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OZET

METAL iYONLARINA DUYARLI YENI TASARLANMIS
FERROSENIL TIYAZOL BENZIMIiDAZOL SENSORUN TEORIK
OLARAK INCELENMESI

Mine ALSAN
Yuksek Lisans, Kimya Bolumu
Tez Damismani: Prof. Dr. Fatma SEVIN DUZ
Haziran 2018, 93 sayfa

Ferrosenil benzimidazol temelli sensorler, biyolojik ve kimyasal alanlarda katyon, anyon
ve nétr yapilarin saptanmasinda kullanilmaktadir. Yeni tasarlanan ferrosenil tiyazol
benzimidazol sensoriin, Mg?*, Ca?*, Zn?*, Ni%*, Cu?*, Co?, Hg®, Pb?® metal iyonlar:
varliginda elektronik, elektrokimyasal ve fotokimyasal ozellikleri DFT, B3LYP ve

LanL2DZ temel setinde RHF olarak gaz ve su fazinda hesaplanmustir.

Tasarlanan sensoriin, su fazinda Cu-FcTBz ve Ni-FcTBz komplekslesme tepkimelerinin
daha istemli oldugu ve elektrokimyasal hesaplamalar sonucu Cu-FcTBz (1,029 eV) ve Ni-
FcTBz (1,013 eV) indirgenme potansiyellerinin daha yiiksek oldugu belirlenmistir. UV-
gorliniir bolge spektrumlar1 incelendiginde tiim metal iyonlar1 kirmiziya kayma verirken,

maksimum absorpsiyon dalga boyu su fazinda Ni-FcTBz (666,1 nm) kompleksine aittir.

Hesaplanan redoks ve absorpsiyon ozellikleri incelendiginde, tasarlanan sensoriin, diger
metal iyonlar1 ile karsilastirildiginda Ni?* ve Cu?" iyonlarma karst daha duyarli cevap

verdigi bulunmustur.

Anahtar Kelimeler: Sensor, Floresans, Ferrosen, Benzimidazol, Ug yonlii sensor, DFT



ABSTRACT

THEORETICAL INVESTIGATION OF NEW DESIGNED
FERROCENYL THIOAZOLE BENZIMIDAZOLE SENSORS,
SENSIBLE TO METAL IONS

Mine ALSAN
Master of Science, Department of Chemistry
Supervisor: Prof. Dr. Fatma SEVIN DUZ
June 2018, 93 pages

Ferrocenyl benzimidazole based sensors are used to detect cation, anion and neutral
structures in biological and chemical fields. The newly designed ferrocenyl thiazole
benzimidazole sensor’s electronic, electrochemical and photochemical properties are
investigated in the presence of Mg?*, Ca?*, Zn?*, Ni?*, Cu?*, Co?*, Hg?*, Pb?*ions by using
DFT, B3LYP, and LanL2DZ basis set, calculated with RHF, in the gas phase and water

phase.

The designed sensor showed that the Cu-FcTBz and Ni-FcTBz complexation reactions are
more desirable and the results of the electrochemical calculations revealed higher Cu-FcTBz
(1,029 eV) and Ni-FcTBz (1,013 eV) reduction potentials. When the UV-visible region was
examined, all metal ions shift towards red and it was determined that Ni-FcTBz (666,1 nm)

sensor gave maximum absorption in the water phase.

When the calculated redox and absorption properties are investigated, it is founded that the
designed sensor, compared to other metal ions. responds more sensitive to Ni?* and Cu?

ions.



Key words: Sensor, Fluorescence, Ferrocene, Benzimidazole, Three-directional sensors,
DFT.
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1.  GIRIS

Son yillarda biyolojik ve kimyasal alanlarda sensor ozellik gosteren molekiillere ilgi
oldukga artmistir. Bu alanda yapilan ¢alismalarda sensoriin tek 6zellik yerine ¢oklu 6zellik
gostermesi, ¢evresel degisimlere karsi tersinir ve degisebilen optik ve elektronik 6zellikler

gosterebilmesi, kisa siirede yanit verebilmesi daha avantajlidir.

Ferrosen, elektrokimyasal duyarlilik gosteren ¢ok giiglii bir redoks sensoridiir [1].
Benzimidazol etkin koordinasyonu ile “akrep tipi” kompleksleri verebilen iyi bir
florofordur [2]. Bu iki grup arasinda ise baglayici olarak tiyazol molekiilii secilmistir.
Tiyazol grubuna ait kiikiirt ve azot atomlari, metal katyon baglanma bolgeleri olarak

distiniilmiistiir.

Yeni tasarlanmis ferrosenil tiyazol benzimidazol sensér, Ca?*, Mg?*, Cu?*, Ni?*, Co?,
Pb?*, Hg?*, Zn?* iyonlari ile komplekslesmesi sonucunda, Fe(II)/Fe(III) redoks ¢ifti gerilim
degerlerinin degismesi, kompleks kararlilik enerjilerinin degismesi, molekiiler orbital
enerjileri ve global tanimlayici degerleri ile fotofiziksel 6zellikleri molekiiler tanimayi
saglamaktadir. Tasarlanan sensor ve metal iyonlar ile olusturdugu kompleks yapilar Sekil

1’de gosterilmistir.

M2+: Ca2+, Mgz+, CU2+, Ni2+ 02+ b2+ ng+ Zn2+

5= 1) o . @@4@

Fe H +
N
- S7——</ @Qﬁ—{/
\ N N
H
FcTBz M- FcTBz
Ferrosen - Tivazol - Benzimidazol Metal - Ferrosen - Tivazol- Benzimidazol

Sekil 1. Metal iyonu ile koordine olan ferrosenil tiyazol benzimizadol sensor yapisi.



2. GENEL BILGILER

Bu boliim iki baslik altinda incelenmistir. Birinci kistmda molekiiler sensorler ve floresans
hakkinda kisaca bilgi verildikten sonra, ikinci kisimda teorik hesaplamalar ve kuantum
kimyas1 anlatilmig ve tasarlanan sensore benzer yapidaki ¢aligmalar ile ilgili literatiir
bilgisi verilmistir.

2.1.Kimyasal Sensorler

Molekdiler sensorler farkli molekiiller ile etkilestiginde farkedilebilir degisiklik gosteren
molekiillerdir. Kemosensor olarak da adlandirilan bu 6zel yapilar, molekiiler tanimaya
olarak saglar. Kemosensorlerin hedef yapi (analit) ile etkilesmesi; hidrojen bagi,
elektrostatik etkilesme, kovalent veya koordine kovalet bag ile olmaktadir. Sensor — analit
etkilesmesi sonucu ortaya ¢ikan yapi kisa silirede saptanabilir Ozellikler gosterir. Bu
Ozelliklere ornek olarak renk degisimi, fotoliiminesans ve redoks potansiyeli degisimi

verilebilir [3].

Sensodrler (kemosensorler) igin ayirt edici olan 6zellik organik veya inorganik yapida
olmasindan ziyade gecis metali katyonlari ile koordinasyonu yapip yapmamasidir. Kiiciik
organik molekiiller sensor olarak kullanilabildigi gibi makromolekiillerden de sensor

molekiil olusturulabilmektedir.

Kemosensorler; optik ve elektrokimyasal sensorler seklinde verdikleri tepkiler ile

siiflandirilirlar [4].
2.1.1. Elektrokimyasal Sensorler

Elektrokimyasal sensorler, prob metal elektrot ve hedef analiti igeren elektrolit arasindaki
etkilesme ile olusan redoks potansiyelindeki degisimi dlger. Redoks 6zellik gosterebilen
bir yap1 eklenmis olan sensdr molekiil, hedef analit ile etkilestiginde redoks tepkimesi

gergeklesir. Sistemin elektriksel potansiyelinde artma veya azalma goriliir [5].

Elektrokimyasal sensorler ¢ogunlukla oksijen ve/veya toksik gazlarin saptanmasinda

kullanilirlar.



2.1.2. Optik Sensorler

Optik sensorlerin ¢aligmasi 1511 emisyon prensibine dayanmaktadir. Fotoelektrik sensor
olarak da adlandirilabilen bu sensorler 151k kaynagi olacak bir verici ve bir alicidan olusur.
Kimyada ise bu durum molekiiler absorbsiyon ile floresans yapan molekiillere karsilik

gelmektedir.

Analitik ¢aligmalarda oldukc¢a yaygin hale gelen optik sensorler endiistri, biyoteknoloji,
ilag ve cevre alanlarinda biyolojik ve kimyasal analitlerin teshisinde kullanilir. Optik
sensorler temel olarak sensor molekiiliin analit varhiginda bir veya daha fazla optik
ozelliginin degisimine dayanmaktadir. Bu optik 0Ozelliklere ornek olarak absorbans,
liminesans ve refraktif indeks degisimi verilebilir. Degisimin nicel (kalitatif) olgiisiiyle
analitin miktar1 tayin edilmektedir. Optik sensorler; diislik analit konsantrasyonlarinda dahi
calismasi, hizli cevap verme oOzelligi ve gerceklestirdigi reaksiyonun tersinir olmasi

acisindan oldukca avantajhdir [6].

Analitik kimyada olduk¢ca Onemli hale gelen optik sensorler sagladiklar1 kolaylik
bakimindan klinik analitik kimyanin gelismesine olanak saglamistir. Pek ¢ok ilag etken
maddesi, cozeltilerde analitik reaksiyona girerek floresans o6zellik gosteren secici
molekiiller yardimi ile teshis edilmistir. Biyolojik olarak incelendiginde ise DNA ve
antibadiler de secici olarak analitik reaksiyona giren bdyle sensorlere Ornek olarak

verilebilir.
2.2.Floresans

Floresans olayr bir atomun elektron, foton veya i1s1ma ile uyarilmasi sonucu emisyon
spektrumunda degisiklik olmasi ve 1s1ma yapmasi olayidir. Yapilan 1simanin enerjisi
uyarilmay1 saglayan fotonun enerjisinden daha kiiciiktiir ve dolayisiyla daha yiiksek dalga
boyuna sahiptir. Uyarilma sonucu atomun emisyon spekturumunda degisiklik olmamasi
“floresans”, degisiklik olusturmasi ise “fosforesans” olarak adlandirilir. Floresans
olayinda gozle goremeyecek hizda 1s1ma gergeklesirken (1071° - 108 sn), fosforesansta

elektron spin degisikligi nedeniyle birkac saniyelik gozle goriiliir bir 1s1ma gerceklesir [7].

Sekil 2'de bulunan Perrin-Jablonski diyagraminda floresans ve fosforesans gibi tiim
gecisler gosterilmistir. Singlet elektronik haller So (temel elektronik hal), Si, S» olarak,
triplet haller T1, T> olarak ifade edilirler. Burada floresans, S: seviyesinden Sz seviyesine

uyarilmis bir elektronun tekrar eski enerji degerine donerken yaptigi isimadir.
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Sekil 2. Perrin- Jablonski diyagrami.

Giinlimiizde floresans ve fosforesans siddetlerinin 6l¢limii ile pek ¢ok inorganik ve organik

tiiriin kalitatif ve kantitatif tayini yapilmaktadir.



2.3. Elektron Transferi

Metal iyonlart i¢in sensor molekiillerin tasariminda esas olan gruplar; metal ile etkilesime
girecek olan reseptdr ve floresan 6zellik gosterecek olan florofor yapilardir. Metal iyonu
yani analit ile reseptor arasinda olusan koordinasyon sonucu florofor grup tarafindan
floresans olayr gozlenir. Bu esnada gerceklesen elektron transferini, foton kaynakli
elektron transferi, PET (Photoinduced electron transfer) ve foton kaynakli molekiil ici yiik

transferi, ICT (Photoinduced charge transfer) seklinde siniflandirabiliriz.
2.3.1. Fotokimyasal Elektron Transferi (PET)

Floresans 0Ozellik gosteren sensér molekiillerin tasariminda en fazla kullanilan
mekanizmadir. Fotona bagh elektron transferinde sensér molekiil {i¢ kisimdan
olugmaktadir; florofor, baglayict ve reseptor. Reseptor birimi i¢in genel olarak elektron

verici gruplar secilirken, florofor birimi icin ise elektron alici gruplar segilmektedir [8,9].

LUMO

LUMO
U HOMO HOMO
HOMO

UYARILMIS SERBEST UYARILMIS BAGLI
FLOROFOR RESEPTOR FLOROFOR RESEPTOR
hy hy
x © x %
B S S .
\q
BAGLAYICI BAGLAYICI

N\

hy'

Sekil 3. PET mekanizmasi.
Molekiillerde uyarilma sonucu, florofor grubunda bulunan elektron, en yiiksek dolu

molekiiler orbitalinden (HOMO), en diisikk bos molekiiler orbitaline (LUMO) aktarilir.



Uyarilmis molekiiliin temel haline donebilmesi i¢in iki segenegi bulunmaktadir. Birincisi
reseptor grubun HOMO enerji seviyesi, florofor grubunun HOMO enerji seviyesinden
yiiksekse uyarilma sonrasinda elektron verici reseptdr grubunun HOMO enerji seviyesinde
bulunan elektron, elektron alicit 6zellikli florofor grubunun HOMO seviyesine sensorde
bulunan baglayici lizerinden aktarilir. Bu durumda floroforda uyarilmis elektronun LUMO
seviyesinden kendi HOMO seviyesine inmesi engellenir ve 1s1ma gerceklesir. Ikinci olarak
ise metal katyonu varliginda ise metal- reseptor koordinasyonu ile reseptor kararli hale
gelir. HOMO enerji seviyesi diiser. Bu sekilde reseptor grubunun HOMO enerjisi, florofor
grubun HOMO enerjisinden diisiik oldugunda florofor grubunun LUMO orbitalinden
HOMO orbitaline elektron transferi olur ve 1sima gercgeklesir. Bu sekilde gerceklesen
elektron transferine “Fotokimyasal elektron transferi (PET)”, sensore ise “PET tipi

kemosensor” denir. Mekanizma Sekil 3’te gosterilmektedir.
2.3.2. Molekiil I¢i Yiik Transferi (ICT)

Molekiil ici yiik transferi mekanizmasi (ICT) icin florofor ve reseptor kisimlarinin
bulunmasi yeterlidir. PET mekanizmasindaki gibi arada baglayict bulunmasina gerek
yoktur, reseptdr dogrudan florofor grubuna baghdir. Igeriginde elektron verici / elektron

c¢ekici grup bulunduran bu yapilarda molekiil iginde ytik transferi olmaktadir [8,9]

D A @ — . D A .
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kayma

LUMO
LUMO '

HOMO
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LUMO LUMO kayma
HOMO HOMO I

Sekil 4. ICT mekanizmasi.



Dondr ve akseptorden olusan yapinin uyarilmasi sonucu dipol momentte degisim meydana
gelir. Dipol momentte meydana gelen degisim, sistem icerisinde elektron transferine neden
olur. Bu mekanizmaya “Molekiil i¢i yiik transferi (ICT)” denilmektedir. Dipol momentte
meydana gelen degisim, floroforda kirmiziya kayma veya maviye kayma seklinde bir
Stokes kaymasina neden olur. Bu tiir sensorlerde, florofor grubuna elektron verici grup
bagli olmas1 durumunda katyon ile etkilesme sonucu yapinin HOMO ve LUMO enetji
seviyeleri artar. Sekil 4’te gosterildigi lizere, florofor grubunun absorbans spektrumunda
“maviye kayma” gozlenir. Ote yandan metal iyonunun, florofor grubuna bagl elektron
alic1 bir grup ile komplekslesmesi sonucu HOMO ve LUMO enerji seviyeleri azalacak ve

emisyon spektrumunda “kirmiziya kayma” gdzlenecektir.

2.4. Ferrosen ve Turevleri

Calisilan ferrosenil tiyazol benzimidazol sensoriin birimlerinin en Onemlilerinden biri
ferrosendir. Ferrosen, anyon, katyon ve hatta notr molekiillere duyarli olan segici baglanma
ozelligine sahip essiz bir molekiildiir. Ferrosen molekiilii iceren makrohalkasal yapilarda,
komsu reseptor kismina katyon baglanmasi sonucu elektrostatik etkilesmeler yoluyla
ferrosen/ ferrosenyum ciftinin redoks potansiyelinde kaymalar meydana gelir [10]. Ayrica
metal katyonun ferrosen biriminin hemen yanindaki birime baglanmasi sonucu ferrosen
biriminin UV/Goriniir bolge spekturumu etkilenmektedir. Ferrosenin komsu molekiiliiniin
metal komplekslesmesi veya protonlanmasi ile ferrosen spin-izinli absopsiyon bandinda
daha diisiik enerjiye, yani kirmiziya kayma goriliir (400-500 nm). Bu 0Ozelliklerinden
dolay1 ferrosen molekiilii redoks ve renkdlger 6zellikleri hedeflenen sensor molekiil olarak

Ozellikle se¢ilmistir.

Ferrosen tiirevlerinin floresans sondiiriicii 6zellikleri de bulunmaktadir. Molekiil grubunda
misafir ya da analit bulunmadig1 durumlarda, ferrosen molekiilii fotoindiiklenmis elektron
transferi (PET) mekanizmasi ile floresan 6zelligini sondiirmektedir. Sekil 5’te goriildiigii

izere, analit varlig1 bu durumu engellemekte ve floresans olay1 gozlenebilmektedir.
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Sekil 5. Ferrosenin floresans sondiiriicii olarak mekanizmasi.

Ferrosenil tiyazol benzimidazol tiirevleri 6zellikle iki degerlikli katyonlara kars1 secicidir.
Sekil 7°de gosterilen 5-ferroseniltiyazol (1) optik ve redoks sensorii dzellikleri ile Hg?* ve
Pb?* katyonlarina duyarhidir. 1,1’-bis(tiyazol)ferrosen (2) sadece optik 6zellik gdsteren bir
sensordir. Ferrosenil tiyazol (3), Hg?" katyonuna duyarlidir. Bis(tiyazolil)ferrosen (4)
molekill ise Zn?*, Cd?*, Hg?*, Ni?* ve Pb?* katyonlarina kars1 duyarldir [11].
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Sekil 6. Ferrosen tiirevleri.

Sekil 6°da gosterilen bis(ferrosenil)tiyazol (5) Zn?*, Cd?*, Hg?*, Ni** ve Pb?* katyonlarina
kars1 hem redoks hemde optik 6zellik gosterirken, bir tiyazol grubunun daha kopriye

eklenmesi sonucu (6) durum daha farklilasmistir. (6) nolu molekiil; Zn?*, Cd?*, Ni%*



iyonlar1 varliginda turuncudan maviye renk degisimi ile Hg?* varliginda turuncudan yesile

renk degisimi gosteren kemosensor 6zellik gostermektedir.

(5) nolu birlesikte ferrosen/ ferrosenyum biriminin redoksuna ek olarak Sekil 7°de
gosterilen deprotonlanma / reprotonlanma olay1 goriilmektedir. Bu nedenle bu bilesik

birbirine yakin iki adet tersinir tek-elektron yiikseltgenmesi gostermistir.
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Sekil 7. Ferrosenin deprotonlanma / reprotonlanma tepkimesi.

Sekil 8 ‘de gosterilen (7) numarali molekiil, Pb®>" iyonuna duyarli olan, yeni bir redoks
potansiyel kaymasi (0.15V) ve renk degisimi gosteren (renksizden turuncu renk) ve

floresans verebilen bir kemosensordur [12].
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Sekil 8. Ferrosen ve benzimidazol tlrevleri.

Cuhuburu grubu tarafindan sentezlenen (8) nolu molekiil, Cu?* , Zn?* ve Cd?* iyonlar

varliginda sadece Zn?" iyonuna kars1 floresans 6zellik gdstermistir [13].



2.5. Hesapsal Ydntemler

Bilgisayar teknolojilerinin gelismesi kimyasal hesaplamalarin bilgisayar ile yapilmasi
konusunu da beraberinde getirmistir. Bugiin gelisen teknoloji ile teorik hesaplamalar,
deneysel calismadan once yol gosterici olarak ve/veya deneysel caligmalar1 izlemek, test

etmek ve dogrulamak amaciyla kullanilmaktadir.

Hesapsal yontemler molekiiler mekanik ve kuantum mekanigi olarak ikiye ayrilmaktadir.
Molekiler mekanikte, molekiiliin atomlar arasi etkilesimleri mekanik kurallar ile
incelenmektedir. Molekiil, birbirine baglanmis atomlar olarak ele alinirken bagl olmayan

atomlar arasindaki etkilesim de incelenir.

Kuantum mekanigi ise 1925’te Heisenberg, Born, Jordon ve 1926’da Schrodinger
tarafindan klasik fizik ile agiklanamayan problemlere ¢6ziim getirmek amaciyla
gelistirilmistir. Bu metot ile atomlar aras1 degil elektron ve ¢ekirdekler arasi etkilesimler
incelenmektedir. Molekuller, molekiler orbital ve bu orbitallerin dalga fonksiyonu ile ifade
edilir. Kuantum mekanigi Yari Deneysel (Semi empirical), Ab-Initio ve Yogunluk
Fonksiyoneli Teorisi metotlar1 olarak ii¢ grupta incelenmektedir. Bu tez c¢alismasinda
Yogunluk Fonksiyoneli Teorisi (DFT) ile c¢alisildigindan bu yontem hakkinda bilgi

verilecektir.
2.5.1. Yogunluk Fonksiyoneli Teorisi (DFT)

Yogunluk fonksiyoneli teorisi (Density Functional Theory, DFT) 1927’de Fermi [14] ve
Thomas’in [15] ¢alismalarin1 temel alan Hohenberg- Kohn teoremleri [16] ile daha sonra
Kohn ve Sham [17] kuantum mekanik ¢alismalarindan elde edilen metotlara

dayanmaktadir.

Yogunluk fonksiyoneli teorisinde Kohn ve Sham’ 1n teorisine gore elektronik enerjinin

dort boliimde incelenmesi gerektigi kabul edilmektedir.
E=E"+EV+E +EXC
E': Elektronlarin hareketinden kaynaklanan kinetik enerji terimi

EV: Cekirdek-elektron aras1 ¢ekim ve gekirdek ¢iftleri arasindaki itme potansiyel enerjisi

terimi
E’: Elektron — elektron arasi itme terimi

E*C: Elektronlar aras1 etkilesimi ieren terim (Degisim ve korelasyon terimleri)
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Hartree Fock (HF) metodunda elektronlarin anlik pozisyonlar1 dikkate alinarak hesaplama
yapilmaktadir. HF metodunda elektron-elektron etkilesmelerinde korelasyon etkileri
dikkate alinmamaktadir. Bu nedenle hesaplamalarda HF metodu istenilen dogrulukta
sonuglar verememektedir. Bu amacla gelistirilen yogunluk fonksiyoneli teoreminde ise
elektron yogunlugu, elektron yogunluk fonksiyonu ile elektron korelasyon modeline
dayanmaktadir [18,19]. Bu teorem temel seviye enerjisinin, elektron yogunlugunun bir

fonksiyonu oldugunu belirtir.

DFT metotlar1 bir korelasyon fonksiyonu ile bir degisim fonksiyonunun birlesiminden
olusur. Ozellikle son yillarda, yogunluk fonksiyoneli teorisi (DFT) teorik modellemede
yaygin bir kullanima sahiptir. Bunun nedeni, bu teoride hesaplamalara elektron
korelasyonunu dahil etmesi ve buna karsin daha az bilgisayar zamani gerektirmesidir.
Bunun yaninda yapilan ¢aligmalar yogunluk fonksiyoneli teorisinin molekiiler geometri,
dipol moment, titresim frekanslar1 gibi bircok 0Ozelligin hesaplanmasinda deneysel

degerlere olduk¢a yakin sonuglar verdigine isaret etmektedir
2.5.2. B3LYP Hibrit Yogunluk Fonksiyonu Teorisi

B3LYP hibrit metodu, Becke’nin ii¢ parametreli enerji fonksiyoneli hibrit yaklagimi [20]
ile Lee, Yang ve Parr’in korelasyon fonksiyonelinden [21] olusur. B3LYP metodunun
Ustiinliigii dalga mekanigine dayanan Hartree Fock (HF) yontemi ve saf DFT modellerinin
karma modellerinden iretilmesidir. Bu sayede her iki modelin negatif taraflar1 elimine
edilmis ve pozitif taraflar1 6ne c¢ikartilarak hesapsal calismalar daha {ist bir seviyeye
cikarmigtir. Bu karma modeller ile toplam enerji, bag uzunlugu, iyonizasyon enerjisi,
elektronegatiflik, sertlik gibi degerler saf modellerden daha iyi sonuglar vermektedir.

Biyomolekdiler sistemler i¢in yaygin olarak kullanilmaktadir.
2.5.3. LanL2DZ Temel Seti

LanL2DZ temel setinde “Etkin Cekirdek Potansiyeli (ECP)” ifadesi kullanilmaktadir. ilk
kez Hellman tarafindan 1935’te Onerilen bu metot periyodik tablonun {igiincii sira Otesi
elementleri i¢in kullanilir [22]. Biiyiik ¢ekirdekli bu elementlerde ¢ekirdege yakin olan
elektronlar etkin cekirdek potansiyeli ile ifade edilir. Bu yaklasimda, kimyasal olarak
duragan olan c¢ekirdek elektronlarmin etkisi ifade edilir ve degerlik -elektronlara

odaklanilir. Metot, agir elementlerde 6nemli olan relativistik etkiyi belirtir [23].
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2.6. Elektronik Parametreler

Global tanimlayict parametreler olan kimyasal potansiyel (n), elektronegativite (y),
elektrofilisite (w), sertlik (n) ve yumusaklik (o) gibi degerler ile sistemin kararliligi ve

reaktivitesi hakkinda bilgi edinilebilir.
2.6.1. Global Tanmimlayicilarin Hesaplanmasi

Elektronegatiflik, bir atomun bagli oldugu diger atomlardan elektron ¢cekme yetenegidir.

Elektronegatiflik, iyonizasyon potansiyeli (1) ve elektron ilgisi (A) ile hesaplanmaktadir.
x= "2 (1+A)

Koopmans teoremine gore iyonizasyon potansiyeli (I) ve elektron ilgisi (A) degerleri, sinir

orbital enerjileri olan HOMO ve LUMO degerleri ile de ifade edilebilir.
-gHomo =1 ve -&umo=A

Kimyasal potansiyel, belirli bir yapinin sisteme eklenmesi ile Gibbs serbest enerjisindeki

degisimdir. Kimyasal potansiyel, termodinamik kararlilik ile ters orantilidir [24].
p=-%(+A)=-y="%(&omo + ELuMO)

Sertlik (m) ve yumusaklik (o) kavramlart ise ilk kez Pearson ve Parr tarafindan
kullanilmistir [25]. Global sertlik arttikca yapinin termodinamik kararliligi artmaktadir.
Sert molekiillerde siir orbitalleri arasindaki fark yiiksektir. Yumusaklik, sertligin tersi

seklinde hesaplanmaktadir.
N =% (€Lumo — EHOMO)
c=1/n

Elektrofilisite (w) yapimin elektrofil alma istegidir. Elektrofilik 6zelligin yiiksek olmasi

yapinin kararsiz oldugunu gostermektedir.

w =%/ (2n)
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2.6.2. Hesapsal indirgenme Potansiyeli Hesaplamalari

Sensoriin, metal iyonlar1 ile kompleks olusturma tepkimelerinin standart elektrot
potansiyelleri hesaplanmistir. Hesaplamalar Born- Haber termokimyasal gevrimine uygun
olarak yapilmistir. Redoks potansiyelini hesaplamak amaciyla gaz fazinda ferrosenin +2 ve
+3 yiikli kompleksler ile yapilan optimizasyon hesabi sonuglarindan molekiiliin Gibbs
serbest enerji degerleri [G*?(g)], [G"3(g)] hesaplanmustir.

Kompleks (2+) ———> Kompleks (3+) + e

+2 ve +3 yiiklii molekiillerin serbest enerji degerleri arasindaki fark alinmistir, bu deger

gaz fazinda gergeklesen yiikseltgenme reaksiyonunun serbest enerji degisimini verir.

[AGviks.(gaz)]
AGyiks(gaz) = AG™ (gaz) - AG* (gaz)

Calismanin devaminda su fazinda benzer hesaplamalar yapilarak serbest solvasyon enerji

degerleri hesaplanmistir. [AGsu.(IT) ve AGsu.(111)]

Su fazindaki yiikseltgenme reaksiyonu Gibbs serbest enerji degisimi asagidaki tepkimeye

gore hesaplanmustir.
AGyviks.(su) = AGviks(gaz) + AGsu(IT) + AGsu(I11)
AGyuks.(su), Hartree Fock cinsinden hesaplandigindan eV birimine ¢evrilir.
E=AG/-nF

Indirgenme potansiyeli hesabi icin, denklemde degerler yerine konularak Eo hesaplanir.
Denklemde n aktarilan elektron sayisidir, burada tepkimeye dahil olan elektron sayist 1
oldugundan, n=1'dir. F ise Faraday sabitidir (96500 C).
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3. CALISMA PLANI

Bu tez ¢alismasinda redoks, renk degisimi ve floresans 6zellik gostermesi beklenen metal
iyonlarina duyarli ferrosenil tiyazol benzimidazol sensére ait elektronik, elektrokimyasal
ve fotofiziksel hesaplamalar, Gaussian09 Revision C.01 molekiiler modelleme programi,
yogunluk fonksiyoneli kurami (DFT), hibrit fonsiyoneli B3LYP ve LanL2DZ (Los Alamos

National Laboratory 2 double ) temel seti kullanilarak gergeklestirilmistir.

Bu tez ¢alismasi igin secilen DFT/ B3LYP/ LanL2DZ metodu ile temel seti TUBITAK
1001 programi 211T028 numarali projesi referans alinarak belirlenmistir [26]. Belirtilen
TUBITAK projesinde, ferrosen-BODIPY molekiilinin DFT metodu ve B3LYP, MO6,
PBE1PBE, B3P86 hibrit metotlar1 ile hesaplamalari yapilmig ve sonuclar literatlirde
bulunan deneysel verilerle karsilagtirilmistir  [27]. En  uygun sonucu veren
B3LYP/LanL2DZ temel seti ile c¢alismalara devam edilmistir. Ferrosenil tiyazol
benzimidazol sensOriinin hesaplamalarinda da bu metodun kullanilmasi uygun

bulunmustur.

Metot belirleme asamasindan sonra tasarlanan sensoriin metalsiz halinin (FCTBz) ve metal
iyonlar1 varhiginda (M-FcTBz, M: Mg?*, Ca?*, Co%", Ni%*, Cu?, Zn?, Hg®, Pb*")
optimizasyon hesaplamalar1 yapilmistir. Optimize edilen yapilarin minimum yapt olup
olmadigin1 belirlemek amaciyla frekans hesaplamalari yapilmigtir. Optimizasyon ve
frekans hesaplamalarinda kullanilan anahtar kelimeler gaz fazi igin, “# opt freq
b3lyp/lanl2dz geom=connectivity scf=xqc”; su faz1 i¢in, “# opt freq b3lyp/lanl2dz
scrf=(solvent=water) geom=connectivity # opt freq b3lyp/lanl2dz geom=connectivity

scf=xqc” seklindedir.

Tasarlanan sensdr molekuliniin, canli  sistemlerde uygulamasi hedeflendiginden
hesaplamalar su fazinda da yapilmistir. Tiim hesaplarda anahtar kelime olarak “scf=xqc”
kullanilmistir. SCF (self-consistent field) metodunda orbitaller her dongiide gelistirilir ve
hesaplama, sabit minumum bir enerji degerine ulasilana kadar devam eder. Ulasilan bu son
duruma “Self Consistent Field”, yani kendi igerisinde tutarli alan denilmektedir.

Hesaplamalar “kisitlanmis Hartree Fock (RHF)” olarak yapilmustir.

Calisma iic ana baslik altinda yapilmistir. ilk olarak elektronik &zellikler incelenmistir.
Sirasiyla yapisal ozellikler, metal iyonlar1 ile kompleks kararlilik enerjileri, molekiiler
orbital enerjileri ve global tamimlayicilar degerlendirilmistir. Ikinci béliimde

elektrokimyasal 6zellikler ele alinmigtir. Son boliimde ise fotofiziksel 6zellikler verilmistir.
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Calismanin ilk boliimiinde optimizasyon ve frekans hesaplar1 tamamlanmis olan
komplekslerin Mulliken yiki, bag uzunlugu ve dipol moment gibi yapisal ozellikleri
incelenmistir. Sensoriin metal iyonlari ile olusturdugu komplekslerin kararliligin1 gérmek
amaciyla yapilan hesaplamalarda tepkime toplam enerji degisimleri (AE), Gibbs serbest
enerji degisimleri (AG), entalpi degisimleri (AH) ve entropi degisimleri (AS)
yorumlanmistir. Sensoriin metal iyonlar1 varliginda olusturdugu komplekslere ait HOMO
ve LUMO smir orbitaller enerjileri ve HOMO-LUMO bant genislikleri incelenmistir.

Metal iyonunun, sensor ile orbital etkilesimleri ve elektron transferi arastirilmistir.

Calismanin devaminda komplekslerin kimyasal ve biyokimyasal reaktivitelerini tespit
etmek amaciyla global tanimlayici parametreler hesaplanmistir. Global tanimlayici
parametrelerden kimyasal potansiyel (u), elektronegatiflik (y) elektrofilisite (w) ve sertlik

(n) degerleri incelenmistir.

Calismanin ikinci bolimiinde hesapsal indirgenme potansiyeli hesaplamalar1 yapilmustir.
Redoks indirgenme potansiyel degerlerinden, sensorun hangi metal iyonundan daha fazla

etkilendigi bulunmustur.

Caligmanin son boliimiinde ise sensoriin ve metal iyonlari ile olusturdugu komplekslerin
UV-goriiniir bolge spektrumlarindan renk degisimi, absorbans ve floresans 6zellikleri
incelenmistir. Maksimum absorpsiyon ve emisyon dalgaboylari ile ossilator gii¢ degerleri
bulunmustur. UV-Gorunir bélge hesaplamalari i¢in TD (time-dependent) yontemi, gaz faz
icin kullanilan anahtar kelimeler “ # td=(nstates=24) b3lyp/lanl2dz geom=connectivity
scf=xqc ” , su fazi i¢in kullanilan anahtar kelimeler, “ # td=(nstates=24) b3lyp/lanl2dz

scrf=(solvent=water) geom=connectivity scf=xqc” seklindedir.

Yapilan caligmalar sonucunda ferrosenil tiyazol benzimidazol sensoriin hangi metal iyonu

veya iyonlarina karsi segici oldugu onerilmistir.

15



4. SONUCLAR VE TARTISMA

Tasarlanan sensoriin, metal iyonlar1 ile kompleks olusturmasi sonucunda elde edilen
elektronik ozellikler, elektrokimyasal 6zellikler ve fotofiziksel 6zelliklere ait sonuclar bu

boliimde sunulmustur.
4.1. Elektronik Ozellikler
4.1.1. Yapisal Ozellikler

Tasarlanan sensoriin ve metal iyonlar1 ile olusturdugu komplekslerin optimizasyon ve
frekans hesaplamalar1 tamamlandiktan sonra ilk olarak yapisal 6zellikleri incelenmistir.
Mulliken yiikii, bag uzunlugu ve dipol moment Ozellikleri yorumlanmistir. Yiikler ve bag

uzunluklar1 incelemesinde segilen atomlar Sekil 10°da gosterilmistir.

N,
©0/81\03— 4
1
1\ A \
CQ__N1 N3
- @ @ :Mg*, Ca', Co™", Ni*",
N5 Cu2+, Zl’l2+, Hg2+, Pb2+
@'c/sz\cy— /
5
! / \
CG_—N4 N6

Sekil 9. Mulliken yiikleri ve bag uzunluklar i¢in se¢ilen atomlar.

Metal iyonu ile olusan komplekslerin yiik dagilimi (Tablo 1 ve Tablo 2) incelendiginde,
gaz ve su fazinda sensorin ferrosen birimine ait Fe** iyonunun Mulliken yiiki,
komplekslesme sonucu azalmistir. Fe?* iyonu sensorden elektron almistir. Sadece Cu?*

iyonu ile olusan komplekste, su fazinda ferrosen birimine ait Fe?* iyonu elektron vermistir.

Sensoriin metal iyonlari ile koordinasyonu sonucu her iki fazda da tiyazol ve benzimidazol
birimine ait Cs, Cg, N1, N3 ve Ns atomlarmin yiikleri daha pozitif degerlere donlismiistiir.
Ozellikle N1 atomunun yiik degeri Ni** metal iyonu varliginda belirgin sekilde artmustir.
Sensoriin Ni?* metal iyonu ile komplekslesmesi sonucu su fazinda Ni?* iyonunun yiikii
+2’den +0,2 degerine, Cu®* metal iyonu ile komplekslesme sonucu Cu?* iyonunun yiikii
+2’den +0,4 degerine diismiistiir. Ni>* ve Cu?' iyonlar1 ile olusan komplekslerde sensor

elektron alirken, metal iyonlar elektron vermistir.
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Tablo 1. Gaz fazinda molekiillerin yiikleri.

GAZ FAZI
Mg- Ca- Co- Ni- Cu- Zn- Hg- Pb-
isim | FcTBz
FcTBz | FcTBz | FcTBz | FcTBz | FcTBz | FcTBz | FcTBz | FcTBz
Metal - 1,210 | 1,605 | 1,172 | 0,219 | 0,442 1,050 0,897 | 1,098
Fe -0,078 | -0,182 | -0,163 | -0,164 | -0,151 | -0,022 | -0,145 | -0,147 | -0,173
C1 -0,251 | -0,337 | -0,338 | -0,315 | -0,319 | -0,333 | -0,342 | -0,308 | -0,338
C2 -0,392 | -0,193 | -0,211 | -0,158 | -0,318 | 0,254 | -0,265 | -0,181 | -0,254
Cs -0,356 | -0,576 | -0,581 | -0,546 | -0,465 | -0,594 | -0,662 | -0,557 | -0,607
Cs 0,286 | 0,400 | 0,393 | 0,402 | 0,361 | 0,400 0,436 0,380 | 0,386
N1 -0,055 | -0,270 | -0,308 | -0,387 | 0,073 | -0,004 | 0,015 | -0,275 | -0,038
S1 0,318 | 0,283 | 0,267 | 0,248 | 0,158 | 0,259 0,233 0,233 | 0,288
N2 -0,182 | -0,398 | -0,409 | -0,392 | -0,384 | -0,411 | -0,377 | -0,397 | -0,418
N3 -0,428 | -0,434 | -0,461 | -0,479 | -0,364 | -0,362 | -0,508 | -0,360 | -0,341
Cs -0,292 | -0,352 | -0,358 | -0,354 | -0,332 | -0,318 | -0,312 | -0,349 | -0,347
Cs -0,378 | -0,148 | -0,215 | -0,253 | -0,212 | -0,270 | -0,172 | -0,258 | -0,155
Cr -0,356 | -0,543 | -0,577 | -0,589 | -0,612 | -0,577 | -0,605 | -0,617 | -0,535
Cs 0,235 | 0,368 | 0,381 | 0,413 | 0,406 | 0,376 0,420 0,425 | 0,395
N4 -0,012 | -0,342 | -0,318 | 0,022 | 0,092 | -0,002 | -0,366 | 0,023 | -0,404
S2 0,280 | 0,400 | 0,257 | 0,117 | 0,318 | 0,220 0,313 0,185 | 0,229
Ns -0,082 | -0,402 | -0,410 | -0,374 | -0,421 | -0,399 | -0,395 | -0,381 | -0,402
Ne -0,475 | -0,440 | -0,457 | 0,528 | -0,298 | -0,373 | -0,465 | -0,403 | -0,432
Tablo 2. Su fazinda molekiillerin yiikleri.
SU FAZI
Isim Mg- Ca- Co- Ni- Cu- Zn- Hg- Pb-
FcTBz
FcTBz | FcTBz | FcTBz | FcTBz | FcTBz | FcTBz | FcTBz | FcTBz
Metal - 1,747 1,775 1,507 | 0,228 0,449 1,425 | 1,758 | 1,192
Fe -0,046 | -0,085 | -0,090 | -0,088 | -0,093 | 0,088 | -0,084 | -0,075 | -0,104
Ci1 -0,281 | -0,340 | -0,335 | -0,339 | -0,296 | -0,298 | -0,312 | -0,364 | -0,333
C2 -0,391 | -0,287 | -0,224 | -0,179 | -0,290 | -0,187 | -0,282 | -0,295 | -0,173
Cs -0,364 | -0,652 | -0,556 | -0,533 | -0,437 | -0,580 | -0,721 | -0,622 | -0,530
Cs 0,237 | 0,454 | 0,366 0,395 | 0,333 0,413 0,479 | 0,310 | 0,445
N1 -0,066 | -0,058 | -0,262 | -0,356 | 0,019 | -0,065 | -0,030 | -0,039 | -0,407
S1 0,294 | 0,163 0,162 0,167 | 0,151 0,242 0,257 | 0,155 | 0,169
N2 -0,134 | -0,401 | -0,405 | -0,389 | -0,376 | -0,391 | -0,393 | -0,430 | -0,389
N3 -0,414 | -0,484 | -0,354 | -0,420 | 0,248 | -0,353 | -0,463 | -0,120 | -0,407
Cs -0,296 | -0,384 | -0,364 | -0,334 | -0,306 | -0,318 | -0,316 | -0,364 | -0,315
Cs -0,385 | -0,287 | -0,273 | -0,265 | -0,203 | -0,258 | -0,306 | -0,294 | -0,252
Cr -0,366 | -0,604 | -0,653 | -0,673 | -0,605 | -0,574 | -0,709 | -0,621 | -0,687
Cs 0,239 | 0,290 0,401 0,435 | 0,408 0,401 0,286 | 0,310 | 0,424
N4 -0,071 | -0,034 | -0,029 | -0,012 | 0,058 | -0,029 | -0,036 | -0,038 | 0,015
RY) 0,294 | 0,156 0,188 0,231 | 0,354 0,241 0,217 | 0,155 | 0,274
Ns -0,133 | -0,425 | -0,421 | -0,405 | -0,394 | -0,390 | -0,427 | -0,431 | -0,427
Ne -0,416 | -0,230 | -0,335 | -0,437 | -0,301 | -0,354 | -0,112 | -0,121 | -0,305
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Tablo 3. Gaz fazi sensor ve metal iyonlari ile komplekslerin bag uzunluklari (A).

GAZ FAZI
. Mg- Ca- Co- Ni- Cu- Zn- Hg- Pb-
Incelenen | FcTRZ
Bag FcTBz | FcTBz | FcTBz | FcTBz | FcTBz | FcTBz | FcTBz | FcTBz

CiC 1,388 | 1,429 | 1,425 | 1,404 | 1,487 | 1,457 | 1,459 | 1,401 | 1,462

Ci-S1 1,813 | 1,815 | 1,822 | 1,385 | 1,757 | 1,795 | 1,847 | 1,840 | 1,793

C2-N1 1,384 | 1,336 | 1,339 | 1,354 | 1,296 | 1,311 | 1,306 | 1,358 | 1,308

N1-Cs 1326 | 1,474 | 1,470 | 1476 | 1,429 | 1,450 | 1,480 | 1,467 | 1,449

S1-Cs 1,811 | 1,965 | 1,975 | 1,961 | 2,071 | 2,001 | 1,810 | 1,968 | 1,987

Cs-Cs 1,447 | 1,489 | 1,490 | 1,498 | 1,481 | 1,490 | 1,509 | 1,497 | 1,491

CaN2 1,343 | 1,365 | 1,373 | 1,365 | 1,383 | 1,374 | 1,363 | 1,369 | 1,374

CaNs 1,391 | 1,347 | 1,346 | 1,353 | 1,344 | 1,344 | 1,349 | 1,344 | 1,349

S1-M* - 4,476 | 4,767 | 4,351 | 4,605 | 4,610 | 2,847 | 4,528 | 5,364
N1i-M* - 2,193 | 2,536 | 2,039 | 3,133 | 2,570 | 4,406 | 2,315 | 3,148
N2-M* - 4,177 | 4,536 | 4,079 | 4169 | 4074 | 4169 | 4,349 | 4,639
N3-M* - 2,092 | 2,448 | 2,028 | 1,965 | 1,912 | 1,992 | 2,299 | 2,489

Cs-Cs 1,383 | 1,404 | 1,418 | 1,458 | 1,474 | 1,450 | 1,401 | 1,460 | 1,386

Cs- S 1,812 | 1,839 | 1,839 | 1,852 | 1,667 | 1,809 | 1,837 | 1,845 | 1,871

Ce-N4 1,388 | 1,358 | 1,345 | 1,306 | 1,306 | 1,312 | 1,357 | 1,305 | 1,380

N4.C7 1,320 | 1,458 | 1,466 | 1,451 | 1,441 | 1,455 | 1,496 | 1,458 | 1,464

S2-Cy 1,823 | 2,023 | 1,993 | 1,977 | 2,330 | 1,965 | 1,810 | 1,966 | 1,969

Cr-Cs 1,447 | 1,487 | 1,491 | 1,509 | 1,483 | 1,506 | 1,531 | 1,508 | 1,485

Cs-Ns 1,342 | 1,368 | 1,374 | 1,351 | 1,348 | 1,344 | 1,364 | 1,348 | 1,366

Cs-Ns 1,390 | 1,350 | 1,348 | 1,363 | 1,364 | 1,370 | 1,350 | 1,367 | 1,350

So-M* - 4,095 | 4466 | 2,793 | 2,018 | 3,199 | 4,262 | 3,174 | 4512
N4-M* - 2,193 | 2,508 | 4,316 | 2,960 | 4,839 | 2,029 | 4,497 | 2,250
Ns-M* - 4,107 | 4,492 | 2,021 | 1,624 | 1,191 | 4,061 | 2,238 | 4,414
Ne-M* 2,071 | 2,438 | 4,204 | 3,358 | 4,118 | 2,018 | 4,418 | 2,339

M*: Mg?*, Ca2+ Co?*, Ni?*, Cu?*, Zn?*, Hg?", Pb?

Metal iyonlari ile olusan bag uzunluklar1 gaz fazi i¢in Tablo 3 ve su fazi igin Tablo 4’te
sunulmaktadir. Sensdre metal iyonu baglanmasi sonucunda, tiyazol biriminin atomlar
disindaki bag uzunluklarinda 6nemli bir degisiklik bulunmamaktadir. Su fazindaki 6nemli
degisiklik, metal iyonlari varliginda N1-Cs’(in 1,324 A’dan 1,450-1,476 A bag uzunluguna,
S1-Cs’tin 1,817 A’dan 1,870-2,480 A uzunluguna, N4-C7’nin 1,324 A’dan 1,450-1,810 A
uzunluguna ve S2-C7’nin 1,816 A’dan 1,985-2,018 A uzunluguna artmasidur.

Su fazinda Cu?*, Ca?*, Co?*, Pb?* metal iyonlar1 daha ¢ok tiyazol ve benzimidazoliin azot
atomlarina baglanmaktadir. Ni?* iyonu ise yapidaki azot atomlarmin yaninda kuikdrt
atomlarma da baglanmistir. Bu durum Ni?* iyonunun sensor ile daha iyi koordine oldugu
seklinde yorumlanabilir. Su fazinda Ni?* iyonu S1, N1, N2 ve Ns atomlar1, gaz fazinda ise

N3, S2, N4 ve Ns atomlari ile koordine olmustur.
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Tablo 4. Su faz1 sensor ve metal iyonlari ile komplekslerin bag uzunluklari (A).

SU FAZI
. Mg- Ca- Co- Ni- Cu- Zn- Hg- Pb-
Incelenen | FcTRZ
Bag FcTBz | FcTBz | FcTBz | FcTBz | FcTBz | FcTBz | FcTBz | FcTBz

CiC 1,387 | 1,442 | 1,423 | 1,407 | 1,483 | 1,470 | 1,453 | 1,450 | 1,390

Ci-S1 1,815 | 1,834 | 1,834 | 1,845 | 1,676 | 1,792 | 1,820 | 1,836 | 1,861

Ca- N1 1,388 | 1,317 | 1,332 | 1,346 | 1,301 | 1,301 | 1,311 | 1,313 | 1,363

N1-Cs 1324 | 1,461 | 1,463 | 1,473 | 1,440 | 1,457 | 1,476 | 1,457 | 1,476

S1-Cs 1,817 | 1971 | 1,973 | 1,953 | 2,480 | 1,953 | 1,870 | 1,987 | 1,983

Cs-Cs 1,445 | 1,498 | 1,495 | 1,497 | 1,477 | 1506 | 1,497 | 1,494 | 1,492

CaN2 1,344 | 1,369 | 1,378 | 1,368 | 1,353 | 1,342 | 1,367 | 1,389 | 1,361

CaNs 1,389 | 1,349 | 1,341 | 1,345 | 1,366 | 1,371 | 1,347 | 1,337 | 1,350

S1-M* - 3,887 | 4963 | 4,525 | 2,063 | 3,165 | 3,684 | 3,667 | 4,840
N1i-M* - 3,570 | 2,591 | 2,114 | 2,986 | 4,823 | 3,554 | 3,783 | 2,259
N2-M* - 4,294 | 4644 | 4170 | 1,725 | 1,919 | 4,212 | 5228 | 4,418
N3-M* - 2,094 | 2544 | 2,099 | 3,401 | 4,125 | 2,021 | 3,328 | 2,351

Cs-Cs 1,386 | 1,452 | 1,453 | 1,459 | 1,485 | 1,433 | 1,440 | 1,450 | 1,469

Cs-S2 1,816 | 1,833 | 1,826 | 1,815 | 1,755 | 1,816 | 1,847 | 1,835 | 1,799

Ce-N4 1,388 | 1,311 | 1,311 | 1,307 | 1,298 | 1,312 | 1,314 | 1,313 | 1,303

N4.C7 1,324 | 1,454 | 1,457 | 1,460 | 1,437 | 1,461 | 1,810 | 1,457 | 1,454

S2-Cy 1,816 | 1,992 | 1,984 | 1,969 | 2,018 | 1,975 | 1,468 | 1,987 | 1,977

Cr-Cs 1445 | 1,491 | 1,494 | 1,498 | 1,489 | 1,494 | 1485 | 1,494 | 1,494

Cs-Ns 1,344 | 1,336 | 1,343 | 1,348 | 1,377 | 1,371 | 1,339 | 1,337 | 1,348

Cs-Ns 1,389 | 1,390 | 1,381 | 1,372 | 1,344 | 1,345 | 1,391 | 1,390 | 1,377

So-M* - 4,123 | 4,363 | 3,860 | 4,564 | 4,523 | 2,616 | 3,665 | 4,892
N4-M* - 3,847 | 3,879 | 3,975 | 3,189 | 2,417 | 4,204 | 3,784 | 4,389
Ns-M* - 5,298 | 2,561 | 2,109 | 4,174 | 4,061 | 3,376 | 3,327 | 2,541
Ne-M* 3,506 | 4,752 | 4,312 | 1,967 | 1921 | 4372 | 5215 | 4,771

M*: Mg?*, Ca2+ Co?*, Ni?*, Cu?*, Zn?*, Hg?", Pb?

Su fazinda Zn?* metal iyonu benzimidazol S; ve N3 atomlarindan, Cu?* iyonlar1 N2, N4 ve
N atomlarindan, Ni?* iyonu S1, N1, N2 ve Ng atomlarindan Ca?*, Co?* ve Pb?* iyonlar1 Ny,

N3 ve Ns atomlarindan daha kisa bag yapmaktadir.

Zn?* iyonu hari¢ diger metal iyonlari, her iki benzimidazolde bulunan azot atomlari ile siki

bir etkilesime girmektedir.
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GAZ 599
7.00 -

6.00
5.00
4.00
3.00
2.00
1.00
0.00

FcTBz | Mg- Ca- Co- Ni- Cu- Zn- Hg- Pb-
FcTBz | FcTBz | FcTBz | FcTBz | FcTBz | FcTBz | FcTBz | FcTB
|l Dipol Moment (D)| 7.12 | 154 | 344 | 553 | 785 | 7.08 | 133 | 221 | 3.72

16.00
SU
14.00

12.00
10.00
8.00
6.00
4.00
2.00
0.00

FcTBz | Mg- Ca- Co- Ni- Cu- Zn- Hg- Pb-
FcTBz | FcTBz | FcTBz | FcTBz | FcTBz | FcTBz | FcTBz | FcTBz
|lDip0I Moment (D) | 7.58 6.37 | 11.20 | 7.20 | 14.11 | 10.89 | 10.18 | 4.16 3.53

Sekil 10. Sensor ve metal iyonlar1 ile olusan komplekslerin dipol moment degerleri.

Molekdillerin dipol momenti, yapiyr olusturan atomlarin elektronegatiflik farklarindan
kaynaklanmaktadir. Dipol momentin yiiksek olmasi biyolojik aktivitenin yiiksek oldugu
anlamina gelmektedir. Sensdriin polaritesini incelemek ve elektron transferini aydinlatmak

amaciyla dipol moment degerleri incelenmistir.

Tasarlanan sensoriin metal iyonlari ile olusturdugu komplekslerin dipol momentleri Sekil
11°de verilmigtir. Her iki fazda da sensoriin Ni%* iyonu varliginda dipol momenti artmistir.
Tiim kompleksler arasinda en yiiksek dipol momente sahip olan Ni-FcTBz kompleksinin
gaz fazinda dipol momenti 7,85 D iken, su fazinda 14,11 D seklindedir. Gaz fazinda Cu-
FcTBz kompleksinin dipol momenti 7,08 D’dir.

Gaz faz1 dipol moment siralamasi; Ni-FCTBz > FcTBz > Cu-FcTBz > Co-FcTBz > Pb-
FcTBz > Ca-FcTBz > Hg-FcTBz > Mg-FcTBz > Zn-FcTBz seklindedir.

Su faz1 dipol moment degerleri; Ni-FcTBz > Ca-FcTBz > Cu-FcTBz > Zn-FcTBz >
FcTBz > Co-FcTBz > Mg-FcTBz > Hg-FcTBz > Pb-FcTBz seklinde bulunmustur.
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4.1.2. Metal iyonlar ile Kompleks Kararhliklar

Ferrosenil tiyazol benzimidazol sensériinin ve Mg?*, Ca®*, Co?*, Ni?*, Cu?*, Zn**, Hg?*,

Pb?" metal iyonlar1 varliginda olusan komplekslerinin gaz ve su fazi enerji degisimi (AE),

tepkime Gibbs serbest enerjisi (AG), entalpi (AH) ve entropi degisimleri (AS)

hesaplanmistir ve degerler Tablo 5’te sunulmustur.

Tablo 5. Enerji (AE), Gibbs serbest enerji (AG), entalpi (AH) ve entropi degisimleri (AS)

GAZ FAZI SU FAZI

Sensorin AE AG AH AS AE AG AH AS
Adi (kcal/mo | (kcal/m | (kcal/mol | (kcal/m | (kcal/m | (kcal/m | (kcal/mol | (kcal/m

)} ol) K) ol) ol) ol) K) ol)
Mg-

-1001,93 -993,04 -1002,44 -0,881 -711,69 -701,76 -712,07 -0,966
FcTBz
Ca-

-913,35 -904,71 -913,48 -0,822 -713,02 -702,48 -713,25 -1,009
FcTBz
Co-

-893,50 -893,59 -893,49 0,009 -896,37 | -896,49 -896,36 0,012
FcTBz
Ni-

-1138,37 | -1129,54 -1138,39 -0,829 -826,56 -814,92 -827,11 -1,142
FcTBz
Cu-

-1133,28 | -1125,70 | -1132,94 -0,678 -900,41 | -889,53 -901,06 -1,080
FcTBz
Zn-

-1032,57 | -1022,32 -1033,71 -1,067 -714,33 -699,79 -716,86 -1,599
FcTBz
Hg-

-1000,56 -992,86 -1000,23 -0,690 -694,37 -683,17 -694,47 -1,059
FcTBz
Pb-

-957,85 -949,16 -957,66 -0,796 -788,56 -777,35 -788,08 -1,005
FcTBz

Tablo 5’te bulunan Gibbs serbest enerji degisimi degerleri incelendiginde gaz fazinda Zn-

FcTBz, Ni-FcTBz ile Cu-FcTBz komplekslesmeleri en istemli iken, su fazinda en istemli

kompleks olusumlar1 Cu-FcTBz, Co-FcTBz ve Ni-FcTBz yapilarina aittir.

Gibbs serbest enerji degisimleri gaz faz1 i¢in Ni?* > Cu?" > Zn?* > Mg?* > Hg?* > Pb?* >

Ca®* > Co?*, su fazi i¢in ise Co?* > Cu? > Ni?* > Pb?* > Ca** > Mg* > Zn?* > Hg*

sirasiyla azalmaktadir.
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4.1.3. Molekuler Orbital Enerjileri

SensOrin metal iyonlart varliginda olusturdugu komplekslere ait HOMO-LUMO sinir
orbitalleri bant araligi degerleri Sekil 12°de, HOMO-LUMO enerji degerleri ve molekiil

orbital goriintiileri Sekil 13 ve Sekil 14’te verilmistir.

GAZ 3.000
2.500

2.000

1.500

1.000

0.500

0.000
FcTBz | Mg- Ca- Co- Ni- Cu- Zn- Hg- Pb-
FcTBz | FcTBz | FcTBz | FcTBz | FcTBz | FcTBz | FcTBz | FcTBz
|lHOMO-LUMO(eV) 2.94 0.52 1.16 1.39 1.04 0.60 1.25 0.76 0.56

2.000
SU
1.500
1.000
0.500
0.000 -
FcTBz | Mg- Ca Co Ni Cu Zn- Hg- Pb-
FcTBz | FcTBz | FcTBz | FcTBz | FcTBz | FcTBz | FcTBz | FcTBz
EHOMO-LUMO (eV)| 3.33 1.49 1.35 1.28 1.73 1.95 1.54 1.52 0.52

Sekil 11. HOMO- LUMO bant araliklar1 (e V).

HOMO- LUMO molekiiler orbitallerine ait enerji farkinin (bant araligi) yiiksek olmasi
yapinin kararliligini gostermektedir. Su fazinda sinir orbital bant araligit Cu-FcTBz (1,95
eV) ve Ni-FcTBz (1,73 eV) komplekslerinde belirgin sekilde daha fazladir, bu
kompleksler daha kararhidir. Su fazi1 ile gaz fazindaki degerler karsilastirildiginda

solvasyon etkisinden 6tiirii su fazinda HOMO- LUMO enerji farki daha fazladir.
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Su fazinda HOMO-LUMO bant araligi Cu-FcTBz > Ni-FcTBz > Zn-FcTBz > Hg-FcTBz >
Mg-FcTBz > Ca-FcTBz > Co-FcTBz > Pb-FcTBz sirasiyla azalmaktadir.

Bu sira gaz fazinda, Co-FcTBz > Zn-FcTBz > Ca-FcTBz > Ni-FcTBz > Hg-FcTBz > Cu-
FcTBz > Pb-FcTBz > Mg-FcTBz seklinde azalmaktadir.

HOMO-LUMO orbital goéruntileri Sekil 13 ve 14’te sunulmustur. Tasarlanan sensérde
elektron yogunlugu her iki fazda da HOMO molekuler orbitalinde ferrosen biriminde iken,
LUMO orbitalinde elektron yogunlugu yapi iizerine dagilmistir. Metal iyonlart ile
komplekslerde elektron yogunlugu, gaz fazinda Mg?*, Ca?*, Ni?* iyonlar1 varhiginda
baglayic1 grup tiyazol biriminde iken, Co?*, Zn?*, Hg?* ve Pb?" iyonlar1 varliginda ise
sensdriin ferrosen ve benzimidazol birimlerine dagilmistir. Su fazinda ise Ni?* iyonu
varhginda baglayici grup tiyazol biriminde iken, Mg?*, Ca?*, Co?*, Zn?*, Hg** ve Pb?*

iyonlar1 varliginda sensoriin ferrosen ve benzimidazol birimlerine dagilmastir.

Farkli olarak, her iki fazda da Cu®" iyonu varliginda HOMO orbitalleri benzimidazol

biriminde bulunurken, LUMO orbitalinde tiim atomlarin iizerinde bulunmaktadir.
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Sekil 12. Gaz faz1 icin HOMO- LUMO molekiiler orbitalleri ve enerji degerleri (eV).
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Sekil 13. Su fazi igcin HOMO- LUMO molekiiler orbitalleri ve enerji degerleri (eV).




4.1.4. Global Tanimlayicilar

Global tanimlayici parametrelerden kimyasal potansiyel (p), elektronegatiflik (y),
elektrofilisite (w) ve kimyasal sertlik (1)) degerleri incelenmistir. Bu parametreler kimyasal

ve biyolojik sistemlerde molekdllerin reaktivitesini gostermektedir.

Kimyasal potansiyelin diisiik olmasi kararliligi gostermektedir. Kimyasal potansiyel (p)
degerleri incelendiginde (Sekil 15) sensorin, her iki fazda da Ni?* iyonu ile etkilesim
durumunda kimyasal potansiyel degeri belirgin sekilde azalmigtir. Su fazinda sensériin
kimyasal potansiyeli -4,123 eV iken, Ni-FCTBz degeri -5,635 eV, gaz fazinda ise sensorin
kimyasal potansiyeli -4,099 eV iken, Ni-FcTBz degeri -10,472 eV degerine diigmiistiir.
Gaz fazinda metal iyonlu komplekslerin degerleri birbirine daha yakinken, su fazinda Ni-
FcTBz, Cu-FcTBz (-5,171 eV) ve Pb-FcTBz (-5,187 eV) belirgin sekilde daha disiik

bulunmustur.

0.00

GAZ

-2.00

-4.00

-6.00

-8.00

-10.00

-12.00

FcTBz | Mg- Ca- Co- Ni- Cu- Zn- Hg- Pb-
FcTBz | FcTBz | FcTBz | FcTBz | FcTBz | FcTBz | FcTBz | FcTBz
|l Kimyasal Potansiyel (eV)| -4.10 | -10.44 | -9.84 | -9.52 | -10.47 | -10.42 | -9.85 | -10.45 | -10.45

0.00
SuU

-1.00

-2.00

-3.00

-4.00

-5.00

-6.00

FcTBz | Mg- Ca- Co- Ni- Cu- Zn- Hg- Pb-
FcTBz | FcTBz | FcTBz | FcTBz | FcTBz | FcTBz | FcTBz | FcTBz
m Kimyasal Potansiyel (eV) | -4.12 | -4.28 | -4.40 | -478 | -5.64 | -517 | -452 | -4.25 | -5.19

Sekil 14. Gaz1 ve su faz1 kimyasal potansiyel (n) degerleri (eV).
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Reaktifligin bir diger 6lgiitii olan elektronegatiflik (y) incelendiginde (Sekil 16) gaz fazinda
FCTBz sensoriiniin elektronegatifligi 4,10 eV degerinde iken metal iyonlari1 varliginda bu
deger, 9.50-10.50 eV araligina yiikselmistir. Gaz fazinda metal iyonlar1 arasinda énemli bir
fark bulunmamaktadir. Su fazinda ise ¢ozicu etkisinden 6tlrt metal iyonu komplekslerinin
elektronegatiflikleri yar1 yariya diismistiir. En yiiksek deger 5,64 eV ile Ni-FcTBz
kompleksine aittir. Her iki fazda da sensoriin elektronegatifligi Ni?* iyonu varliginda

yiiksek bulunmustur.

Gaz fazinda elektronegatiflik siralamasi Ni-FCTBz > Pb-FcTBz = Hg-FcTBz > Mg-FcTBz
> Cu-FcTBz > Zn-FcTBz > Ca-FcTBz > Co-FcTBz >> FcTBz seklindedir. Su fazinda ise
Ni-FcTBz > Pb-FcTBz > Cu-FcTBz > Co-FcTBz > Zn-FcTBz > Ca-FcTBz > Mg-FcTBz
> Hg-FcTBz > FcTBz seklinde azalmaktadir.

12.00

10.00

8.00

6.00

4.00

2.00

0.00
FcTBz| Mg- Ca- Co- Ni- Cu- Zn- Hg- Pb-
FcTBz | FcTBz | FcTBz | FcTBz | FcTBz | FcTBz | FcTBz | FcTBz
u Elektronegatiflik (eV)| 4.10 | 10.44 | 9.84 9.52 | 10.47 | 1042 | 9.85 | 10.45 | 10.45

6.00

5.00

4.00

3.00

2.00

1.00

0.00

FcTBz| Mg- Ca- Co- Ni- Cu- Zn- Hg- Pb-
FcTBz | FcTBz | FcTBz | FcTBz | FcTBz | FcTBz | FcTBz | FcTB
m Elektronegatiflik (eV) | 4.12 4.28 4.40 478 5.64 5.17 452 4.25 5.19

Sekil 15. Gaz ve su faz1 elektronegatiflik (y) degerleri (eV).
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GAZ 250.00

200.00

150.00

100.00

50.00

0.00

FcTBz | Mg- Ca- Co- Ni- Cu- Zn- Hg- Pb-
FcTBz | FcTBz | FcTBz | FcTBz | FcTBz | FcTBz | FcTBz | FcTB
| m Elektrofilisite (eV)| 5.72 | 208.72 | 83.62 | 65.30 | 105.41 | 181.40 | 77.63 | 144.64 | 194.14

SU

60.00

50.00

40.00

30.00

20.00

10.00

0.00
FcTBz | Mg- Ca- Co- Ni- Cu- Zn- Hg- Pb-
FcTBz | FcTBz | FcTBz | FcTBz | FcTBz | FcTBz | FcTBz | FcTBz
u Elektrofilisite (eV)| 5.11 12.30 | 1432 | 17.87 | 18.35 | 13.74 | 13.27 | 11.85 | 52.06

Sekil 16. Gaz ve su fazi elektrofilisite (W) degerleri (eV).

Global tanimlayici parametrelerden elektrofilisite (w) indeksinin artmasi sistem
reaktivitesinin arttigin1 gostermektedir. Beklenildigi izere FCTBz en disiik elektrofilisite
degerlerine sahiptir. (Gaz fazinda 5,72 eV, su fazinda 511 eV) Metal iyonlar ile
komplekslestiginde sensordeki elektron sayisi arttigindan elektrofilisite degerleri artmigtir.

Su fazinda en reaktif kompleks Pb-FcTBz, gaz fazinda ise Mg-FcTBz seklindedir.

Elektrofilisite degerleri gaz fazi1 igin Mg-FCcTBz > Pb-FcTBz > Cu-FcTBz > Hg-FcTBz >
Ni-FcTBz > Ca-FcTBz > Zn-FcTBz > Co-FcTBz >> FcTBz seklindedir. Su fazinda ise
Pb-FcTBz > Ni-FcTBz > Co-FcTBz > Ca-FcTBz > Cu-FcTBz > Zn-FcTBz > Mg-FcTBz
> Hg-FcTBz > FcTBz seklinde azalmaktadir.
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Global tanimlayicilardan kimyasal sertlik (1) parametresi Sekil 18’de sunulmustur. Her iki
fazda da en yiiksek sertlik degeri FCTBz ‘e aittir. (1,47 eV ve 1,66 eV) Metal iyonu
varhiginda en yiiksek sertlik degeri su fazinda Cu?* ve Ni?* iyonlar1 varliginda goriilmiistiir.
Sertlik degerleri Cu-FcTBz igin 0,97 eV, Ni-FcTBz icin 0,87 eV seklindedir. Sertligin
yilksek olmas1 kararliligin yiiksek oldugunu gostermektedir. Yumusaklik degerleri

kimyasal sertligin tersi oldugundan sadece EK-7’de gosterilmistir.

Kimyasal sertlik gaz faz1 i¢in FcTBz > Co-FcTBz > Zn-FcTBz > Ca-FcTBz > Ni-FcTBz >
Hg-FcTBz > Cu-FcTBz > Pb-FcTBz > Mg-FcTBz seklindedir.

Su fazi i¢in siralama FCTBz > Cu-FcTBz > Ni-FcTBz > Zn-FcTBz > Hg-FcTBz > Mg-
FcTBz > Ca-FcTBz > Co-FcTBz > Pb-FcTBz seklindedir.

GAZ 16
1.4

1.2

0.8
0.6
0.4
0.2

FcTBz| Mg- Ca- Co- Ni- Cu- Zn- Hg- Pb-
FcTBz | FcTBz | FcTBz | FcTBz | FcTBz | FcTBz | FcTBz | FcTBz
|lSertIik(eV) 1.47 0.26 0.58 0.69 0.52 0.30 0.62 0.38 0.28

SuU 1.80
1.60

1.40
1.20
1.00
0.80
0.60
0.40
0.20
0.00

FcTBz| Mg- Ca- Co- Ni- Cu- Zn- Hg- Pb-
FcTBz | FcTBz | FcTBz | FcTBz | FcTBz | FcTBz | FcTBz | FcTBz
|lSertIik(eV) 166 | 074 | 0.68 | 0.64 | 0.87 | 097 | 0.77 | 0.76 | 0.26

Sekil 17. Gaz1 ve su fazi1 kimyasal sertlik (1) degerleri (eV).
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4.2. Elektrokimyasal Ozellikler

Tasarlanan sensoriin metal iyonlar1 ile komplekslesme tepkimelerine ait indirgenme
potansiyel degerleri Tablo 6°da verilmistir. En ylksek indirgenme potansiyeli 1,029 eV ile
Cu-FcTBz kompleksine aittir. Bu kompleksi 1,013 eV ile Ni-FcTBz izlemektedir.
Sensoriin diger metal iyonlar1 ile komplekslerinin indirgenme potansiyellerinde biyik bir

degisiklik yoktur. Redoks sensorii olarak tasarlanan bu sensor, Cu?* ve Ni?* iyonlarmna

kars1 daha belirgin cevap vermektedir.

Tablo 6. Tepkime indirgenme potansiyeli degerleri (eV)

- G+2(Q) G+3(9) | AGyiks(9) | AGsow.(+2) | AGsoiv.(+3) | AGyiks.(S) | AGyiiks.(S) Eo
ensor

(HF) (HF) (HF) (HF) (HF) (HF) (eV) V)
Ad1
Mg-

-1628,34 | -1627,95 0,397 -1628,94 -1628,81 -3257,35 -88637,12 0,919
FcTBz
Ca-

-1664,09 | -1663,67 0,418 -1664,75 -1664,58 -3328,91 -90584,30 0,939
FcTBz
Co-

-1628,35 | -1627,95 0,401 -1628,99 -1628,81 -3257,40 -88638,44 0,919
FcTBz
Ni-

-1796,72 | -1796,35 0,379 -1797,33 -1797,13 -3594,08 -97800,01 1,013
FcTBz
Cu-

-1823,62 | -1823,22 0,398 -1824,22 -1824,10 -3647,92 -99264,96 1,029
FcTBz
Zn-

-1693,04 | -1692,64 0,397 -1693,66 -1693,52 -3386,79 -92159,15 0,955
FcTBz
Hg-

-1670,14 | -1669,73 0,408 -1670,80 -1670,62 -3341,01 -90913,41 0,942
FcTBz
Pb-

-1630,93 | -1630,50 0,432 -1631,53 -1630,91 -3262,00 -88763,61 0,920
FcTBz
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4.3. Fotokimyasal Ozellikler

Tasarlanan ferrosenil tiyazol benzimidazol sensoriinin ve metal iyonlariyla olusturdugu

yapilarin UV-Gorunur bolge spektrumlari, absorpsiyon ve emisyon hesaplamalart ile

elektron transferi sonuclar: bu béliimde sunulmaktadir.

4.3.1. Hesapsal UV- Gorunur Bolge Spektrumlari

Sensér ve metal iyonlar1 ile olusturdugu komplekslerin gaz ve su fazina ait maksimum
Sekil

karsilastirmali olarak gaz fazi i¢in Sekil 20 ve su fazi i¢in Sekil 21°de sunulmustur. Tim

absorpsiyon dalgaboyu degerleri

19°da verilmistir.

Ayrica UV grafikleri

yapilarin metal iyonsuz halleri ile karsilagtirmali grafikleri ise EK- 10°da verilmistir.

1000
GAZ 900
800
700
600
500
400
300
200
100

11l

FcTBz| Mg- Ca- Co- Ni- Cu- Zn- Hg- Pb-

FcTBz | FcTBz | FcTBz | FcTBz | FcTBz | FcTBz | FcTBz | FcTBz

|-Dalgaboyu (nm)| 347 | 4035 | 3715 | 356.6 | 912.3 | 745 | 360.9 | 390.7 | 3935
SU 700
600
500
400
300
200
100

0 -

FcTBz| Mg- Ca- Co- Ni- Cu- Zn- Hg- Pb-

FcTBz | FcTBz | FcTBz | FcTBz | FcTBz | FcTBz | FcTBz | FcTBz

|lDaIgaboyu(nm) 356.3 | 373 | 385.9 | 386.1 | 666.1 | 647.7 | 364.5 | 392.2 | 382.3

Sekil 18. Gaz ve su faz1 maksimum absorpsiyon dalgaboyu degerleri (nm).
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Sekil 19 incelendiginde her iki fazda da Ni?* ve Cu?" varliginda olusan komplekslerin
maksimum absorpsiyon dalga boylarinin diger metal iyonlart ile karsilagtirildiginda
belirgin sekilde arttign goriilmektedir. Gaz fazinda FcTBz yapisinin  maksimum
absorpsiyon dalga boyu 347 nm iken, Ni-FcTBz yapis1 912,3 nm, Cu-FcTBz yapisi ise
745,0 nm degerlerinde, daha uzun dalga boylarinda absorplanmaktadir. Su fazina
gecildiginde FcTBz 356,3 nm iken, Ni-FcTBz ile 666,1 nm, Cu-FcTBz ile 647,7 nm
seklinde daha uzun dalga boylarina kaymistir. Bu komplekslerde her iki fazda da kirmiziya
kayma gortilmistiir. Ni-FCTBz i¢in gaz fazindan su fazina gegiste maksimum absorpsiyon
dalga boyu 912,3 nm’den 666,1 nm’ye, Cu-FcTBz igin 745,0 nm’den 647,7 nm’ye
azalmaktadir. Su fazina ait maksimum absorpsiyon dalga boyu degerleri gaz fazina gore
daha kisadir.

Mg?*, Ca?*, Co?, Zn?*, Hg?*", Pb®* metal iyonlarmin komplekslerine ait maksimum
absorpsiyon dalga boylar1 gaz ve su fazinda 6nemli bir degisiklik gostermedigi gibi, kendi

aralarinda incelendiginde 6nemli bir farklilik goriillmemistir.

Absorpsiyon sonuglari, tasarlanan sensoriin Ni?* ve Cu?* iyonlarmna kars1 daha segici

oldugunu vurgulamaktadir.

Maksimum absorpsiyon dalga boylar1 goriiniir bolgede karsilik gelen renklere gore
incelendiginde ise Tablo 7’de goriildiigl iizere su fazinda Ni-FCTBz kompleksi kirmizi,

Cu-FcTBz turuncu, Hg-FcTBz ise mor renktedir.

Tablo 7. Sensoriin ve komplekslerinin maksimum absorpsiyon dalga boylarma karsilik
gelen renkler.

Gaz Su
Isim Karsihk Karsihik
Aaps (NM) GelensRenk Aaps (NM) GelenSRenk
FcTBz 347,0 - 356,3 -
Mg-FcTBz 403,5 Mor - mavi 373,0 -
Ca-FcTBz 3715 - 385,9 -
Co-FcTBz 356,6 - 386,1 -
Ni-FcTBz 912,3 - 666,1 Kirmizi
Cu-FcTBz 745,0 Kirmizi 674,7 Turuncu
Zn-FcTBz 360,9 - 364,5 -
Hg-FcTBz 390,7 ~ Mor 392,2 ~ Mor
Pb-FcTBz 393,5 ~ Mor 382,3 -
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Sekil 19. Sensor ve metal iyonlari ile olusturdugu komplekslerin maksimum absorpsiyon

spektrumlar1 (nm).
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Sekil 20. Sensor ve metal iyonlar ile olusturdugu komplekslerin maksimum absorpsiyon

spektrumlar1 (nm)
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Ferrosenil tiyazol benzimidazol sensoriiniin hesaplanan gaz ve su fazi emisyon degerleri
Ek-10’da verilmistir. Floresans hesaplamalari igin yapilan emisyon hesaplamalarinda
maksimum emisyon dalga boyu degerleri ¢ok yiiksek bulunmustur. Bu nedenle emisyon
caligmalar1 icin daha ileri dizeyde ve daha hassas sonu¢ veren hesaplamalar

onerilmektedir.
4.2.3. Elektron Transferi

Elektron transferi boliminde UV-goérindr bdlge absorpsiyon dalga boyu ve indirgenme
potansiyeli yiiksek bulunan, kompleks kararliligi yiikksek olan Ni-FcTBz ve Cu-FcTBz
kompleksleri ele alinmistir. Sensor ile Ni-FcTBz ve Cu-FcTBz komplekslerinin temel hal
ve uyarilmis hal molekiiler orbital enerji degerleri ve gosterimleri Sekil 22 ve Sekil 23°te

sunulmustur.
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Ni-FcTBz

Sekil 21. FcTBz sensori ile Ni-FcTBz kompleksinin HOMO-LUMO orbitalleri ve bant

araliklar1 gosterimi.

Tasarlanan sensore, Ni?* iyonunun eklenmesiyle kirmiziya kayma gdzlenmektedir.

Sensérde HOMO orbitalinde elektron yogunlugu ferrosen biriminde iken, Ni%* iyonu ile

elektron yogunlugu daha ¢ok tiyazol ve benzimidazol boliimiinde bulunmaktadir. Sensore

Ni%* iyonu baglanmasiyla Fe?* iyon yiikiinde biiyiik bir degisiklik goriilmezken, esas

degisim Ni?* ve Cs, N1, N3 atomlar iizerinde olmustur. (Bakimz Sekil 10, Tablo 2) Ni?*

sensorden elektron alirken, Cs4, Cg, N1, N3, Ns, Sy elektron vermistir. Elektronlar sensoriin

baglayici ve benzimidazol kismmdan Ni?* iyonuna aktarilarak “molekiil ici yiik transferi”

saglanmistir. Benzer durumu, tasarlanan sensor ile Cu?*iyonu da vermektedir. Cu-FcTBz

kompleksindeki farklilik, yiik transferinin ferrosen birimine ait Fe?* ve benzimidazole ait

Ca, N3 ve N atomlari iizerinden Cu?* iyonuna dogru olmasidur.
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Sekil 22. FcTBz sensori ile Cu-FcTBz kompleksinin HOMO-LUMO orbitalleri ve bant

araliklar1 gosterimi.
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5. SONUCLAR

Reaktifligin bir 6lcisu olan dipol moment, her iki fazda da Ni-FcTBz kompleksinde
yiiksek bulunmustur. Kompleksin gaz fazinda dipol momenti 7,85 D iken, su fazinda
14,11 D seklindedir. Tasarlanan sensérin Ni®* iyonu varliginda dipol momenti

artmistir.

Tasarlanan sensoriin metal iyonlari ile olusturdugu komplekslerin toplam enerji, Gibbs
serbest enerjisi, entalpi ve entropi degerleri incelendiginde her iki fazda da en istemli

yap1 Ni-FcTBz kompleksidir.

Tasarlanan sensOre metal iyonlar1 girdiginde, HOMO- LUMO bant genislikleri su
fazinda Cu-FcTBz > Ni-FcTBz > Zn-FcTBz > Hg-FcTBz > Mg-FcTBz > Ca-FcTBz >
Co-FcTBz > Pb-FcTBz sirasiyla azalmaktadir.

Tasarlanan sensériin HOMO molekiler orbitalinde elektronlar ferrosen biriminde iken,
metal iyonlar1 girdiginde elektron yogunlugu tiyazol ve benzimidazol boliminde

bulunmaktadir.

Uv-Gorundr bolgeye ait maksimum absorpsiyon dalga boylart incelendiginde her iki
fazda da Ni-FcTBz ve Cu-FcTBz komplekslerinde dalga boyunun belirgin sekilde
artti@1 belirlenmistir. Su fazinda Ni-FcTBz kompleksine ait maksimum absorpsiyon
dalga boyu 666,1 nm, Cu-FcTBz kompleksine ait maksimum absorpsiyon dalga boyu

647,7 nm’dir. Bu komplekslerde kirmiziya kayma olmaktadir.

Cu-FcTBz kompleksinin 1,029 eV ile Ni-FcTBz kompleksinin 1,013 eV indirgenme
potansiyeli ile diger komplekslerin indirgenme potansiyellerinden yiiksek olmasi,
kimyasal kararlilik gostergesi olan global tanimlayicilarin ve Gibbs serbest enerjisi gibi
degerlerinin de bu durumu desteklemesi sonucu sensdriin metal iyonlar1 arasinda

duyarliligmm en yiiksek oldugu iyonlar Ni?* ve Cu?* olarak bulunmustur.

Ni-FcTBz ve Cu-FcTBz komplekslerine ait HOMO-LUMO molekiiler orbitalleri, bant
araligi ve elektron transferi incelendiginde, sensérden metal iyonlarina elektron
aktarildigi, dolayisiyla komplekslesmenin “Molekiil I¢i Yiik Transferi (ICT)”

mekanizmasiyla gerceklestigi diistiniilmektedir.

Hesaplanan redoks ve absorpsiyon oOzellikleri incelendiginde, tasarlanan sensoriin,
diger metal iyonlan ile karsilastirildiginda Ni?* ve Cu?* iyonlarina karsi: daha duyarli

oldugu bulunmustur.
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EK 1 Ferrosenil tiyazol benzimidazol ve metal iyonlar1 ile komplekslerinin olusum

EKLER

tepkimelerine ait enerji degisimi (AE) degerleri

Gaz Fazi

Tepkimeye Girenler

Tepkime Uriinleri

Tepkime Sonucu

Sensérun E Sensérun E AE AE
Adi (Hartree) Adi (Hartree) (Hartree) (kcal/mol)
FcTBz -1626,69 - - - -
Mg? 0,00 Mg-FcTBz -1664,02 -1,60 -1001,93
Ca® -35,88 Ca-FcTBz -1628,28 -1,46 -913,35
Co** -143,99 Co-FcTBz -1670,07 -1,42 - 893,50
Ni2* -168,16 Ni-FcTBz -1823,56 -1,81 -1138,37
Cu® -195,06 Cu-FcTBz -1628,29 -1,81 -1133,28
Zn%* -64,63 Zn-FcTBz -1692,97 -1,66 -1042,57
Hg? -41,79 Hg-FcTBz -1630,87 1,59 -1000,56
Pb* -2,65 Pb-FcTBz -1796,66 -1,53 - 957,85
Su Faz1

Tepkimeye Girenler

Tepkime Uriinleri

Tepkime Sonucu

Sensdrun E Sensorin E AE AE
Adi (Hartree) Adi (Hartree) (Hartree) (kcal/mol)
FcTBz -1626,71 - - - -
Mg?* -0,63 Mg-FcTBz -1664,29 -1,13 -711,69
Ca?* -36,44 Ca-FcTBz -1628,47 -1,14 -713,02
Co?* -144,66 Co-FcTBz -1670,33 -1,42 -896,37
Ni2* -168,84 Ni-FcTBz -1823,75 -1,32 -826,56
Cu? -195,61 Cu-FcTBz -1628,52 -1,43 -900,41
Zn%* -65,31 Zn-FcTBz -1693,16 -1,14 -714,33
Hg? -42,52 Hg-FcTBz -1631,06 -1,11 -694,37
Pb? -3,10 Pb-FcTBz -1796,87 -1,26 -788,56
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EK 2 Ferrosenil tiyazol benzimidazol ve metal iyonlar1 ile komplekslerin olusum

tepkimelerine ait Gibbs serbest enerji degisimi (AG) degerleri

Gaz Fan
Tepkimeye Girenler Tepkime Uriinleri Tepkime Sonucu
Sensérin G Sensorin G AG AG
Ad1 (Hartree) Adi (Hartree) (Hartree) (kcal/mol)
FcTBz -1626,747983 - - - -
Mg? -0,01 Mg-FcTBz -1626,75 -1,58 -993,04
Ca* -35,90 Ca-FcTBz -1664,09 -1,44 -904,71
Co?* -144,01 Co-FcTBz -1628,34 -1,42 -893,59
Ni2* -168,18 Ni-FcTBz -1670,14 -1,80 -1129,54
Cu® -195,08 Cu-FcTBz -1823,62 -1,79 -1125,70
Zn?* -64,64 Zn-FcTBz -1628,35 -1,65 -1032,32
Hg? -41,81 Hg-FcTBz -1693,04 -1,58 -992,86
Pb* -2,67 Pb-FcTBz -1630,93 -1,51 -949,16
Su Fazi

Tepkimeye Girenler

Tepkime Uriinleri

Tepkime Sonucu

Sensorun G Sensorin G AG AG
Ad1 (Hartree) Adi (Hartree) (Hartree) (kcal/mol)
FcTBz -1626,78 - - - -
Mg?* -0,64 Mg-FcTBz -1664,35 -1,12 -701,76
Ca? -36,46 Ca-FcTBz -1628,54 -1,12 -702,48
Co? -144,68 Co-FcTBz -1670,40 -1,43 -896,49
Ni?* -168,85 Ni-FcTBz -1823,82 -1,30 -814,92
Cu* -195,62 Cu-FcTBz -1628,59 -1,42 -889,53
Zn?* -65,33 Zn-FcTBz -1693,22 -1,12 -699,79
Hg?* -42,53 Hg-FcTBz -1631,13 -1,09 -683,17
Pb?* -3,12 Pb-FcTBz -1796,93 -1,24 -777,35




EK 3 Ferrosenil tiyazol benzimidazol ve metal iyonlar1 ile komplekslerinin olusum

tepkimelerine ait entalpi degisimi (AH) degerleri

Gaz Fazi

Tepkimeye Girenler

Tepkime Uriinleri

Tepkime Sonucu

Sensorin H Sensorin H AH AH
Adi (Hartree) Adi (Hartree) (Hartree) | (kcal/mol.K)
FcTBz -1626,66 - - - -
Mg?* 0,00 Mg-FcTBz -1663,99 -1,60 -1002,44
Ca* -35,88 Ca-FcTBz -1628,25 -1,46 -913,48
Co? -143,99 Co-FcTBz -1670,04 -1,42 -893,49
Ni%* -168,16 Ni-FcTBz -1823,52 -1,81 -1138,39
Cu® -195,06 Cu-FcTBz -1628,26 -1,81 -1132,94
Zn?* -64,62 Zn-FcTBz -1692,94 -1,66 -1043,71
Hg? -41,79 Hg-FcTBz -1630,83 -1,59 -1000,23
Pb? -2,65 Pb-FcTBz -1796,63 -1,53 -957,66
Su Fazi

Tepkimeye Girenler

Tepkime Uriinleri

Tepkime Sonucu

Sensoriin H Sensorin H AH AH
Adi (Hartree) Adi (Hartree) (Hartree) | (kcal/mol.K)
FcTBz -1626,68 - - - -
Mg?* -0,63 Mg-FcTBz -1664,35 -1,13 -712,07
Ca* -36,44 Ca-FcTBz -1628,54 -1,14 -713,25
Co** -144,66 Co-FcTBz -1670,40 -1,42 -896,36
Ni%* -168,84 Ni-FcTBz -1823,82 -1,32 -827,11
Cu® -195,61 Cu-FcTBz -1628,59 -1,44 -901,06
Zn?* -65,31 Zn-FcTBz -1693,22 -1,14 -716,86
Hg* -42,51 Hg-FcTBz -1631,13 -1,11 -694,47
Pb? -3,10 Pb-FcTBz -1796,93 -1,26 -788,08




EK 4 Ferrosenil tiyazol benzimidazol ve metal iyonlar1 ile komplekslerinin Kimyasal

potansiyel, elektron ilgisi, iyonizasyon potansiyeli ve elektrofilisite degerleri

Elektron Iyonizasyon

Isim flgisi (A) Potansiyeli (1)

Gaz Su Gaz Su
FcTBz 2,48 2,92 5,69 5,89
Mg-FcTBz 9,60 3,54 10,68 5,02
Ca-FcTBz 9,26 3,72 10,41 5,07
Co-FcTBz 9,23 3,93 10,51 5,22
Ni-FcTBz 9,95 4,77 10,99 6,50
Cu-FcTBz 9,36 4,20 11,25 6,14
Zn-FcTBz 9,22 3,76 10,47 5,30
Hg-FcTBz 9,15 3,48 10,32 5,01
Pb-FcTBz 9,30 4,10 10,51 5,40
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EK 5 Ferrosenil tiyazol benzimidazol ve metal iyonu ile komplekslerinin HOMO-LUMO

enerji degerleri ve grafikleri

Gaz fazi (eV) Su fazi (eV)
Molekil Ad1 ™ "HoMm0 LUMO | HOMO | LUMO

FcTBz 5,69 -2,48 5,88 22,92
Mg-FcTBz -10,68 -9,60 -5,02 -3,53
Ca-FcTBz -10,41 -9,26 -5,07 -3,72
Co-FcTBz -10,51 -9,23 -5,22 -3,93
Ni-FcTBz -10,99 -9,95 -6,50 4,77
Cu-FcTBz 11,25 -9,36 -6,14 -4,20
Zn-FcTBz -10,47 -9,22 -5,30 -3,76
Hg-FcTBz -10,32 -9,15 -5,00 -3,48
Pb-FcTBz -10,51 -9,30 -5,40 -4,10
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EK 6 Metal iyonlarinin HOMO-LUMO orbital enerjileri, bant araligi, toplam enerji
degerleri

iyon | HOMO | LUMO ABr:;‘él Eoplam
Ad1 (eV) (eV) (eV) (kcal/mol)
Fe* | 9637 | 6675 | 2962 | -77152,02
Fe* | -20317 | -16327 | 3990 | -76890,41
Mg?* ; ; : 394,60
Ca®* | 30183 | -0702 | 29482 | -22866.85
Co* | 11444 | 7713 | 3732 | -9077541
NiZ | -11,000 | -0058 | 2842 | -105947,89
Cu* | -17574 | 5779 | 11,795 | -122746.43
zn? | -17.482 | 3131 | 14350 | -40985.40
Hg* | -13545 | -3103 | 10352 | -26679,28
Pb? | -16170 | -4887 | 11,283 | -1944,02
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EK 7 Ferrosenil tiyazol benzimidazol ve metal iyonlar: ile komplekslerin yumusaklik

parametreleri degerleri

4.00

GAZ

3.50
3.00 -

2.50

2.00
1.50
1.00
0.50

0.00

FcTBz | Mg- Ca- Co- Ni- Cu- Zn- Hg- Pb-
FcTBz | FcTBz | FcTBz | FcTBz | FcTBz | FcTBz | FcTBz | FcTBz
|lYumu§akllk (eV)-gaz| 0.68 3.83 1.73 144 1.92 3.34 1.60 2.65 3.56

NN\

SuU 4.00
3.50 4

3.00

2.50

2.00

1.50
1.00
0.50

0.00

FcTBz | Mg- Ca- Co- Ni- Cu- Zn- Hg- Pb-
FcTBz | FcTBz | FcTBz | FcTBz | FcTBz | FcTBz | FcTBz | FcTBz
B Yumusaklik (eV) -su| 0.60 1.34 1.48 1.56 1.16 1.03 1.30 131 3.87

NN N\
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EK 8 Gaz ve su fazi i¢in ossilator gii¢ degerleri

Tablo 9: Gaz ve su fazi ossilator gii¢ degerleri

. Ossilator Gug
Isim
Gaz Faz Su Faz:
FcTBz 0,8017 0,0176

Mg-FcTBz 0,1304 0,3777
Ca-FcTBz 0,0841 0,4271
Co-FcTBz 0,0926 0,2629
Ni-FcTBz 0,0233 0,0147
Cu-FcTBz 0,0226 0,0523
Zn-FcTBz 0,1221 0,0823
Hg-FcTBz 0,1461 0,0934
Pb-FcTBz 0,2278 0,1858
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EK 9 Gaz ve su fazi i¢in absorsiyon spektrumlari

Aabs (gaz faz). 347,0 nm
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Aabs (su fazi)- 356,3 nm

Ossilator Giig

Dalgaboyu (nm)

(@) Sensorin (FcTBz) gaz ve su fazi maksimum absorpsiyon dalga boylarinin
karsilastirilmasi.
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26000

&
b
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(b) Mg?* iyonu ile sensoriin (Mg-FcTBz) gaz ve su faz1 maksimum absorpsiyon dalga
boylarinin karsilagtirilmasi.

48



EK 9 Gaz ve su fazi i¢in absorsiyon spektrumlar1 (devam)

24000 Aabs (gaz fazm): 371,5nm

22000 “
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(c) Ca®" iyonu ile sensoriin (Ca-FcTBz) gaz ve su faz1 maksimum absorpsiyon dalga
boylarinin karsilagtirilmasi.

Aabs (su fazr): 386,1 Nm
20000 2 i}\ P
1 o &
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(d) Co?" iyonu ile sensériin (Co-FcTBz) gaz ve su fazi maksimum absorpsiyon dalga
boylarinin karsilagtirilmasi.
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EK 9 Gaz ve su fazi i¢in absorsiyon spektrumlar1 (devam)

3000 Aabs (su fazi). 666,1 nm
2500
@
%ﬁ‘ % 1%;(4\
2000
S
=
% Jﬁ*‘q—i ‘Q‘g 4
S 1500
=
T 1000 Aabs (gaz fazi). 912,3 nm
500
2000 4000 ou0o
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(e) Ni%* iyonu ile sensériin (Ni-FcTBz) gaz ve su fazi maksimum absorpsiyon dalga
boylarinin karsilastirilmasi.

2500 Aabs (su fazi)- 647,7 nm
5000 43....":),\)
4500 R i B g
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4000 ‘ %‘# S
o 3500 j- Vj%“
R »3 ¥
Y3000 )
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= 2500
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S 2000
1500
1000
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T000 7000 3000 000
Dalgaboyu (nm)

(f) Cu?* iyonu ile sensoriin (Cu-FcTBz) gaz ve su fazi maksimum absorpsiyon dalga
boylariin karsilastirilmasi.
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EK 9 Gaz ve su fazi i¢in absorsiyon spektrumlar1 (devam)

-
& * 3
Aabs (gaz fazi): 360,9 nm J\J_i“f:\: i‘ [
12000 e o4,
2 ¢ @ 7.7
+ p
10000 dﬁ*‘) _ '_‘f,__‘_-%;
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T 4000
2000
700 00 B0 00 000
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(9) Zn?* iyonu ile sensoriin (Zn-FcTBz) gaz ve su faz1 maksimum absorpsiyon dalga

boylarinin karsilagtirilmasi.

r
3
2.
Aabs (su fazr): 392,2 NM ’j‘ ‘9--._1- @’
10000 P [
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(h) Hg?" iyonu ile sensoriin (Hg-FcTBz) gaz ve su fazi maksimum absorpsiyon dalga

boylarinin karsilagtirilmasi.
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EK 9 Gaz ve su fazi i¢in absorsiyon spektrumlar1 (devam)

18000 Aabs (su fazi). 382,3 nm

16000
14000
12000

10000

2000
Aabs (gaz fazi): 393,5 nm

Ossilator Giig

6000

4000

2000 }

500 1000
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(i) Pb?* iyonu ile sensoriin (Pb-FcTBz) gaz ve su fazi maksimum absorpsiyon dalga
boylarinin karsilastirilmasi.
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EK 10 Sensoriin gaz ve su fazinda maksimum absorpsiyon ve emisyon dalgaboylari

(nm)

Gaz Fan Su Faz

Isim AEm.
Aabs (NM) | Aem. (NM) | Aabs (NM) ()

FcTBz 347,0 759,4 356,3 957,5
Mg-FcTBz 403,5 1627,2 373,0 1513,4
Ca-FcTBz 371,5 1340,1 385,9 1513,3
Co-FcTBz 356,6 1469,8 386,1 1664,5
Ni-FcTBz 912,3 2169,7 666,1 2390,9
Cu-FcTBz 745,0 6509,1 647,7 6741,5
Zn-FcTBz 360,9 1571,2 364,5 1812,2
Hg-FcTBz 390,7 1752,4 392,2 1575,8
Pb-FcTBz 393,5 1627,3 382,3 1857,4
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EK 11 Gaz faz1 hesaplamalar1 log dosyalar1
FcTBz

1\1\GINC-LEVREK169\Freq\RB3LYP\LANL2DZ\C30H20Fel1N6S2\KSARIKAVAK\11-Mar
-2018\0\\# opt=calcall b3lyp/lanl2dz geom=connectivity scf=xqgc\\Title

Card Required\\0,1\C,-4.3299391181,2.0195184767,0.5668961951\C,-3.3995
111024,1.5361842117,-0.4313549398\C,-5.6478714519,1.5588545579,0.21985
95685\H,-4.0748627692,2.633902862,1.419144829\C,-4.1613661364,0.749736
7802,-1.383574866\C,-5.5436574665,0.7766622412,-0.9875091268\H,-6.5548
306264,1.7637712819,0.7704257969\H,-3.7587738779,0.2363691175,-2.24521
546\H,-6.3593029282,0.2888756965,-1.5023040089\Fe, -4.3674169874,-0.104
0909553,0.5466568525\C,-1.9561873751,1.7156210278,-0.4437948079\S,-1.0
698407981,2.4788771997,0.941063187\C,1.7529238853,2.212891502,0.755989
5538\C,3.8086941059,1.7034441035,1.4636959443\C,3.3314556617,2.9070993
198,2.0820872209\C,5.403259169,3.0714921877,3.3012889825\C,4.140289189
5,3.6019643687,3.0053019742\C,5.0717017295,1.1617308703,1.7727200133\C
,5.8586652061,1.8651945625,2.6967848261\H,6.0496650313,3.5832116629,4.
0101573091\H,3.7808625813,4.5164348441,3.4677708564\H,5.4223847313,0.2
321847123,1.3340705233\H,6.8400008168,1.4790006277,2.9628805195\N,2.03
63844553,3.1927091489,1.6279799448\N,2.7829813581,1.2869533872,0.61874
38622\C,0.4812968041,2.0432778046,0.0761299793\N,0.2999959418,1.460730
0726,-1.0919874565\C,-1.0459798156,1.2877238362,-1.3940599008\H,-1.307
6161817,0.8158562334,-2.3324083691\C,-3.2117958966,-0.9779466098,2.101
961571\C,-3.0844703215,-1.785655371,0.9056291124\C,-4.5975504441,-0.94
94389043,2.4836011044\H,-2.3994899923,-0.4904927807,2.6235463146\C,-4.
4199716241,-2.2239469812,0.5397367063\C,-5.3434453078,-1.7215332164,1.
5200751767\H,-5.0052637982,-0.4352759693,3.342042658\H,-4.6747394736, -
2.83968837,-0.3110909485\H,-6.411601626,-1.8859121416,1.5253177997\C, -
1.8649825176,-2.0987176528,0.1791236194\5,-0.2497810284,-1.4247086259,
0.6536133023\C,1.8232136857,-2.1467845474,-1.2211234065\C,3.6150495808
,—2.6465736911,-2.4856407653\C,3.9019784987,-1.5679959871,-1.590134084
8\C,6.1254804631,-1.4498868371,-2.5070191012\C,5.1717589735,-0.9555288
366,-1.6064054896\C,4.5684787283,-3.1468060458,-3.3890515087\C,5.82977
47101,-2.5314776659,-3.3822713268\H,7.1121598061,-0.9958193228,-2.5440
102594\H,5.3973692805,-0.118245932,-0.9542633106\H,4.3462205312,-3.967
2910225,-4.0653876559\H, 6.5984836432,-2.8844303308,-4.0651072506\N,2.7
626211516,-1.2802159699,-0.8116576247\N,2.2896151157,-2.987538481,-2.2
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247458473\C,0.4429341997,-2.2610496789,-0.7962913248\N,-0.438042894, -2
.9800710619,-1.4799470497\C,-1.7126125402,-2.8973931561,-0.9456053363\
H,-2.5156691195,-3.4397975663,-1.4266808775\H,1.7059791617,-3.67887089
7,-2.6788050344\H,2.7337470222,0.4078779113,0.0725928346\\Version=ES64
L-GO9RevD.01\State=1-A\HF=-1627.1254689\RMSD=6.875e-09\RMSF=2.823e-06\
ZeroPoint=0.4394565\Thermal=0.4694667\Dipole=-1.4038566,-2.2669115,-0.
8615084\DipoleDeriv=0.2168074,0.0398073,0.0010357,0.0247534,-0.092161,
0.114052,-0.0731015,-0.0947799,-0.0123914,0.212103,-0.079281,0.0131859
,0.077827,0.1429351,0.0601615,-0.285914,-0.0079225,0.0892899,-0.010787
8,0.0879864,-0.1045294,-0.0898084,-0.0954195,0.1038749,-0.0617762,0.04
7748,0.0861597,0.109505,-0.0412909,-0.0418542,-0.0472232,0.0767194,-0.
0306119,-0.0336549,-0.0671654,0.0261187,0.3132822,-0.0219409,0.0327447
,0.1436297,-0.0163416,0.0033191,0.0716001,0.1905133,-0.0249649,-0.0827
645,0.1089352,-0.0666166,-0.0625477,-0.0011654,0.0322346,0.128634,0.15
26043,0.0287839,-0.0258182,0.02429,0.0501086,-0.0330265,0.1096036,-0.0
095915,0.1045503,-0.0354535,0.0589686,0.0859276,0.0240618,0.073507,0.0
096987,0.063621,-0.072997,0.0602359,-0.0334072,0.0366839,-0.00754006, -0
.0405542,-0.0543534,-0.1014361,0.0701583,-0.0605649,-0.0275077,-0.0258
623,0.0750715,-1.7419737,-0.0825691,0.1979636,-0.0667376,-0.3562525, -0
.3227268,0.3199594,-0.4050925,-0.6948135,0.2457643,0.2398322,0.0115815
,0.1008096,-0.0095877,0.0671843,-0.2568294,0.1348209,0.0166364,-0.2200
203,0.0802774,0.0933766,0.1382553,0.0674056,-0.0646319,0.2634667,-0.08
70754,-0.0694525,0.0854798,-0.2393036,-0.2158157,-0.1617206,0.5876572,
0.2044313,-0.0356265,0.2210464,0.1015858,-0.1161826,0.1137585,0.075474
6,0.2574518,0.0310073,0.1180379,0.1195198,0.0498804,0.2121767,0.036685
5,0.057281,0.1129589,-0.0588229,-0.0354634,-0.0747023,-0.1161051,-0.03
46292,-0.0181328,-0.3392146,-0.0032214,-0.0174686,0.3005551,-0.0421088
,0.2045805,0.1398858,0.1105037,-0.0438642,0.2344752,-0.0422435,0.11936
79,0.0455089,0.06069228,0.1431994,0.2160524,0.1292235,0.0159478,0.18365
2,-0.0946979,0.0685928,-0.1029733,0.0054743,0.0811669,0.1494248,0.0405
683,-0.0966149,-0.0708611,-0.0936247,0.0287471,-0.3427193,-0.016419, -0
.0259351,-0.1947217,0.0515296,-0.1766718,-0.0174683,-0.0598922,-0.1261
457,-0.0604782,0.0485101,-0.108248,-0.131308,-0.1128168,0.0200288,0.09
77525,0.079487,0.0193426,0.0279756,-0.0131823,-0.1001471,-0.0166445, -0
.0891886,0.0933111,0.0687241,0.0641206,0.0003146,0.0820459,-0.0474919,
-0.1005628,0.0300585,-0.0797219,0.1123394,-0.1072502,0.0761563,-0.0841
061,0.0983819,0.0801454,-0.0040274,-0.0800747,-0.0150977,0.1045447,-0.
2916042,-0.1078365,-0.0825497,-0.0388055,-0.4865393,-0.1239063,0.10666
27,-0.1622092,-0.3025594,-0.307886,0.1151561,0.0262925,-0.107075,-0.78
0132,-0.4330639,-0.1951095,-0.3377585,-0.5064145,0.8178941,-0.106344,0
.1098559,-0.1259915,0.0841232,0.2092713,-0.0535102,0.2763418,0.4910427
,—-0.2956309,-0.0155676,0.0723683,0.0358948,-0.3072324,-0.172739,-0.135
3024,-0.2283179,-0.5903969,-0.2519792,-0.0532392,-0.0734296,0.0542148,
-0.0929996,0.0736693,0.3427437,0.1280899,0.1301209,0.0635521,-0.000825
1,-0.0360624,-0.0614127,0.1130949,-0.0991388,-0.0769312,-0.0926293,0.0
2166,0.257065,0.0526642,-0.1741295,-0.265169,0.0110084,0.0785318,-0.26
04695,0.1756687,0.0751749,-0.097516,0.2242311,0.0484586,-0.0108897,0.0
92487,0.0574029,0.1996624,-0.0572121,0.0344397,-0.1550959,0.0146963,0.
1050469,0.0696091,-0.0000002,0.0067641,-0.0842138,0.2078372,0.0318011,
0.0142615,-0.0299314,-0.0450769,-0.0351475,0.0751436,-0.0401505,-0.063
6571,-0.0120888,0.1169644,0.3485079,-0.1098622,-0.1127231,0.0943108, -0
.0969723,0.1093201,-0.0068619,-0.0693628,0.0267484,0.05304,-0.0604868,
0.103301,0.1727317,-0.0955832,0.0394107,0.1081797,0.0788307,-0.0021531
,0.051142,0.0197322,0.0536875,0.0627597,0.0669124,-0.0978875,0.031801,
-0.0423416,0.027682,0.1052588,-0.0013945,-0.0076444,0.006365,0.0605771
,—-0.0491982,-0.0432816,-0.0897493,0.0068004,-0.0778418,-0.0348355,0.01
96476,0.0341913,0.1099109,-0.0180419,-0.0244622,-0.0159805,0.1036341,0
.4640317,-0.1602633,0.0301715,-0.4076261,0.0873194,0.2882208,-0.496209
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7,0.2714873,0.2162467,0.0620532,-0.0493702,-0.0362133,0.019451,0.05040
1,-0.2131968,0.0807715,-0.216056,-0.2114242,0.4601463,-0.0063925,-0.02
90775,-0.0030612,0.5231808,0.309537,0.0063318,0.3342842,0.3567995,0.07
92043,0.0987973,0.0227059,0.119012,0.0129592,-0.1303784,0.1442914,-0.1
226009,-0.0629889,-0.0724516,0.0136305,-0.0043694,-0.047327,-0.0101038
,0.012655,-0.0417089,-0.0366102,0.031791,-0.0675998,0.1120827,0.032298
4,0.4050429,-0.1322133,-0.1042382,0.3332643,-0.0186897,-0.2827272,0.32
5977,0.0020079,-0.1570625,0.1161899,0.0303844,0.0892453,-0.1096762,0.1
167818,0.0057527,0.1625961,-0.0544143,-0.1613809,-0.0218264,-0.0352088
,0.1419083,-0.1633365,0.1674227,0.0222047,-0.3002904,0.0812789,0.08629
21,-0.2646656,0.0169419,0.2385917,-0.181987,0.1288332,0.0331742,-0.100
7698,-0.0814904,0.0410162,-0.1011976,0.0851308,-0.0265348,0.0249883, -0
.0325676,0.1162005,0.0951652,-0.0345995,-0.0086715,-0.0466442,0.018497
6,-0.0899375,-0.0350488,-0.0736967,0.085371,0.0850115,-0.0658092,-0.01
85564,-0.0152781,0.019726,-0.1343182,0.026026,-0.1230792,0.0552883,-0.
0361969,0.0438235,0.1229249,0.0394376,0.092153,-0.0792671,0.1207703, -0
.084287,0.0304687,-0.3329597,-0.1655214,-0.0918691,-0.1160496,-0.57470
25,-0.267501,-0.0705,-0.1290424,-0.3042651,-0.4381293,0.021086,0.10258
4,-0.0416122,-0.5131033,-0.1554653,0.0111422,-0.2208485,-0.4237471,0.0
653841,0.1464926,-0.0458014,-0.0580073,0.1517657,0.3536777,-0.2886863,
0.2427986,0.5306142,-0.0502758,-0.064459,-0.1693737,-0.0914978,-0.3472
5,-0.1970793,-0.1416902,-0.2068982,-0.3797539,-0.2100684,0.103917,0.11
82635,0.4714719,-0.1192486,-0.0794351,0.6918351,-0.022789,-0.2511097, -
0.0197539,-0.059248,-0.0120014,-0.0757345,0.1351528,-0.0300293,-0.0646
726,-0.0415745,0.1016429,0.245123,-0.0236827,0.013952,-0.0357119,0.326
2828,-0.0090548,0.0038145,-0.0262071,0.283641,0.2003591,0.0386026,-0.0
302867,0.0906488,0.8035693,0.3848601,0.014907,0.2939958,0.4415353\Pola
r=692.1627569,10.7407335,342.2560655,-24.6883923,82.3512388,343.030631
7\PG=C01 [X(C30H20FelN6S2)]\NImag=0

UV-Gorandr Bélge Maksimum Absorbans Dalgaboyu

Excited State 12: Singlet-A 3.5732 eV 346.98 nm £=0.8017
<S**2>=0.000

130 ->136 -0.12377

131 ->136 0.32253

132 ->137 -0.14103

134 ->136 -0.12334

134 ->137 -0.20592

135 ->137 0.50690
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EK 11 Gaz faz1 hesaplamalari log dosyalar1 (devam)

Mg-FcTBz

%%,

1\1\GINC-LEVREK77\FOpt\RB3LYP\LANL2DZ\C30H22Fe1MglN6S2 (2+) \ROOT\21-May
-2017\0\\# opt freq b3lyp/lanl2dz geom=connectivity scf=xqgc\\MGGAZ\\2,
1\C,-3.1181915165,-1.4366081391,1.1470711183\C,-2.4829097431,-0.137127
6286,1.3355275079\C,-4.5242513894,-1.2275626506,1.0050390142\H,-2.6140
310643,-2.3932687352,1.1627948972\C,-3.5262597603,0.8723465913,1.20138
31697\C,-4.7808799817,0.1947376145,1.0503980635\H,-5.2700156878,-1.999
7624482,0.8753814039\H,-3.3916392955,1.9358996066,1.3369034021\H,-5.75
25724746,0.6657873393,1.0026693913\Fe, -3.547202922,-0.2053893087,-0.61
17980721\C,-1.0864862949,0.1617902962,1.4544036051\5,0.1543336381,-0.8
28005761,2.3837161038\C,2.8344953294,0.5759705149,2.0108294302\C,4.909
8808754,0.6588775497,1.2423774389\C,4.9869859334,0.4696649414,2.652674
7741\C,7.3704918897,0.5052544763,2.5558824851\C,6.2112971106,0.3846583
969,3.3359593725\C, 6.0822586505,0.7797832021,0.4715306396\C,7.30694029
42,0.7009238068,1.1470460852\H,8.3424413768,0.4548842347,3.0373791975\
H,6.2688468584,0.2440166862,4.410846336\H,6.0459812096,0.9324918602, -0
.6030740765\H,8.2328076934,0.7949379282,0.5877142448\N, 3.6521833806,0.
4230138976,3.0980035441\N,3.5480709364,0.7136409229,0.8721284773\C,1.3
587733005,0.7582573015,2.0286868796\H,1.0592649664,1.406010164,2.86261
98563\N,0.8916074254,1.2767643525,0.7474846561\C,-0.4636758068,1.18310
40405,0.7180482709\H,3.3509933373,0.3216170292,4.0607263204\H,-1.03363
64064,1.78868637,0.0247959048\C,-3.4223478209,-1.1694257419,-2.5584823
213\C,-2.5807414936,0.0232016697,-2.6331363976\C,-4.7598691282,-0.7606
964576,-2.2795243381\H,-3.0994263563,-2.1802637013,-2.7664528636\C, -3.
4314990963,1.1564267733,-2.2301981681\C,-4.7703766753,0.6763322628,-2.
1065494876\H,-5.6207162406,-1.4110671951,-2.2125427316\H,-3.1385559625
,2.1970111827,-2.2087698183\H,-5.6409737909,1.2838127854,-1.9023657796
\C,-1.2010478269,0.0455099553,-2.9339073989\S,-0.3545164345,-1.3449476
202,-3.7380433456\C,2.3930532133,-1.2546728968,-2.9131748993\C,3.77359
28049,-2.1391066984,-1.4282988395\C,3.8393276619,-2.9418026999,-2.6038
113745\C,5.4032772525,-4.4133514586,-1.5675090791\C,4.6508922537,-4.08
25834486,-2.7033282346\C,4.5307151803,-2.4898207453,-0.2939748143\C, 5.
3388194592,-3.6311243554,-0.3817068506\H, 6.0456584316,-5.2884438874,-1
.5902745207\H,4.6971675088,-4.6854069018,-3.6049728214\H,4.4901499799,
-1.9099283421,0.6191060623\H,5.9319514045,-3.9308000316,0.4770907468\N
,2.9544127569,-2.3420699151,-3.5197411948\N,2.8614438419,-1.0743430627
,-1.6630334058\C,1.3374573478,-0.375883083,-3.4882331842\N,1.054232505
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1,0.7536885424,-2.5835820347\C,-0.2519508347,1.0233428397,-2.502738030
9\H,2.7641736581,-2.6712154083,-4.4595685971\H,1.5853097761,-0.0106934
038,-4.4918551667\H,-0.566528784,1.929763013,-1.9984101109\Mg,2.274013
8954,0.7198651892,-0.7603585314\\Version=ES64L-G09RevD.01\State=1-A\HF
=-1628.7488066\RMSD=6.519e-09\RMSF=3.134e-06\Dipole=0.1247608,0.323222
8,-0.4944652\Quadrupole=60.6134989,-45.2518714,-15.3616275,-14.2709272
,15.2303919,14.8816807\PG=C01 [X(C30H22FelMglN6S2)]1\\@

UV-Gorandr Bélge Maksimum Absorbans Dalgaboyu

Excited State 21: Singlet-A 3.0730 eV 403.47 nm £=0.1300

<8**2>=0.000
123 ->137 0.14349
125 ->137 0.13699
127 ->137 0.10463
128 ->137 0.14019
135 ->137 0.14628
136 ->138 -0.32811
136 ->139 -0.16539
136 ->140 0.42246
136 ->141 0.21698
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EK 11 Gaz faz1 hesaplamalari log dosyalar1 (devam)

Ca-FcTBz

1\1\GINC-LEVREK11\FOpt\RB3LYP\LANL2DZ\C30H22CalFelN6S2 (2+) \SSEYRAN\21-
May-2017\0\\# opt freq b3lyp/lanl2dz geom=connectivity scf=xqc\\CAGAZ1
\\2,1\C,-3.5421318095,0.0695580353,1.792198642\C,-2.7324653,1.13758843
29,1.2142157622\C,-4.8961919225,0.2572566853,1.3793873401\H,-3.1870438
374,-0.6894266755,2.4757752447\C,-3.621461149,1.9034055939,0.327439056
4\C,-4.9493027932,1.4038956365,0.4992860312\H,-5.7392578989,-0.3507567
787,1.6761099183\H,-3.3544538947,2.7910894926,-0.2286317747\H,-5.83984
32049,1.8077958373,0.0383512797\Fe,-3.7078838192,-0.0833716901,-0.3601
524336\C,-1.3423370301,1.329282583,1.3882705026\S,-0.4046204757,0.6023
071716,2.7714255528\C,2.4334383325,0.8598520706,2.2860268392\C,4.27471
3513,-0.3015309181,1.9123750415\C,4.1411543945,-0.1721317396,3.3238549
156\C,6.1378189138,-1.4311642623,3.6682823914\C,5.0626765308,-0.725594
16,4.2272749814\C,5.3540736977,-1.0224296114,1.3664816998\C,6.27756099
23,-1.5807863622,2.2606995625\H,6.878605583,-1.8792804462,4.3236510587
\H,4.957038333,-0.6205672173,5.302644956\H,5.4637259368,-1.16450721,0.
2973229872\H,7.1195984083,-2.1474957616,1.8744892389\N,2.9657012058,0.
5724108235,3.5188530536\N,3.1908189181,0.3693509187,1.2863157157\C,1.1
578775638,1.6092626452,2.1019488623\H,1.1423992788,2.5181589121,2.7185
291812\N,0.8626538242,1.9582000455,0.7044692513\C,-0.4573595154,1.9803
898316,0.4799958966\H,2.5783848712,0.8414708793,4.4162398392\H,-0.8271
778784,2.4045052535,-0.4484943027\C,-3.3104181558,-2.0492180982,-1.200
1148343\C,-2.5870550566,-1.073988892,-2.0094504622\C,-4.7041375967,-1.
7420787735,-1.2653915449\H,-2.870299715,-2.8994403927,-0.6970541813\C,
-3.5744001051,-0.0865692505,-2.4574941267\C,-4.8700581506,-0.544263262
,—2.058575663\H,-5.4998327508,-2.3068317865,-0.7998388593\H,-3.3786070
293,0.7474898354,-3.1162964148\H,-5.8109893045,-0.0753844015,-2.310053
2712\C,-1.1918790795,-1.0028145657,-2.258764699\S,-0.0409233472,-2.436
6998861,-2.2029493643\C,2.6956314829,-1.5095474239,-2.9447902918\C, 4.8
605432464,-1.2780812294,-2.5651276007\C,4.6962198322,-2.4647473549,-3.
3345145092\C, 7.0581184961,-2.8060555314,-3.3786227371\C,5.7818453804, -
3.255397474,-3.7464042358\C,6.150827846,-0.8310627417,-2.2158331402\C,
7.24030282,-1.6083978409,-2.6318234499\H,7.9308154961,-3.3771605538,-3
.6806927431\H,5.6518249198,-4.1612347882,-4.3305342192\H,6.3095104827,
0.0930791861,-1.6663898923\H,8.2494040607,-1.2887031224,-2.3892435389\
N,3.3138563766,-2.5736070798,-3.5564927529\N, 3.5860267108,-0.710803923
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9,-2.3216842785\C,1.2442384288,-1.2046206216,-3.100571862\N,0.86733669
7,0.1402513448,-2.6546308971\C,-0.4666885578,0.1949298575,-2.486623599
9\H, 2.8555492762,-3.3000207977,-4.0951472402\H, 0.9580066769,-1.3388925
42,-4.1532847847\H,-0.9517347424,1.1635171744,-2.4133302463\Ca,2.51325
59434,1.0163185306,-0.9761089401\\Version=ES64L-G09RevD.01\State=1-A\H
F=-1664.4876882\RMSD=4.189e-09\RMSF=1.042e-05\Dipole=0.5282778,1.17886
24,-0.4032321\Quadrupole=59.0836762,-43.2702789,-15.8133973,-16.637099
8,0.1496611,15.795965\PG=C01 [X(C30H22CalFelN6S2)]1\\@

UV-Gorandr Bélge Maksimum Absorbans Dalgaboyu

Excited State 22: Singlet-A 3.3373 ev 371.51 nm £=0.0841
<8**2>=0.000

127 ->141 -0.13906

128 ->141 0.49140

129 ->141 0.17603

133 ->142 -0.11639

134 ->145 0.19119

140 ->142 -0.11757

140 ->144 0.14501

140 ->146 0.23571
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EK 11 Gaz faz1 hesaplamalari log dosyalar1 (devam)

Co-FcTBz

1]1|UNPC-DESKTOP-GRHAD34 | FOpt | RB3LYP|LANL2DZ |C30H22FelCo0l1N6S2 (2+) | KUBR
A|22-0ct-201710]| | # opt b3lyp/lanl2dz geom=connectivity scf=xqgc||Kobalt
-gazl||2,1]C,-3.3157446682,-0.2559574324,-1.867863086|C,-2.9878023609, -
1.3852896522,-0.967375266|C,-4.7320329502,-0.1777529376,-1.9890490711 |
H,-2.6014653278,0.2945207239,-2.4649287777|C,-4.2719991561,-1.78484582
36,-0.3629893962|C,-5.3232625824,-1.1079725105,-1.0481181293|H,-5.2726
07878,0.4828662306,-2.6524955128|H,-4.4120567201,-2.5663662063,0.36951
38128 |H,-6.3818944996,-1.2634559788,-0.8947839419|Fe, -4.1698207173,0.3
081613275,0.0150597174|C,-1.7530635636,-1.9735313831,-0.6922208091|S, -
0.1259584212,-1.4616575038,-1.4152663649|C,1.8849939583,-2.989655199,0
.0221088385|C,3.5779590038,-2.1633994302,1.2005535047|C,3.7510865888, -
3.5717865571,1.1415226355|C,5.7483614614,-3.4095884188,2.4348934848|C,
4.8325692183,-4.2249680885,1.7544453127|C,4.5051863453,-1.3534432744,1
.8828891461|C,5.5879503537,-1.9973164344,2.4975155186|H,6.6028857087, -
3.8651014014,2.9258405503|H,4.962500355,-5.3016872778,1.7090513693|H,14
.4017807957,-0.2725026597,1.9401184968|H,6.3246391788,-1.4081196055, 3.
0349673534 |N,2.6638730115,-4.047589735,0.3861945264|N,2.3904993865, -1.
8265624048,0.4906519068|C,0.6176987647,-3.1783028147,-0.7752260033|H,0
.8152020501,-3.7558081847,-1.6870647318|N,-0.4095466533,-3.8349193781,
0.0121554035|C,-1.5677485054,-3.2301873577,0.0237714491|H,2.4493555832
;,—5.0204062985,0.1930758545|H,-2.3932188728,-3.6985644242,0.5511161653
|C,-4.2443426743,2.4380306046,0.3715320975|C,-3.3176533412,1.8211366238
6,1.2940130211|C,-5.537293268,1.8530712904,0.5732813889|H,-4.004204537
9,3.2114286865,-0.3446241575|C,-4.07607065,0.8109019161,2.0563844147|C
,—5.4388927394,0.88758219,1.6450406694|H,-6.4411985627,2.1149318509,0.
0415785638 |H,-3.6929305682,0.2022086452,2.8637015095|H,-6.2529664685,0
.2985767517,2.0443593722|C,-1.903923699,1.9984190487,1.2846054633|S, -1
.1076923735,3.4455162146,0.4829002234|C,1.6866029743,2.7975599427,-0.0
111949435|C,3.2483779251,2.1811444964,-1.4645248028|C,3.2164970649,3.6
035908887,-1.4518449978|C,4.9565371757,3.6839101761,-3.0813474391]|C, 4.
0636926857,4.382915215,-2.2552815803|C,4.1502194531,1.4908408921,-2.29
539992221C,4.9994489427,2.2619705324,-3.1009781527|H,5.6339268583,4.24
03603243,-3.7219753788|H,4.0396437316,5.4681302087,-2.2448623719|H,4.1
925290502,0.405536554,-2.3183380239|H,5.7089466914,1.7671030992,-3.757
1970815|N,2.2198181317,3.9486992321,-0.5150829464|N,2.2778911942,1.706
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3131248,-0.5503978743|C,0.6147109556,2.6840033485,1.0298536751|N,0.359
4000988,1.2657532689,1.3502492379|C,-0.9423016418,1.0430483336,1.65169
710111H,1.9442760926,4.8921179012,-0.2654368719|H,0.8738711227,3.24970
46201,1.9339486706|H,-1.2282780163,0.077357431,2.0590267331|Co,1.54668
47553,0.0038615735,0.2746322464| |Version=IA32W-GO9RevA.02]|State=1-A|HF
=-1628.7549954 |RMSD=5.368e-009 |RMSF=4.237e-006|Dipole=0.7498681,-0.554
6766,0.0601804|Quadrupole=51.2609888,3.4710344,-54.7320232,-5.0791255,
-0.3252451,-12.9356073|PG=C01 [X(C30H22FelColN6352)]]|@

UV-Goruandr Bolge Maksimum Absorbans Dalgaboyu

Excited State 24: Singlet-A 3.4773 eV 356.55 nm £f=0.0926

<S**2>=0.000
123 ->137 -0.11249
124 ->137 0.11092
125 ->137 0.11399
126 ->137 0.33517
127 ->138 -0.13774
127 ->141 -0.10207
128 ->137 -0.13996
128 ->138 -0.17552
128 ->141 -0.10206
129 ->138 -0.16488
131 ->141 0.28977
131 ->142 -0.10162
135 ->138 0.15615
135 ->141 -0.11369
136 ->138 0.12411
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EK 11 Gaz faz1 hesaplamalari log dosyalar1 (devam)

Ni-FcTBz

1\1\GINC-UB12\FOpt\RB3LYP\LANL2DZ\C30H22FelN6N11S2 (2+) \FSGROUP\22-Sep-
2017\0\\# opt b3lyp/lanl2dz geom=connectivity scf=xqgc\\Title Card Requ
ired\\2,1\C,-4.280673444,-2.2223974533,0.4898854398\C,-3.2140674047,-1
.5640497277,1.2546477609\C,-5.5214993569,-1.6448510844,0.8782572095\H,
-4.1490161935,-3.0454417012,-0.1989500163\C,-3.8636533035,-0.506824867
4,2.0621543798\C,-5.2645387318,-0.5988524056,1.8476788224\H,-6.4956254
799,-1.9356151594,0.5106698622\H,-3.3809304221,0.1536287417,2.76793878
\H,-6.0171004841,0.0156070671,2.3221125339\Fe,-4.2127496628,-0.1533149
624,-0.0043263535\C,-1.8242525935,-1.7779566717,1.126196939\S,-1.07230
82423,-2.9985273933,0.1096374805\C,1.796554803,-2.2252439978,-0.190251
1986\C,3.1812771202,-1.442789659,-1.7258892318\C,3.4245572603,-2.84377
31505,-1.622695738\C,5.1202583125,-2.6955479154,-3.2924913122\C,4.3957
73056,-3.4977240778,-2.401991078\C,3.924278702,-0.6451163547,-2.621717
8456\C,4.8891312811,-1.2913899514,-3.4000686239\H,5.881266077,-3.15144
24719,-3.9188365547\H,4.5824499085,-4.5643228329,-2.3248951677\H,3.756
6747612,0.42422677,-2.6996331602\H,5.4815993902,-0.7157910061,-4.10468
91272\N,2.5368880709,-3.3029403698,-0.643186246\N,2.1565856751,-1.0969
709823,-0.8273710995\C,0.7588439774,-2.3809257758,0.8557956509\H,0.984
1314616,-3.2304439522,1.5143898906\N,0.4522440629,-1.2340468352,1.6529
866396\C,-0.8030550896,-0.9734478435,1.848699845\H,2.4749528482,-4.257
5237898,-0.3079169823\H,-1.086539802,-0.169041498,2.5191899343\C,-3.59
24212769,0.1949564707,-1.9990273331\C,-3.0670956353,1.2412466064,-1.116
3306231\C,-5.0151291483,0.265987513,-1.9692386929\H,-2.9988606669,-0.4
698105533,-2.6088068778\C,-4.2159004803,1.9236279029,-0.5349352424\C, -
5.4026606835,1.3120208607,-1.0505048087\H,-5.6927608363,-0.369063418, -
2.5230095769\H,-4.2015011487,2.7566729037,0.1522521833\H,-6.4162219399
,1.601714875,-0.8108201452\C,-1.6628776961,1.4425539461,-0.7791993685\
S,-0.4929927059,0.3737640285,-1.5041445138\C,2.3061719314,2.6763438433
,0.6680306197\C,4.2018702286,1.6271483772,1.1630988228\C,4.116954556,2
.8001056224,1.9764878547\C,6.2318458797,2.2856802576,2.9639251524\C, 5.
1282164037,3.1499067372,2.8846039365\C,5.3150418488,0.7733770115,1.247
9965997\C, 6.3238841306,1.1173134387,2.1597951658\H,7.0389637852,2.5177
717718,3.6524343981\H,5.0719334303,4.0449231986,3.4966179286\H,5.39503
9974,-0.1118611772,0.6249030627\H,7.201044753,0.4835914328,2.251671921
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4\N,2.8963511496,3.4325364274,1.6379995207\N,3.046633169,1.5930010779,
0.3571922528\C,1.0289305244,2.6024917812,-0.0836494688\N,-0.1639962107
,2.8818144193,0.618841291\C,-1.3399877492,2.4483151298,0.2502570444\H,
2.5293116768,4.2892188891,2.0344004036\H,1.0579813914,3.0260516475,-1.
0989183718\H,-2.1816993184,2.844416651,0.8147042101\N1,1.5320880962,0.
742066951,-0.5257712484\\Version=ES64L-GO9RevD.01\State=1-A\HF=-1797.1
24823\RMSD=7.357e-09\RMSF=1.053e-05\Dipole=-2.5073491,-1.57511,0.88026
9\Quadrupole=62.2329192,-14.72408,-47.5088391,-3.1852993,-4.5486706,14
.9967181\PG=C01 [X(C30H22FelN6Ni152)]\\@

UV-Gorandr Bélge Maksimum Absorbans Dalgaboyu

Excited State 9: Singlet-A 1.3590 ev 912.31 nm £=0.0233
<S**2>=0.000

139 ->145 0.28461

140 ->145 0.10797

142 ->145 0.10617

143 ->146 0.55171

144 ->146 -0.23621
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EK 11 Gaz faz1 hesaplamalari log dosyalar1 (devam)

Cu-FcTBz

1\1\GINC-LEVREK108\FOpt\UB3LYP\LANL2DZ\C30H22CulFelN6S2 (2+,2) \ROOT\21-
May-2017\0\\# opt freq b3lyp/lanl2dz geom=connectivity scf=xqc\\CUGAZ\
\2,2\C,-2.796310048,-1.3848218529,0.635206564\C,-2.3604384776,-0.22545
01239,1.3897962301\C,-4.1985253977,-1.2371622701,0.3383271305\H,-2.191
7187957,-2.2532541531,0.4092515011\C,-3.5118734349,0.6848764678,1.4438
556553\C,-4.6447132858,0.0249673928,0.8713355248\H,-4.818469525,-1.978
95196,-0.1462148781\H,-3.5308841328,1.6525787018,1.9266978094\H,-5.653
2670972,0.4132979854,0.8338976023\Fe, -3.1278418896,0.3258776435,-0.676
0340405\C,-1.0501776657,0.0460769393,1.8723959677\5,0.4014513946,-0.94
17839335,1.4344494524\C,2.6322152546,0.8618983753,1.994650482\C,4.4171
988626,1.3875235623,0.7939549648\C,4.2628325481,2.3993437066,1.7800222
138\C,6.2015622611,3.526615607,0.9632377567\C,5.1470623039,3.486611558
6,1.8863326386\C,5.4778884367,1.4387213056,-0.1300525701\C,6.364364405
7,2.5190251045,-0.0289666655\H,6.915852215,4.3433396976,1.0071467434\H
;,5.0319189565,4.2552533744,2.6442230756\H,5.6131882902,0.6714443319, -0
.8870811546\H,7.1998267998,2.5908350744,-0.7188524575\N,3.1228335442,2
.0330351588,2.5110186635\N,3.3737420846,0.4380293901,0.9557599793\C, 1.
4502606187,0.1938380972,2.6478622895\H,1.7733951407,-0.4924642219,3.44
14090301\N, 0.5580053422,1.2023579858,3.199854664\C,-0.6874295984,1.100
3893984,2.7998472923\H,2.6926763154,2.5293268699,3.2844058309\H,-1.422
7273042,1.7996954952,3.1868258262\C,-3.0118795496,-0.026874741,-2.8421
816051\C,-1.7172455148,0.5012628049,-2.4051219824\C,-4.0027871232,0.97
19378779,-2.6342293434\H,-3.1677350101,-0.9758105069,-3.3377983668\C, -
1.997563956,1.8164340571,-1.8083445356\C,-3.378718513,2.1061015193,-1.
9848643061\H,-5.0476604692,0.8962064308,-2.9050317225\H,-1.2692806998,
2.4955692108,-1.386046952\H,-3.8760277745,3.0239083395,-1.7010515625\C
,—0.4557105599,-0.1287565491,-2.5384874502\S3,-0.220255654,-1.732080804
9,-3.3119925629\C,2.4637138688,-2.6109291365,-2.539916491\C,3.58919807
34,-3.8900237565,-1.1254317598\C,3.3492113472,-4.6665576391,-2.2938243
001\C,4.499864786,-6.5187507279,-1.3270111495\C,3.797136959,-5.992287,
-2.419929178\C,4.3004930995,-4.4280501097,-0.0358125882\C,4.7477037154
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,=5.7495762104,-0.1538824535\H,4.8691441803,-7.5387939895,-1.374891381
2\H,3.618163034,-6.5846772682,-3.3118691396\H,4.4972928759,-3.84338781
36,0.8580260365\H,5.2999550581,-6.2026669358,0.6638039947\N,2.63997213
79,-3.8217681383,-3.1659447845\N,3.0218101211,-2.611956987,-1.31704222
64\C,1.7576718338,-1.4401024179,-3.1324834908\N,1.9262524637,-0.234187
0529,-2.3449655575\C,0.8207480621,0.4335280992,-2.1173762864\H,2.32929
62201,-4.0663008028,-4.0990766074\H,2.0626447228,-1.2562051426,-4.1703
448899\H,0.8807127619,1.3853279863,-1.5989376398\Cu,3.1349817311,-1.04
49016939,-0.2257009301\\Version=ES64L-G09RevD.01\State=2-A\HF=-1824.01
99354\52=1.601255\52-1=0.\S2A=1.03403\RMSD=3.715e-09\RMSF=1.392e-05\D1i
pole=-2.4903231,0.5500618,-1.1217828\Quadrupole=32.3821001,-4.2303519,
-28.1517482,-20.1256772,7.6877892,28.2449609\PG=C01 [X(C30H22CulFelN6S
2)1\\e

UV-Gorunidr Boélge Maksimum Absorbans Dalgaboyu

Excited State 3: Singlet-A 1.5826 eV 745.05 nm £=0.0132
<S**2>=0.000

135 ->137 0.62032

136 ->139 -0.27773

136 ->140 -0.11746
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EK 11 Gaz faz1 hesaplamalari log dosyalar1 (devam)

Zn-FcTBz

1|1 |UNPC-DESKTOP-GRHAD34 |FOpt |RB3LYP|LANL2DZ |C30H22FelN6S27Znl (2+) | KUBR
A|21-0ct-201710]| | # opt b3lyp/lanl2dz geom=connectivity scf=xqgc||cinko-
gaz-dend||2,1|C,-3.2989835042,1.3840519439,1.5216291857|C,-2.245370665
2,1.8446676063,0.6467984468|C,-4.5517397269,1.5379679922,0.8404164192|
H,-3.1666628515,0.9966192766,2.522191821|C,-2.8852963285,2.2615979854,
-0.61495021041C,-4.2956042302,2.1247505791,-0.4558589082|H,-5.52554331
24,1.2967860911,1.2426337194|H,-2.3855222008,2.7011734348,-1.467124380
2|H,-5.0424487684,2.384239513,-1.1934141664|Fe,-3.3182196894,0.2230289
319,-0.2989045304|C,-0.8469682685,1.714446669,0.8946675365|S,-0.182506
6332,1.4324700892,2.586302062]C,2.5148730829,0.3743251197,2.3377869649
|C,3.8370651896,-1.4142542038,2.3900529878|C,3.8130275229,-0.860666475
5,3.7009607483|C,5.2880304802,-2.5683782995,4.4744237525|C,4.533505660
3,-1.4222680699,4.7667510469|C,4.5991623343,-2.5618771852,2.1071386908
|C,5.3207100009,-3.1285244833,3.1670698721|H,5.8637645801,-3.040752774
7,5.2645255007|H,4.5168054634,-1.0000583561,5.7666622917|H,4.631367214
8,-2.996890664,1.112385065|H,5.9207427477,-4.0161116473,2.9908468606|N
,2.9716104911,0.2693478546,3.6194268908|N,3.0133768293,-0.6143065249,1
.5642037396|C,1.6083687012,1.4335030357,1.7861949192|H,1.9919753056, 2.
4387349319,2.0016414119|N,1.4155899122,1.2397721001,0.3381819953|C,0.1
635793379,1.5739125995,-0.0652409534|H,2.7417833953,0.89209869,4.38609
16096 |H,-0.0475137613,1.6144127566,-1.1298519461|C,-2.782134965,-1.829
917632,-0.0399384067|C,-2.3334723093,-1.4964205438,-1.4116379264|C,-4.
1990072818,-1.7033920917,0.0083668627|H,-2.1609295387,-2.2602456966,0.
7337055029|C,-3.5169038003,-0.9250609181,-2.0813961021|C,-4.6507110988
,—1.128308305,-1.242853726|H,-4.8271970256,-1.9680460587,0.8474919853|
H,-3.5523727765,-0.5444460079,-3.0917366003|H,-5.6752469975,-0.8943132
883,-1.4958847609|C,-1.07226015,-1.637367821,-1.9902639329|S,0.4355665
522,-2.2935340045,-1.14640549171C,2.6286005366,-1.7822204863,-2.996086
282|C,4.4655732198,-0.5812214003,-2.6181773139|C,4.6037760924,-1.17734
98684,-3.8995296076|C,6.7401805665,-0.1528705968,-4.1724151944|C,5.737
6951305,-0.9773064106,-4.703386648|C,5.4776763216,0.2417925191,-2.0915
591956|C,6.6128304199,0.4461192341,-2.8880400306|H,7.6378349565,0.0335
483906,-4.7539376952|H,5.8427716385,-1.4324373706,-5.683215311|H,5.397
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5992446,0.7068556625,-1.1121488667|H,7.4169280305,1.0758482855,-2.5198
42256|N,3.4277095677,-1.9248810599,-4.0917125483|N,3.2106425041,-0.978
6156278,-2.0809631557|C,1.2760934282,-2.4476077542,-2.9208344002|N,0.3
652142085,-1.8718594491,-3.8973880227|C,-0.7874789425,-1.4926983912,-3
.4139615946|H,3.1724970123,-2.4351901411,-4.9310218212|H,1.3704615083,
-3.5270372196,-3.0942375142|H,-1.5337413965,-1.0972863662,-4.096153959
21Zn,2.4218473844,-0.3816464883,-0.3516725202| |Version=IA32W-GO9RevA.0
2|State=1-A|HF=-1693.453664 |RMSD=4.783e-009 |RMSF=3.797e-006|Dipole=0.4
580422,-0.3426166,-0.5139717|Quadrupole=48.4753505,-53.3730788,4.89772
83,-15.7388585,0.21542,10.1917767|PG=C01 [X(C30H22FelN6S2Znl)]]|@

UV-Goruandr Boélge Maksimum Absorbans Dalgaboyu

Excited State 23: Singlet-A 3.4351 eV 360.93 nm f£f=0.1221

<8**2>=0.000
128 ->142 0.20049
130 ->142 -0.28240
131 ->142 0.36586
132 ->143 -0.14733
133 ->142 0.11181
133 ->143 -0.14064
134 ->142 0.13487
134 ->143 -0.13845
136 ->144 0.17982
136 ->145 0.17969
140 ->142 0.10476
140 ->143 0.11592
141 ->143 0.14394
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EK 11 Gaz faz1 hesaplamalari log dosyalar1 (devam)

Hg-FcTBz

1|1|UNPC-MINE-BILGISAYAR|FOpt |RB3LYP|LANL2DZ|C30H22FelHgIN6S2 (2+) |MINE
|09-May-2017|0| | # opt freq b3lyp/lanl2dz geom=connectivity||HGGAZ||2,1
|C,3.4285474075,-0.9863065232,1.9415519238|C,2.9964855901,-1.956298632
2,0.9102722943|C,4.846473582,-1.049992514,2.0463459882|H,2.7697250252,
-0.4534123754,2.6134892727|C,4.2364850727,-2.4000860661,0.2451482584|C
,5.3461653992,-1.9085267475,0.9912495428|H,5.4492566629,-0.5251776841,
2.7743918802|H,4.300969295,-3.0970791039,-0.5776715348|H,6.3859705895,
-2.1363159543,0.8032380741|Fe,4.3055069349,-0.2771695142,0.1259861858|
C,1.7083785549,-2.3744636162,0.5771384222|S,0.1493429871,-1.809389398,
1.3865218683|C,-2.0647600449,-3.1108243284,-0.0479760194|C,-3.84156125
19,-2.2325958539,-1.0710982618|C,-4.0623048463,-3.6314507194,-0.965595
4871C,-6.1710710571,-3.4039603699,-2.0579855907|C,-5.2261223257,-4.246
4006045,-1.4554836949|C,-4.7961048351,-1.3942961547,-1.6749399038/|C, -5
.9602275997,-2.0006467457,-2.1658609208|H,-7.0878621795,-3.8304185929,
-2.4533217221|H,-5.3944676402,-5.3158464187,-1.3765218758|H,-4.6496245
747,-0.3204397501,-1.7684020749|H,-6.7210172016,-1.3897438087,-2.64196
0094 |N,-2.9264811931,-4.1387086982,-0.3122866146|N,-2.5801503145,-1.94
49103459,-0.4882423506|C,-0.7334863501,-3.383947125,0.6058782695|H,-0.
8789729268,-4.0626814731,1.4568323234|N,0.1961996368,-3.9963600036,-0.
3360431926|C,1.4016049489,-3.494727668,-0.3075312323|H,-2.7338625676, —
5.1170624241,-0.1244978045|H,2.1683703093,-3.9457287414,-0.9300332986|
C,4.5403316018,1.8671810547,0.0349013299|C,3.5792646002,1.4599361919, -
0.9639872|C,5.7846175769,1.2074061335,-0.2372480895|H,4.3573178465,2.5
658098171,0.8393913428|C,4.2575514504,0.4870256101,-1.8395058571|C,5.6
183805489,0.395677461,-1.4219839|H,6.7010827016,1.3270595441,0.3230838
639|H,3.8352357652,0.0182989677,-2.7175925316|H,6.3852119713,-0.203860
8731,-1.8928856286|C,2.1995237807,1.8163610091,-0.9825682797|S,1.55850
79501,3.2537357809,-0.0290774518|C,-1.3278416285,3.1162336338,0.092610
0592|C,-3.0698931291,2.7431144088,1.4231670582|C,-2.8069633551,4.14204
93612,1.4492233821|C,-4.6254537221,4.4777506701,2.957373651|C,-3.57490
90518,5.0349648636,2.2132787859|C,-4.1264608733,2.1949962811,2.1722387
59|C,-4.8968659135,3.0812074062,2.9376861057|H,-5.2489961177,5.1270982
697,3.5643822254|H,-3.3763140442,6.1020234795,2.2335448563|H,-4.339874
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5914,1.1296932714,2.1661095912|H,-5.7207754131,2.6977391348,3.53188841
79|N,-1.7049982222,4.3341304402,0.5924057033|N,-2.1227923236,2.1396172
065,0.56442526791C,-0.1907693023,2.8945321193,-0.8566529144|N,-0.13162
46276,1.5210749507,-1.3710707152|C,1.1447577554,1.0982545543,-1.562777
5306|H,-1.263490709,5.223045119,0.3852849146|H,-0.2349164856,3.6103181
399,-1.6875634203|H,1.3081395605,0.1636563968,-2.0916896689|Hg,-1.6682
156868,0.0964895516,-0.3867747573| |Version=IA32W-GO9RevA.02|State=1-A]
HF=-1670.537638 |RMSD=8.713e-009 |RMSF=9.990e-006|Dipole=-0.0209245,-0.8
410375,0.2173099|Quadrupole=52.4444583,8.8140118,-61.2584701,0.6662645
,1.8015576,13.7367746|PG=C01 [X(C30H22FelHglN6S2)]1]||@

UV-Gorandr Bélge Maksimum Absorbans Dalgaboyu

Excited State 21: Singlet-A 3.1731 eV 390.73 nm f£f=0.1461

<8**2>=0.000
128 ->142 0.18919
129 ->142 0.25592
130 ->142 -0.10330
131 ->142 0.26319
132 ->142 -0.14116
133 ->144 -0.12809
134 ->142 0.14506
134 ->144 -0.14481
137 ->147 0.12466
140 ->142 0.14342
140 ->144 0.14892
140 ->147 0.11404
141 ->144 0.18560
141 ->148 0.21306
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EK 11 Gaz faz1 hesaplamalari log dosyalar1 (devam)

Pb-FcTBz

1\1\GINC-LEVREK76\FOpt\RB3LYP\LANL2DZ\C30H22FelN6Pb1S2 (2+) \ROOT\21-May
-2017\0\\# opt freq b3lyp/lanl2dz geom=connectivity scf=xgc\\pbGAZ\\2,
1\C,-3.0413519108,-1.0388992035,1.155214702\C,-2.2720157503,0.18317055
42,0.988528334\C,-4.4339285461,-0.6945090807,1.1950290817\H,-2.6290993
974,-2.0276883013,1.3030213177\C,-3.230991758,1.2647939926,0.808564006
4\C,-4.5515758909,0.7300353172,0.9918821124\H,-5.2534303728,-1.3828841
41,1.3476484643\H,-2.9842211468,2.3115537601,0.7011945751\H,-5.4712408
935,1.2982349767,0.9868330319\Fe, -3.6802746456,-0.1461449909,-0.706076
1419\C,-0.8409399582,0.3291356805,0.967191889\S,0.3067041175,-0.774240
6574,1.9505582875\C,2.9968331864,0.5305278751,1.9634326107\C,5.1703954
328,0.7126120244,1.5346547488\C,5.0344628359,0.334428702,2.9003877061\
C,7.4044636887,0.3822018617,3.1781375444\C,6.1414538097,0.1549721603, 3
.7449571936\C,6.4430016922,0.9412360763,0.9773220256\C, 7.5525043464,0.
7719886448,1.8181271636\H,8.2917756151,0.26654176,3.7931574683\H,6.036
2726188,-0.1327687144,4.7864091476\H,6.5713926087,1.2475081854,-0.0568
713764\H,8.54988979,0.9479251275,1.4266964785\N,3.6477971474,0.2319535
103,3.1275632712\N,3.8719335392,0.8106781284,0.9742723954\C,1.53813633
2,0.7547255318,1.7957467752\H,1.174982957,1.4111934778,2.5993522172\N,
1.2503727068,1.3509959169,0.4892429564\C,-0.114232624,1.2938197255,0.2
871782066\H,3.2054229191,0.0024169387,4.0105926478\H,-0.5691483772,1.9
733389092,-0.4254392956\C,-3.8243397761,-1.5231404986,-2.3480765965\C,
-2.9761089052,-0.3891329138,-2.7345343724\C,-5.12382786,-1.0242917345,
-2.0571492526\H,-3.5263438927,-2.5624649762,-2.3460105377\C,-3.7972102
337,0.8286197597,-2.5624754401\C,-5.1121905936,0.4160646291,-2.2088835
514\H,-5.9779314995,-1.6180469389,-1.7628589219\H,-3.4990578622,1.8409
748324,-2.7947326117\H,-5.9592721195,1.0714284743,-2.0619469402\C,-1.5
978424155,-0.4364444331,-2.9804909748\S3,-0.6876159918,-1.9518364131,-3
.2861203482\C,2.1248399384,-1.4669216747,-2.8306710355\C,3.8727303311,
-1.9808182456,-1.5703296291\C,3.6804775745,-3.0571780946,-2.4815266418
\C,5.546965741,-4.2358687801,-1.5798583471\C,4.4994547321,-4.197264468
9,-2.5088654807\C,4.9326133995,-2.0378131851,-0.6439174435\C,5.7575114
974,-3.1699142306,-0.6631728519\H,6.2123393229,-5.0935834735,-1.559091
2375\H,4.3385029754,-5.0085588625,-3.2121108226\H,5.1169877576,-1.2451
666708,0.0655473401\H,6.5820364007,-3.2371056906,0.0403588248\N,2.5756
1928,-2.6920358905,-3.2599714019\N,2.8746666071,-0.9894217664,-1.81579
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34084\C,0.9452467979,-0.8368337655,-3.4914547798\N, 0.6027840407,0.5020
824881,-3.0532960035\C,-0.6844951767,0.7053884798,-2.9340747205\H,2.18
17643038,-3.2421688909,-4.0149567593\H,1.0844149863,-0.8212474162,-4.5
815636063\H,-1.0532243555,1.7063896954,-2.7356224882\Pb,2.8781612739,1
.3841585176,-1.0640575949\\Version=ES64L-G09RevD.01\State=1-A\HF=-1631
.3301366\RMSD=4.676e-09\RMSF=1.206e-05\Dipole=-1.1279703,-0.8762174,-0
.3180479\Quadrupole=64.5962979,-43.8238717,-20.7724262,-10.7401855, 25.
4049026,14.2520065\PG=C01 [X(C30H22FelN6Pb1S2)]\\@Q

UV-Gorandr Bélge Maksimum Absorbans Dalgaboyu

Excited State 21: Singlet-A 3.1511 eV 393.46 nm £f=0.2278

<S**2>=0.000
123 ->138 0.11999
124 ->138 -0.16604
126 ->138 0.23997
127 ->138 0.21365
128 ->138 0.18323
129 ->138 -0.21215
131 ->142 0.10052
136 ->138 -0.17014
136 ->139 -0.10189
137 ->139 -0.15574
137 ->140 0.25591
137 ->141 -0.15484
137 ->143 -0.22848
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EK 11 Su faz1 hesaplamalar1 log dosyalari

FcTBz

1\1\GINC-LEVREK154\Fregq\RB3LYP\LANL2DZ\C30H20Fel1N6S2\FSEVINDUZ\28-Mar-
2018\0\\# freq b3lyp/lanl2dz scrf=(solvent=water) geom=connectivity sc
f=xgc\\SU DEN3FREQ\\0,1\C,4.081916,2.03101,-0.85655\C,3.42385,1.741742
,0.403049\C,5.503407,1.975697,-0.645928\H,3.587163,2.26385,-1.789545\C
,4.462834,1.477954,1.383587\C,5.738315,1.636746,0.737551\H,6.261043,2.
144679,-1.397762\H,4.304994,1.239025,2.425684\H,6.703816,1.508081,1.20
6006\Fe, 4.639219,0.090509,-0.203492\C,1.994476,1.746488,0.65883\5,0.81
0769,2.371553,-0.568672\C,-1.891548,2.279215,0.329487\C,-4.109932,2.39
0227,0.651114\C,-3.75252,2.87013,-0.651375\C,-6.083007,3.295155,-1.094
075\C,-4.751915,3.328464,-1.536299\C,-5.442713,2.355468,1.099288\C, -6.
422367,2.815854,0.204221\H,-6.876065,3.640682,-1.751901\H,-4.492138, 3.
693024,-2.525758\H,-5.706241,1.990746,2.087316\H,-7.466168,2.806572,0.
507176\N,-2.359845,2.788873,-0.822783\N,-2.903888,2.02316,1.245785\C, -
0.503668,2.013245,0.633378\N,-0.070744,1.504866,1.776925\C,1.30994,1.3
55433,1.799751\H,1.777296,0.946457,2.685595\C,4.020628,-1.372417,-1.60
6362\C,3.532589,-1.737376,-0.289347\C,5.457217,-1.321866,-1.555895\H, 3
.410419,-1.195257,-2.481211\C,4.68981,-1.876253,0.577031\C,5.869876, -1
.634476,-0.20843\H,6.110526,-1.080016,-2.381999\H,4.670447,-2.142057,1
.624312\H,6.887387,-1.664944,0.154594\C,2.153504,-1.961499,0.104665\S,
0.780012,-1.811444,-1.072758\C,-1.756728,-2.41598,0.080368\C,-3.901544
,—2.841512,0.586303\C,-3.762556,-2.450001,-0.785562\C,-6.143425,-2.701
987,-1.060488\C,-4.898287,-2.378289,-1.620289\C,-5.147512,-3.166574,1.
152275\C,-6.265299,-3.09036,0.305073\H,-7.037153,-2.65725,-1.677174\H,
-4.804268,-2.081502,-2.660706\H,-5.245321,-3.463325,2.192015\H,-7.2487
53,-3.333355,0.698935\N,-2.411084,-2.190123,-1.071778\N,-2.608401,-2.8
07988,1.105511\C,-0.330976,-2.291289,0.283086\N,0.283456,-2.521416,1.4
3316\C,1.657317,-2.342195,1.342825\H,2.265061,-2.510592,2.221835\H, -2.
311423,-3.026206,2.048754\H,-2.759388,1.640282,2.172099\\Version=ES64L
-GO9RevD.01\State=1-A\HF=-1627.1489566\RMSD=5.861e-09\RMSF=1.434e-06\2
eroPoint=0.4385073\Thermal=0.4690984\Dipole=1.620582,-0.7838476,2.3789
449\DipoleDeriv=0.376618,0.0096307,-0.089418,0.043363,-0.1488221,-0.13
77121,-0.3267345,0.215682,0.0599648,-0.1807733,0.3916284,0.0567481, -0.
0777429,0.1298389,0.0140101,-0.2104003,-0.0203282,0.2105921,-0.1174111
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,—0.0981889,0.0293006,0.1283295,-0.1851657,-0.126271,-0.0619564,0.1102
275,0.1577621,0.1016749,0.0442136,-0.0951966,0.0290079,0.1413067,0.022
3818,-0.0798087,0.0489493,0.0262925,0.549721,-0.0476274,0.035903,-0.14
44502,-0.0545489,0.0833983,0.2784773,-0.2762656,-0.010098,-0.1217961, -
0.1553198,-0.0651049,0.1416614,-0.1006746,-0.0355343,0.1992759,-0.1900
924,0.1164799,-0.0014463,-0.0317095,0.0938383,-0.0018598,0.1491652,0.0
139431,0.118314,0.0396121,0.0393726,0.1432029,-0.0011221,0.0556432,0.0
047308,0.1403877,0.050915,0.0172395,0.018583,-0.0349873,-0.0689282,0.0
083518,-0.0801251,0.053922,0.1460046,0.02653,-0.0691629,0.0014215,0.10
13651,-2.4757316,-0.0648114,0.1303504,-0.1258991,-0.2436789,0.2239999,
0.3157401,0.2763323,-1.1505426,0.9232224,-0.5185852,0.0441758,0.063054
8,-0.1106015,-0.1197188,-0.7912565,-0.0022805,0.2010591,-0.0494391,-0.
0769219,0.1547962,-0.136261,0.097804,0.1772098,0.3591567,0.1482536,-0.
2852984,0.5060911,-0.0211526,-0.2973343,-0.0016647,0.286072,-0.21657, -
0.129306,-0.2483473,0.8038499,-0.1583074,-0.0020404,0.236469,-0.084126
8,0.1218519,-0.0142465,0.2836142,-0.0064639,0.0930248,-0.0623419,0.028
6553,0.0837872,0.0357647,0.008164,0.0040061,-0.0694381,0.0193129,-0.01
45346,-0.5287712,0.0566094,0.0486462,-0.1898055,-0.1493055,-0.0929333,
0.5691004,-0.1874229,0.0086125,0.5019234,-0.1189692,0.0113461,-0.14828
64,-0.1195249,-0.1152455,0.1853808,-0.1578334,0.0944299,0.4344646,-0.0
661681,-0.1242325,-0.047165,-0.1801241,-0.0746118,-0.0495855,-0.075702
,—0.002072,-0.241975,0.0565695,-0.0581709,0.2448571,-0.2122528,-0.0811
173,-0.6019119,0.0197492,0.0228363,-0.0747086,0.0846021,-0.1269223,0.0
836498,0.1556602,0.0831522,-0.1392366,0.0867021,0.0227725,0.123087,-0.
0207135,0.0709666,0.0056938,0.1647238,0.0964763,0.0049272,0.1094213,-0
.0612617,0.0888444,0.0018122,0.0350465,-0.0252505,0.184811,0.1028329,0
.0967029,0.092735,-0.047351,-0.1724831,0.0133391,0.07688%92,0.0082401,0
.1830725,0.0264204,0.0744336,0.027007,0.1079913,-0.3442873,0.049%9426, -
0.1455075,0.0175934,-0.4261834,0.1297628,-0.0509526,0.1351205,-0.64482
16,-0.5514929,-0.0281116,0.1354974,0.0480505,-0.4179014,0.1620939,-0.0
508269,0.1665642,-0.7858251,0.5731854,0.1563544,-0.1479233,0.1835658,0
.0715137,-0.3024119,-0.572651,-0.3244491,0.7408803,0.0649229,-0.037597
1,0.0944277,-0.0454832,-0.3664471,0.221538,0.0711282,0.2875114,-0.8619
669,-0.8540502,0.1949855,-0.0412389,-0.2938225,-0.0128227,-0.1113887,0
.9453507,-0.2895764,0.0868261,0.0751871,0.0243452,-0.0456306,0.071687,
0.1783005,0.0875755,-0.1270289,0.1069829,0.0524688,0.3842995,0.0092003
,—0.1696324,0.2265862,-0.0632745,0.0327771,-0.3801715,-0.2931543,0.052
7512,-0.1483361,-0.4095048,-0.0254397,0.1094536,0.1424318,-0.0628237,0
.0381368,0.0223716,0.1746948,-0.1576961,0.0608899,0.1170359,-0.1430205
,—0.1055103,0.0228419,-0.0764493,-0.2684587,0.1148322,0.0806714,-0.001
2312,-0.115373,0.0069453,0.1452265,0.0254997,-0.0912806,0.003884,0.046
7384,0.4957645,0.1299913,0.0078492,-0.0169227,-0.1163997,-0.1278882,0.
2174914,0.2213304,0.0301449,-0.0638059,0.1665381,0.0386586,-0.1656184,
-0.1702781,-0.0773413,0.136756,0.0549983,0.129635,0.0268495,-0.0212787
,0.0954995,-0.0538826,0.1386363,0.0577456,0.1065774,0.0229804,0.020130
7,0.1536848,-0.0181229,0.0341667,-0.0130845,0.129733,0.039022,-0.01348
43,0.0688812,-0.0352625,-0.0841658,0.0170463,-0.0553422,-0.0348767,0.1
514531,0.0023599,-0.0673125,0.0136753,0.1156315,0.8079341,0.4345287,0.
1616173,0.4444997,-0.0341247,-0.1037084,-0.7618656,-0.3099184,0.248820
5,0.0120916,-0.012618,0.1084825,-0.0951212,0.1305145,0.141192,0.279243
,0.1787612,-0.3752134,0.4662175,0.1917834,-0.1841276,0.0428726,0.25529
46,-0.2240795,-0.0392688,-0.1968895,0.8788227,-0.0699806,-0.1502906,0.
2310889,-0.1079097,0.0850517,0.0512773,0.304507,0.0513725,0.0449324, -0
.058025,-0.0752914,0.0692152,0.0046675,0.0053844,0.017153,-0.0742849,0
.0031822,-0.0165253,-0.41427,-0.084756,0.0943553,-0.2010802,-0.2473906
,—-0.040099,0.6438454,0.0718945,-0.0157359,0.5294658,0.1348553,0.017791
3,0.0468764,-0.1636699,-0.0825682,0.1849914,-0.0368579,0.105646,0.4016
922,0.1602128,-0.1265581,0.1028402,-0.1748326,-0.0852161,-0.0645669, -0
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.085276,0.0285434,-0.3442957,-0.0463165,-0.0206778,0.134116,-0.1523172
,—-0.0778743,-0.5754425,-0.1926213,0.0770047,-0.1192792,-0.0110987,-0.1
382741,-0.001933,0.191125,0.0271374,-0.1478569,0.0241295,0.0307032,0.1
293703,-0.0186923,0.0331382,0.0001077,0.1829387,0.0848805,-0.0342138,0
.0706291,-0.0846379,0.1051494,-0.0163927,-0.0016366,-0.0331749,0.19421
53,0.081159,0.0644721,0.0940364,-0.0751372,-0.1439151,-0.0753283,0.089
785,-0.0705728,0.1734691,0.0411172,0.088881,0.0416085,0.0878292,-0.391
0289,0.051953,-0.197281,0.0323945,-0.3750036,0.0541985,-0.1018044,0.04
70979,-0.6535939,-0.5494177,-0.0510796,0.0825069,0.0038379,-0.3865913,
0.1400023,-0.1105794,0.1288446,-0.8176628,0.4540532,-0.0506003,-0.1191
939,0.1944604,0.0171688,-0.2632128,-0.5055667,-0.2407678,0.8821529,0.0
562685,0.0251562,-0.0432575,0.0461779,-0.2763316,0.1895948,-0.0685937,
0.135182,-0.9172963,-0.6811,-0.1738692,0.0053482,-0.3283181,-0.2050686
,—-0.0466253,1.0521789,0.1750725,0.0860273,0.039282,0.0091033,-0.068118
9,0.0202692,0.2265367,0.0407823,-0.1531887,0.0169105,0.0367199,0.31151
53,-0.0126323,0.001039,-0.011278,0.4413386,0.0191978,-0.0196869,0.0032
582,0.3711456,0.3128046,0.0058433,0.0003092,0.0193341,0.4296513,0.0250
138,-0.0200477,0.0424367,0.3803374\Polar=1104.9564898,-0.5300759,406.0
25699,20.1735713,-64.8815174,510.1115803\PG=C01 [X(C30H20FelN6S2)]\NIm
ag=0\\

UV-Gorandr Bélge Maksimum Absorbans Dalgaboyu

Excited State 13: Singlet-A 3.4794 eV 356.34 nm £f=0.0176

<8**2>=0.000
128 ->136 -0.14510
128 ->138 -0.10892
132 ->136 0.42155
132 ->138 -0.16072
133 ->137 0.12516
134 ->139 0.13684
135 ->136 0.14032
135 ->138 -0.35680
135 ->139 0.12594
135 ->141 -0.13931
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EK 11 Su faz1 hesaplamalari log dosyalar1 (devam)

Mg-FcTBz

agst
gy

9

R B
“w P33

1|1 |UNPC-DESKTOP-GRHAD34 |FOpt |RB3LYP|LANL2DZ |C30H22Fel1MglN6S2 (2+) | KUBR
A|02-Nov-2017|0]| |# opt b3lyp/lanl2dz scrf=(solvent=water)scf=xqc| |Magn
ezyum-sul |2,1]C,3.521922135,-0.628305357,2.1835937565|C,3.0269874345, -
1.6774272663,1.2769750622|C,4.9373008739,0.7565740031,2.2909929057|H, 2
.9013965321,0.0520225309,2.7500843106|C,4.2279293859,2.3116522653,0.70
3678167|C,5.3725994815,-1.7955221897,1.3792131842|H,5.5797954858,0.160
1769238,2.9227436851|H,4.236786935,-3.1155704671,0.0171381121|H,6.39%946
277839,2.1084575451,1.2206178481|Fe, 4.4349638035,0.2562520392,0.279017
4291C,1.7063597027,2.0082733469,0.95448218|S5,0.2129033383,-1.311075006,
1.7151902987|C,-2.1638186071,-2.5241595198,0.4294943445|C,-3.954413003
9,-1.8912208117,-0.7067818583|C,-4.3768811105,-2.8802819426,0.22466237
72|1C,-6.6253979726,-2.731020074,-0.5670536446|C,-5.7098611828,-3.31732
2827,0.3178841725|C,-4.8869644042,-1.31291566,-1.5937087987|C,-6.21765
13736,-1.745522208,-1.5099255377|H,-7.6675024094,-3.0358088412,-0.5370
080728 |H,-6.0143760166,-4.0727462145,1.0348002913|H,-4.598528449,0.565
471518,-2.3251298716|H,-6.9569877765,-1.3199045198,-2.1821721816|N,3.2
238424219,-3.2465235361,0.9185319223|N,-2.5592484592,-1.6802920309,-0.
5451950455|C,-0.7832628382,-2.819253944,0.9325672833|H,-0.8746861359, -
3.5112095594,1.778577871|N,0.0828986385,-3.4444126189,-0.0639868225|C,
1.3311466468,-3.0622751517,0.0176479045|H,-3.1673397593,-3.9516509031,
1.6451976432|H,2.0717749118,-3.5373496996,-0.6171439945|C,4.5852919804
;,1.8256370764,-0.2376484609|C,3.7460776927,1.1876483697,-1.2353678285|
C,5.8731362184,1.1913740072,-0.249091037|H,4.2961055654,2.6606919806,0
.3847396807|C,4.5322492406,0.0819862779,-1.8000364611]C,5.8477105614,0
.1385107981.2397100776|H,6.7185499122,1.4603635885,0.3676786931|H,4.20
2838018,-0.5961675513,-2.5743478993|H,6.6653175205,-0.5262124448,-1.48
02474454 1C,2.3856180083,1.4967504279,-1.4953637151S,1.6240661509,3.073
8998459,-0.9142984562|C,-1.2463282105,2.7172647315,-0.9393943428|C, -3.
1136646837,2.2742183471,0.1519034789|C,-2.8664354254,3.671320672,0.283
49144011C,-4.8445088371,3.9278407162,1.5996149437|C,3.7192926056,4.522
0956915,1.00554100071C,-4.2461953247,1.6906601066,0.7512051226|C,-5.10
32302867,2.5345576425,1.4742371737|H,-5.5341877351,4.5452563803,2.1682
818133 |H,-3.5227251026,5.5850512084,1.1015970788|H,4.450806731,0.62965
85145,0.658793666|H,-5.9856724178,2.116463477,1.9502787472|N,-1.679117
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6305,3.9100011597,-0.4267639965|N,-2.0776897616,1.7076163006,-0.623872
2979|C,-0.0286228992,2.5015299835,-1.7840478507|N,0.1204062078,1.07008
1642,-2.0995470696|C,1.4026863185,0.6617457369,-2.0581794969|H,-1.2220
696152,4.8080750018,-0.536999125|H,-0.0762747397,3.1058702989,-2.97614
9819|H,1.6337495516,-0.3528506864,-2.369848167|Mg,-1.5317451091,0.1132
707884,-1.5139058265]| |Version=IA32W-GOSRevA.02|State=1A|HF=1628.989344
6 |RMSD=1.868e-009 |RMSF=1.375e-005|Dipole=-2.1344374,-1.3556379,-1.2781
048 |Quadrupole=43.2389344,-5.040428,-38.1985064,-0.4138132,4.5579731, -
8.0121628|PG=C01 [X(C30H22FelMglN6S2)]1]|@

UV-Goruandr Bolge Maksimum Absorbans Dalgaboyu

Excited State 20: Singlet-A 3.3240 ev  373.00 nm £=0.3777

<8**2>=0.000
127 ->137 0.37702
128 ->137 -0.29567
129 ->137 0.14877
130 ->137 -0.18519
131 ->137 0.19037
131 ->139 -0.13254
134 ->141 0.14076
135 ->137 -0.16199
136 ->139 -0.18816
136 ->140 -0.10916
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EK 11 Su faz1 hesaplamalari log dosyalar1 (devam)

Ca-FcTBz

1\1\GINC-LEVREK120\FOpt\RB3LYP\LANL2DZ\C30H22CalFelN6S2 (2+) \ROOT\29-Ju
1-2017\0\\# opt b3lyp/lanl2dz scrf=(solvent=water) geom=connectivity s
cf=xgc\\kalsiyum-su-den2\\2,1\C,-3.078503264,-1.0167839658,1.135113285
8\C,-2.4247051539,0.3010299076,1.1311099185\C,-4.4914335603,-0.8251083
284,1.067167697\H,-2.5756350285,-1.9609664047,1.292866498\C,-3.4927896
021,1.2682529668,0.824389867\C,-4.7480552806,0.5881148368,0.8796476104
\H,-5.2391274597,-1.6036350888,1.1204732335\H,-3.3676714369,2.33627740
96,0.7234783691\H,-5.7210607022,1.0464668142,0.7743231046\Fe,-3.642195
4089,-0.1379286282,-0.7474223418\C,-1.0788367639,0.6110605513,1.358945
4885\5,0.2083728032,-0.5655401735,1.9009953244\C,2.7467002682,0.889987
6092,2.2584954213\C,4.8056319125,0.946082885,1.4823273147\C,4.89646207
59,0.6418227837,2.8727611776\C,7.2828294348,0.5782262692,2.7434449781\
C,6.1263347331,0.4481470075,3.5267675217\C,5.9791764523,1.0807298624,0
.7101914416\C,7.2097003189,0.89337512,1.3566127053\H,8.2571524285,0.43
98105951,3.2038503853\H,6.1806872496,0.2144726142,4.5853403132\H,5.940
1735774,1.3281991393,-0.3469105371\H,8.1305655345,0.9915854181,0.78864
94202\N,3.5780795091,0.6142765424,3.3264736239\N,3.4431245019,1.081449
2568,1.1259252412\C,1.2720829576,1.0113695362,2.4679844252\H,1.0791132
78,1.0535047726,3.5472710885\N,0.6672320716,2.180785909,1.8437736971\C
,—0.53002262,1.957222292,1.3583010364\H,3.2786500979,0.4512742916,4.28
10447151\H,-1.1006239129,2.7933948001,0.9656955862\C,-3.6277829488,-1.
4965563288,-2.4138413801\C,-2.7197248231,-0.4058145715,-2.740391398\C,
-4.9368392585,-0.9534938703,-2.2024620138\H,-3.363035069,-2.5442842926
,—2.3876301994\C,-3.4979569908,0.835514,-2.6102000424\C,-4.8603876454,
0.4828854108,-2.3551897489\H,-5.8290190554,-1.5183405066,-1.9728743032
\H,-3.1271032687,1.8355219642,-2.7847202871\H,-5.6828917745,1.17633575
44,-2.2504630701\C,-1.3343583007,-0.5185626771,-2.9813633393\S,-0.5221
864932,-2.1176117564,-3.368148639\C,2.3250228462,-1.807711126,-2.99420
87721\C,4.0584026636,-2.2939336164,-1.7311828017\C,3.880457732,-3.3865
695112,-2.6300102901\C,5.7511192251,-4.5228533712,-1.6680575082\C,4.71
66525615,-4.5158997145,-2.6182705108\C,5.1000788294,-2.3147451221,-0.7
833433684\C,5.9393556921,-3.439666542,-0.764307781\H,6.4238749919,-5.3
748044966,-1.6202337284\H,4.5736369758,-5.3427417398,-3.3068451492\H,5
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.2461367797,-1.4911199765,-0.0925445959\H, 6.7518112344,-3.4879615132, -
0.044494127\N,2.7770229616,-3.0393335189,-3.4186129001\N,3.0677569564,
-1.3193609933,-1.9900843177\C,1.1552963641,-1.104709519,-3.6056694971\
N,0.9335218566,0.229127412,-3.0457799381\C,-0.3568286188,0.5101671456,
-2.8716948103\H,2.3841874506,-3.5944871848,-4.1696453963\H,1.267923887
,—=1.0482779259,-4.6955024308\H,-0.6335380495,1.511962441,-2.555008427\
Ca,2.6509846274,1.0970707552,-1.3095049291\\Version=ES64L-G09RevD.01\S
tate=1-A\HF=-1664.7511077\RMSD=1.840e-09\RMSF=6.139e-06\Dipole=2.72897
21,3.2773383,-1.1153824\Quadrupole=35.316188,-25.1387228,-10.1774652, -
2.4021776,3.1788504,5.2525344\PG=C01 [X(C30H22CalFelN6S2)1\\@

UV-Gorandr Bélge Maksimum Absorbans Dalgaboyu

Excited State 20: Singlet-A 3.2126 eV 385.93 nm f£=0.4271
<8**2>=0.000

131 ->141 0.41763

132 ->141 0.17268

133 ->141 0.28621

139 ->141 -0.19228

139 ->145 0.12842

140 ->142 -0.13832

140 ->143 0.23419

140 ->144 -0.15303
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EK 11 Su faz1 hesaplamalari log dosyalar1 (devam)

Co-FcTBz

1|1 |UNPC-DESKTOP-GRHAD34 |FOpt | RB3LYP|LANL2DZ |C30H22FelColN6S2 (2+) | KUBR
A|02-Nov-2017|0]| |# opt b3lyp/lanl2dz scrf=(solvent=water)scf=xgc| |Koba
lt-sull2,1]C,3.521922135,-0.628305357,2.1835937565|C,3.0269874345,-1.6
774272663,1.2769750622|C,4.9373008739,-0.7565740031,2.2909929057|H,2.9
013965321,0.0520225309,2.7500843106|C,4.2279293859,-2.3116522653,0.703
678167|C,5.3725994815,-1.7955221897,1.3792131842|H,5.5797954858,-0.160
1769238,2.9227436851|H,4.236786935,-3.1155704671,-0.0171381121|H,6.394
6277839,-2.1084575451,1.2206178481 |Fe,4.4349638035,-0.2562520392,0.279
017429|C,1.7063597027,-2.0082733469,0.954482181S5,0.2129033383,-1.31107
506,1.7151902987|C,-2.1638186071,-2.5241595198,0.4294943445|C,-3.95441
30039,-1.8912208117,-0.7067818583|C,-4.3768811105,-2.8802819426,0.2246
623772|1C,-6.6253979726,-2.731020074,-0.5670536446|C,-5.7098611828,-3.3
17322827,0.3178841725|C,-4.8869644042,-1.31291566,-1.5937087987|C,-6.2
176513736,-1.745522208,-1.5099255377|H,-7.6675024094,-3.0358088412,-0.
5370080728 |H,-6.0143760166,-4.0727462145,1.0348002913|H,-4.598528449, -
0.565471518,-2.3251298716|H,-6.9569877765,-1.3199045198,-2.1821721816|
N,-3.2238424219,-3.2465235361,0.9185319223|N,-2.5592484592,-1.68029203
09,-0.5451950455|C,-0.7832628382,-2.819253944,0.9325672833|H,-0.874686
1359,-3.5112095594,1.778577871|N,0.0828986385,-3.4444126189,-0.0639868
2251C,1.3311466468,-3.0622751517,0.0176479045|H,-3.1673397593,-3.95165
09031,1.6451976432|H,2.0717749118,-3.5373496996,-0.6171439945|C,4.5852
919804,1.8256370764,-0.2376484609|C,3.7460776927,1.1876483697,-1.23536
78285|C,5.8731362184,1.1913740072,-0.249091037|H,4.2961055654,2.660691
9806,0.3847396807|C,4.5322492406,0.0819862779,-1.8000364611|C,5.847710
5614,0.1385107985,-1.2397100776|H,6.7185499122,1.4603635885,0.36767869
31|H,4.202838018,-0.5961675513,-2.5743478993|H,6.6653175205,-0.5262124
448,-1.4802474454|C,2.3856180083,1.4967504279,-1.495363715|S,1.6240661
509,3.0738998459,-0.9142984562|C,-1.2463282105,2.7172647315,-0.9393943
4281C,-3.1136646837,2.2742183471,0.1519034789|C,-2.8664354254,3.671320
672,0.2834914401|C,-4.8445088371,3.9278407162,1.5996149437|C,-3.719292
6056,4.5220956915,1.0055410007|C,-4.2461953247,1.6906601066,0.75120512
26|C,-5.1032302867,2.5345576425,1.4742371737|H,-5.5341877351,4.5452563
803,2.1682818133|H,-3.5227251026,5.5850512084,1.1015970788|H,-4.450806
731,0.6296585145,0.658793666|H,-5.9856724178,2.116463477,1.9502787472 |
N,-1.6791176305,3.9100011597,-0.4267639965|N,-2.0776897616,1.707616300
6,-0.6238722979|C,-0.0286228992,2.5015299835,-1.7840478507|N,0.1204062

80



078,1.070081642,-2.0995470696|C,1.4026863185,0.6617457369,-2.058179496
9|H,-1.2220696152,4.8080750018,-0.536999125|H,-0.0762747397,3.10587029
89,-2.6976149819|H,1.6337495516,-0.3528506864,-2.369848167|Co,-1.53174
51091,-0.1132707884,-1.5139058265| |Version=IA32W-GO9RevA.02|State=1-A|
HEF=-1628.9893446|RMSD=1.868e-009 |RMSF=1.375e-005|Dipole=-2.1344374,-1.
3556379,-1.2781048 |Quadrupole=43.2389344,-5.040428,-38.1985064,-0.4138
132,4.5579731,-8.0121628 | PG=C01 [X(C30H22FelColN6S2)]1||@

UV-Goruandr Bolge Maksimum Absorbans Dalgaboyu

Excited State 20: Singlet-A 3.2113 eV 386.09 nm £f=0.2629

<S**2>=0.000
124 ->137 -0.15777
126 ->137 -0.25918
127 ->137 0.28752
129 ->137 -0.19656
129 ->139 0.13704
130 ->139 0.12376
134 ->141 0.10704
135 ->137 -0.15339
135 ->141 0.19457
136 ->139 0.21158
136 ->142 -0.16285
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EK 11 Su faz1 hesaplamalari log dosyalar1 (devam)

Ni-FcTBz

1I\1I\GINC-UB12\FOpt\RB3LYP\LANL2DZ\C30H22Fel1N6N11S2 (2+) \FSGROUP\26-Sep-
2017\0\\# opt b3lyp/lanl2dz scrf=(solvent=water) geom=connectivity\\Ti
tle Card Required\\2,1\C,-4.5551068314,-1.291190928,1.4273922812\C,-3.
4324801577,-0.4210735502,1.7935635711\C,-5.7415477748,-0.5055463624,1.
4452371001\H,-4.4942057695,-2.3504418131,1.2228581653\C,-3.9846683135,
0.9396529957,1.9637995701\C,-5.3892966853,0.8608672878,1.781412448\H, -
6.7371083156,-0.862685912,1.2263755702\H,-3.4332328294,1.825694829,2.2
408564276\H,-6.0807691024,1.6879027299,1.8519335048\Fe, -4.3527249336,0
.2486419623,-0.0231877022\C,-2.0648918041,-0.767878102,1.8232845774\8S,
-1.4173828009,-2.374706696,1.5373728742\C,1.4408407229,-2.0909484858,0
.9414480979\C,2.8075935364,-2.2874489504,-0.7800928733\C,2.9547724912,
-3.4639195458,0.0089985356\C,4.5788332661,-4.3168741382,-1.5191505671\
C,3.8398104883,-4.4992752525,-0.3423092\C,3.5584968663,-2.1142828073, -
1.9611331321\C,4.4398729792,-3.1428321623,-2.3164966106\H,5.2755412747
,—5.0884142048,-1.8343082709\H,3.945897291,-5.3927416395,0.264036401\H
,3.4549901446,-1.2216153386,-2.5694172239\H,5.034104743,-3.0477583289,
-3.2206909895\N,2.0822845113,-3.3011406401,1.0850265088\N,1.8510007722
,—1.4542706627,-0.169754729\C,0.4216435159,-1.6413417269,1.9298969926\
H,0.6203155712,-2.083663363,2.9145269132\N,0.2509976567,-0.2225024607,
2.0815009253\C,-0.9750201401,0.2045921968,2.0944368728\H,1.9508368925,
-3.95612669,1.8478665155\H,-1.1864544276,1.2506556151,2.2831856507\C, -
3.7925461639,-0.4936349261,-1.9266721069\C,-3.1682690403,0.8133558498,
-1.6928912851\C,-5.2049329212,-0.3142691435,-1.921050807\H,-3.26802776
76,-1.4201250997,-2.1038472006\C,-4.2499564945,1.7776248836,-1.5195507
837\C,-5.4899775708,1.0774977545,-1.6486232225\H,-5.9416402802,-1.0933
378197,-2.0541986328\H,-4.1570115614,2.8349732197,-1.3246443068\H,-6.4
727167013,1.5160655331,-1.5552029261\C,-1.7495944213,1.0474243298,-1.4
898173487\S5,-0.6720206436,-0.3140667844,-1.5705663801\C,2.2960819696, 2
.5243216015,-0.7199502231\C,4.0905760146,1.7494339792,0.3277210964\C, 4
.0050404983,3.1555946929,0.5774414466\C,6.010525356,3.0611841188,1.880
338929\C,4.9612951939,3.8325501442,1.3503324185\C,5.1452457433,0.98891
71235,0.862682614\C,6.1000977692,1.6622308787,1.6426377195\H,6.7717472
803,3.5450984532,2.4860177182\H,4.8957726384,4.900497793,1.5329564343\
H,5.2155633656,-0.078496377,0.6776202151\H,6.9272205037,1.1045853854,2
.0730421489\N,2.847813892,3.6053378744,-0.0917229828\N,3.0042088455,1.
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3933745061,-0.4931689864\C,1.0405255715,2.1841528384,-1.4201397484\N, -
0.1246704879,2.9045781057,-1.0368517632\C,-1.3301521334,2.4233535721, -
1.1255183677\H,2.4883692056,4.552017922,-0.1079760297\H,1.1412889276,2
.0543069515,-2.5068991238\H,-2.1341700471,3.1067021719,-0.8661757583\N
1,1.3782006219,0.3299036119,-0.8510659619\\Version=ES64L-G09RevD.01\St
ate=1-A\HF=-1797.3308192\RMSD=5.915e-09\RMSF=1.278e-05\Dipole=-4.90194
95,-0.999181,2.4050819\Quadrupole=46.4945193,-2.6483172,-43.8462021,-1
2.1148061,-0.1852393,-9.221881\PG=C01 [X(C30H22FelN6NilS2) ]\\@

UV-Gorandr Bélge Maksimum Absorbans Dalgaboyu

Excited State 11: Singlet-A 1.8614 eV 666.09 nm f£=0.0147

<S**2>=0.000
130 ->145 -0.11204
133 ->145 -0.10359
136 =->145 -0.19557
136 ->146 -0.18694
137 ->145 -0.17836
137 ->146 0.11332
139 ->145 0.15295
141 ->145 0.34235
142 ->146 0.25125
143 ->146 -0.21705
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EK 11 Su faz1 hesaplamalari log dosyalar1 (devam)

Cu-FcTBz

1|11 |UNPC-DESKTOP-GRHAD34 | FOpt | UB3LYP|LANL2DZ |C30H22CulFelN6S2 (2+,2) |KU
BRA|18-0ct-2017|0]| |# opt b3lyp/lanl2dz scrf=(solvent=water) geom=conne
ctivity scf=xqc||CUSU-F||2,2|C,-3.315595255,-1.1162354107,1.8168242315
|C,-3.1986969457,0.3469328082,1.918125489|C,-4.6942984893,-1.446987642
6,1.7428627727|H,-2.4970743072,-1.8197864096,1.8843665361|C,-4.5657110
073,0.8748464943,1.7977901477|C,-5.4619077869,-0.2123388946,1.73726419
91|1H,-5.1068478109,-2.4455216007,1.7149985434|H,-4.8471965803,1.918188
6264,1.7961450878|H,-6.5382214779,-0.1426636751,1.6602718849|Fe,-4.057
3277804,-0.3591095003,-0.0760330363|C,-2.028932545,1.114242802,2.01825
754631S,-0.3572785723,0.4722624242,1.9386136528|C,1.1781830457,2.78566
22367,1.0708916612|C,2.6363848082,3.0112147177,-0.5714994433|C,2.19354
26181,4.3163405551,-0.2214643534|C,3.6076663788,5.2718242395,-1.893470
93621C,2.6662305262,5.4693517789,-0.871641358|C,3.5800007092,2.8229933
123,-1.5992847836|C,4.0579211542,3.9692289177,-2.2512432932|H,4.004026
3181,6.1322907966,-2.4250736471|H,2.3223756294,6.4618018714,-0.5987549
241|H,3.9272238019,1.8316725164,-1.874513807|H,4.7884967748,3.86358953
07,-3.0480867881|N,1.2733483586,4.1294851616,0.8144497259|N,1.97514824
76,2.0730914402,0.2583965976|C,0.3004546706,2.2938943451,2.1926825527
H,0.853702938,2.259643397,3.1381982716|N,-0.8556740951,3.1714243526,2.
3233902109|C,-2.0055442048,2.5701587256,2.2239330185|H,0.735892367,4.8
40306612,1.2982609291|H,-2.9219208562,3.143785822,2.3059254705|C,-3.85
70703422,-1.7482266869,-1.7636351314|C,-2.7946517041,-0.7647905148,-1.
9746793925|C,-5.1242580784,-1.0862251133,-1.8385737748|H,-3.7084515875
,—2.8145951953,-1.6603252709|C,-3.4446413529,0.5284052468,-2.034151063
5|C,-4.87119268,0.3264354032,-1.9601791|H,-6.0928909951,-1.5614466023,
-1.7795599906|H,-2.9552849834,1.4845814046,-2.1569037321|H,-5.61704367
03,1.1045739165,-2.0419061675|C,-1.3953904415,-1.0331138903,-1.9863529
311S,-0.7240010078,-2.720552148,-1.9578349928|C,2.0109087813,-2.456948
1984,-1.0539199023|C,3.3312705425,-2.5511987173,0.7159564004|C,3.32403
74457,-3.8463133222,0.1236720322|C,4.8157492945,-4.6467898127,1.810472
62091C,4.0629889822,-4.9164547964,0.6563830131|C,4.0914977084,-2.29026
70347,1.8711316599|C,4.8301325634,-3.3546772898,2.4088162281|H,5.40326
99766,-5.442780439,2.2592755213|H,4.0548017337,-5.9017726851,0.2015874
692|H,4.1025643344,-1.303813339,2.3249399624|H,5.4280425088,-3.1930978
086,3.3012245493|N,2.4835028714,-3.7429133728,-0.9942943926|N,2.500223
0629,-1.7098164144,-0.0501364661|C,1.0792126147,-1.9238315269,-2.09418
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15524|N,0.9266159421,-0.4755130906,-1.9794017129|C,-0.3348282761,-0.06
82808708,-2.0005783942|H,2.2678587518,-4.4865780264,-1.6486299073|H,1.
4086621927,-2.1960939194,-3.1026918888|H,-0.5390151375,0.9973896776, -1
.9788245838|Cu,2.1388613375,0.1760788158,0.0139117116]| |Version=IA32W-G
09RevA.02|State=2-A|HF=-1824.2218637|52=1.632709|52-1=0.|S2A=1.067466|
RMSD=1.700e-009 |RMSF=2.425e-005|Dipole=-4.470378,0.2082566,0.7038018]0Q
uadrupole=31.5866173,10.8615809,-42.4481982,-9.1606588,-8.6736185,10.8
338167 |PG=C01 [X(C30H22CulFelN6S2)]]|@

UV-Goruandr Bolge Maksimum Absorbans Dalgaboyu

Excited State 12: 2.642-A 1.8389 ev 674.22 nm £=0.0302
<S**2>=1.495

144A ->146A 0.81082

143B ->145B -0.43305

144B ->147B -0.19803
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EK 11 Su faz1 hesaplamalari log dosyalar1 (devam)

Zn-FcTBz

1]1|UNPC-DESKTOP-GRHAD34 | FOpt | RB3LYP|LANL2DZ |C30H22FelN6S2Znl (2+) | KUBR
A|21-0ct-201710]| |# opt b3lyp/lanl2dz scrf=(solvent=water) scf=xgc]| |cin
ko-su-den3||2,1]|C,-3.4694033173,-1.7302528372,-1.7635248989|C,-2.89225
13696,-2.365135333,-0.5693395597|C,-4.8891278498,-1.9087020267,-1.7358
809155|H,-2.8997352798,-1.3379424384,-2.5945414774|C,-4.0373692744,-2.
6823164216,0.2923451073|C,-5.2421757028,-2.4935495781,-0.4602668696 |H,
-5.5783252582,-1.6258408082,-2.5189057632|H,-3.9821965789,-3.129379467
7,1.2742330339|H,-6.242223996,-2.7298814066,-0.1256145975|Fe,-4.371478
7089,-0.6228373235,-0.1604504533|C,-1.5441758%927,-2.589759072,-0.26345
6332415,-0.1382552845,-2.1505238203,-1.3854199136|C,2.3693350126,-2.73
63068607,0.1408409154|1C,4.0165277219,-1.5808102858,0.995607745|C,4.562
0685841,-2.3124421844,-0.1061904774|C,6.7289327065,-1.3930663262,0.317
2858911C,5.9206790375,-2.2327962166,-0.4640803226|C,4.8455227345,-0.74
12147598,1.7701017043|C,6.2001886884,-0.6580383163,1.4186950431|H,7.78
53886325,-1.300228011,0.0797968154|H,6.327830724,-2.7928761904,-1.3002
164209|H,4.4421528087,-0.1836506684,2.6102569828|H,6.866244468,-0.0221
094576,1.9955076898|N,3.4895969523,-3.0329103584,-0.6287431439|N,2.644
3418918,-1.8641124371,1.1194200235|C,1.0492811805,-3.3570670403,-0.141
3202403|H,1.1516204265,-4.2281836474,-0.7983158822|N,0.2221259921,-3.6
356177261,0.9855470903|C,-1.0478005148,-3.3146263475,0.8778357725|H, 3.
5235714217,-3.6793224474,-1.4081713358|H,-1.7264502501,-3.6173461831,1
.6704291667|C,-4.6450231981,1.4637607235,-0.572239197|C,-3.8493489524,
1.3922755277,0.6535910981|C,-5.9021753834,0.8310305724,-0.3337530449|H
,—-4.3566804537,1.9842171227,-1.4745586912|C,-4.6167984242,0.5461800275
,1.5907864943|C,-5.8924959965,0.2899015982,1.0101257933|H,-6.720621929
1,0.7597031966,-1.0356054519|H,-4.3167917127,0.2771076985,2.5932335229
|H,-6.6996845749,-0.2553170881,1.4782441541|C,-2.5754401173,1.93484150
73,0.847928751215,-1.8326752412,3.1592628565,-0.277533154|C,0.98041837
2,3.1304516012,0.2867906702|C,2.6846430142,2.3090370541,-0.8748167758]|
C,3.0180647707,3.6446459954,-0.5181590845|C,5.1167112072,3.4433219354,
-1.640371932|C,4.2369691894,4.2373243748,-0.8895798002|C,3.5713067416,
1.5211594292,-1.63219947131C,4.788201383,2.1072339739,-2.0075137304 |H,
6.0718052549,3.8565899221,-1.9514373133|H,4.4859874571,5.2563742872,-0
.6122046827|H,3.3224965756,0.5030013788,-1.9167798857|H,5.4995398588, 1
.5306137653,-2.5914187383|N,1.9200584479,4.120977957,0.2077393272|N,1.
4037892344,2.0229673017,-0.3530957927|C,-0.3326689302,3.3147302496,0.9
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833471298|N,-0.5584540524,2.3595924193,2.0655428638|C,-1.6996118391,1.
7183461404,1.98691072|H,1.8326828056,5.0449129474,0.6174110041|H,-0.39
54722022,4.3335709952,1.378412641|H,-1.9660203308,1.0178035524,2.77291
83417|Z2n,0.4612503197,0.2498512247,-0.5872318426]| |Version=IA32W-GO9Rev
A.02|State=1-A|HF=-1693.6451621|RMSD=3.779e-009 |RMSF=1.454e-005|Dipole
=-0.2667809,2.4230441,-2.5849539|Quadrupole=41.7785869,0.8329946,-42.6
115815,17.0240226,-18.8473781,13.8217743|PG=C01 [X(C30H22FelN6S2Znl) ]|
|@

UV-Gorunir Bolge Maksimum Absorbans Dalgaboyu

Excited State 21: Singlet-A 3.4313 eV 364.55 nm £f=0.0466
<8**2>=0.000

125 ->137 0.13753

126 ->137 0.48443

128 ->139 0.10047

131 ->139 0.22818

131 ->140 0.10012

134 ->141 -0.26548

135 ->139 0.14611

136 ->142 0.11753
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EK 11 Su faz1 hesaplamalari log dosyalar1 (devam)

Hg-FcTBz

2
9
‘2,

1\1I\GINC-LEVREK126\FOpt\RB3LYP\LANL2DZ\C30H22FelHglN6S2 (2+) \ROOT\29-Ju
1-2017\0\\# opt b3lyp/lanl2dz scrf=(solvent=water) geom=connectivity s
cf=xgc\\civa su-den2\\2,1\C,-3.3232841554,-0.3185761525,1.5947623411\C
,—2.5276875512,0.8947382977,1.3711030794\C,-4.685578985,-0.0404780135,
1.2586618237\H,-2.9650248646,-1.2149881868,2.0817098574\C,-3.417125030
6,1.8120368426,0.6353869118\C,-4.7436635598,1.2821088,0.6723982712\H, -
5.5237618757,-0.7068676721,1.4054619648\H,-3.1506623694,2.7958630402,0
.2760734065\H,-5.6321956667,1.7716999254,0.2993388234\Fe,-3.5618227669
,0.0172589815,-0.5126991818\C,~-1.2043398847,1.1315707131,1.7494658516\
S,-0.1819603322,-0.0279672189,2.7397608021\C,2.4818052971,1.0948285948
,3.0773948787\C,4.5254218327,0.5624450035,2.4911411154\C,4.4751807213,
0.4705422043,3.9166159544\C,6.7783912221,-0.1742582202,3.9856003698\C,
5.5935592491,0.1024075741,4.6863788569\C,5.7249045229,0.2841216318,1.8
039068676\C,6.8441990274,-0.0842647087,2.5653647422\H,7.6685131785,-0.
4630168535,4.5382657183\H,5.5484708609,0.0353311291,5.7690648749\H,5.7
765743451,0.3602527921,0.7218537063\H, 7.7836098716,-0.305378091,2.0659
006919\N,3.1658821125,0.8152033992,4.2548267278\N,3.2632775792,0.95096
16338,2.0021111866\C,1.0422647285,1.4956754517,3.1000028982\H,0.769100
7155,1.8027282224,4.1172032621\N,0.6775539727,2.5599167474,2.173387834
8\C,-0.4721700808,2.3707327635,1.5676777385\H,2.784955725,0.87142069¢0,
5.1918896192\H,-0.8657916428,3.1625252532,0.9361271384\C,-3.3826691144
,—1.7707966016,-1.6808001577\C,-2.5680998058,-0.8142336029,-2.43874143
61\C,-4.7327302708,-1.2977163025,-1.6488116289\H,-3.0484040817,-2.7439
71572,-1.3490968659\C,-3.4274830206,0.3707914591,-2.6186597108\C,-4.76
01308103,0.024733241,-2.2377145746\H,-5.5826182323,-1.8306237967,-1.24
6618563\H,-3.1391668838,1.2910217163,-3.1067353961\H,-5.6320548119,0.6
552094932,-2.3409820926\C,-1.2521065343,-0.9748317539,-2.8778981695\S,
-0.2578617055,-2.5012815686,-2.6463460845\C,2.3987617846,-2.0931794792
,—3.7547182203\C,4.4494250737,-2.0545234988,-2.982593079\C,4.364321785
4,-3.1858401315,-3.8520495274\C,6.6570464585,-3.7226330787,-3.42708899
18\C,5.4594821292,-4.0360481306,-4.0896074241\C,5.6608827643,-1.753861
9918,-2.3265379618\C,6.7572007092,-2.5980621814,-2.5583963885\H, 7.5301
1815,-4.3515412075,-3.5799034553\H, 5.3879655335,-4.8929988414,-4.75234
0426\H,5.7384357531,-0.8942269509,-1.6677330906\H,7.7048877054,-2.3935
773517,-2.0675782167\N,3.0513799412,-3.1801225529,-4.3245650977\N, 3.20
38534963,-1.3982532669,-2.9442758852\C,0.9619794957,-1.8153486459,-4.0
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570635753\N,0.6265234579,-0.4114323675,-4.2616908632\C,-0.5093685102, -
0.0483290662,-3.711066744\H,2.6483315518,-3.8385182426,-4.9807105184\H
,0.6643767939,-2.3835757034,-4.9471057829\H,-0.8843571623,0.9538632894
,—3.9003821932\Hg,1.366482514,0.0580357182,-0.5815241017\\Version=ES64
L-GO9RevD.01\State=1-A\HF=-1670.7957469\RMSD=1.671e-09\RMSF=8.991e-06\
Dipole=-1.6329154,-0.0792416,0.0766628\Quadrupole=20.8273103,-26.13903
2,5.3117217,-19.4484246,9.1082263,18.8703543\PG=C01 [X(C30H22FelHglN6S
2) 1\\@

UV-Goruandr Bolge Maksimum Absorbans Dalgaboyu

Excited State 24: Singlet-A 3.1613 eV 392.20 nm £=0.0934
<8**2>=0.000

131 ->142 0.47005

133 ->142 -0.42073

134 ->142 0.17424

140 ->142 -0.10731

141 ->144 0.14899

141 ->14¢6 -0.10256
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EK 11 Su faz1 hesaplamalari log dosyalar1 (devam)

Pb-FcTBz

1\1\GINC-LEVREK108\FOpt\RB3LYP\LANL2DZ\C30H22FelN6Pb1S2 (2+) \ROOT\21-Ma
y—2017\0\\# opt freq b3lyp/lanl2dz scrf=(solvent=water) geom=connectiv
ity\\pbI1\\2,1\C,-3.3607198509,-1.1793253881,1.0010558671\C,-2.69447209
93,0.1200614937,1.1887153393\C,-4.7622737335,-0.9501664727,0.901843091
2\H,-2.8709639278,-2.1426758929,1.0162373002\C,-3.7491223262,1.1464671
135,1.0578849487\C,-5.0004387382,0.4789210726,0.9396425876\H,-5.519889
4814,-1.7120741681,0.7883100093\H,-3.6127615923,2.2140537661,1.1412557
354\H,-5.9657748999,0.9581859341,0.862637568\Fe,-3.7366010676,0.017788
6912,-0.7180611651\C,-1.3275686273,0.3791776972,1.3306859676\S,-0.0318
523099,-0.8530780611,1.5363706748\C,2.5899302979,0.526869243,1.9167533
446\C,4.6672304556,0.7960799474,1.2091385971\C,4.7406681102,0.38720537
38,2.5707811965\C,7.1230599229,0.5566204608,2.5487981277\C,5.957447725
4,0.2476097608,3.2618482176\C,5.8514980926,1.1238241079,0.511993897\C,
7.0678688966,0.9982038861,1.1966346584\H,8.0885399332,0.4712637442,3.0
387427772\H,5.9911356859,-0.0706283124,4.2987645527\H,5.8441954915,1.4
885614951,-0.5099991552\H,7.9920722791,1.2494355017,0.6846942014\N, 3.4
191010931,0.2287593372,2.9753207975\N,3.3017697361,0.8376498432,0.8139
580738\C,1.1221867613,0.6184827291,2.1806083834\H,0.9818108331,0.53182
74092,3.2657030895\N,0.4953060045,1.8646988135,1.7679811016\C,-0.75311
65956,1.7285090767,1.4184260045\H,3.1114649737,-0.0193917632,3.9093833
\H,-1.3460543066,2.6087454471,1.1958846255\C,-3.5756124772,-1.10337450
84,-2.5332088147\C,-2.5673314591,-0.064805206,-2.5687868071\C,-4.86890
81515,-0.4840167167,-2.4164645673\H,-3.3889595959,-2.1649425155,-2.614
368313\C,-3.2694257183,1.2116673916,-2.3934788188\C,-4.6771085856,0.94
68992691,-2.3631596844\H,-5.8178894097,-0.9994381124,-2.3868353641\H, -
2.8101954373,2.18964023,-2.3731973485\H,-5.457313348,1.6883058799,-2.2
642154348\C,-1.157521058,-0.2707625651,-2.6400404964\S,-0.4549937372, -
1.9597309658,-2.9841617045\C,2.4335949048,-1.8313852836,-2.6700072935\
C,4.4101550644,-2.1901275307,-1.7273979209\C,3.9674958319,-3.421838064
6,-2.2896125279\C,5.9532366794,-4.5213196445,-1.5463769104\C,4.7189650
201,-4.6047979404,-2.2095283366\C,5.6522674592,-2.1194350443,-1.068992
0011\C,6.4114515787,-3.2970672189,-0.9877739345\H,6.5731143532,-5.4090
171373,-1.4595543025\H,4.3668618007,-5.5359137181,-2.641147005\H,6.017
7961863,-1.1958848719,-0.6368528203\H,7.3742851627,-3.2731553757,-0.48
550826\N,2.7216972301,-3.1464531593,-2.8762007154\N,3.4149815442,-1.21
03604689,-1.9811648496\C,1.257235819,-1.0810598071,-3.2011399635\N,1.1
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58769605,0.236070589,-2.5415968166\C,-0.1355894255,0.645053261,-2.4160
366611\H,2.1362361005,-3.812359103,-3.36777356\H,1.3616016899,-0.95671
52216,-4.286980527\H,-0.3308876625,1.6619269297,-2.0903977009\Pb, 3.071
3136489,1.0994363531,-1.7032323449\\Version=ES64L-GO09RevD.01\State=1-A
\HF=-1631.5283282\RMSD=7.676e-09\RMSF=8.097e-06\Dipole=-0.1696883,0.03
79799,1.3792712\Quadrupole=48.6130119,-31.0563743,-17.5566376,-13.0260
911,3.2008482,8.0215754\PG=C01 [X(C30H22FelN6Pb1S2)]1\\@

UV-Gorandr Bélge Maksimum Absorbans Dalgaboyu

Excited State 21: Singlet-A 3.2431 ev 382.30 nm f=0.1858

<S**2>=0.000
124 ->138 0.21323
125 ->138 -0.13312
126 ->138 0.26198
127 ->138 0.26814
128 ->138 0.14921
129 ->140 -0.13934
130 ->138 -0.12768
130 ->140 -0.16362
136 ->138 0.12500
136 ->143 0.17812
137 ->140 0.17394
137 ->144 0.17584

91



OZGECMIS

Kimlik Bilgileri

Ad1 Soyadi : Mine ALSAN

Dogum Yeri : Ankara

Medeni Hali : Bekar

E-posta : mine.alsan88@gmail.com

Adres ‘El¢i Sokak Barig Apartmani 15:6 Yukar1 Ayranct Cankaya/ ANKARA
Egitim

Lise : 2003-2007 Haci Omer Tarman Anadolu Lisesi

Lisans : 2007-2012 Hacettepe Universitesi Kimya Bolumii

Yiiksek Lisans  : 2012-2018 Hacettepe Universitesi Kimya Bolumii

Yabanci Dil ve Diizeyi

Ingilizce : YDS (2013) : 75/100

Is Tecriibesi

04.2018-devam: Kidemli Kalite Giivence Uzman1 / Elixir Ila¢ Arastirma ve Gelistirme AS.
/ Hacettepe Universitesi Teknokent

02.2017-03.2018: Arge Analitik Uzmani/ ilko ilag Arge Merkezi / Hacettepe Universitesi
Teknokent

10.2013-02.2017: Arge Analitik Uzman Yardimcisi/ Ilko Ilag Arge Merkezi/ Hacettepe
Universitesi Teknokent

Deneyim Alanlan

Analitik Kimya, Organik Kimya, Hesaplamali Kimya, Kalite Y0netim Sistemleri

Tezden Uretilmis Projeler ve Biitcesi

Tezden Uretilmis Yayinlar
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Tezden Uretilmis Teblig ve/veya Poster Sunumu ile Katildiga Toplantilar
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HACETTEPE UNiVERSITESI
FEN BILIMLERI ENSTITUSU
YUKSEK LISANS TEZ CALISMASI ORJiINALLIK RAPORU

HACETTEPE UNiVERSITESI
FEN BILIMLER ENSTIiTUSU
KIMYA ANABILiM DALI BASKANLIGI'NA

Tarih: 03/07/2018

Tez Bashigi / Konusu: Metal iyonlarina Duyarl Yeni Tasarlanmis Ferrosenil Tiyazol Benzimidazol Sensoriin Teorik
Olarak Incelenmesi

Yukarida baghigi/konusu gosterilen tez ¢alismamin a) Kapak sayfasi, b) Giris, ) Ana béliimler d) Sonug kisimlarindan
olusan toplam 50 sayfalik kismina iliskin, 01/07/2018 tarihinde tez danismanim tarafindan Turnitin adli intihal tespit

programindan agagida belirtilen filtrelemeler uygulanarak alinmis olan orijinallik raporuna gore, tezimin benzerlik
oran1 % 4 ‘tir.

Uygulanan filtrelemeler:
1- Kaynakga harig
2- Alintilar dahil

3- 5kelimeden daha az értiisme iceren metin kisimlari haricg

Hacettepe Universitesi Fen Bilimleri Enstitiisii Tez Calismasi Orjinallik Raporu Alinmasi ve Kullanilmasi Uygulama
Esaslari’ni inceledim ve bu Uygulama Esaslari’nda belirtilen azami benzerlik oranlarina gore tez calismamin herhangi

bir intihal icermedigini; aksinin tespit edilecegi muhtemel durumda dogabilecek her tiirlii hukuki sorumlulugu kabul :
ettigimi ve yukarida vermis oldugum bilgilerin dogru oldugunu beyan ederim. |

Geregini saygilarimla arz ederim. /// ‘
e

03/07/2018

Adi1 Soyadi: Mine ALSAN

Ogrenci No: N12125898

Anabilim Dali: Kimya

Programi: Organik Kimya

Statiisii: x| Y.Lisans L] Doktora [ Bitinlesik Dr.
DANISMAN ONAYI
UYGUNDUR. /
)
N QU2
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