows,

q=aH -1 (7)
here « is a constant. If we solve eq. (7), we get Hubble parameter as follows,

1
H=— (8)

J2at +¢q

here c, is an integral constant.
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Figure 1 Variation of Hubble parameter against with time.

The conservation of the left side of equation (1) leads to the following equation.

o1 3 . 3 ;
from equation (9), we obtain,
B _
3H + 5= 0 (10)

If we use equations (9) and (10), we obtain 52

c

ﬁ2= oyzatter (11)

e a

here ¢, is an arbitrary constant.
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Figure 2 Variation of gauge function against time

If we use equations (4), (5), (8) and (11), we find pressure and energy density as follows,

6T
3T3c%e” a +8a—6T

=— 12
p 4T3 ( )

, 5T

—12-3Tcje «
=— 13
p o (13)

where T is equal to (/2at +¢; ). If we rate equation (12) to equation (13), we obtain equation state
parameter as follows,

6T
p 3T3cie « — 12T + 8a
w=== 6T

p 3T3c%e « + 12T

(14)
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Figure 3 Variation of equation of state parameter against with time

RESULTS OF TACHYON SCALAR FIELD

In this study, one of the dark matter candidates tachyon matter which is thought to cause the expansion of
the universe and constitutes approximately 73% of the universe is examined within the framework of Lyra
theory. Because this matter is one of the dark energy candidates like that k-essence [9], quintessence [9] etc. The
emergence of the tachyon [10] scalar field model from string theory is a reason for being a dark energy candidate
[11]. For tachyon, pressure and energy density are as follows;

p=-V($)|1-¢? (15)

V@ 6

From equations (12), (13), (15) and (16), we obtain kinetic energy and scalar potential of tachyon field,

6T

., Ba+6ciT%e @
¢° = NGi 17

12T + 3¢3T3e @

G T
J(24T +16a — 6¢2T3e ) (6 + 3c2T2e )
40h 4TS

(18)
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Figure 5 Variation of scalar field against with time
CONCLUSION

It is known that FRW metric which best describes the observed universe today. One of the reasons for the
acceleration and expansion of the universe, although its existence is still unproven, is dark energy. In this study,
we have obtained solutions for the tachyon scalar field in the Lyra geometry in FRW space-time. To obtain exact
solution of the filed equations, we have used the deceleration parameter and conservation equations.

In our results, the point t = — ZC—; is the singular point. As known, singular points are gravitation theories do

not apply. From this reason, it must be t # —ZC—; for our results to be continuous. When t — oo, Hubble

parameter, pressure and energy density approaches zero. We also know that, when B equals 0, Lyra's theory
converts to General Relativity theory. Therefore, if we take c, equal to O, our theory will be reduced into
General Relativity theory because the displacement vector B = 0. For the tachyon scalar field, both the scalar
field and the scaler potential decrease over time.

The equation of state parameter for tachyon is known to be in the range of -1 to 0. In our model, this
situation is provided for a particular range. In this case, our solutions are consistent with observations.
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Abstract: In recent years, nano-Saturn systems have attracted a lot of attention because a ring
moiety gives rise to an attractive interaction in its cavity where there is a spherical molecule like
fullerene (Cep). In this regard, nano-Saturn including of disk-type hydrocarbon rings has been studied in
this study in detail. Density functionals based tight-binding (DFTB) method has been performed in the
calculations. The nano-Saturn structure is composed of a Cg in the cavity, anthracene as a ring. Firstly,
the electronic and structural properties of anthracene molecule have been investigated using self-
consistent redistribution of Mulliken charges (SCC) long-range corrected (LC)-DFTB and SCC-DFTB
methods to get reasonable results with experimental data. Later, the electronic structure of anthracene
ring structure, Cgp, and nano-Saturn structures have been researched. HOMO, LUMO, bandgap
energies, Fermi levels, dipole moments and absorption spectra were investigated for these structures.
The obtained results show that the nano-Saturn structure has more desirable properties than anthracene,
anthracene ring structure and Cg. For instance, the bandgap of nano-Saturn (1.73 eV) is smaller than
anthracene (2.95 eV) anthracene ring (2.25 eV) and Cg (2.22 €V). The reduction in the bandgap means
that less energy is needed for photogenerated charge carriers. Besides, the results are compared with

experimental data in the literature.

Keywords: NanoSaturn; Hydrocarbon rings; Band gap; Electronic structure; DFTB
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1. INTRODUCTION
Recently, organic semiconductors (OSs) are finding use in many applications, especially,
electronic and photonic applications due to their fascinating photophysical properties [1, 2]. Among

them, the chemistry and biology of organic molecules have attracted increasing interest over the last 50 years because it
possesses desirable electronic and charge transport properties, as well as a large m-conjugated system. This enables various

functional groups to be easily introduced into the structurally rigid carbazolyl ring. For example, nano-Saturns with a
rigid circular shape exhibit properties useful for the design of supramolecular assemblies [3-5] because
a ring moiety gives rise to an attractive interaction in its cavity where there is a spherical molecule like
fullerene (Cso) owing to their spherical shape and the presence of m-electrons enhancing molecular
association. As a ring moiety for a Cg planet, n-conjugated macrocycles have been occasionally
utilized because of the large attractive interactions between systems [6-8].

The electronic structure of materials is significantly tunable as a function of temperature and an
atom substitution [9, 11]. In these regards, in this study, the changes in the bandgap and photophysical
properties of Cgo, anthracene, disk-type anthracene ring and nano-Saturn have been investigated using
the self-consistent charge density-functional based tight-binding (SCC-DFTB) which is based on the
density functional theory (DFT). Firstly, some benchmarks were carried out on the structure mentioned
above using Slate-Koster parameters including DFTB3 and long-range corrected (LC) parameters.
HOMO, LUMO and bandgap energies, dipole moments, and Fermi levels were investigated.

Absorption spectral analysis has also been obtained by time-dependent (TD)-DFTB calculations.

2. MATERIAL AND METHODS

The electronic structure and optical properties of Cg, anthracene, disk-type anthracene ring and
nano-Saturn have been examined using DFTB implemented in DFTB+ code [12] with the 3ob/30b-3-1
[13, 14] and ob2-1-1/base sets [15] of Slater Koster parameters. Firstly, some benchmarks were carried
out using Slate-Koster parameters including DFTB3 and long-range corrected (LC) parameters.
HOMO, LUMO and bandgap energies, dipole moments, and Fermi levels were investigated.
Absorption spectra have also been obtained by TD-DFTB calculations-based on Casida's approach
[16]. The detailed descriptions of theoretical aspects and performance of the DFTB approach, as well

as advances in theoretical development and application, have been studied in Refs [17-20].
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3. RESULTS AND DISCUSSION

The picture of the optimized geometry of the nano-Saturn is indicated in Fig. 1.

Figure 1. The optimized geometry of nano-Saturn organic molecule. (Blue is Nitrogen, purple is
Hydrogen and brown is Carbon).

To get detailed information on electronic states in Cs, anthracene, disk-type anthracene ring and nano-
Saturn, firstly, the results of the electronic total DOS of Cg, ring and nano-Saturn (in gas phase and
solvent) based on the DFTB method as seen in Fig. 2. These fluctuations progressively increase from
gas phase to solvent environment also there is a shift in energy values. The density of localized states
has a sharply increasing tendency to occur in the region of between -10 and -8 eV in gas phase, but it is
between -4 to 0 for solvent environment. The DOS analysis also indicates that Cgo, ring and nano-
Saturn have the energy gap, so, all the structures show semiconductor character. There is an increase in
HOMO and LUMO energy levels form DFTB to LC-DFTB method. We also compared the DOS
between anthracene and its ring (see Fig. 3). From Fig. 3, the ring structure has the HOMO and LUMO
energy values of -5.25 eV and -3.03 eV, respectively. The HOMO of anthracene decreases, while there
is an increase in the LUMO energy level. Herein, the ring structure has more desirable electronic
properties than anthracene.
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The obtained results were also compared to experimental and DFT data. The HOMO energy level of
nano-Saturn from SCC-DFTB and SCC-LC-DFTB calculations was found -5.24 and -4.77 eV (see Fig.
4) respectively. The band energy is 1.28 eV wide i.e. smaller 0.46 eV from the LC-DFTB (1.73 eV).
The HOMO-LUMO energy gap of Cg from SCC-DFTB and SCC-LC-DFTB calculations was found
1.79 and 2.22 eV (see Fig. 5) respectively, which are compatible with experimental energy gap (1.86
eV) [21]. The band energy of anthracene from the DFTB is 2.46 wide i.e. smaller 0.11 eV from DFT
result (2.55 eV) and smaller 0.49 eV from the LC-DFTB. The obtained results were also tabulated in
Table 1.

60

Anthracene
Ring .

DOS

HOMO LUMO
-5.2563 -3.304
-5.443  -2.981 7

] ) 1 1
-16 -12 -8 -4 0
Energy (eV)

Figure 3. The comparison of total density of states (DOS) of anthracene and its ring.
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Table 1. The electronic structure of Cg, anthracene, ring and nano-Saturn based on the DFTB.

Nano- Ring Anthra
Saturn Ceo cene
HOMO -5.247 -5.672 -5.253 -5.443
LUMO -3.971 -3.884 -3.304 -2.981
Fermi -4.609 -4. 777 -4.278 -4.212
Eg 1.276 1.788 1.949 2.462
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Figure 4. The HOMO, LUMO and Fermi energies of nano-Saturn, C60, ring and anthracene
from (a) SCC-DFTB and (b) SCC-LC-DFTB.
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Figure 5. The HOMO-LUMO energy gap nano-Saturn, C60, ring and anthracene from (a) SCC-
DFTB and (b) SCC-LC-DFTB methods.
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The dipole moment (Dy) results from differences in electronegativity. The bigger Dy means
stronger intermolecular interaction. The component of Dy along the y-axis (0.00002500 Debye) gives
rise to the largest positive charge separation in the y-direction. Dy decreases along x-, y- and z-
directions when it comes to the ring structure. These values are comparable with the bandgap because
the lowest gap energy of the structures obtained from SCC-DFTB means that electrons easily transfer
from HOMO to LUMO. In this regard, there is a highly relevant correlation between Dy and the energy
gaps of nano-Saturn, Cg, ring and anthracene. Thus, it can be concluded that the large Dy has a small
energy gap.

Absorbance spectra of nano-Saturn, Ceo, ring and anthracene were depicted in Fig. 6. The nano-
Saturn exhibits the maximum peaks 2.13 eV (582 nm), which is the lowest absorbance value in the
visible region. The absorbance spectra of Cg, ring and anthracene are 2.66 eV (465 nm) which is well-
matched with experimental data 2.78 eV (445 nm) [22], 2.86 eV (433 nm) and 4.97 eV (249 nm) which

is the near ultraviolet region, respectively. When nano-Saturn is compared with the other structures, it

has more desirable absorbance properties than that of the others.
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Figure 6. Absorbance spectra of nano-Saturn, C60, ring and anthracene from (a) SCC-DFTB and (b) SCC-LC-DFTB methods.

149



ADIM FIZIK GUNLERI VIII I
Bilecik Seyh Edebali Universitesi, Fen-Edebiyat Fakiiltesi, Fizik Bﬁliiml'il I .
12 - 15EYLUL 2019, BILECIK / TURKIYE
H EDEBA

SR BTk ECIK SE ERAL
UNIVERSITES OMIVERSITES

4. CONCLUSION

The electronic and photophysical properties of nano-Saturn, Cg, ring and anthracene have been
investigated by DFT, SCC-DFTB, and SCC-LC-DFTB methods. The HOMO energy level of nano-
Saturn was found -5.24 and -4.77 eV, from SCC-DFTB and SCC-LC-DFTB calculations respectively.
The band energy is 1.28 eV wide i.e. smaller 0.46 eV from the LC-DFTB (1.73 eV). The band energy
is 1.28 eV wide i.e. smaller 0.46 eV from the LC-DFTB (1.73 eV). The HOMO-LUMO energy gap of
Ceo from SCC-DFTB and SCC-LC-DFTB calculations was found 1.79 and 2.22 eV, respectively,
which are compatible with experimental energy gap (1.86 eV). The component of Dy along the y-axis
(0.00002500 Debye) for nano-Saturn gives rise to the largest positive charge separation in the y-
direction. The nano-Saturn exhibits the maximum peaks 2.13 eV (582 nm), which is the lowest

absorbance value in the visible region.
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