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OZET

YENI TASARLANMIS FERROSENIL URE BENZIMIDAZOL

SENSORUNUN METAL, REDOKS ve FOTOKIMYASAL
OZELLIKLERININ

DFT METODU iLE INCELENMESI

Funda SIMSEK
Yiiksek Lisans, Kimya Boliimii

Tez Damsmani: Prof. Dr. FATMA SEVIN DUZ

Haziran 2018, 119 sayfa

Bu caligmada, yeni tasarlanan, ferrosen-benzimidazol tabanli ve metal iyonlarina (Ca2+,
Mg2+ Zn*t, Hg2+, Pb?*, Ni?*, Co*", Cu2+) duyarli, redoks ve floresans 6zellik gostermesi
beklenen molekiiler sensorlerin hesapsal olarak elektronik ve fotokimyasal 6zelliklerinin

incelenmesi amaclanmustir.

Tasarlanan sensor, ferrosen birimine bagl zre kopriisii igeren bir baglayici birim ve ona
bagl floresan sinyali veren benzimidazoldan olusmaktadir. Molekiiler modelleme i¢in DFT
yontemi B3LYP (Rives ve Jorgensen, 2008) hibrit yaklasimimin Lanl2dz temel seti
kullanilmigtir. Téim hesaplamalar, gaz ve su fazi olarak iki ayr1 fazda, RHF yontemi ile

(spin ¢oklugu=1) yapilmustir.

Tasarlanan sensoriin ~ fotokimyasal ve elektrokimyasal ozellikleri teorik olarak
incelendiginde, sensoriin metal iyonlar ile indirgenme potansiyel degerleri 1,078 V ile
0,968 V arasinda degismektedir. Su fazinda, en istemli gibbs serbest enerjisi Ni-FCUB ve
Co-FcUB kompleksine aittir (sirasiyla -122,19 kcal/ mol ve -99,83 kcal/mol). UV-goriiniir
bolge spektrumlari, su fazinda, ca®*, Mg*, Hg*, zn* iyonlarinin varliginda maviye

kayma; Co®*, Cu®*, Ni**, Pb®" iyonlarmnin varhginda ise kirmiziya kayma vermistir. Ayni



fazda, maksimum absorpsiyon dalgaboyu 780 nm ile Co-FcUB sensoriine aittir ve diger

metal iyonlarina gére daha duyarlidir.

Anahtar Kelimeler : sensor, ferrosen, benzimidazol, konjuge floroforlar, B3LYP, redoks,
DFT, ICT.



ABSTRACT

INVESTIGATION OF METAL, REDOX AND PHOTOCHEMICAL
PROPERTIES OF NEWLY DESIGNED FERROCENYL UREA
BENZIMIDAZOLE SENSORS BY DFT METHOD

Funda SIMSEK
Master of Science, Department of Chemistry
Supervisor: Prof. Dr. FATMA SEVIN DUZ
June 2018, 119 pages

In this study, it is aimed to investigate computationally electronic and photochemical
properties of newly designed molecular sensors which is ferrocene-benzimidazole-based,
sensitive to metal ions (Ca?*, Mg®*,Zn?*, Hg**, Pb?*, Ni**, Co**, Cu?"), expected to exhibit

redox and photochemical properties.

The designed sensor consists of a binding unit containing a urea bridge connected to the
ferrocene unit and a benzimidazole which gives a fluorescence signal attached thereto. For
the molecular modeling, the Lanl2dz base set of the hybrid approach of the DFT method
B3LYP (Rives and Jorgensen, 2008) was used. All calculations were done with RHF

method (spin multiplication = 1) in two separate phases, gas and water phase.

When the photochemical and electrochemical properties of the designed sensor are
theoretically analyzed, the potential values of the sensor for reduction with metal ions
range from 1,078 V to 0,968 V. In the water phase, the most volatile gibbs free energy
belongs to the Ni-FcUB and Co-FcUB complexes (-122.19 kcal / mol and -99.83 kcal /
mol, respectively). UV-visible region spectrums in the water phase give to blue-shift in
presence of Ca®*, Mg*", Hg**, Zn** ions, but red-shift occurs in presence of Co**, Cu®",



Ni%*, Pb* ions. In the same phase, the Co-FcUB sensor was found to give a maximum
absorption wavelength at 780 nm.

Key Words : sensor, ferrocene, benzimidazole, conjugated fluorophores, B3LYP, redox,
DFT, ICT.



TESEKKUR

Organik kimyay1 bana sevdiren, tez ¢alismalarim siiresince manevi yonden destek verip

yol gosteren, degerli hocam, danismanim Prof. Dr. Fatma Sevin Diiz’e,

Yardimlarin1 hi¢cbir zaman esirgemeyen, fikirleriyle ¢alismamda biiylik katkisi bulunan

sevgili Kiibra Sarikavak’ a ve desteklerinden dolay1 Sevin Arastirma Grubu’na,

Beni biiylik fedakarliklarla, sevgi ve emekle biiyiitiip bugiinlere getiren canim annem ,
babama ve biricik ablama; inan¢ ve sabirla beni her zaman motive ederek desteklerini

esirgemeyen canim esim Melih SIMSEK e,
Proje desteginden dolay1 TUBITAK ’a,

Sonsuz tesekkiirlerimi sunarim.



ICINDEKILER

Sayfa
OZET oottt bbbt I
ABSTRACT et ii
TESEKKUR ..ottt ettt sttt en st s s ettt s et as s e, v
ICINDEKILER .....oocviiititiiiteis ettt sttt Vi
TABLOLAR ... viii
Y23 S 1 51 ) )2 iX
SIMGELER VE KISALTMALAR DIZINI........cooviiiiiiiniiiiiiseesseeseseenin, X
€ 128 (3R 1
2. GENEL BILGILER........ccoiiiiiiiiriiriiiise s 2
2.1. Kimyasal SeNSOTIET ........ccviiiiiiiiiiiei e 2
2.1.1. Elektrokimyasal SeNSOTIET ...........cueiiiiiiieiiiiciieree s 3
2.1.2. OPtK SENSOTIET ... 3
2.2, FerroSen V& TUTEVIETT ...ccouiiiiiiiiiiii ittt 4
2.3, EIeKEron TranSferleri. ... 8
2.3.1. Fotokimyasal Elektron Transteri (PET) ..o 8
2.3.2. Intramolekiiler Yiik Transferi (ICT).....cccccveueriiriiirereriiieecreeeseeeseie e, 9
2.3.3. ENerji TranSferi (ET) oottt ettt 10
2.4. Kuantum Kimyasal MetodIar .............cccoeoieiieiiiicceese e 13
2.4.1. TOMK MELOTIAT ........ciiiiiiiiiiic e 13
2.4.2. EleKtronik Parametreler ... 16
2.4.3. Indirgenme Potansiyel HESab1 ............cccvuevviriveiiieiiiiie e 17
3. CALISMA PLANI ..ottt 19
4. SONUCLAR VE TARTISMA ..ottt 21
4.1. EleKtronik OZEIIKIET ......c.cevevevevereeereeeeetetetetetetetesese e te ettt sttt ettt sesesesenns 21
4.1.1. Metal Iyonlar1 ile Kompleks KararltliKIart ............occeviverrieeveiierersscssseveseseesseenae 21
4.1.2. Molekiiler Orbital ENerjiler .........ccoviiiiiiiiiiiiiiiiciiee e 22
4.1.3. Yap1Sal OZIIKIET .......cvevieiveiiecveicee ettt 26
4.1.4. Global TanimIayICHAT.........cccuiiiiiiiiiiie e 37



4.2. Elektrokimyasal OZeIlKIET .............cc.ccevviererieerisiieieeeres et 42

4.3. Fotokimyasal OZellIKIET ............ccceviuiiiiiieiiiceice e 43
4.3.1. Hesapsal UV-Goriiniir Bolge Spektrumlart...........cocooviiiiiiniiiienescscscseseseeee 43
4.3.2. EIEKIrON TranSTeri... ..o e 46
5. SONUGLAR ..ottt bbbttt b et b ettt 49
KAYNAKLAR L.ttt ettt 50
EILER .ottt 52
(07461 21 @11, 1 1T T TR 104

Vii



TABLOLAR

Sayfa
Tablo 1. Komplekslesme tepkimelerinin enerjetikleri (kcal/mol).........cccooveviiiiniiiininnnn, 21
Tablo 2. Gaz faz1 igin homo-lumo haritalart ... 24
Tablo 3. Su fazi i¢cin homo-lumo haritalart ...........cccccooiiiieiiii e 25
Tablo 4. Gaz fazi bag uzunluklart (A).....c.cccceeeeeeceeee e, 27
Tablo 5. Su faz1 bag uzunluklart (A) .........cccceviiiiiiiicceeee e, 28
Tablo 6. Gaz faz1 bag aCIATT.........ccceeiiiiiiici e 30
Tablo 7. Su faz1 bag ac1lart.........ccccoviiiiiii s 31
Tablo 8. Gaz fazi i¢in mulliken yUKIEri........ccooiiiiiiiiiiii e, 35
Tablo 9. Su fazi igin mulliken YUKIETT .......cccovriiiiiiiiiic e 36
Tablo 10. indirgenme potansiyelleri i¢in hesaplanan farkli degerlikteki metal
komplekslerine ait serbest gibbs ve solvasyon enerjileri (V) .......ccccovveveiieiveie i 64

viii



SEKILLER

Sayfa
Sekil 1. Metal iyonlari ile tasarlanan ferrosenil {ire benzimidazol sensoOrii.............cceeeveeenens 1

Sekil 2. Analitin, bir reseptore baglanmasi sonucunda olusan, optik 6zellikleri degismis bir

kompleksi OStEren diYagram. .......cuueiieieiiiiieiiiie et 2
Sekil 3. Literatiirdeki baz1 ferrosen-iire tabanli molekiiller..........ccccccoovvviiiiiiici e, 5
Sekil 4. Cuhuburu grubu tarafindan sentezlenen molekiiller ...........cccoooiiiiiiiiiiiiiiiiiienns 6
Sekil 5. Fabiola Zapata ve arkadaslari tarafindan sentezlenen molekil.............ccccoeiieinnns 6
Sekil 6. Ferrosen temelli moleKUIICT..........cueeiiiiiiiiiii e 6
Sekil 7. Fotokimyasal elektron transferinin (PET) sematik gosterimi ........cc.ccoevveivviieeninnns 8
Sekil 8. Oksidatif PET mekanizmasinin sematik gOSterimi .........cueevuvrreeiieenieniieninsieeninns 9
Sekil 9. ICT tipi sensorlerin spektral yer degistirmeleri.........ooevvrieiieiinienieiciee e 10
Sekil 10. Forster tip (bosluk aracligiyla) ve Dexter tip (bag araciliiyla) elektron

TrANSTEIININ GOSEETIMI....vvitievieiieieie ettt b bbbt e e 11
Sekil 11. Sertlik ve EleKtronegativite ..........coocveiieiiiiieiieisieseee e 16
Sekil 12. Kompleks molekiiliin Born-Haber Diyagrami ..........ccccoocoiiiiiiiiiiiiciicncce 18
Sekil 13. Calisma plant sematik GOSTETIMI ......cevvveieeieiiieiieeiie e 19
Sekil 14. HOMO-LUMO enerjileri ve bant araliklart (€V)......ccccooeiiieiiiniiiiiciicniee 22
Sekil 15. Hesaplanan yapilarin atom numaralari...........cocceeeeeiieiieiienicnee e 26
Sekil 16. Dipol moment (D) .....oooviiiioiiiiiciieiee e 33
Sekil 17. Gaz ve su fazlari i¢in sertlik ve yumusaklik degerleri ...........ccooeveniiiicniinnnne, 38
Sekil 18. Gaz ve su fazlari igin elektronegatiflik degerleri ..........ccoooviiiiiiiiiiiciiie, 39
Sekil 19. Gaz ve su fazlari i¢in kimyasal potansiyel degerleri..........cccovvviiiniiiicniinnnene 40
Sekil 20. Gaz ve su fazlari i¢in elektrofilisite indeks degerleri .........ccooevivviiiiiiiiiiiinnnn, 41
Sekil 21. Metal komplekslerin indirgenme potansiyelleri (V) .......cccooveviiiiiiiiiciicnenn 42

Sekil 22. Tasarlanan Fc-benzimidazol temelli sensdrlerin, su fazinda ve gaz fazinda , Amax
absorpsiyon dalga boylarinin (nm) karsilagtirtlmast .........ccooceeeviiniiiinnie e 43
Sekil 23. (a) Gaz fazive (b) su fazi i¢in tiim komplekslerin UV-vis spektrumlarinin

N B T A W1 10 0T 1) PRSP R 45
Sekil 24. Metal icermeyen yapi ile (a) Co?" metal iyonu (b) Ca** metal iyonu igeren
yapilarin molekiiler orbitalleri, HOMO-LUMO enerjileri, farklart, Amax degerleri ile

L0 TS 153 140§ TP PP P R OPPROT 47


file:///C:/Users/fyilmaz/Desktop/funda_tez_jurison.docx%23_Toc518394668
file:///C:/Users/fyilmaz/Desktop/funda_tez_jurison.docx%23_Toc518394676
file:///C:/Users/fyilmaz/Desktop/funda_tez_jurison.docx%23_Toc518394676

SIMGELER VE KISALTMALAR DiZiNi

Simgeler

p : elektron olasilik yogunlugu
x - elektronegativite

u : kimyasal potansiyel

n : kimyasal sertlik

S : kimyasal yumusaklik

I : iyonlasma potansiyeli

A: elektron afinitesi

o : elektrofilisite indeksi

Amak. - Maksimum absorsiyon/ emisyon dalgaboyu
f : osilator giig

D : debye

A°: Angstom

au :atomik birim

Kisaltmalar

Fc : ferrosen

U :ure

B : benzimidazol

M : metal



PET : fotokimyasal elektron transferi

HOMO: En Yiiksek Dolu Molekiiler Orbital

LUMO: En Diisiik Bos Molekiiler Orbital

ICT : intramolekiiler yiik transferi

D :donér grup

A : aksetOr grup

ET : enerji transferi

EET : elektronik enerji transferi

FRET : floresan rezonans enerji transferi

DFT : yogunluk fonksiyonel teorisi

B3LYP : Lee-Yang-Parr degisim korelasyonlar1 ile Becke-3 fonksiyoneli
Lanl2dz : Los Alamos Ulusal Laboratuvari ¢ift zeta temel seti
ECP : etkin ¢ekirdek potansiyeli

TUBITAK : Tiirkiye Bilimsel ve Teknolojik Arastirma Kurumu

TD-DFT  :Zamana bagh

xi



1. GIRIS

Son yillarda optoelektronik cihazlarin kii¢lilmesine paralel olarak, molekiiler elektronik ve
bilgi yiikkleme sistemleri gibi, molekiiler cihazlara ilgi biiyilk Ol¢lide artmistir. Bu
molekiiler cihazlarin en 6nemli 6zelligi, birer molekiiler anahtar yani kimyasal ve biyolojik
sensOrler olmasidir. Bu molekiiler anahtarlarin molekiiler hafizalar gibi potansiyel
uygulama alanlar1 vardir. En 6nemli 6zellikleri, ¢esitli ¢evresel uyarilara karsi tersinir ve

degisebilen optik ve elektronik 6zellik gostermesidir.

Literatiirde, Fe(ll)/ Fe(IIl) redoks ¢ifti miikkemmel tersinir bir elektrokimyasal sensordiir.
Bu calismada, yeni, tersinir, floresans ve redoks Ozellik gostermesi beklenen, metal
iyonlarma duyarli ferrosen (Fc) birimine bagl iire (U) kopriisii igeren bir baglayici birim
ve ona bagl floresan sinyali veren benzimidazoldan (B) olusan sensor (Sekil 1) tasarimi
amaglanmustir. Ferrosen-iire-benzimidazol sensériiniin hem biyolojik hem ¢evresel kirlilik
olaylarinda karsimiza en ¢ok ¢ikan Ca?*, Mg2+, Cu®*, Ni** ,Co**, Pb*", Hg2+ ve Zn®* metal
iyonlartyla komplekslesmeleri, hem elektronik hem fotokimyasal o6zellikler yoniinden

hesaplamali olarak incelenmistir.

FcuB M-FcUB

@: Ca2+’ M92+’ CU2+, Ni2+, COZ+, Pb2+, ng+’ Zn2+

Sekil 1. Metal 1yonlari ile tasarlanan ferrosenil iire benzimidazol sensorii

Bu sensoriin, redoks sensorleri veya problar1 olarak molekiiler cihazlarin tasariminda bir
uygulama alan1 bulabilecegi beklenmektedir. Ayrica, farkli yeni ferrosen tabanli

sensorlerin sentezine ve arastirmalarina da 1s1k tutacaktir.



2. GENEL BILGILER

Bu boliim, ii¢ ana bagliktan olugmaktadir. Birinci kisimda, molekiiler sensorler ile ilgili
bilgiler verilecek olup ikinci kisimda, kuantum kimyasi ve yapilan ¢alismalarda kullanilan

teorik hesaplamalar ve son kisimda literatiir bilgisi sunulacaktir.

2.1. Kimyasal Sensorler

Sensorler, herhangi bir enerji tarafindan uyarildiginda, bir veya daha fazla karakteristik
Ozelligini degistirerek, ilk haline gore farklilik gosteren molekillerdir [1]. Bu degisim,
uyariciyl (analit) hem kalitatif hem Kkantitatif olarak analiz etmek ig¢in kullanilir.
"Cambridge Tanuimi" na gore kimyasal sensorler, kompleks yapili 6rneklerde bile spesifik
bilesiklerin veya iyonlarin varligi durumunda, gercek zamanli bilgi sunabilen minyatiir
cihazlar olarak tanimlanmistir [2]. Kimyasal sensorler, analit hakkinda bilgi vermek iizere
belirli iletim teknikleri kullanir. En yaygin olarak kullanilan teknikler: absorpsiyon,

floresans, liminesans ve redoks potansiyelidir [3].

Kimyasal sensorler, Sekil 2 ' de goriildiigii tizere, 3 temel bilesenden olusur; birincisi
analiti (misafir) yiiksek secicilikte taniyabilme yetenegine sahip olan kimyasal bir reseptor
(ev sahibi), ikincisi baglayict etkinligini Olgiilebilir fiziksel degisiklige doniistiiren bir
sinyallesme birimi veya doniistliriicii ve {iglinciisii ise bu degisikligin 6l¢lilmesini ve yararl

bilgilere doniistiiriilmesini saglayan bir method.

OH-®© =3 =B

Sinyal birimi Baglayicr  Anpalit Sinyal birimi Baglayic
\ birim J | F birim
Ev sahibi (reseptor) Misafir (analit)

Sekil 2. Analitin, bir reseptdre baglanmasi sonucunda olusan, optik 6zellikleri degismis bir
kompleksi gosteren diyagram.

Baglanma olayr sirasinda iiretilen sinyalin tilirline gore sensorler iki kategoride

simiflandirilabilir: Elektrokimyasal Sensérler ve Optik Sensérler [4].



2.1.1. Elektrokimyasal Sensorler
Reseptore, redoks-aktif  bir  birimin  eklenmesiyle elektrokimyasal sensorler
olusturulmaktadir [5]. Reseptoriin redoks Ozelliklerinde meydana gelen degisim,

elektrokimyasal teknikler ile belirlenir.
Elektrokimyasal sensorleri 5 ana grupta toplamak miimkiindiir [6]:

i.  Iyon-Segici Elektrotlar (ISEs)
ii.  Alan-Etkili Transistorler (FETS)
iii.  Elektroaktif Sensorler
iv.  Biyosensorler

v.  Mikroelektrotlar

2.1.2. Optik Sensorler
Elektrokimyasal sensorlerin tersine optik sensorler, 1sik temellidir. Optik sensorleri 2

grupta toplamak miimkiindiir :

i.  Kromojenik Kemosensorler: Baglanma bdlgesine, analitin baglanmasiyla renk
degisimi gézlenen kimyasal sensorlerdir.
ii.  Fluorojenik Kemosensorler: Baglanma bolgesine, analitin baglanmasiyla, floresan

davranis1 degisen kimyasal sensorlerdir.

Optik sensorler, analitin dogasina gore lic grupta kategorize edilir: katyon sensorleri,
anyon sensorleri Ve nétr sensérler [6]. Iyon-segici olarak tasarlanan sensorlerin, yiiksek
kararlilik, yeterli yagsam siiresi, su ortaminda caligabilme ve ortamin pH degisimlerinden
etkilenmeme gibi Ozelliklere sahip olmasi beklenmektedir. Giiniimiizde, hava ve su
ortamlarinda birden fazla analiti algilama yetenegine sahip olan sensdrlere ihtiyag

duyulmaktadir.

Floresan Ol¢limiine dayali sensorler, diger optik sensorlere kiyasla yiiksek hiz, yiiksek
secicilik ve giivenilirlik gibi 6nemli avantajlar saglamaktadir. Floresan sensorlerinin diger
kolorimetrik sensorlere olan en 6nemli istiinliigi gostermis oldugu yiiksek duyarliliktir.
Yiiksek duyarlilik ve secicilik 6zelliklerinin yaninda kolay uygulanabilirligi ve ucuz
metodlar1 nedeniyle floresan tabanli sensorler, biyolojik sistemlerde ¢ok yaygin

kullanilmaktadir.



2.2. Ferrosen ve Tiirevleri

Ferrosen, 1951 yilinda Kealy-Pauson ve Miller tarafindan bulunmustur [7]. Ferrosen
tiirevli yapilar, bugiine kadar yakit katkilarinda, sivi kristallerde, medikal uygulamalarda
ve kataliz reaksiyonlarinda kullanilmistir [8]. Giiniimiizde ise en yaygin kullanim alani,
biyosensor molekiilleridir; ¢iinkii ferrosen, kullanildigi makrohalkasal sistemlerde yiiksek
kararlilik ve tersinir redoks oOzellik gosterebilen, komsu molekiiliine kolaylikla

baglanabilen essiz bir molekiil yapisina sahiptir [9].

Ure, iki hidrojen bagi yapabilen, anyon reseptorleri igin ¢ok kullamlan fonksiyonel
birimdir. Ure temelli bir cok anyon sensérleri mevcut iken, ¢ok az iire/ferrosen redoks aktif
anyonoforlar vardir. Sekil 3’ teki, 1 ¢ok amagl bir redoks aktif reseptordiir. F~ ve H,PO4
icin baglanma profilleri, sirasiyla, 1:1 ve 1:2 (ligand/anyon) olarak H-NMR deki kimyasal

kayma degerlerinden yararlanilarak dnerilmistir [10].

2 nolu yap1 ise, orjinal bir 6zellige sahiptir; ¢iinkii, iire kism1 hidrojen bag donér olarak
davranirken, florofordaki amino grubu hidrojen bagi donér ve akseptor Ozelligi
tasimaktadir. Bu nedenle anyonlar1 farklilandirmada essiz bir yapisal motif sunmasi
beklenmistir. Bu yap1 F ve H,PO,4™ anyonlarina elektrokimyasal olarak daha duyarlidir. F°
tire kismma, H,PO, florofordaki amin kismina baglanmaktadir. Florometrik analiz
sonucunda 330 nm de naftalinin floresans spektrumuna benzer spektrum elde edilmis,

anyonlarin ilavesi de sonucu ¢ok degistirmemistir.
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Sekil 3. Literatiirdeki bazi ferrosen-iire tabanli molekiiller

Diger bir ornek, 3 nolu yapi, beklenilmeyen sonuglar veren bir reseptordiir. Metal
katyonlarin varliginda elektrokimyasal davranislar1 incelenmis, Ca®, I\/Igz+, Ni?*, Co*,
Pb®*, Hg**, Zn*" katyonlarinda énemli bir degisiklik gozlenmezken, Cu®* katyonu ile renk
aniden saridan yesile donistiigii bulunmustur. 3 iin elektronik spektrumunda, 220nm ve
444nm bandlar ferrosen merkezli gegislere kars1 gelmektedir. Cu®* katyonu ile 609 nm ile
802 nm ye kayma goriilmektedir. Bu sonug, 3> e Cu®" katyonu ilavesi ile nce kompleks
olusmakta ve sonra Fe**~ Cu®* ve Fe**~ Cu® arasinda, yavasca molekiili¢i elektron-

elektron transferi ile agiklanmaktadir.

Cuhuburu grubu tarafindan sentezlenen, 4 nolu yapi (Sekil 4), Cu*, Cd*, Zn?* metal
iyonlarindan sadece Zn?* iyonuna karsi floresans gostermistir [11]. Metaller ile kompleks

sabitleri sulu ortamda hesaplanmistir.



(4)

Sekil 4. Cuhuburu grubu tarafindan sentezlenen molekiiller

Bir diger ¢alisma 2007 yilinda Fabiola Zapata ve arkadaslari tarafindan sentezlenen bir
kemosensordiir (Sekil 5). Bu kemosensér Pb?*  iyonuna duyarli olup yeni bir redoks

potansiyel kaymasi (0.15V) ve renk degisimi gosterir ve floresans verebilmektedir [12].

(6)
Sekil 5. Fabiola Zapata ve arkadaslar1 tarafindan sentezlenen molekdil.
Metal tanima 6zelligine sahip olan sensor 7, ng+ iyonu i¢in gozle fark edilebilen sari

renkten koyu pembeye renk degisimi ve 45nm lik kirmiziya kayma gostermistir (Sekil 6)
[13].
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Sekil 6. Ferrosen temelli molekiiller

Ferrosen temelli floresans anahtarlarin hazirlanmas: dikkat edilecek husus, florofor
biriminin floresans spektrumu ile absorbsiyon spektrumuna karsi gelen yiikseltgenmis
ferrosenyum biriminin biiylik bir sekilde ortlismemesi gerekmektedir. Aksi takdirde,

molekiil i¢i enerji transferi, yiikseltgenme ile meydana gelecek ve beklenen floresans artisi
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gozlenmeyecektir. Iki azotlu ferrosen-pirin, 7, cok giicli ve iki konumu kararli
degistirilebilir tersinir floresans-redoks sistemine sahiptir. Cu** iyonu ilave edildiginde,
382 nm deki absorbsiyon bandi koybolurken 457 nm de yeni bir pik olugsmustur. Aromatik

halkadan ferrosenyum iyonuna yiik transferi ile agiklanmustir.



2.3. Elektron Transferleri
Bu baglik altinda oncelikle fotokimyasal elektron transferi (PET) ve intramolekiiler yiik

transferi (ICT) hakkinda bilgi verilecek, daha sonra enerji transferlerine deginilecektir.

2.3.1. Fotokimyasal Elektron Transferi (PET)

Uyarilmis halde bulunan bir molekiil, ¢ok uzun bir siire bu yiiksek enerjili halde kalamaz.
Molekiiliin uyarilmis halden, tekrar kararli haline donebilmesi ve yeniden kararli bir yap1
olusturabilmesi i¢in iki secenegi vardir; ya uyarilirken elektron kaybettigi orbitaline, bir
donodrden elektron transferi saglayacak ya da bir iist enerji seviyesinde bulunan elektronu
tekrar geri alacaktir. Molekiiliin 15181 absorbe etmesinden (yani uyarilmis halden) sonra
gerceklesen bu elektron aligverislerine "fotokimyasal elektron transferi (PET)" denir (Sekil
7). Isig1 absorplayan molekiil i¢in "liminofor" denir. Eger liminofor ile liminoforo
elektron veren/ alan molekiil, ayn1 molekiildeyse ve konjuge olmayan bir k&priiyle

birbirine bagli ise bu tiir molekiiler sensor, "PET tipi kemosensor" olarak adlandirilir.

LUMO + LUMO +

U /-\ Homo U ) 'T' | HOMO
HOMO % HOMO +

Uwarilmg Serbest Uwarnlmsg Bagh
florofor reseptor florofor reseptor

N

Zinalit
FLOROFOR == FLOROFOR c——= 4
zayif reseptdr gichi reseptir
floresan floresan

hv'

Sekil 7. Fotokimyasal elektron transferinin (PET) sematik gdsterimi

Reseptor birimleri, analitin baglanmasina gore, liiminoforun verecegi yanit seklini belirler.
Uyarilmis haldeki bir molekiill, HOMO orbitalinde elektron boslugu olmasi nedeniyle
sadece 1yi bir akseptor olmayip, ayn1 zamanda, bir elektronunu bir iist enerji seviyesine
¢ikardigr icin de iyi bir donordiir. Bir baska deyisle PET tipi kemosensorlerde, elektron
akseptorii her zaman florofor grup degil, bazen de reseptor gruptur (Sekil 8). Elektronun,

akseptorden (florofor) reseptore (dondr) transfer olmast durumuna "oksidatif PET"
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denilmektedir. Oksidatif PET mekanizmali sensorlerde, hem florofor hem de reseptor
redoks potansiyeline sahip olmasi gerekmektedir. Oksidatif PET mekanizmasi asagida

sematize edilmistir :

LUMO
LuMo + LUMO +’-_\\
LUMO

’ .) )
HOMO HOMO + HOMO
| $ | HOMO % -

Uyanlmiz Serbest Uwyanlmig Bagh
florofor reseptir florofor reseptir
bx%\ )‘Z\ < H‘Q§ 4
Analit
FLOROFOR == ——>  FLOROFOR == <

giicli reseptor zayif reseptir
floresan floresan
hy'

Sekil 8. Oksidatif PET mekanizmasinin sematik gosterimi

2.3.2. Intramolekiiler Yiik Transferi (ICT)

Intramolekiiler yiik transferi (ICT), genellikle floroforun emisyon spektrum bandinda
kirmiziya ya da maviye kaymaya yol acan bir diger sinyal mekanizmasidir [2]. PET-tipi
kemosensorlerden farki, ICT-tabanli kemosensorlerde florofor ve reseptor birimleri
arasinda bosluk olmamasidir. Florofor ve reseptor birimlerinden olusan molekiiler sistem,
enerji ile uyarildiginda, elektron yiik yogunlugu sistemde dagilir ve bir dipol moment
olusur. Olusan bu dipol moment, dondrden akseptore elektron transferini (ICT) tetikler.
Uyarilmis haldeki bu molekiiler sistemde dipol kuvvetlerinin pozitif veya negatif
etkilesimlerinin sonucunda, analitin sisteme baglanmasi gerceklesir ve bu durum

molekiiliin hem absorpsiyon hem emisyon spektrumunda 6nemli degisimlere neden olur
[14].
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Donér grup ile etkilegim
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Sekil 9. ICT tipi sensorlerin spektral yer degistirmeleri

Sekil 9' da gosterildigi lizere analit molekiiler sisteme iki farkli yerden baglanabilmektir.
Analitin molekiiler sisteme hangi kisimdan baglanacagini, sistemin elektron yiik dagilimi
belirlemektedir. Eger reseptor birim, florofor grupla konjuge olarak elektronegativitesi
yiiksek yani elektron-verici bir grup igeriyorsa (6rnegin amino grubu gibi), sistemin sahip
oldugu bu fazla elektron yogunlugunu azaltmak ve boylelikle daha kararli bir hale gelmek
igcin, bir katyon ile etkilesime girecektir. Bu etkilesim konjugasyonu azalmaya yol
acacagindan absoropsiyon spektrumunda maviye kayma gerceklesir. Katyon, her zaman
donor ile etkilesime girmez. Katyon akseptor grubuyla (6rnegin karbonil grup), etkilesime
girdiginde, bu molekiiler sistemin elektron cekici karakter 6zelligini artirir ve absorpsiyon

spektrumunda kirmiziya kayma gergeklesir.

2.3.3. Enerji Transferi (ET)

Enerji Transferi, boyar madde molekiiler sistemlerinde goriilen bir diger sinyal ¢esitidir.
Enerji-donér birim ile enerji-akseptor birimi arasinda etkilesim uzaklgina gore, elektronik
enerji transferi (EET) velveya floresan rezonans enerji transferi (FRET) olarak
simiflandirilmaktadir. Donér-kromofor (D), diisiik dalgaboylarinda absorpladigi enerjiyi,
daha yiiksek dalgaboylarinda floresans yapan akseptore (A) transfer eder. Bir baska

deyisle, uyarilmis haldeki donor, enerji transferiyle akseptdriin uyarilmasini saglar.
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Sekil 10. Forster tip (bosluk aracligiyla) ve Dexter tip (bag araciligiyla) elektron
transferinin gosterimi

Sekil 10’ da, EET (bir diger adiyla Dexter tipi transfer) ve FRET mekanizmalar1 sematik
olarak gosterilmigtir. FRET tipi mekanizmada, uyarilmig haldeki dondriin, LUMO
orbitalinde bulundurdugu bir elektron, kararli hale gelebilmek i¢in tekrar HOMO orbitaline
doner. Donér elektronunun LUMO' dan HOMO' ya gecmesi sirasinda enerji agiga ¢ikar ve
bu enerjiyi akseptor absorplar. Akseptdr biriminin enerji absorplamasiyla, uyarilmis hale
gecer ve. HOMO' daki bir elektronu LUMO' ya geger. FRET tipi mekanizmada, genellikle
donor ve akseptor birimler, konjuge olmayan baglayicilarla birbirine baglidir ve bu ylizden
akseptor ile dondr orbitalleri birbiriyle etkilesime girmez. FRET mekanizmasi orbital
etkilesimine bagli olmadig1 i¢in, akseptdr ve dondr birim arasindaki uzakligin 10-100°A
arasinda oldugu molekiiler sistemlerde goriilmektedir. FRET tipi mekanizmanin
gerceklesmesi icin dondr-akseptor uzakliginin uygun olmasi yeterli degildir, akseptor
tarafindan absorbe edilen enerji bandinin dondriin emisyon dalgaboyu ile Ortiigme

gostermesi gerekir.

FRET tipi mekanizmanin tersine, Dexter tipi enerji transferinde, dondr ve akseptor
orbitallerinin dogrudan ya da dolayl olarak birbiriyle etkilesime girmesi gereklidir. Bu tip
mekanizma genellikle dondr ve akseptdr birimlerinin birbirine konjuge baglayicilarla
baglandig1 sistemlerde goriiliir ve bu ylizden "bag boyu" enerji transferi olarak adlandirilir.
Dexter tipi enerji transferinde hem akseptoriin hem donériin HOMO ve LUMO orbitallari

arasinda bir elektron degisimi olur. Bu tip mekanizma, orbital etkilesimine bagli olmasi
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sebebiyle, akseptér ve donér birimlerinin birbirine olan uzakligi 10A° dan kiigiik

olmalidir.

12



2.4. Kuantum Kimyasal Metodlar

Kuantum kimyasimin ge¢misi, bilgisayarlarin gelisimine bagli olarak 1980' lerin dncesine
kadar uzanmaktadir. Bilgisayarlar zaman ig¢inde, basit ve yararli hesaplamalari miimkiin
kilacak kadar giiglendi ve yillar boyunca kuantum kimyasi i¢in gelistirilen algoritmalari
hesaplamaya bagladi. Bu algoritmalar, optimize edilmis Gauss temel setleri ve
konfigiirasyon etkilesim diizeltmelerinden Hartree-Fock enerjilerine  ve dalga

fonksiyonlarina kadar olan hesaplanmalar1 kapsamaktadir [15].

Gilinlimiizde, kuantum-kimyasal yontemler hemen hemen tiim kimya dallarinda ve kimya
bilimlerinin yani sira fizigin de bir¢cok alaninda ve yasam bilimlerinde kullanilmaktadir.
Teorik caligmalar, molekiiller ve yapilart hakkinda kantitatif bilgi saglamaya ek olarak,
diger molekiiller ve c¢evreleriyle etkilesimleri, deneysel caligmalarda ortaya g¢ikmayan

molekiiler siirecleri aydinlatmada biiyiik fayda saglar [15].

2.4.1. Teorik Metodlar

Kuantum mekanigi, kendi igerisinde ab-initio, yari-deneysel ve yogunluk fonksiyoneli
(DFT) olmak iizere li¢ yonteme ayrilir; ancak bu ¢alismada, DFT yonteminin B3LYP
metodu ve Lanl2dz temel seti kullanilmas1 sebebiyle sadece bunlar hakkinda kisa bir bilgi

verilecektir.

2.4.1.1. Yogunluk Fonksiyonel Teorisi (DFT)

DFT' nin ana fikri, elektronik sistemin enerjisinin, elektron olasilik yogunlugu (p)
acisindan yazilabilmesidir (Borman, 1990). Bir baska deyisle, n tane elektronu bulunan bir
sistem i¢in, (r) aralikta belirli bir noktadaki toplam elektronu gosterir. Elektronik enerji
(E), bir p(r) fonksiyonuna karsi gelen, E(p) isareti ile gosterilen, elektron yogunluk
fonksiyonudur. Yogunluk Fonksiyonel Teoride, fonksiyonlar elektron yogunlugunun

fonksiyonlaridir.

DFT’ nin elektronik enerjisi E, asagidaki gibi tanmlanabilir:
E=ET+EV+E +EXC

E" = kinetik enerji (elektronlarin hareketinden kaynaklanan)

EV= potansiyel enerji (Cekirdek-elektron ¢ekimlerine ve ¢ekirdek ciftlerinin itmesinden

kaynaklanan)

E’ = Elektron-elektron itmesinden kaynaklanan enerji
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E* = Geriye kalan diger elektron-elektron etkilesimlerini kapsayan enerjiyi ifade eder.

E *° terimi genellikle “degisim” ve “korelasyon” olarak iki kisma ayrilir.

EX(p)=EX(p)+E(p)

2.4.1.2. B3LYP Metodu

Degisim ve korelasyon bilesenlerini diizeltme bicimiyle birbirinden ayrilan bir ¢ok
fonksiyon vardir. Yerel degisim ve korelasyon fonksiyonlar1 sadece elektron spin
yogunluklarinin degerlerini igerir. Slater and Xa iyi bilinen yerel degisim fonksiyonlaridir

ve Vosko, Wilk ve Nusair (VWN) yaygin olarak kullanilan korelasyon fonksiyonudur.

Gradyan-diizeltmeli fonksiyonlar hem elektron spin yogunluklarinin hem de gradyanlarinin
degerlerini igerir. Bu fonksiyonlar bazen literatiirde yerel olmayanlar olarak da
anilmaktadir. Popiiler olan bir gradyan diizeltmeli degisim fonksiyonu, 1988 yilinda Becke
tarafindan Onerilmistir; yaygin olarak kullanilan gradyan diizeltmeli bir korelasyon, Lee,
Yang ve Parr'in LYP islevselligidir. iki fonksiyonun kombinasyonu B-LYP y&ntemidir.
Perdew ayrica Perdew 86 ve Perdew-Wang 91 olarak bilinen bazi 6nemli gradyan-

diizeltmeli korelasyon fonksiyonlarini 6nermistir.

Degisim fonksiyonunu Hartree-Fock, yerel ve gradyan-diizeltmeli degisimin dogrusal bir
kombinasyonu olarak tamimlayan c¢esitli hibrit fonksiyonlar1 da mevcuttur. Bu hibrit
fonksiyonlarmin en iyi bilinenleri Becke’ in {li¢ parametreli formiilasyonudur; Buna dayal
hibrit fonksiyonlari, B3LYP ve B3PWO1 anahtar sozciikleriyle Gauss Programi'nda
kullanilabilmektedir. Becke, kavramsal olarak EX¢  olarak tanimlanan, DFT
korelasyonunun yani sira Hartree-Fock ve DFT degisiminin bir karisimini igeren

fonksiyonlar gelistirmistir:

| XCHibrit — ~HFEXHF | ~DFTEXDFT
Yukaridaki esitlikte “C” sabit degerleri gostermektedir. Ornegin, bir Becke tarzi ii¢
parametreli fonksiyonel asagidaki ifade ile tanimlanabilmektedir:
E*%gsLvp= EXLoa+ Co(E*nr- EXLpa) +Cx *ss + ESvwnz + Cc (E€ Lvp - E€ vina)

Buradaki C, parametresi Hartree-Fock ve LDA yerel degisiminin her tiirli karisiminin

kullanilmasina izin verir. EK olarak, Cx parametresiyle, Becke’ in LDA degisimine gradyan
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diizeltmesi de dahil edilir. Benzer sekilde, VWN3 lokal korelasyon fonksiyonel kullanilir
ve istege bagli olarak Cc parametresi lizerinden LYP korelasyon diizeltmesi ile
diizeltilebilir. B3LYP fonksiyonunda, parametre degerleri, G1 molekiil kiimesindeki
atomizasyon enerjilerine, iyonlasma potansiyellerine, proton afinitelerine ve birinci sira
atomik enerjilerine uygun olarak Becke tarafindan belirlenen degerlerdir: Cy=0.20,
Cx=0.72 ve Cc=0.81. Ayn1 katsayilarin farkli islevler ile iyi ¢alistig1 gercegi, ilk kez Becke
tarafindan isaret edilen Hartree-Fock ve DFT degisiminin boyle bir karisimini kullanmak

i¢in altta yatan fiziksel gerek¢eyi yansitir.

2.4.1.3. Lanl2dz Temel Seti

Kuantum mekaniginin molekiiler elektronik yapiyr niceliksel olarak tanimlamak
problemine kadar hemen hemen tiim uygulamalari, elektronik dalga fonksiyonunun daha
sonra parametrelenmesi i¢in uygun bir temelin secilmesi ile baslar. Temel setin se¢imi ¢ok

Oonemlidir, ¢iinkii sonucta yapilan hesaplamanin dogrulugunu etkiler.

Uzun zamandan beri, ¢ekirdek (i¢) orbitallerin ¢ogu durumda kimyasal baglardaki
degisikliklerden 6nemli Slgiide etkilenmedigi bilinmektedir. Bu durum, “Etkin Cekirdek
Potansiyeli (ECP)” yaklagiminin gelismesini sagladi. ECP’ ler orbital degildir ama
Hamilton modifikasyonudur, ve bu nedenle c¢ok etkili bir hesaplamadir. Ayrica, tiim
elektron rolativistik hesaplamalar ¢ok pahali iken, rolativistik etkilerin ECP'ye dahil
edilmesi ¢ok kolaydir. Rolativistik etkiler, agir atomlarin tanimlanmasinda ¢ok onemlidir
ve ECP' ler hesaplamalar1 basitlestirir ve ayn1 zamanda popiiler olmayan relativistik ab
initio paketleriyle daha dogru hale getirir. Cekirdek potansiyeller sadece doldurulmus
kabuklar i¢in belirtilebilir. Elektronlarin geri kalani (yani, valans elektronlari) icin, bir

tanesi temel fonksiyonlari saglamak zorundadir [15].
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2.4.2. Elektronik Parametreler

2.4.2.1. Global Tanimlayicilarin Hesaplanmasi

Kimyasal bir sistemin aktivitesi elektronegativite (X), kimyasal potansiyel (u), sertlik (1)
ve yumusaklik (S) gibi elektrokimyasal ozellikleriyle karakterize edilir. Bu ozellikler,
asagidaki esitliklerle tanimlanmaktadir [16] :

X=-pu=%(+A)ven="%d-A)
S=1/(2n)

I : kimyasal bir sistemin, atomun, iyonun, molekiiliiniin veya radikalin iyonlasma

potansiyeli
A : kimyasal bir sistemin, atomun, iyonun, molekiiliiniin veya radikalin elektron afinitesi
Frontier Orbital Enerjileri Koopmans Teoremine gore:

| =-eHOMO ve A= - eLUMO

Her iki esitlik dikkate alindiginda elektronegavite, kimyasal potansiyel ve sertlik

ozelliklerinin asagidaki gibt HOMO-LUMO degerlerine bagli oldugu goriiliir:

X =-% (egHOMO + eLUMO) = p ve n =% (¢eLUMO — eHOMO) (Peters, Lanzilotta,
Lemon, et al., 1998)

Sertlik, kimyasal potansiyelin elektron sayisindaki degisim direncidir [17]. Bir kimyasal
sistemin kararlilhigi ve reaktivitesi ile iligkilendirir. Elektronik kimyasal potansiyeli ne
kadar biiyiikse, o kadar az stabil veya daha reaktif bilesiktir [18]. Sinir molekiiler orbitaller
temelinde, kimyasal sertlik HOMO ve LUMO arasindaki bosluga karsilik gelir (Sekil 11).

LUMO=1
LU
il
"""" -1
T
HOMD —N‘—
HOMO-1 —’Tl‘l’—

Sekil 11. Sertlik ve Elektronegativite

16



Molekiiliin HOMO-LUMO seviyeleri arasindaki uzaklik arttik¢a sertligi artar; dolayisiyla
sert molekiiller genis bir HOMO-LUMO haritasina sahiptir. Yumusak molekiillerde ise
HOMO-LUMO seviyeleri birbirine yakindir ve bu ylizden dar bir HOMO-LUMO haritast

verirler.

HOMO enerjisi elektrofile karsi; LUMO enerjisi niikleofile karsi atak yetenegi ile
karakterize edilir. Sert/ yumusak elektrofil/ niikleofil direkt olarak HOMO-LUMO orbital
enerjileriyle ilgilidir. Sert elektrofiller yiiksek LUMO enerjisine sahip iken yumusak
elektrofiller diisik LUMO enerjisine sahiptir. Sert niikleofiller ise bu durumun tersine
diisik HOMO enerjisine sahip iken yumusak niikleofiler yiiksek HOMO enerjisine sahiptir
[17].

Elektronik kimyasal potansiyel, bir molekiiliin elektronegatifliginin negative isaretlisi
olarak tanimlanir. Fiziksel olarak p, bir denge sisteminden elektronlarin kagma egilimini

tanimlar.

2.4.2.2. Elektrofilisite indeksi (o)

Parr et al. elektrofilisite () kavramini kimyasal sertlik (1), kimyasal yumusaklik (S) ve
kimyasal potansiyel gibi kiiresel bir reaktivite endeksi olarak tanimlamistir. Bu yeni
reaktivite endeksi, sistem ortamdan ek bir elektronik yiik (AN) kazandiginda enerjideki
dengeyi 6l¢mektedir.

Elektrofilisite indeksi agagdaki gibi tanimlanmaktadir :
w=u%2n

2.4.3. indirgenme Potansiyel Hesabi
Gibbs Enerji degeri, Born- Haber c¢evrimi araciligiyla asagida verilen c¢evrimle

bulunmaktadir:
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AG_ (zaz)
EKompleks (24— » Kompleks (3+)g,;;

4G, (I 4G, (1)

AG,, (sol)
Kompleks (24),, € Kompleks (3+)m

Sekil 12. Kompleks molekiiliin Born-Haber Diyagrami

Sekil 12° de gosterilen AGgo(11) ve (I11) sembolleri yiikseltgenme tepkimesinin Serbest
solvasyon enerjisini ve AGe(g) sembolii ise gaz fazindaki oksidasyon reaksiyonunun
serbest enerji degisimini tanimlamaktadir. Born-Haber cevrimine gore asagidaki esitlik

yazilmaktadir:
AGox(sol) = AG solv (I) + AGox(g) + AG solv (III)

Fc- benzimidazol tabanli komplekslerin indirgenme- yiikseltgenme enerji degerleri

asagidaki formiile gore hesaplanmaktadir:

AG
E=——
—nF

E indirgenme enerji degeri, AG gibbs enerji degeri, Reaksiyona dahil olan elektron sayisi 1
oldugundan, n=1, ve F ise Faraday sabitidir (96500 C) ve buradan redoks potansiyel degeri
hesaplanir (Standart basing : latm).
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3. CALISMA PLANI

Hesaplamalarda, Gaussian 09 (Frisch vd. 2009) programi kullanilmistir. Sensoriin canli
sistemlerde de calismasi amaclandigindan, hesaplamalar hem gaz hem de su fazinda
yapilmistir. Calismanin ilk basamagunda metod belirlenmesi gerekmektedir. Bu tez
calismasi, TUBITAK 1001 programi 211T028 nolu proje konusu ile drtiismektedir. Bu
nedenle, ilgili Tiibitak projesi ve belirtilen literatiirde [19] yapilan g¢alismalara gore
deneysel olarak sentezlenmis ve X-ray yapisi bilinen ferrosen-BODIPY kompleksi metot
belirleme basamagindan tespit edilmistir. Adi1 gegen projede, DFT metotlar: olan B3LYP,
MO06, PBE1PBE, B3P86 hibrit metotlarin her biri ile ayr1 ayr1 hem gaz fazinda hem de
toluen fazinda galisilmistir. Deneysel veriye en yakin sonucun B3LYP/ LanL2DZ temel
seti ile ulasildigr bulunmustur. Dolayisiyla bu tezde tiim hesaplamalar DFT metodunun
B3LYP/ LanL2DZ temel seti ile yapilmistir. Sekil 13’ te ¢alisma plani sunulmaktadir.

Kararhlhiklar:
Molekiiler
Orbital
Enerjileri
Yapasal
Ozellikleri
Global
Tanimlayicilar

Uv-
goriiniir
bilge

“fgl’e“m skopik E lels'trmlil;h

Ozellikler Ozellikler

Indirgenme
Potansiyeli

Sekil 13. Calisma plani sematik gosterimi

Yontem se¢imine karar verildikten sonra caligmaya, tasarlanan FcUB ve M-FcUB (Sekil 1)
yapilarinin elektronik o6zellikleri ile baglanmistir. Bu kapsamda, hesaplamalar gaz ve su

fazlarinda geometri optimizasyonu ve frekans hesaplamalari ile devam etmistir.
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Optimizasyon ve frekans hesaplamalari ig¢in su fazi igin, “ # opt freq b3lyp/lani2dz
scrf=(solvent=water) geom=connectivity” ve gaz fazi i¢in “ # opt freq b3lyp/lani2dz
geom=connectivity” anahtar kelimeleri kullamilmistir. Su ortaminda yapilan
hesaplamalarda PCM (Polarizable Continuum Model) modeli kullanilmistir. Optimizasyon
ve frekans hesaplamalariyla, global minimum noktasindaki metal iyon igeren ve igermeyen
yapilarin, komplekslesme tepkimelerine ait enerji, gibbs serbest enerjisi, entalpi ve entropi
degerleri bulunarak, kompleks Kkararliliklar1 yorumlanmistir. Daha sonra, elektron
transferlerinin agiklanabilmesi i¢in, HOMO-LUMO enerji degerleri ile bant araligi
hesaplanip, HOMO-LUMO orbital haritalar1 olusturulmustur. Diger taraftan, her
kompleksin gaz ve su fazindaki yapisal ozellikleri incelenmistir. Bag uzunluklari, bag
acilar1 ve dipol momentleri Mercury 3.6 (Build RC6) programi ile hesaplanmistir.
Elektronik 6zelliklerde son olarak, kompleks yapilarinin reaktivitesini agiklamada 6nemli
bir parametre olan global tanimlayicilar ele alinmistir. Global tanimlayicilar igerisinde
kimyasal sertlik/ yumusaklik, elektronegatiflik, elektrofilisite indeksi ve kimyasal
potansiyel degerleri 2.4.2.1° deki esitliklere gore hesaplanmustir.

Calismanin ikinci yarisinda, metal iyonu iceren ve igermeyen kompleks yapilarinin
elektrokimyasal 6zellikleri incelenmistir. Indirgenme potansiyel degerleri 2.4.3." te verilen
Born-Haber ¢evrimi ile hesaplanmistir. Hesaplama ile ilgili detayli bilgi Ek 12’ de

verilmektedir.

Son olarak, tasarlanan komplekslerin spektroskopik 6zellikleri incelenmistir. Absorbsiyon
spektrumlarin ¢ikartilmast i¢in hem temel hem uyarilmis molekiiller igin enerji
hesaplamasi yapilmistir. Komplekslerin  maksimum absorpsiyon dalga boylart (Amax)
degerleri bulunmustur. UV-goriiniir bolge absorpsiyon hesaplamalarinda time-dependent
(td) yonteminde su faz igin, “ # td=(nstates=12) b3lyp/lanl2dz scrf=(solvent=water)
Geom=Check Guess=Read” ve gaz faz1 i¢in “ # td=(nstates=12) b3lyp/lanl2dz
Geom=Check Guess=Read” anahtar kelimeleri kullanilmistir.

Tim bu caligmalarin sonucunda, tasarlanan sensoriin, hangi metal iyon/ iyonlart ile

caligabilecegi ve hangi metal iyon/ iyonlarina daha duyarl olabilecegi belirtilmistir.
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4. SONUCLAR VE TARTISMA

Bu kisimda, metal iyonlar1 igeren ve igermeyen yapilara ait gaz ve su fazinda yapilan
hesaplama sonuglari, Bolim 3’ te verilen ¢alisma plant dogrultusunda bes ana baslik

altinda incelenmistir.

4.1. Elektronik Ozellikler
Tasarlanan komplekslerin, kararliliklari, molekiiler orbital enerjileri, yapisal 6zellikleri ve

global tanimlayicilart hesaplanarak elektronik 6zellikleri incelenmistir.

4.1.1. Metal Iyonlar ile Kompleks Kararlihklar

Hesaplamalara ilk olarak geometri optimizasyonu ve frekans hesaplamalar ile baslanmustir.
Geometri optimizasyonuyla metal iceren ve icermeyen yapilar hem su hem gaz fazinda
minimum enerjili hale getirildikten sonra metal iyonlar1 ile komplekslesme
tepkimelerinden elde edilen gibbs serbest enerjileri, entalpi, entropi ve enerji degerleri

Tablo 1’ de sunulmustur.

Tablo 1. Komplekslesme tepkimelerinin enerjetikleri (kcal/mol).

Gaz Faz Su Faz1
AEkomp. AG‘komp. AHkomp. ASkomp. AEkomp. AGkomp. AHkomp. ASkomp.

Ca-FcUB |-229,36(-217,34(-228,18| -0,036 | -24,15 | -9,76 | -22,47 | -0,043

Yapilar

Mg-FcUB (-330,30(-315,48(-328,26( -0,043 | -63,02 [ 9,09 | -80,48 | -0,300

Hg-FcUB (-304,59(-292,39|-303,57| -0,037 | -4,88 | 8,47 -3,92 | -0,042

Cu-FcUB |-397,53|-325,28|-396,83| -0,240 |-172,76| -99,28 | -171,73 | -0,243

Co-FcUB |-411,35|-338,83(-410,32| -0,240 |-117,11{ -99,83 | -114,90 | -0,051

Zn-FcUB [-365,21(-292,94|-364,09( -0,239 | -61,58 | 11,79 | -60,26 | -0,242

Pb-FcUB |-256,62(-183,85|-256,05| -0,242 | -95,13 | -80,80 | -93,36 | -0,042

Ni-FcUB |-448,38(-376,01(-447,07( -0,238 [-140,75(-122,19( -138,12 | -0,053
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Tablo 1’ de metal iyonlari ile komplekslesme tepkimelerine ait gibbs serbest enerji
degisimleri incelendiginde, en istemli kompleksin, su fazinda -122,19 kcal/ mol ve gaz
fazinda -376,01 kcal/ mol degerleriyle Ni-FcUB kompleksine ait oldugu goriilmektedir.
FcUB’ nin diger metal iyonlari ile komplekslesme istegi su fazi i¢in Ni®*> Co®*> Cu®*>
Pb**> Zn**> Ca?*> Mg?*> Hg®" ; gaz faz1 igin ise Ni**> Co*"> Cu*"> Mg”*> Zn*"> Hg?*>
Ca’*> Pb?* sirasinda azalmaktadir. Gerek gaz fazinda olsun gerekse su fazinda olsun, metal
iyonlari ile komplekslesme tepkime entalpi Ve entropi degerleri negatiftir. Gaz fazinda tiim
komplekslesme tepkimelerine ait entalpi, entropi ve gibbs enerji degerlerinin negatif
degerde olmasi, tepkimelerin diisiik sicaklikta kendiliginden gergeklesebilecegini
gostermektedir. Su fazinda Mg®*, Hg?* ve Zn?* iyon kompleksli tepkimelerinin AG
degerleri pozitif iken entalpi ve entropi degerlerinin negatif bulunmasi bu iyonlara ait

tepkimelerin yiiksek sicaklikta istemsiz oldugunu gostermektedir.

4.1.2. Molekiiler Orbital Enerjiler
Su ve gaz fazina ait HOMO-LUMO enerjileri ve bant aralik degerleri Sekil 14° te

verilmigtir.
o
Enerji Bojluklan (e\) q
Moleliil
Caz fam Su fan -2 & > < <> > £
FeUB 438 343 ¢ o
Ca-FcUB 3,78 4,31
CoFcUB | 241 336 -4
Cu-Fel'B 3,55 4,00
Hg-FeU'B 2,86 407
5 7 | 6 - o—0—0o—-0 o O
Mg-FeUB 362 411
Xi-FeUB 1,16 2,88 M /—_‘
Pb-FcUB an 4,06 8
In-FelUB 338 410 v
-10
® —0 *—e @ L 9
-12
FeUB Ca- Co- Cu- Hg- Mg- MNi- Ph- Zn-
FclB FcUB | FcUB FclB FclB FcUB FclB FclB
== a2z fazi HOMO Enerjisif eV -5,65 | -10,47 | -10,57 | -10,59 | -10,47 | -10,67 | -10,62 | -10,67 | -10,65
= 53z fazi LUMO Enerjisif eV -1,27 -6,68 | -B,16 -7,05 -7,61 -7,05 -8,46 -6,96 -7,07
O 5u fazl HOMO Enerjisif eV -558 | -579 | -591 | -594 | -578 | -591 | -596 | -6,00 | -5,91
& 5u faz LUMO Enerjisif eV -1,15 -1,48 -2,55 -1,94 -1.71 -1,80 -3,07 -1,94 -1,81

Sekil 14. HOMO-LUMO enerjileri ve bant araliklari (eV)
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Hesaplanan HOMO ve LUMO enerji degerleri, gaz fazindan su fazina gegildiginde
artmaktadir; fakat bant aralik degerlerinde biiyiik bir degisim yoktur. Gerek gaz, gerekse su
fazinda olsun, tiim metal iyonlar igin HOMO enerji degerleri birbirine yakin iken, metal

iyonuna bagl degisimler LUMO enerji seviyelerinde goriilmektedir.

Sekil 14’ te verilen bant araligi degerleri incelendiginde, gaz fazindan su fazina
gecildiginde, bant enerji degerleri yaklasik 0,04 ile 1,21 eV artmaktadir. FCUB yapisinin
bant aralig1 su fazinda 4,43 eV; gaz fazinda 4,38 ¢V olup her iki fazda da diger metal iyon
komplekslerine kiyasla daha biiyiiktiir. FCUB yapis1 metal iyonlariyla komplekslestiginde
bant aralig1 gaz fazinda 0,59- 2,22 eV; su fazinda 0,12- 1,55 eV araliginda azalmaktadir.
HOMO- LUMO enerji farki biiyiikliigt, kararlilikla dogrudan iligkili olmasi sebebiyle,
FcUB yapisina metal iyonu eklenmesi ile kompleks kararliliginda bir azalmaya yol agtig
sdylenebilir. Su faz1 igin bant enerji biiyiikliigii FCUB > Ca®* > Mg?* > Zn?*> Hg*"> Pb**>
Cu*> Co?* > Ni** sirasinda azalirken gaz fazi1 igin FcUB > Ca?* > Pb*" > Mg*"> zZn**>
Cu**> Hg?*> Co®* > Ni?* sirasindadir. Metal iyonu ieren yapilarda en kararli kompleksi,
su ve gaz fazinda sirasiyla 4,31 eV’ lik ve 3,78 eV’ lik enerji degerleri ile Ca** iyonu
olusturmaktadir. Diisik bant araligma sahip kompleks yapisi ise her iki fazda da Ni%*
metal iyonlu komplekse aittir. Ni-FCUB yapisinin su fazindaki enerji boslugu 2,89 eV iken
gaz fazinda 2,16 eV’ dir. Bu HOMO-LUMO enerji farkindaki diisiis Ni% iyonunun yap1

ile konjugasyonun arttigin1 belirtmektedir.
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Tablo 2. Gaz faz1 i¢in homo-lumo haritalari

Molekiil HOMO
580909885 Q&: ‘Jg};f?a
T 2

i k8- 3 ¥y @
FCUB. N E
N
E:u-JFcUB

9 M“
o

Zn- FcUB

’ mah%%gal

Ni- FcUB
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Tablo 3. Su faz1 i¢in homo-lumo haritalari

Molekiil HOMO
580909885 Q&: ‘Jg};f?a
T 2

i k8- 3 ¥y @
FCUB. N E
N
E:u-JFcUB

9 M“
o

Zn- FcUB

’ mah%%gal

Ni- FcUB
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Nitekim, Tablo 2 ve Tablo 3’ te gaz ve su fazina ait HOMO-LUMO molekiiler orbitaller
incelendiginde, Co?**, Pb* ve Ni** iyonlarmin komplekslerinde diger metal iyonlarindan
farkli olarak, HOMO’ daki orbitallerin baglayici bolgede yer aldigr goriilmektedir. Genel
olarak, metalsiz yapinin HOMO ve LUMO orbitalleri ferrosen yapisi tizerinde oldugu,
sisteme metal iyonu girdiginde ise HOMO-LUMO orbitallerinin baglayici bdlgesine
kaydig1 goriilmektedir. Molekiiler orbitaller Co®*, Pb** ve Ni** metal komplekslerinde

baglayici iizerine, Cu? kompleksinde ise benzimidazol iizerine kaymaktadir.

4.1.3. Yapisal Ozellikler

4.1.3.1. Bag Uzunluklari
Sekil 15’ ta hesaplanan, optimize edilmis yapilardaki atomlar numaralandirilmis ve segilen

bag uzunluklar1 gaz fazi i¢in Tablo 4 ve su fazi igin Tablo 5’ te verilmistir.

Sekil 15. Hesaplanan yapilarin atom numaralari
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Tablo 4. Gaz faz1 bag uzunluklar (A)

Bag FcUB Ca- Co- Cu- Hg- Mg- Ni- Pb- Zn-
Uzunlugu FcUB | FcUB | FcUB | FcUB | FcUB | FcUB | FcUB | FcUB

C11-N47 | 1,425 | 1,428 |1,445 |1,442 |1,427 |1,430 |1,444 |1435 |1,429

N47-H57 |1,014 | 1,015 |1,017 |1,017 |1,015 |1,016 |1,017 |1,017 |1,016

N47-C48 | 1,378 | 1,354 1,348 |[1,350 |1,354 | 1,348 1,347 | 1,356 | 1,349

C48-N49 | 1,388 | 1,405 |1,393 |1,398 |1,413 |1,403 |1,395 |1,398 | 1,407

N49-H58 | 1,015 [1,015 |1,016 |[1,016 |1,015 |1,015 [1,016 |1,015 | 1,015

N49-C22 | 1,400 | 1,400 |1,404 |1401 |1,392 |1398 |1,402 |1,396 | 1,395

C22-N44 | 1,385 | 1,376 |1,368 |1,368 |1,373 |1,370 | 1,367 |1,376 |1,369

C22-N43 | 1,329 |1,348 |1,35% |1,353 |1,351 |1,353 |1,353 |1,341 | 1,351

N44-H46 | 1,013 |1,013 1,013 |[1,014 |1,013 |1,013 1,014 |1,013 | 1,013

C3-N50 1,412 | 1,428 | 1,444 | 1,442 | 1,427 | 1,430 | 1,444 |1,428 | 1,429

N50-H55 | 1,022 |1,015 |1,017 |1,071 |1,015 |1,016 |1,017 |1,016 | 1,016

N50-C52 | 1,377 | 1,354 |1,348 |1350 |1,354 |1,348 |1,347 | 1,350 | 1,349

C52-N51 | 1,398 | 1,405 |1,396 |1,398 |1,413 |1,403 |1,395 |1,403 | 1,407

N51-H56 | 1,014 |1,015 |1,016 |1,016 |1,015 |1,015 1,016 |1,015 | 1,015

N51-C19 | 1,396 | 1,400 |1,402 |1401 |1,392 |1,398 |1,402 |1,394 | 1,395

C19-N42 | 1,384 | 1376 |1365 |1,368 |1,373 |1,370 | 1,367 |1,372 |1,369

C19-N41 | 1,332 |1,348 1,359 |1,353 |1,351 |1,353 |1,353 |1,352 | 1,351

N42-H45 | 1,016 | 1,013 |1,014 |1,014 |1,013 |1,013 |1,014 |1,013 | 1,013

C48-053 | 1,275 (1,272 |1,281 |1,278 |1,271 |1,277 |1,283 |1,281 | 1,278

Ch2-054 |1,266 |1,272 |1,276 |1,278 |1,271 |1,277 |1,283 |1,273 | 1,278

053-M* | - 2,284 1,898 1,963 |2,364 |1,948 | 1,872 |2,291 | 2,022
054-M* | - 2,284 1,898 |1963 |2,364 |1,948 | 1,872 |2,297 |2,022
N43-M* | - 2,452 1961 1,997 |2,251 |2,056 |1,914 |2,510 |2,018
N41-M* | - 2,452 11963 |1997 |2,251 |2,05 |1914 |2,382 |2,018

M’ : Metal iyonlarin1 gostermektedir.
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Tablo 5. Su faz1 bag uzunluklari (A)

Bag FcUB Ca- Co- Cu- Hg- Mg- | Ni- Pb- Zn-
Uzunlugu FcUB | FcUB | FcUB | FcUB | FcUB | FcUB | FcUB | FcUB
C11-N47 | 1,414 | 1,418 |1,438 | 1,437 |1,417 |1,422 |1,438 |1,425 |1,421
N47-H57 | 1,015 | 1,015 |1,016 |1,017 |1,015 [1,016 |1,017 |1,016 | 1,016
N47-C48 | 1,374 | 1,366 | 1,353 |1,353 |1,367 |1,355 |1,350 | 1,359 | 1,357
C48-N49 | 1,398 | 1,398 |1,387 |1,389 |1,405 |1,395 |1,385 |1,390 | 1,397
N49-H58 | 1,015 | 1,015 |1,016 |1,016 |1,015 |1,016 |1,016 |1,015 | 1,016
N49-C22 |1,391 | 1,391 |1,397 |1,394 |1,387 1,389 |1,394 |1,388 | 1,386
C22-N44 | 1,382 | 1,382 |1,367 |1,367 |1,379 |1,372 |1,365 |1,375 |1,371
C22-N43 | 1,339 | 1,342 | 1,353 |1,354 |1,343 |1,349 |1,353 |1,343 | 1,348
N44-H46 | 1,016 | 1,013 |1,014 |1,014 |1,013 {1,013 |1,014 |1,014 |1,013
C3-N50 1,414 | 1,418 |1,438 |1,437 |1,417 (1,422 | 1,438 |1,422 |1421
N50-H55 | 1,015 | 1,015 |1,016 |1,017 |1,015 |1,016 |1,017 |1,016 | 1,016
N50-C52 | 1,374 | 1,366 |1,353 |1,353 |1,367 |1,355 |1,350 |1,354 | 1,357
C52-N51 | 1,398 | 1,398 |1,387 |1,389 |1,405 |1,395 |1,385 |1,392 | 1,398
N51-H56 | 1,015 | 1,015 |1,016 |1,016 |1,015 |1,016 |1,016 |1,016 | 1,016
N51-C19 | 1,391 | 1,391 |1,397 |1,394 |1,387 1,389 |1,394 |1,388 | 1,386
C19-N42 | 1,382 |1,382 |1,367 |1,367 |1,379 |1,372 |1,365 |1,371 |1,371
C19-N41 | 1,339 |1,342 |1,353 |1,354 |1,343 |1,349 |1,353 |1,354 | 1,348
N42-H45 | 1,016 | 1,013 |1,014 |1,014 |1,013 {1,013 |1,014 |1,014 | 1,013
C48-053 | 1,269 | 1,267 |1,280 |1,280 |1,267 |1,274 |1,284 |1,281 |1,274
C52-054 | 1,269 | 1,267 |1,280 |1,280 |1,267 |1,274 |1,284 |1,276 |1,274
0O53-M* - 2,399 | 1910 |1,960 |2,620 |1,995 |1,874 |2,302 |2,100
054-M* - 2,399 |1,910 |1,960 |2,620 |1,995 | 1,874 |2,321 |2,100
N43-M* - 2553 1,958 1,992 |2,361 |2,101 | 1913 |2530 |2,056
N41-M* - 2553 1,958 1,992 |2,361 |2,101 |1,913 |2401 |2,056

M’ : Hesaplanan metal iyonlarini gostermektedir.
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Tablo 4 ve Tablo 5 incelendiginde gaz fazinda optimize olan molekiillerin bag
uzunluklarinda 6nemli bir farklilik gériilmemektedir. Ancak, metalsiz yapiya metal iyonu
girmesiyle, baglayici gruptaki oksijen ve azot atomlarinin metal iyonlar: ile yaptigi bag
uzunluklarinda az bir fark bulunmustur. Gaz fazinda Ca®*, Hg** ve Pb®* iyonlarinn,
baglayic1 gruptaki elektronegatif atomlarla yapmis oldugu bagin uzunluklar1 ayni fazdaki
diger metallerle karsilastirildiginda daha fazladir. Ornegin, gaz fazinda, baglayici gruptaki
oksijen atomu (053) ile Ca®* atomu arasindaki bag uzunlugu 2,284 A, Hg®* atomu
arasindaki bag uzunlugu 2,364 A ve Pb®* atomu arasindaki bag uzunlugu 2,291 A iken
diger metal atomlariyla arasindaki bag uzunlugu 1,872 ile 2,022 A araligindadir. Su
fazinda ise ayni oksijen atomunun ( O53) Ca®*, Hg** ve Pb*" metal atomlariyla yapmus
oldugu bag uzunluklar1 sirasiyla 2,399 A, 2,620 A ve 2,302 A seklinde olup gaz fazina
gore daha uzundur. Bu durum solvasyon etkisiyle agiklanabilir. Gaz fazinda, benzimidazol
grubundaki azot atomu ( N43) ile Ca**, Hg**, Mg?*, Pb** ve Zn*" metal iyonlari arasindaki
bag uzunluklar1 2,018 ile 2,452 A arasindayken Co*", Cu?* ve Ni** metal iyonlarinin ayn
atom ( N43) ile yapmis oldugu bagin uzunlugu 2,0 A’ dan kiigiiktiir. Su fazinda ise Ca®,
Hg*, Mg?*, Pb®* ve Zn®* metal iyonlar1 ile N43 atomu arasindaki bag uzunlugu 2,056 ile
2,553 A arasindayken Co?*, Cu** ve Ni** metal iyonlarmim aym atom (N43 ) ile yapmus
oldugu bagin uzunlugu gaz fazindaki gibi 2,0 A’ dan kiigiiktiir.
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4.1.3.2. Bag Agilan
Hesaplanan metal komplekslerin bag acilari, gaz fazinda Tablo 6’ da ve su fazinda ise

Tablo 7’ de sunulmaktadir.

Tablo 6. Gaz faz1 bag acilari

Bag Agist | FeUB IC::;:JB IC::((:)L-JB IC::(?l:JB E(?L-JB I';/(I:%B ’I:l(I:-UB E(t:)l-JB i(r:tJB
Cl1-Fe-C3 1004 | 1336 | 1346 | 1333 | 1308 | 1316 | 1331 | 1289 | 1305
CIIN47-C48 | 1264 | 1259 | 1227 | 1241 | 1260 | 1256 | 1238 | 1290 | 1259
N47-CABNAQ | 1146 | 1163 | 1217 | 1207 | 1152 | 1175 | 1212 | 1148 | 1167
CA8N49-C22 | 1255 | 1250 | 1202 | 1220 | 1259 | 1235 | 1196 | 1250 | 124.2
N49-C22N43 | 1221 | 1199 | 1217 | 1265 | 1285 | 1267 | 1258 | 127.2 | 1271
N49-C22N44 | 1238 | 1270 | 1268 | 1223 | 1206 | 12,2 | 1228 | 1204 | 1214
C3-N50-C52 | 1247 | 1259 | 1233 | 1241 | 1260 | 1256 | 1238 | 1253 | 126.9
N50-C52.N51 | 1136 | 1163 | 1216 | 1201 | 1152 | 1175 | 1212 | 1168 | 1167
C52N5L.C19 | 1247 | 1250 | 1202 | 1207 | 1259 | 1235 | 1196 | 1241 | 1242
NSI-CI10-N4L | 1227 | 1280 | 1265 | 1265 | 1284 | 1269 | 1258 | 1281 | 1271
NSI-CI1O-N42 | 1233 | 119.9 | 1219 | 1220 | 1206 | 1212 | 1228 | 1201 | 1214
N47-C48-053 | 1240 | 1233 | 1202 | 1215 | 1235 | 1228 | 1208 | 1236 | 1229
O53-C48N49 | 1214 | 1204 | 1181 | 1184 | 1212 | 1196 | 1180 | 1216 | 1204
N50-C52-054 | 1246 | 1233 | 1200 | 1215 | 1235 | 1229 | 1208 | 1231 | 1229
O54-C52.N51 | 1218 | 1204 | 1183 | 1184 | 1212 | 1196 | 1180 | 1201 | 1204
O53-M*- 054 | - | 8658 | 7944 | 7818 | 8146 | 9231 | 8116 | 7449 | 89,65
OB3-M*-N43 | - | 7410 | 8501 | 8441 | 7862 | 87,06 | 86,77 | 72,30 | 8831
NA3-M*=N4L | - | 149,22 | 108,82 | 113,15 | 149,58 | 129,27 | 105,38 | 10413 | 131,92
OB4-M*N4L | - | 7400 | 8579 | 8441 | 7862 | 87,07 | 86,76 | 7465 | 8831

M : Metal iyonlarin1 gdstermektedir.

Tablo 6 ve Tablo 7’ deki veriler incelendiginde FcUB yapisindaki Fe atomu ile ferrosenin

aromatik halkasindaki baglayici grup ile baglanan karbon atomlar1 (C11 ve C3) arasindaki

bag acis1 (C11-Fe-C3) gaz ve su fazlarinda sirasiyla 109,4° ve 109,3°’ dir.
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FcUB yapisinin metal atomlariyla komplekslesmesinin sonucunda C11-Fe-C3 bag ac¢isinda
genisleme goriilmektedir; bu agi, gaz fazinda 133,6° degeriyle Ca-FcUB yapisinda en
biiyiik, 128,9° degeriyle Pb-FCUB yapisinda en kiigiiktiir. Su fazinda ise bu degerler Ca-
FcUB yapisinda 132,1° ve Pb-FcUB i¢in 128,2°° dir. Su fazinda Co-FcUB ve Cu-FcUB
yapilarinda C11-Fe-C3 bag agis1 133,9°° ye kadar genislemektedir.

Tablo 7. Su faz1 bag agilar1

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

BagAast | FCUB | g | FcuB | FcUB | FcUB | FcUB | FcUB | FcUB | FeuB

C11-Fe-C3 109,3 132,1 133,9 133,9 129,1 130,2 | 133,3 128,2 129,1

C11-N47-C48 125,7 1257 122,6 123,0 125,9 1254 | 1229 116,4 125,6

N47-C48-N49 114,2 1147 121,0 120,3 113,8 116,4 | 121,2 124,9 115,8

C48-N49-C22 1247 125,4 120,4 120,9 125,8 123,5 | 119,9 128,3 124,2

N49-C22-N43 122,9 128,0 126,1 126,4 128,3 126,8 | 1257 119,7 127,3

N49-C22-N44 123,6 119,5 122,3 122,2 120,2 1211 | 1228 128,3 121,0

C3-N50-C52 125,8 1257 122,6 123,0 125,9 1254 | 122,9 1145 125,6

N50-C52-N51 114,2 114,7 121,0 120,3 113,8 116,4 | 121,2 126,5 115,8

C52-N51-C19 1247 125,4 120,4 120,9 125,8 123,5 | 119,9 127,6 124,2

N51-C19-N41 122,9 128,0 126,1 126,4 | 128,3 126,8 | 125,7 120,0 127,3

N51-C19-N42 123,6 119,5 122,3 122,2 120,2 1211 | 1228 120,0 121,0

N47-C48-053 1241 123,2 120,0 120,5 123,7 122,8 | 120,0 123,3 122,9

053-C48-N49 121,7 122,1 119,0 119,1 122,4 120,8 | 118,8 1222 121,3

N50-C52-054 1241 123,2 120,0 120,5 123,7 122,8 | 120,0 1227 122,9

054-C52-N51 121,7 122,1 119,0 119,1 122,4 120,8 | 118,8 120,9 121,3

053-M*- 054 - 78,57 80,96 78,53 | 82,54 87,70 | 81,67 | 75,01 84,56
053-M*- N43 - 70,47 85,77 84,29 | 72,19 84,32 | 86,61 | 72,58 84,87
N43-M*- N41 - 157,78 | 107,54 | 112,65 | 155,26 | 136,10 | 105,15 | 102,60 | 139,21
054-M*- N41 - 70,47 85,77 84,29 | 72,19 84,32 | 86,61 | 74,86 84,87

M’ : Metal iyonlarin1 gostermektedir.

Ferrosen birimiyle baglayici grup atomlari ( C11-N47-C48) arasindaki bag agis1 FCUB
yapist i¢in gaz fazinda 126,4° ve su fazinda 125,7° olup yapinin metal atomlariyla

komplekslesmesi sonucunda gazinda bu agida 0,4°- 3,7° arasinda daralma goriilmekte iken
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Pb-FcUB yapisinda bu agida yaklasik 2,6° genisleme goriilmektedir. Su fazinda ise C11-
N47-C48 bag acis1 Ca-FcUB’ da degismezken, Hg-FcUB yapisinda 0,2° genislemekte ve
diger metal komplekslerinde daralmaktadir. Su fazinda C11-N47-C48 acisinda en fazla
daralmay1 9,3° ile Pb-FcUB kompleksi gostermekte iken diger metal komplekslerinde bu

ac1 0,1°- 3,1° arasinda daralma gostermektedir.

Ure molekiiliindeki oksijen atomu, benzimidazol molekiiliindeki azot atomu ve metal
atomu arasinda kalan bag ac¢is1 ( O53-M*- N43) incelendiginde Pb-FcUB hari¢ metal
komplekslerde bu aginin, gaz fazinda su fazina kiyasla 0,12°- 6,43° daha genis oldugu
goriilmektedir. Pb-FcUB’ te ise bu a¢1 su fazinda gaz fazina gore 0,28° artmistir. Ayni
ozellikteki O54-M*- N41 bag agist Pb-FcUB hari¢ metal komplekslerinde gaz fazinda
0,02°- 6,43° su fazina gore daha genis iken Pb-FcUB’ de ayn1 ac1 su fazinda gaz fazina
gore 0,21° daha genistir.

4.1.3.3. Dipol Momentleri (D)

Dipol moment, molekiiliin elektron yogunlugu dagilimi ve polaritesi hakkinda bilgi
vermesi agisindan 6nemli bir parametredir [20]. Molekiiler yapmm hangi bolgesinin
elektrofilik/ niikleofilik ataklara acik oldugu ile ilgili 6ngoriide bulunmayi saglamaktadir.
Molekiiliin polaritesini aydinlatmak amaciyla dipol moment hesaplamalart yapilmistir.

Sekil 16’ da hesaplanan dipol moment degerleri debye (D) biriminde verilmektedir.
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Dipol Moment (D)

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

<& Su Faz 6,94 3,17 4,04 3,98 2,47 1,72 4,34 6,77 1,96
=@=Gaz Fazi| 5,74 4,52 5,34 4,56 3,23 3,48 5,28 0,73 3,48

FcuB

Sekil 16. Dipol moment (D)

Sekil 16’ dan elde edilen verilere gore, her iki fazda da en yiiksek dipol moment degeri, Su
fazinda 6,94 D ve gaz fazinda 5,74 D ile FCUB yapisina aittir. Baglayic1 gruptaki
elektronegatif atomlarmm metal iyonlar1 ile komplekslesmesi sonucunda dipol
momentlerinde azalma goriilmektedir. Ornegin, su fazinda dipol momenti degeri 6,94 D
olan FcUB yapisina, kalsiyum iyonu girmesiyle bu deger 3,17 D’ ye diismiistiir. Pb-FCUB
yapist harig, diger tiim yapilarda dipol moment gaz fazinda su fazina gore daha yiiksektir.
Pb-FcUB yapisinin su fazindaki dipol momenti, 6,77 D ve gaz fazindaki dipol momenti
0,73 D’ dir. Metal kompleksleri arasinda dipol momenti en yiiksek olan yap1 su fazinda
6,77 D ile Pb-FcUB, gaz fazinda 5,34 D ile Co-FcUB iken dipol momenti en diisiik olan
yapt su fazinda 1,72 D ile Mg-FcUB ve gaz fazinda 0,73 D ile Pb-FcUB’ dir. Pb-FcUB
yapisinin gaz ve su fazindaki dipol moment farkinin 6,04 D ile en yiiksek oldugu
goriilmektedir, ve bu sebeple solvasyon ortamindan en ¢ok etkilenen metal, en ¢ok
elektrona sahip olan Pb* iyonudur. Fazlar arasinda dipol moment degisiminin en az oldugu
yapi ise 0,57 D fark ile Cu-FcUB?’ dir.
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4.1.3.4. Mulliken Yiikleri

Mulliken atomik yiikii, orbitallere dayanilarak tanimlanmaktadir. Her atom i¢in o atomun
merkezinde bulunan orbitallerden gelen tiim elektronik yiik katkilar1 toplanir ve iki atom
arasindaki elektronik Ortiisme orbitalleri iki atoma esit olarak boliintir [20]. Mulliken
yiikleri halen baz1 eksiklikler icermesine ragmen, molekiillerdeki atom yiikleri i¢in hizli ve

tercih edilen bir metottur.

FcUB ve metal iyonlu FcUB komplekslerdeki pozitif ve negatif yiikk dagilimlarini
aydinlatmak amaciyla, miilliken yiikleri hesaplanmistir. 4.1.3.1. boliimde Sekil 15 te
atomlar1 numaralandirilmis FcUB ile M- FcUB yapilarinin Mulliken yiik degerleri Tablo 8

ve Tablo 9’ da verilmektedir.
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Tablo 8. Gaz fazi i¢in mulliken yiikleri

Fe
C-11
H-57
N-47
C-48
0-53
N-49
C-22
N-43
N-44
C-3
H-55
N-50
C-52
0O-54
N-51
C-19
N-42
N-41
Ca
Mg
Hg
Cu
Co
Zn
Pb
Ni

FcUB Ca- Mg- Hg- Cu- Co- Zn- Pb- Ni-
FCUB FcUB  FcUB FcUB FcUB FcUB FcUB FcUB
-0,107 | -0,112 | -0,129 | -0,127 | -0,028 | -0,028 | -0,129 | -0,121 | -0,027
0,355 | 0,349 | 0,345 | 0,352 | 0,331 | 0,329 | 0,346 | 0,354 | 0,328
0,310 | 0,329 0,336 0,327 | 0,344 0,345 | 0,334 | 0,335 | 0,346
-0,453 | -0,440 | -0,425 |-0,434 | -0,451 | -0,452 | -0,426 | -0,466 | -0,448
0,265 | 0,374 | 0411 | 0,341 | 0,371 | 0,373 | 0,393 | 0,396 | 0,373
-0,353 | -0,488 | -0,482 |-0,361 | -0,341 | -0,340 | -0,431 | -0,454 | -0,322
-0,435 | -0,450 | -0,454 | -0,463 | -0,444 | -0,442 | -0,455 | -0,440 | -0,440
0,133 | 0,324 | 0,342 | 0,351 | 0,369 | 0,358 | 0,363 | 0,319 | 0,357
-0,106 | -0,443 | -0,479 |-0,353 | -0,422 | -0,387 | -0,479 | -0,359 | -0,382
-0,457 | -0,459 | -0,442 | -0,449 | -0,424 | -0,427 | -0,442 | -0,459 | -0,420
0,355 | 0,349 | 0,345 | 0,352 | 0,331 | 0,330 | 0,346 | 0,328 | 0,328
0,310 | 0,329 0,336 0,327 | 0,344 0,344 | 0,334 | 0,330 | 0,346
-0,453 | -0,440 | -0,425 |-0,434 | -0,451 | -0,453 | -0,426 | -0,408 | -0,448
0,265 | 0,374 | 0411 | 0,341 | 0,371 | 0,375 | 0,393 | 0,403 | 0,373
-0,353 | -0,488 | -0,482 |-0,361 | -0,341 | -0,328 | -0,431 | -0,446 | -0,322
-0,435 | -0,450 | -0,454 | -0,463 | -0,444 | -0,442 | -0,455 | -0,454 | -0,440
0,133 | 0,324 | 0,342 | 0,351 | 0,369 | 0,365 | 0,363 | 0,336 | 0,357
-0,457 | -0,459 | -0,442 | -0,449 | -0,4212 | -0,425 | -0,442 | -0,453 | -0,420
-0,106 | -0,443 | -0,479 |-0,353 | -0,424 | -0,410 | -0,479 | -0,406 | -0,382

- 1,628 - - - - - - -

- - 1,278 - - - - - -

- - - 1,016 - - - - -

- - ) ) 0,76207 - - - -

- - ) ) - 0,701 - - -

- - ) ) - - 1,161 - -

- - - - - - - 1220 | -

0,593
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Tablo 9. Su faz1 i¢in mulliken yiikleri

Fe
c-11
H-57
N-47
C-48
0-53
N-49
C-22
N-43
N-44
C-3
H-55
N-50
C-52
0O-54
N-51
C-19
N-42
N-41
Ca
Mg
Hg
Cu
Co
Zn
Pb
Ni

FcUB Ca- Mg- Hg- Cu- Co- Zn- Pb- Ni-
FCUB FcUB FcUB FcUB  FcUB  FcUB  FcUB  FcUB
0,110 | 0,083 | -0,022 | -0,095 | -0,020 | -0,019 | -0,023 | -0,093 | -0,021
0347 | 0347 | 0331 | 0352 | 0,324 | 0324 | 0331 | 0,348 | 0,321
0353 | 0362 | 0367 | 0360 | 0,374 | 0372 | 0367 | 0370 | 0,375
0,452 | 0,446 | -0.451 | -0,442 | -0,445 | -0,448 | -0,450 | -0,463 | -0,445
0276 | 0350 | 0362 | 0314 | 0377 | 0,376 | 0,346 | 0,409 | 0,380
10,380 | -0,463 | -0,445 | -0,366 | -0,357 | -0,344 | -0,427 | -0,461 | -0,333
0,433 | 0,444 | -0.434 | -0453 | 0428 | -0,428 | -0.429 | -0,433 | -0,426
0,145 | 0300 | 0,340 | 0,315 | 0,376 | 0358 | 0,338 | 0,325 | 0,364
10,165 | -0,453 | -0.456 | -0,320 | -0,419 | -0,375 | -0,473 | -0,349 | 0,370
0,444 | 0,360 | -0,406 | -0,442 | -0411 | -0,414 | -0.406 | -0,447 | -0,412
0347 | 0347 | 0331 | 0352 | 0324 | 0,324 | 0331 | 0,315 | 0321
0,353 | 0,362 | 0367 | 0,360 | 0374 | 0,372 | 0367 | 0371 | 0375
0,452 | 0,446 | -0.451 | -0,442 | -0,445 | -0.448 | -0.450 | -0,410 | -0,445
0276 | 0349 | 0362 | 0314 | 0377 | 0376 | 0346 | 0387 | %380
10,380 | -0,463 | -0,445 | -0,366 | -0,357 | -0,344 | -0,427 | -0,455 | -0,333
0,433 | 0,444 | -0.434 | -0453 | 0,428 | -0.428 | -0.429 | -0,442 | -0,426
0,145 | 0298 | 0,340 | 0,315 | 0,376 | 0358 | 0,338 | 0,342 | 0,364
0,444 | 0453 | -0.406 | -0,442 | -0,411 | -0.414 | -0.406 | -0,440 | -0,412
10,165 | -0,360 | -0,456 | -0,320 | -0,419 | -0,375 | -0,473 | -0,399 | 0,370

- 17| - i i i i i i

- - | 1218 | - i : ] ] i

- - - | 1385 | - i i ; i

- - - - | o083 | - : : :

i - - - - | os8 | - - -

- - - - i - 133 | - i

- - - - : : - 1263 | -

0,700

36




Tablo 8 ve Tablo 9° da verilen degerler karsilastirildiginda beklenildigi tizere ortam
kosulundan (gaz ve su fazinda) Mulliken yik degerlerinin ¢ok etkilenmedigi
goriilmektedir. FCUB yapisinda en fazla pozitif miilliken yiikii 0,353 ile baglayic1 gruptaki
hidrojen atomunun (H-57) iizerindeyken, diger tiim metal iyonu igeren komplekslerde
metal iyonu {izerindedir. FcUB yapisina giren metal iyonlariin yiikii karsilagtirildiginda

2+ ¢

en yiiksek pozitif miilliken yiikii 1,754 ile Ca”" * ya; en disiik pozitif miilliken yiiki 0,700
ile Ni**" ye aittir. Co-FcUB kompleksindeki Co®* iyonunun yiikii 0,818’ dir. Negatif
mulliken yiikii en fazla Mg-FcUB ve Zn-FcUB yapilarinda benzimidazoldaki azot
atomunun tizerindeyken (-0,456 ve -0,473); FcUB ve diger tim metal komplekslerde

baglayici gruptaki azot ve oksijen atomlari iizerindedir.

4.1.4. Global Tamimlayicilar

Global tanimlayicilar, bir molekiiliin reaktivitesiyle ilgili bilgi veren 6nemli bir kavramdir.
Kimyasal sertlik/ yumusaklik, elektronegatiflik, elektrofilisite indeksi ve kimyasal
potansiyel molekiiler tanimlamanin 6nemli parametrelerindendir. Sertlik, kimyasal
potansiyelin elektron sayisindaki degisime direncidir, bu ydnden molekiiler yapinin
kararlilig1 ile dogru orantilidir. Dislik sertlik degerine sahip molekiiller (yumusak

molekiiller), yiik transferlerine kars1 daha duyarl olup, daha reaktiftirler.

Sekil 17° de gaz ve su fazlar igin hesaplanan metal igceren ve igermeyen yapilara ait

kimyasal sertlik ve yumusaklik degerleri verilmistir.
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FeUB Ca- Co- Cu- Hg- | Mg- Ni- Pb- Zn-
FcUB | FcUB | FcUB | FcUB | FcUB | FcUB | FcUB | FcUB
&=Su Fazi |2,216|2,156|1,679| 1,998 | 2,034 |2,057 | 1,444 | 2,031 | 2,049
—l-Gaz Fazi| 2,188 | 1,892 | 1,206 | 1,774 | 1,432 | 1,812 | 1,080 | 1,858 | 1,792
(a)
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S 04
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EcUB Ca- Co- Cu- Hg- Mg- Ni- Pb- Zn-
FcUB | FcUB | FcUB | FcUB | FcUB | FcUB | FcUB | FcUB
<=Su Fazi | 0,226 | 0,232 | 0,298 | 0,250 | 0,246 | 0,243 | 0,346 | 0,246 | 0,244
=M= Gaz Fazi| 0,229 | 0,264 | 0,414 | 0,282 | 0,349 | 0,276 | 0,463 | 0,269 | 0,279
(b)

Sekil 17. Gaz ve su fazlari i¢in sertlik ve yumusaklik degerleri
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Sekil 17° den elde edilen bilgiler 1s1g1nda, gaz fazinda en sert molekiil 2,19 eV deger ile
metalsiz yapt FcUB’ ye aittir. Aym fazda, metal iyonu igeren kompleksler
karsilastirildiginda en yiiksek sertlik degeri 1,89 eV ile Ca-FcUB yapisina; en diisiik sertlik
degeri ise 1,08 eV ile Ni-FcUB yapisina aittir.

Su fazinda en sert molekiil 2,22 eV deger ile metalsiz yap1 FcUB’ ye aittir. Metal igeren en
sert yap1 2,16 eV ile Ca-FcUB yapisidir. En diisiik sertlik degeri ise 1,44 eV ile Ni-FcUB
yapisina aittir. Su fazindaki kimyasal sertlik siralamas1 FCUB > ca® > Mgz+> Zn*> ng+>

Pb*> Cu®"> Co?* > Ni*" seklindedir.

Elektronegativitesi yliksek olan molekiiller, yiik transferine karsi daha yatkin olmalar
sebebiyle daha reaktif molekiillerdir. Sekil 18° de gaz ve su fazlart i¢in hesaplanan

elektronegatiflik degerleri verilmistir.

12,000

X

= 10,000

S 8000

S 6,000

% 4,000 # o0 —2— 0 o
2,000
0,000

Ca- | Co- | Cu- | Hg- | Mg- | Ni- | Pb- | Zn-
FcUB | FcUB | FcUB | FcUB | FcUB | FcUB | FcUB | FcUB
&—SuFaz1 |3,367 | 3,633 4,232 |3,939 | 3,749 | 3,857 | 4,514 | 3,966 | 3,860

=Ml=-Gaz Faz1| 3,460 | 8,576 | 9,363 | 8,820 | 9,042 | 8,860 | 9,544 | 8,816 | 8,862

FcuB

Sekil 18. Gaz ve su fazlar igin elektronegatiflik degerleri

Sekil 18 incelendiginde, her iki fazda da metalsiz yapiya metal iyonlarinin girmesiyle
birlikte elektronegativite degerlerinde artis oldugu goriilmektedir. Ornegin, gaz fazindaki
FcUB yapisinin elektronegativite degeri 3,46 iken Zn-FcUB yapisinin elektronegativite
degeri 8,86 dir. Metal iyonu igeren yapilar arasinda en yiiksek elektronegativite degerine
sahip yapi, hem gaz hem de su fazinda Ni-FCUB kompleksidir. Ni-FCUB yapisinn gaz
fazindaki elektonegatiflik degeri 9,54 iken su fazindaki elektonegatiflik degeri 4,51 dir.
En diisiik elektronegativiteye sahip yapi ise her iki fazda da Ca-FcUB yapisidir. Ca-FcUB
yapisinin su fazindaki elektronegatiflik degeri 3,63 iken gaz fazinda 8,58’ dir. Tiim yapilar
icin gaz fazindan elde edilen veriler, su fazindan elde edilen verilere gore 0,09- 5,29

araliginda degisen bir farkla daha fazladir. Coziicii etkisiyle fazlar arasinda
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elektronegativitesi en az etkilenen yap1 0,09 degeri ile FcUB; en ¢ok etkilenen yap1 ise

5,29 ile Hg-FcUB?’ dir.

Kimyasal potansiyel ile kararlilik ters orantilir.

—>
% ->-—t ' > G=0
-10 =

-12

o & & N O

Kimyasal Potansiyel (n) (eV)

Ca- Co- Cu- Hg- Mg- Ni- Pb- Zn-
FcUB | FcUB | FcUB | FcUB | FcUB | FcUB | FcUB | FcUB
&=Su FazI |-3,367|-3,633|-4,232|-3,939-3,749 |-3,857 | -4,514 | -3,966 | -3,860
—Hl-Gaz Faz|-3,460 | -8,576 | -9,363 | -8,820 | -9,042 | -8,860 | -9,544 | -8,816 | -8,862

FcUB

Sekil 19. Gaz ve su fazlari i¢in kimyasal potansiyel degerleri

Sekil 19’ da metalsiz yapiya metal iyonu eklenmesiyle birlikte kimyasal potansiyeldeki
negatif degerlerin arttig1 goriilmektedir. Ornegin, gaz fazindaki FCUB kimyasal potansiyel
degeri -3,46 eV iken Ca*" iyonunun yapiya girmesiyle olusan Ca-FcUB kompleksinin
kimyasal potansiyel degeri - 8,58 eV’ dir. Ca-FcUB kompleksinin kimyasal potansiyel
degeri gaz fazi igin -8,58 ¢V su fazi i¢in - 3,63 eV ° dir. Ni-FcUB kompleksinin kimyasal
potansiyel degeri gaz fazi igin - 9,54 eV; su fazi i¢in — 4,51 eV ° dir. Dolayistyla, kimyasal
potansiyel hesaplamalarina gore en reaktif yapi her iki fazda da Ni-FcUB kompleksidir.
Gaz fazina ait kimyasal potansiyelin negatif degerleri, su fazina gore 0,09- 5,29 eV daha

yiiksektir.

Elektrofilisite indeksi (o), molekiiler yapinin enerjisindeki dengeyi gosteren onemli bir
parametredir. Sekil 20 metal igeren ve igermeyen yapilar i¢in hesaplanan elektrofilisite

indeks degerlerini gostermektedir.
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Elektrofilisite indeksi (o)

FcUB

Sekil 20. Gaz ve su fazlar icin elektrofilisite indeks degerleri

Sekil 20’ de verilen elektrofilisite indeksi degerleri incelendiginde hem gaz hem de su
fazinda en diisiik degerin metalsiz yapiya ait oldugu goriilmektedir. FcUB’ ye ait
elektrofilisite degeri gaz fazi1 igin 2,74 eV; su fazi i¢in 2,56 eV’ dir. Sisteme metal iyonlar:
eklendiginde sistemin toplam elektron sayisinin artmasi sebebiyle elektrofilisite degerleri
metalli yapilarda metalsiz yapiya gore her iki fazda da daha yiiksek bulunmustur. Ornegin,
gaz fazindaki FCUB kompleksinin elektrofilisite degeri 2,74 eV iken gaz fazindaki Pb-
FcUB kompleksinin elektrofilisite degeri 20,91 eV’ dir, benzer sekilde su fazindaki FCUB
kompleksinin elektrofilisite degeri 2,56 eV iken su fazindaki Pb-FcUB kompleksinin
elektrofilisite degeri 3,87 eV’ dir. FcUB yapisina girerek FcUB’ nin elektrofilisite degerini
en ¢ok degistiren metal iyonu her iki fazda da Ni®*; en az degistiren metal iyonu ise Ca?*
iyonudur. Ni?* iyonu FcUB yapisimn elektrofilisite degerini su faznda 8,12 eV ve gaz
fazinda 42,18 eV degistirirken,; Ca®* metal iyonu ise su fazinda 0,50 eV ve gaz fazinda
16,70 eV degistirmistir. Metal yapilarinin elektrofilisite degerleri kendi iginde
karsilastirildiginda elde edilen siralama su fazi igin Ni?*> Co** > Cu**> Pb** > Zn*" > Mg2+
> Hg®*> Ca®* olup gaz fazi i¢in ise Ni**> Co®* > Hg**> Cu®* > Zn** > Mg®* > Pb*"> Ca**
seklindedir. Ni-FCUB kompleksi, her iki fazda da en yiiksek elektrofilisite degerine sahip
sahiptir.

Sonug olarak, her iki faz i¢in en yumusak kompleks Ni-FCUB kompleksi, ayn1 zamanda en
yiiksek kimyasal potansiyel, elektronegativite ve elektrofilisite degerine sahip olup, global

tanmimlayicilar yoniinden diger metal komplekslerine gore daha aktif bir yapidadir.
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4.2. Elektrokimyasal Ozellikler
Ligandin komplekslesme kabiliyeti, uygulanan elektrokimyasal potansiyelin degisimi ile
yorumlanabilmektedir. Metal iyonu baglanmasi ile olusan redoks potansiyelindeki

kaymanin giicli ¢ok dnemlidir.

Metal etkilesimlerinin, metalsiz yapinin redoks 6zelliklerini nasil etkiledigini arastirmak
amaciyla elektrokimyasal hesaplamalar EK 12’ de verildigi sekliyle hesaplanmis olup,

sonuclar Sekil 21’ de verilmistir.

Sekil 21’ de hesaplanan indirgenme potansiyel degerleri sunulmustur.

1,1
1,08
1,06 =\
1,04 r AN
102 // \\ // \\
S 1 »
\; 0,98 ( \ / \ /
- 0:96 ¥ v
0,94
0,92
0,9 .
Ca- Co- Cu- Ho- Mg- Ni- Pb- Zn-
FcUB | FcUB | FcUB | FcUB | FcUB | FcUB | FcUB | FcUB
| 0,988 1,049 1,078 | 0,992 | 0,968 1,063 0,97 1,005

Sekil 21. Metal komplekslerin indirgenme potansiyelleri (V)

Sekil 21’ den redoks degerleri verilen metal kompleksleri incelendiginde, standart
potansiyel gerilim degerleri, Cu**> Ni**> Co*"> zZn*"> Hg?*> Ca?* > Pb?* > Mg”* sirasinda
azalmaktadir. En yiiksek indirgenme potansiyeline sahip metal iyonu kompleksi 1,078 V
ile Cu?* olup, bunu 1,063 V ile Ni* takip etmektedir. En diisiik indirgenme potansiyel
degeri 0,968 V ile Mg®* kompleksine aittir. Genel olarak degerlendirildiginde, sensor,

metal iyonlarina karsi ¢cok belirgin bir segicilik gostermemistir.
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4.3. Fotokimyasal Ozellikler

Absorpsiyon spektrumu, molekiillerin fotokimyasal ozelliklerini belirlemede en sik
bagvurulan yontemdir. Teorik c¢alismalarda Time-Dependent DFT (TD-DFT) yo6ntemi
dogru sonuglar vermesi ve zaman yoOniinden tasarruf saglamasi sebebiyle teorik

hesaplamalarda siklikla kullanilmaktadir.

4.3.1. Hesapsal UV-Gériiniir Bolge Spektrumlari

Ferrosen iceren makro halkasal yapilarda, komsu reseptor kismina bir katyonun
baglanmasi, ferrosen biriminin UV/VIS o6zelliklerine de etki etmektedir. Tasarlanan
sensoriin  karakterizasyonunda elektronik spektrumlarin incelenmesi de bu yiizden

Onemlidir.

Metal igeren ve igermeyen yapilara ait hesaplanan maksimum absorpsiyon dalga boyu
degerleri (Amax) Sekil 22” de verilmektedir. Tim komplekslere ait UV spektrumlari ayrintilt
olarak EK 1-5’ te verilmistir, Sekil 23’ te ise gaz ve su fazlarinda yapilan hesaplamalara ait

uv-vis spektrumlari karsilagtirmali olarak sunulmaktadir.

1000
900
800
= | 700 94 \1 \I\
= a00 \ N
2 :
= | s00 N
2| N
300 — . _ - _
< 200 '
100
0
FcUB Ca- Co- Cu- Hg- Mg- Mi- Pl- Zn-
FcuB\| FcUB |f FcUB | FcUB | FcUB | FcUB | FcUB | FcuB
o=SuFaz | 3035 | 2884 N\780,3/| 681,8 | 303,3 | 2948 | 587,3 | 323 | 2951
—B—Gaz Fazi| 2831 | 3653 | 8354 | 9338 | 6958 | 3189 | 4705 | 4006 | 3221

Sekil 22. Tasarlanan Fc-benzimidazol temelli sensorlerin, su fazinda ve gaz fazinda , Amax
absorpsiyon dalga boylariin (nm) karsilagtirilmasi

Sekil 24’ teki veriler incelendiginde, gaz fazindan su fazina gegiste Ni-FcUB yapis1 hari¢
diger metal komplekslerinde daha kisa dalga boylara kayma goriilmektedir. Su fazinda,
metalsiz yapiya Ca®", Mg2+ , ng+ ve Zn*" metal iyonlarinin girmesiyle maviye kayma;
Co*, Cu®* , Ni*" ve Pb®" metal iyonlarinin girmesiyle kirmiziya kayma goriilmektedir.
Ayni fazda, en ¢ok maviye kayan kompleks Ca-FcUB; en ¢ok kirmiziya kayan kompleks
ise Co-FcUB’ dir. FcUB yapisinin su fazindaki Amax degeri 303,5 nm iken Ca** metal
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iyonunun yapiya girmesiyle bu deger 288,4nm’ ye diismiis olup Co?" iyonunun yapiya
girmesiyle bu deger 780,3 nm’ ye yiikselmistir. Ni-FCUB kompleksinin su fazindaki Amax
degeri 587,3 nm iken gaz fazindaki Amax degeri 470,5 nm’ dir. Genel olarak
degerlendirildiginde, su fazinda sensér secici olarak Ca®* iyonu ile maviye kayma verirken,

Co* iyonu ile belirgin bir kirmiziya kayma gostermektedir.
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Sekil 23. (a) Gaz fazive (b) su fazi igin tiim komplekslerin UV-vis spektrumlarinin
karsilastirilmasi
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4.3.2. Elektron Transferi

Elektron transfer mekanizmasini aydinlatmak igin iki kompleks yapisi 6rnek olarak
secilmistir. Bu se¢imde, kompleks kararliliklari, HOMO-LUMO orbitalleri ve enerjileri,
indirgenme potansiyelleri ve UV-gériiniir bolge absorsiyon 6zellikleri yoniinden iki farkli
sonug veren Co-FCUB ve Ca-FcUB kompleksleri ele alinmistir. Sekil 24° te, sensor ile
Co?* ve Ca?* iyonunun temel ve uyarilmis haldeki molekiiler orbitalleri ve enerjileri

gosterilmektedir.
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Sekil 24. Metal igcermeyen yapi ile (a) Co?* metal iyonu (b) Ca®*" metal iyonu igeren
yapilarin molekiiler orbitalleri, HOMO-LUMO enerjileri, farklari, Anax degerleri ile
gosterimi
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Sekil 24 incelendiginde, Co** iyonu igeren sensér uyarildiginda, HOMO-LUMO bant
araligi azalmakta, ve spektrumunda kirmiziya kaymaya neden olmaktadir. Ca** iyonu
iceren sensorde ise, HOMO-LUMO bant araligi, sensore gére artmakta ve maviye
kaymaya neden olmaktadir. Ayrica, sensore, Co>* ve Ca®* iyonlari baglanmasi ile, HOMO
ve LUMO’daki orbitaller farkli atomlar iizerine dagilmistir. Sensorde, LUMO orbitalleri
ferrosen birimi iizerindeyken, yapiya Ca®* iyonunun girmesiyle LUMO daki orbitaller tiim
sisteme dagilmig, HOMO orbitallerinde ise 6nemli bir degisiklik olmamistir. Diger yandan,
sensére Co?* yonunun girmesi ile HOMO ve LUMO orbitalleri, baglayici ve benzimidazol

atomlar1 lizerinde yogunlagmustir.

Sensordeki Fe?* iyonunun yiikii -0,110 iken, Co?* iyonunun girmesi ile -0,016 degerine
diismiis; Co** iyonu ise elektron alarak yikii +0,792 degerine ulagmaktadir. Buradan,
kobalt iyonu akseptér, sensordeki Fe®* iyonu ise dondr olarak davranmaktadir. Benzer
yaklasim Ca”" iyonu icin de yapilabilmektedir. Ca®* iyonu elektron alarak, yiikii +1,754 e

ulasirken, Fe®* iyonunun yiikii ise -0,083 degerine diigsmiistiir.

Sensor igerisindeki dondr birimden akseptor birime dogru yiik hareketi, “i¢ elektron
transferinin” bir gostergesidir. Hesaplamalara gore, tasarlanan sensore Co* iyonu
baglanmas1 ile ICT mekanizmas: tiizerinden elektron transferinin gerceklesebilecegi

onerilmektedir.
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5. SONUCLAR

e Tasarlanan sensoriin, Ca?*, Mg*, Ni**, Cu**, Co?*, Hg?*, Pb?* ve Zn*" iyonlar ile
yaptiklar1 komplekslerin tepkime enerjileri incelendiginde, en istemli gibbs serbest
enerjisinin Ni** iyonlu Ni-FcUB kompleksine ait oldugu bulunmustur (su fazinda -
122,19 kcal/ mol ve gaz fazinda -376,01 kcal/ mol ). Ni?* iyonunu, su fazinda -
99,83 kcal/ mol ve gaz fazinda -338,83 kcal/ mol degerleri ile Co** takip
etmektedir. Su fazinda, iyonlarin komplekslesme tepkimelerine ait istemlilik
siralamasi, Ni®> Co®*> Cu®*> Pb**> Ca**> zZn*> Mg®> Hg®* seklinde

azalmaktadir.

e En disiik enerji bant araligina sahip kompleks, Ni-FcUB’ dir. Bu sensorii, Co-
FcUB takip etmektedir. Su fazindaki degerleri sirasiyla 2,20 eV ve 3,36 eV’ dir.

e HOMO ve LUMO’ daki molekiil orbitallerin bulundugu bolgeler faz degisiminden
etkilenmezken, metal iyonu degisimlerinden etkilenmektedir. Molekiiler orbitaller,
Co?*, Cu?*, Pb*" ve Ni?* iyonlu komplekslerde baglayici ve benzimidazol iizerinde
iken, Ca?*, Mg, Hg** ve Zn*" iyonlu komplekslerde ise ferrosen iizerinde

bulunmaktadir.

e Hesaplanan en yiiksek indirgenme potansiyeli su fazinda, Cu®* iyonlu sensor verse
de (1,078 V), diger metal iyonlar ile indirgenme potansiyel degerleri arasinda

(0,97V - 0,99 V) ¢ok az fark bulunmaktadir.

e Su fazinda, sensére Ca’*, Mg?*, Hg®*, Zn*" iyonlarimin girmesi, absorpsiyon
bandinda maviye kaymaya; Co”*, Cu®, Ni?*, Pb?" iyonlarmin  baglanmasi,
absorpsiyon bandinda kirmiziya kaymaya yol agmistir. FCUB sensdriin su fazindaki
Amax degeri, yapiya Co®" iyonunun girmesiyle 780 nm ile en yiiksek dalgaboyuna
ulasmistir. Ayrica su fazinda maviye kayma veren Ca** iyonu igeren kompleksin

Amax degeri, 288,4 nm’ dir.

e Hesaplama sonuglar1 gostermistir ki, Co” ve Cu? iyonlari, diger metal iyonlariyla
karsilagtirildiginda, hesaplanan parametrelere belirgin bir farkla sensére daha

duyarhdir.
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EKLER

EK 1 Gaz ve su fazlar1 igin absorsiyon spektrumlari
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(b) Ca-FcUB gaz ve su fazlarindaki maksimum absorpsiyon dalgaboylarinin kargilagtirilmasi
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EK 2 Gaz ve su fazlari igin absorsiyon spektrumlari (devam)
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(c) Co-FcUB gaz ve su fazlarindaki maksimum absorpsiyon dalgaboylarinin karsilagtirilmasi
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(d) Cu-FcUB gaz ve su fazlarindaki maksimum absorpsiyon dalgaboylarinin karsilastirilmasi
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EK 3 Gaz ve su fazlar1 i¢in absorsiyon spektrumlar1 (devam)
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(e) Hg-FcUB gaz ve su fazlarindaki maksimum absorpsiyon dalgaboylarinin karsilastirilmasi
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(f) Mg-FcUB gaz ve su fazlarindaki maksimum absorpsiyon dalgaboylarinin karsilastiriimasi
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EK 4 Gaz ve su fazlar1 i¢in absorsiyon spektrumlar1 (devam)
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(9) Ni-FcUB gaz ve su fazlarindaki maksimum absorpsiyon dalgaboylarinin karsilagtiriimasi
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(h) Pb-FcUB gaz ve su fazlarindaki maksimum absorpsiyon dalgaboylarinin karsilastirilmasi

55



EK 5 Gaz ve su fazlar1 i¢in absorsiyon spektrumlar1 (devam)
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(i) Zn-FcUB gaz ve su fazlarindaki maksimum absorpsiyon dalgaboylarinin karsilagtirilmasi
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EK 6 Tasarlanan sensorlerin, su fazinda ve gaz fazinda osilator gii¢ (f) degerleri
(absorpsiyon)
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<==5Su Faz | 0,2467 | 0,1277 | 0,0006 | 0,0063 | 0,0006 | 0,3736 | 0,0017 | 0,0544 | 0,3503
0,2212 | 0,0226 | 0,0173 | 0,1827
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EK 7 Metal iyonlarinin enerjetikleri

AG HOMO | LUMO Bant Arahg Etoplam
(kcal/mol) | (eV) (eV) (eV) (kcal/mol) | Miilliken Yiikii
Fe?t -9,844 -9,637 -6,675 2,962 -77152,02 2,000
Fe** | -10,255 |-20,317 | -16,327 3,990 -76890,41 3,000
Ca’*| -9,762 |-30,183 -0,702 29,482 -22866,85 2,000
Co®* | -99,830 |-11,444 -7,713 3,732 -90775,41 2,000
cu® | -99,283 |-17,574 -5,779 11,795 -122746,43 2,000
Hg** 8,473 -13,545 -3,193 10,352 -26679,28 2,000
Mg* | 9,092 - - - -394,60 2,000
Ni?* | -122,190 | -11,900 -9,058 2,842 -105947,89 2,000
Pb** | -80,803 | -16,170 -4,887 11,283 -1944,02 2,000
Zn* | 11,795 |-17,482 -3,131 14,350 -40985,40 2,000
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EK 8 Sensoriin (a) gaz fazindaki, (b) su fazindaki metal

tepkimelerine ait enerji degerleri

iyonlar ile komplekslesme

Gaz Fazi
Reaktantlar Uriinler Tepkime
Isim Enerji (hf) Isim Enerji (hf) AE (hf) AE (kcal/mol)
FcUB -1715,73 - - - -
ca* -35,88 Ca-FcUB -1751,98 -0,37 -229,36
Mg 0,00 Mg-FcUB -1716,26 -0,53 -330,30
Hg** -41,79 Hg-FcUB -1758,01 -0,49 -304,59
cu? -195,06 Cu-FcUB -1911,43 -0,63 -397,53
Co** -143,99 Co-FcUB -1860,38 -0,66 -411,35
Zn* -64,63 Zn-FcUB -1780,94 -0,58 -365,21
Pb? -2,65 Pb-FcUB -1718,80 -0,41 -256,62
Ni?* -168,16 Ni-FcUB -1884,61 0,71 -448,38
(@)
Su Fazi
Reaktantlar Uriinler Tepkime
AE
isim | Enerji (hf) isim Enerji (hf) AE (hf) (kcal/mol)
FcUB -1715,77 - - - -
ca* -36,44 Ca-FcUB -1752,25 -0,04 -24,15
Mg -0,63 Mg-FcUB -1716,50 -0,10 -63,02
Hg** -42,52 Hg-FcUB -1758,29 -0,01 -4,88
cu? -195,61 Cu-FcUB -1911,65 -0,28 -172,76
Co** -144,66 Co-FcUB -1860,62 -0,19 -117,11
Zn* -65,31 Zn-FcUB -1781,18 -0,10 -61,58
Pb* -3,10 Pb-FcUB -1719,02 -0,15 -95,13
Ni%* -168,84 Ni-FcUB -1884,83 -0,22 -140,75

(b)
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EK 9 Sensoriin (a) gaz fazindaki, (b) su fazindaki metal

tepkimelerine ait gibbs enerji degerleri

iyonlar1 ile komplekslesme

Gaz Fazi
Reaktantlar Uriinler Tepkime
Isim G (hf) Isim G (hf) AG (hf) | AG (kcal/mol)
FcUB | -1715,34 - - - -
ca* -35,90 Ca-FcUB -1751,58 -0,35 -217,34
Mg** -0,01 Mg-FcUB -1715,86 -0,50 -315,48
Hg** -41,81 Hg-FcUB -1757,62 -0,47 -292,39
cu? -195,08 Cu-FcUB -1910,94 -0,52 -325,28
Co** -144,01 Co-FcUB -1859,89 -0,54 -338,83
zZn* -64,64 Zn-FcUB -1780,45 -0,47 -292,94
Pb? -2,67 Pb-FcUB -1718,30 -0,29 -183,85
Ni?* -168,18 Ni-FcUB -1884,12 -0,60 -376,01
(@)
Su Fazi
Reaktantlar Uriinler Tepkime
AG

isim | G (hf) isim G (hf) AG (hi) (kcal/mol)
FcUB | -1715,38 - - - -
ca** -36,46 Ca-FcUB -1751,85 -0,015556 -9,76
Mg -0,64 Mg-FcUB -1716,01 0,014489 9,09
Hg** -42,53 Hg-FcUB -1757,90 0,013503 8,47
cu? -195,63 Cu-FcUB -1911,16 -0,158218 -99,28
Co** -144,68 Co-FcUB -1860,21 -0,159089 -99,83
Zn** -65,33 Zn-FcUB -1780,69 0,018796 11,79
Pb?* -3,12 Pb-FcUB -1718,62 -0,128768 -80,80
Ni%* -168,85 Ni-FcUB -1884,43 -0,194723 -122,19

(b)
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EK 10 Sensoriin (a) gaz fazindaki, (b) su fazindaki metal

tepkimelerine ait entalpi degerleri

iyonlari

ile komplekslesme

Gaz Fazi
Reaktantlar Uriinler Tepkime
Isim H (hf) Isim H (hf) AH (hf) AH (kcal/mol)
FcUB | -1715,25 - - - -
ca* -35,88 Ca-FcUB -1751,49 -0,36 -228,18
Mg 0,00 Mg-FcUB -1715,77 -0,52 -328,26
Hg** -41,79 Hg-FcUB -1757,52 -0,48 -303,57
cu? -195,06 Cu-FcUB -1910,94 -0,63 -396,83
Co** -143,99 Co-FcUB -1859,89 -0,65 -410,32
zZn* -64,62 Zn-FcUB -1780,45 -0,58 -364,09
Pb? -2,65 Pb-FcUB -1718,30 -0,41 -256,05
Ni?* -168,16 Ni-FcUB -1884,12 -0,71 -447,07
(@)
Su Fazi
Reaktantlar Uriinler Tepkime
Isim H (hf) Isim H (hf) AH (hf) AH (kcal/mol)

FcUB | -1715,28 - - - -
ca** -36,44 Ca-FcUB -1751,76 -0,04 -22,47
Mg?* -0,63 Mg-FcUB -1716,04 -0,13 -80,48
Hg** -42,51 Hg-FcUB -1757,80 -0,01 -3,92
cu? -195,61 Cu-FcUB -1911,16 -0,27 -171,73
Co** -144.,66 Co-FcUB -1860,12 -0,18 -114,90
Zn* -65,31 Zn-FcUB -1780,69 -0,10 -60,26
Pb?* -3,10 Pb-FcUB -1718,53 -0,15 -93,36
Ni2* -168,84 Ni-FcUB -1884,34 -0,22 -138,12

(b)
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EK 11 Sensoriin (a) gaz fazindaki, (b) su fazindaki metal

tepkimelerine ait entropi degerleri

iyonlar1 ile komplekslesme

Gaz Fazi
Reaktantlar Uriinler Tepkime
Isim S(hf) Isim S(hf) AS (hf) AS (kcal/mol)
FcUB | 0,0003160 - - - -
Ca? 0,0000589 Ca-FcuB 0,0003169 -0,000058 -0,036
Mg?* 0,0000565 Mg-FcUB 0,0003042 -0,000068 -0,043
Hg®* 0,0000666 Hg-FcuB 0,0003229 -0,000060 -0,037
cu® 0,0000633 Cu-FcUB -0,0000032 -0,000382 -0,240
Co* 0,0000630 Co-FcUB -0,0000032 -0,000382 -0,240
zZn** 0,0000612 Zn-FcUB -0,0000032 -0,000380 -0,239
Pb** 0,0000668 Pb-FcUB -0,0000032 -0,000386 -0,242
Ni%* 0,0000607 Ni-FcUB -0,0000032 -0,000380 -0,238
(a)
Su Faza
Reaktantlar Uriinler Tepkime

Isim S(hf) Isim S(hf) AS (hf) AS (kcal/mol)
FcUB | 0,0003208 - - - -
Ca? 0,0000589 Ca-FcUB 0,0003118 -0,000068 -0,043
Mg?* 0,0000565 Mg-FcuB -0,0001014 -0,000479 -0,300
Hg®* 0,0000666 Hg-FcuB 0,0003212 -0,000066 -0,042
cu® 0,0000633 Cu-FcUB -0,0000032 -0,000387 -0,243
Co* 0,0000630 Co-FcUB 0,0003032 -0,000081 -0,051
zZn** 0,0000612 Zn-FcUB -0,0000032 -0,000385 -0,242
Pb** 0,0000668 Pb-FcUB 0,0003204 -0,000067 -0,042
Ni?* 0,0000607 Ni-FcUB 0,0002964 -0,000085 -0,053

(b)
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EK 12 Ornek bir elektrokimyasal hesaplama
Asagida, Tablo 16 da verilen indirgenme potansiyel degerlerinin nasil hesaplandigini
gostermek i¢cin Ca-FcUB kompleksi 6rnek olarak verilmistir;
1.) Birinci baglayicinin Ca® katyonuyla yaptig1 kompleksin gaz fazinda gergeklesmis
optimizasyon sonuglarindan bu molekiiliin serbest Gibbs enerjisi hesaplanmaistir:
Thermal correction to Gibbs Free Energy = 0,3977 Hf
SCF Done: E(UB3LYP) =-1751,97 Hf
0,3977 — (-1751,9 ) = 1752,37 Hf
2.) Molekiile bir art1 yiik ekleyerek kompleksin yiikiinii 3° e arttirdiktan ve gaz fazinda
optimize ettikten sonra bulunan sonuglar iizerinden ayni hesaplamalar bu kez +3

yiiklii kompleks i¢in yapilir:

Thermal correction to Gibbs Free Energy= 0,3968 Hf

SCF Done: E(RB3LYP) = -1751,58 Hf
0,3968 — (-1751,58) = 1751,98 Hf

3.) Bu iki degerin arasindaki fark, AGox(g), yani gaz fazinda ger¢eklesen

yiikseltgenme reaksiyonunun serbest enerji degisimini verir.

1751,98 — 1752,37 = -0,3891 Hf
4.) AG solv (II) ve (IIT), yani (+2) ve (+3) yiiklii komplekslerin serbest solvasyon

enerji degerlerini, bulmak i¢in, su fazinda gergeklesmis Ca-FcUB kompleksi optimizasyon

hesaplamari sonucundan solvasyon enerji degerleri bulunur.

SCF Done: E(UB3LYP) = -1752,25 Hf = AG solv (1I)
SCF Done: E(RB3LYP) = - -1752,04 Hf = AG solv (I1I)

5.) AG solv (I) + AGox(g) + AG solv (IIT) = AGox(sol)
(-1752,25) + (-0,3891) + (-1752,04)= -3504,67 Hf

6.) Bulunan degerlerin birimi Hartree Fock oldugundan dolay1 bu degerlerin birimini

eV’a degistirilir. Bunun i¢in hesaplanan rakami 27.21138386 ile ¢arpilmasi gerekir.
(-3504,67) x 27.21138386 = -95367,05 (ev)

7.) Reaksiyona dahil olan elektron sayisi 1 oldugundan, n=1, ve F ise Faraday

sabitidir (96500 C) ve buradan redoks potansiyel degeri hesaplanir.
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EK 13 Ornek bir elektrokimyasal hesaplama (devam)

Eo= TaF 0,988 eV
Tablo 10. Indirgenme potansiyelleri igin hesaplanan farkli degerlikteki
komplekslerine ait serbest gibbs ve solvasyon enerjileri (eV)

Yapilar AG*(9) AG solv. (II) | AG solv. (III) | AG®™ (sol)
Ca-FcUB -10,59 -47679,79 -47674,34 -95367,0
Co-FcUB -12,84 -50629,50 -50621,34 | -101264,9
Cu-FcUB -13,03 -52020,00 -52011,84 -104043,3
Hg-FcUB -11,86 -47845,78 -47840,33 -95697,3
Mg-FcUB -12,08 -46708,34 -46702,90 -93421,9
Ni-FcUB -11,02 -51288,02 -5128530 | -102583,8
Pb-FcUB -10,97 -46776,37 -46770,93 -93558,9
Zn-FcUB -12,05 -48466,20 -48463,47 -96942,1
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EK 14 FcUB kompleksinin su fazindaki log dosyalar

FcuB

1|1 |UNPC-CREA-BILGISAYAR|FOpt |RB3LYP|LANL2DZ|C26H22Fel1N8O2|CREA|24-Jan
-201710| |# opt freqg b3lyp/lanl2dz scrf=(solvent=water) geom=connectivi
tyl|Imetalsiz||0,1|C,-5.1660041386,-0.3512674152,-1.8368970397|C,-3.797
4065117,0.0335459973,-2.0811972597|C,-2.9446190905,-0.9528942866,-1.45
98004972 |C,-3.7805724706,-1.9290636219,-0.801884757|C,-5.154854794,-1.
5567466782,-1.0457985869|H,-6.0406543746,0.1804518626,-2.1830902874 |H,
-3.4639624732,0.888032488,-2.6540554184|H,-3.4278730433,-2.7819088266,
-0.2464192872|H,-6.0222852592,-2.0952604163,-0.6910037748|C,=-3.7977190
072,-0.0339606497,2.0811039645|C,-2.9450117992,0.9527063779,1.45995597
6|/C,-5.1663481048,0.3506475698,1.8366635701|H,-3.4642162746,-0.8885098
888,2.653833254|C,-3.7810476019,1.9288401425,0.8020887396|C,-5.1552963
587,1.5562412227,1.0457362004|H,-6.0409536602,-0.1812791282,2.18265057
31|H,-3.4284135834,2.7817868595,0.2467350128|H,-6.0227705348,2.0946664
325,0.6909138835|C,1.7478387032,-2.2963024584,-0.7637023902|C,2.876630
4203,-3.8920464574,0.32274023241C,3.7660857223,-3.0134913849,-0.372612
3386|C,1.7473170244,2.2965869319,0.7639625583|C,2.8759453909,3.8921348
966,-0.3229367979|C,3.7654783644,3.0140036572,0.3728533919|C,5.6236240
973,-4.3136156836,0.4510521653|C,5.1568503676,-3.2250750405,-0.3089623
042)1C,3.3334870957,-4.9797695393,1.0828068653|C,4.72682666,-5.17739097
39,1.135865706|H,6.6924898215,-4.5004329368,0.5174645715|H,5.844280816
6,-2.5661095969,-0.8317450543|H,2.6495313814,-5.6409279398,1.606733763
91H,5.1253207809,-6.0081031084,1.7126899797|C,5.6228715923,4.314182527
,—0.4510572897|C,5.1562115892,3.2258267679,0.3092915818|C,3.3326880325
,4.9796696066,-1.0833413779|C,4.7259962959,5.1775409333,-1.1362945328|
H,6.6917105536,4.5011770509,-0.5174044558|H,5.8437065138,2.5671811653,
0.8323927961|H,2.6486682783,5.6405117309,-1.6075837118|H,5.1244050632,
6.008124386,-1.7133628733|N,3.0257251025,-2.0169647825,-1.0487358236|N
,1.5922034617,-3.4020423227,0.0498837991|N,3.0252217602,2.0175828396,1
.0492449055|N,1.5915742157,3.4020170515,-0.0500217358|H,0.6836853072, -
3.73940264,0.3536795815|H,0.6830190241,3.7390454548,-0.3540851169|N, -1
.5356802104,0.9154033573,1.5650968955|C,-0.6627556896,1.7927797094,0.9
686059247|N,0.6836111719,1.5403552879,1.2460712831|N,-1.535277446,-0.9
15291213,-1.5646616074|N,0.68406154,-1.5400859877,-1.2456777736|C,-0.6
622992215,-1.7928309051,-0.968479690710,-1.021180657,2.7605255594,0.22
93229408|0,-1.0206688797,-2.7609573695,-0.2296730204|H,-1.1585405302, -
0.1545547053,-2.1203983463|H,0.9560625951,-0.7647014362,-1.8414093834|
H,-1.1589064232,0.1550318501,2.1213084578|H,0.9556612932,0.7652150972,
1.8420983957|Fe,-4.1814248985,-0.0001204201,-0.0000564372| |Version=IA3
2W-GO09RevA.02|State=1-A|HF=-1715.7687872 | RMSD=5.064e-009 | RMSF=2.318e-0
06|Dipole=-2.7298006,-0.0000869,0.0004502|Quadrupole=-4.6835735,0.2517
312,4.4318423,-0.0005731,-0.0024486,-18.0833802|PG=C01 [X(C26H22FelN8O
2)]1|@
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EK 15 FcUB kompleksinin su fazindaki log dosyalar: (devam)

UV-ViS Apax
Excited State 7 Singlet-A 4.0851 ev 303.50 nm
f=0.2467 <S**2>=0.000

129 ->134 -0.10511

131 ->134 -0.37352

133 ->134 0.46632

133 ->137 -0.28108

133 ->139 0.10311
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EK 16 Ca-FcUB kompleksinin su fazindaki log dosyalari

Ca-FcuB

1|1 |UNPC-CREA-BILGISAYAR|FOpt |RB3LYP|LANL2DZ|C26H22CalFelN802 (2+) | CREA
|24-Jan-2017|0]| | # opt freq b3lyp/lanl2dz scrf=(solvent=water) geom=con
nectivity]| |kalsiyum stepl||2,1|C,-4.3185597042,0.4050550101,-2.0659234
364|C,-3.0246131573,-0.1847067088,-1.8192266282|C,-3.2501209241,-1.495
2571385,-1.2559900388|C,-4.673067757,-1.7043735797,-1.1349844589|C,-5.
3336172239,-0.5305437389,-1.6487745363|H,-4.4898776132,1.3862671167,-2
.485669064|H,-2.0628596367,0.2586724853,-2.0164479165|H,-5.152282681, -
2.5923549339,-0.7463623915|H,-6.4025511361,-0.381142761,-1.6996399716|
C,-3.0248036581,0.1846615211,1.8192611128|C,-3.2502965885,1.4952032635
,1.2559962087|C,-4.3187560541,-0.405138576,2.0658336556|H,-2.063056787
9,-0.2586954435,2.0165652622|C,-4.6732377359,1.7042757991,1.1348523465
|C,-5.3338011643,0.5304270257,1.6485813606|H,-4.4900839084,-1.38635567
43,2.4855639277|H,-5.1524406693,2.5922414207,0.746179722|H,-6.40273543
24,0.3809925719,1.6993424642|C,1.1165194615,-3.528244858,-0.1831701191
|C,3.0924304725,-4.5193787532,0.2221460581|C,3.2164540657,-3.103166410
2,0.2948601763|C,1.1163638811,3.5282632627,0.183408673]C,3.0922268705,
4.5194369141,-0.2220421243|C,3.2162760485,3.1032270496,-0.2947662969|C
,5.5542633557,-3.3729416728,0.8031154736|C,4.4607359509,-2.5150823971,
0.5882457244|C,4.175995853,-5.3844483732,0.4352186939|C,5.414881883,-4
.7845929298,0.7277227774|H,6.5278781317,-2.9482215972,1.03187550061|H,4
.5763247231,-1.4366688126,0.6479035992|H,4.0687427439,-6.4631386968,0.
3773801205|H,6.283735767,-5.4140980587,0.899286826|C,5.554003864,3.373
0529731,-0.8033646552|C,4.460521491,2.5151697855,-0.5883601098|C,4.175
7444642,5.3845293017,-0.4352619399|C,5.4146037648,4.7847004021,-0.7279
367981 |H,6.5276012716,2.9483549924,-1.0322394874|H,4.5761294414,1.4367
566334,-0.6480066416|H,4.068468225,6.4632183596,-0.3774413828|H,6.2834
185287,5.4142257765,-0.8996241711|N,1.9547486525,-2.5044237962,0.04089
63443 |N,1.7443577168,-4.7556322926,-0.088183779|N,1.9546562648,2.50444
89723,-0.0404581655|N,1.7441635192,4.7556648079,0.0883517219|H,1.31697
76263,-5.6629443871,-0.2301407054|H,1.3167460552,5.6629713009,0.230229
751|N,-2.3072014689,2.50275543,0.9283272669|H,-2.699220506,3.421794759
5,0.7494657193|C,-0.9610505883,2.3195961211,0.7861946205|N,-0.24615902
97,3.4752729109,0.4587724426|H,-0.744721734,4.3590564144,0.4264513985|
N,-2.3070282208,-2.50277214,-0.9282064406|H,-2.6990459906,-3.421801383
4,-0.7492885227|N,-0.2460018688,-3.4752641731,-0.4585435114|H,-0.74457
59782,-4.3590391416,-0.4261680057|C,-0.9608783488,-2.3196015067,-0.786
0607086]10,-0.3936554632,1.1970060214,0.9347036356|0,-0.3934725309,-1.1
970278619,-0.934672928|Fe,-4.1183075401,-0.0000424103,-0.0000363684|Ca
,1.4628700071,0.0000008041,0.0003247145]| |Version=IA32W-GO9RevA.02|Stat
e=1-A|HF=-1752.2479112|RMSD=5.635e-009 |RMSF=8.206e-006|Dipole=1.248658
9,0.0000727,0.0007903 |Quadrupole=0.5304699,65.7953668,-66.3258367,-0.0
022464,0.0009377,2.6548757|PG=C01 [X(C26H22CalFelN802)1]||Q@
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EK 17 Ca-FcUB kompleksinin su fazindaki log dosyalar: (devam)

UV-ViS Apax

Excited State 12: Singlet-A 4.2986 eV 288.43 nm

£f=0.1277 <S**2>=0.000
130 ->138 0.12404
130 ->141 -0.13487
133 ->139 0.11884
133 ->140 0.12606
134 ->139 0.19954
134 ->140 0.19976
135 ->138 0.50376
135 ->141 -0.21878
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EK 18 Co-FcUB kompleksinin su fazindaki log dosyalar:

Co-FcUB

1|1 |UNPC-FUNDA | Freq|UB3LYP|LANL2DZ |C26H22C01FelN80O2 (2+,2) | FUNDAYILMAZ |

03-Feb-2017|0]| | #N Geom=AllCheck Guess=TCheck SCRF=Check GenChk
UB3LYP/LANL2DZ
Freqg| | kobalt||2,2|C,5.3506604305,0.6100009589,1.5645268403|C,4.6224843047
,1.7580825323,1.0868586194|C,3.2209819122,1.5068683861,1.3082475326|C,3.0
756338268,0.1955297489,1.8945053051|C,4.3952567262, -
0.3556967221,2.0559511732|H,6.4243153798,0.4900509222,1.5385682298|H,5.04
35187833,2.6585832708,0.6620700241|H,2.142903945¢6, -
0.283301206,2.1494215665|H,4.6272040316, -
.3270266749,2.4693941874|C,4.6224864267,-1.7580769735, -
.0868612763|C,3.2209832623,-1.506865285,-1.3082481113|C,5.3506597199, -
.6099934046,-1.56452906|H,5.0435232589,-2.6585774686, -
.662074491|1C,3.0756318745,-0.1955261966, -
.89450407651C,4.3952535219,0.3557030073,-2.0559510022|H,6.4243144735, -
.4900413557,-1.5385716336|H,2.14290076,0.2833035206, -
.1494181144|1H,4.6271984289,1.3270340311, -
.4693928484|Fe,4.0694090971,0.0000017612,-0.0000000314|C,0.9658729422, -
.2346038232,-0.692630503]0,0.8060705128,-1.2367244738,0.0931236529|N, -
.1337656904,-3.0124880992,-1.0232135774|N,2.1881404352,-2.5020460212, -
1.2069886883|C,0.9658694838,2.2346034099,0.6926323438|0,0.8060678821,1.23
67255213,-0.0931239119|N, -
0.1337701911,3.0124853781,1.0232177912|N,2.1881371023,2.5020472439,1.2069
893963 |H,2.3677686613,3.3929504351,1.6620068751|H, -
0.0504815534,3.7715346214,1.6939578258|H,2.3677733448,-3.3929494812, -
.6620050737|H,-0.0504763225,-3.7715381082,-1.693952659|C, -
.4113977456,3.1881697253,-0.4063193125|C,-3.0738470501,1.8256447372, -
.6320390279|C,-3.9387676161,0.9879782551,-1.3586889007|C, -
.1452104851,1.5436134627,-1.8133592069|C,-5.4848464794,2.8996593764, -
.5566874823|C,-4.6189115768,3.7493964398,-0.8484265132|C, -
.3766066719,2.7644845297,0.4364856539|H,-3.6829771465, -

O NN OO R

R = 0O WwR

69



EK 19 Co-FcUB kompleksinin su fazindaki log dosyalar: (devam)

.0443644437,-1.5674031188|H,-5.8356005623,0.9231753946,-2.3775107538|H, -
.4296200127,3.2893172472,-1.9247375324|H,-4.8668574521,4.7897666987, -
.6648144664 |H, -

.2061566528,4.7207653818,0.5261969324|C,-3.411396141, -
.1881744365,0.406317074|C,-3.0738423897,-1.8256518892,0.6320465355]|C, -
.9387622627,-0.9879882433,1.358700537|C,-5.1452081204, -
.5436230901,1.8133633603|C,-5.4848471272,-2.8996663509,1.5566816394|C, -
.6189128327,-3.7494008265,0.8484168601|C,-1.3766022611,-2.7644884958, -
.4364809211|H,-3.6829706616,0.0443529376,1.567420508|H,-5.8355984252, -
.9231866904,2.3775164624|H,-6.4296220597,-3.2893245418,1.9247277623|H, -
.8668598436,-4.789769861,0.6647993718|H,-2.2061505755,-4.7207701191, -
.5261931922|N,-1.8041318828,1.5783235206,-0.0547212836|N, -
.3122591002,3.7469201356,0.2661291739|N,-2.3122538033,-3.7469250674, -
.2661250538|N,-1.8041288216,-1.5783280808,0.05472624
43|Co,-0.6470160116,-0.0000011642,0.0000013453| |Version=IA32W-
GO9RevA.02|State=2-A|HF=-1860.6152328|S52=0.755298|52-
1=0.|S2A=0.750011|RMSD=2.166e-009 |RMSF=1.383e-
005|ZeroPoint=0.4626025|Thermal=0.4923273|Dipole=
-1.5909992,-0.0000034,0.0000026|DipoleDeriv=0.0119954,-0.079694, -
.214751,0.1188279,0.098149%96,-0.0700109,0.019128,-0.133166, -
.0850343,0.2422499,-0.0564828,-0.0068569,-0.0355476,-0.069009¢6, -
.2074389,0.0499932,0.0364816,-0.0667942,0.884765,-0.1729701,-0.0114578, -
.3857674,0.5525052,-0.1790262,-0.4211774,0.0113091,0.13545¢6, -
.0235459,0.0138331,0.1933836,-0.1525484,0.0312847,-0.0685713, -
.0150624,-0.2026398,-0.170387,0.1173388,-0.014799, -
.0901808,0.09567,0.0876545,0.1109561,0.0358287,-0.1797518,-0.1444998, -
.0793093,0.0120998, -
0.0150748,0.0439979,0.1340725,0.0157244,0.0297741,0.0069441,0.156492,0.12
30901,-0.0475713,0.0230205, -
0.0522302,0.0027295,0.0515672,0.0443808,0.0795229,0.1420692,0.0179457, -
0.0367672,0.0555347,-0.045254,0.1178143,0.0278903,0.0460951,0.0236
412,0.1797521,0.1027187,0.0360099,-0.0250897,0.0601342,0.0229009,0.10
99731,0.0031805,0.0569229,0.1350818,0.242247,0.0564812,0.0068558,0.03
55523,-0.0690047,-0.2074353, -
0.0499982,0.0364811,0.0667978,0.884766,0.1729693,0.0114551,0.3857611,0.55
2501, -
0.1790231,0.4211799,0.0113091,0.1354561,0.0119992,0.0796886,0.2147512, -
.1188273,0.0981543,-0.0700115,-0.0191263,-0.1331715, -
.0850298,0.1230913,0.0475738,-0.0230202,0.0522298,0.0027259,0.0515659, -
.0443799,0.0795233,0.1420698,-0.0235428,-0.0138323, -
.1933796,0.1525607,0.0312877,-0.068577,0.0150626,-0.2026432, -
.1703835,0.1173357,0.0148044,0.090179,-0.0956726,0.0876529,0.1109535, -
.0358282,-0.1797464,-0.1445034,-0.0793167,-0.0121012,0.0150718, -
.0439992,0.1340729,0.0157244, -
.0297762,0.0069445,0.1564923,0.0179472,0.0367663, -
.0555336,0.0452522,0.1178141,0.0278902, -
.046094,0.0236401,0.179753,0.1027191,-0.0360101,0.0250887,-0.0601364, -
.0229072,0.1099707,0.0031805,0.0569244,0.1350852,-1.4505208, -
.000001,0.0000008,-0.0000026,-0.955389,0.4509617, -
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EK 20 Co-FcUB kompleksinin su fazindaki log dosyalar: (devam)

0.0000014,0.4985838,-0.2813204,3.5869071,0.5771417, -
0.4027561,0.4983506,1.6078327,0.4542278,-0.4696707,0.8920053,1.0
529238,-1.125991,0.3220273,0.1916976,0.47817,-1.4036328, -
0.4140444,0.2664872,-0.5122283,-0.6982274,-2.6442062, -
.5038198,0.3707235,-0.616653,-0.9395165,0.0096822,0.2439147,-0.1443024, -
.6097562,-2.1092758,-0.0817598,0.2504452,0.2432967,-0.6233101, -
.1226861,0.3570231,-0.0398317, -
.6128837,3.5869057,-0.5771431,0.4027569, -
.4983456,1.6078315,0.4542226,0.4696681,0.8920056,1.0529161,-1.1259919, -
.322022,-0.1916945,-0.4781685,-1.4036363,-0.4140422,-0.2664845, -
.5122339,-0.6982274,-2.644202,0.5038186,-0.370725,0.6166482, -
.9395137,0.0096856,-0.2439111,-0.1443026,-0.609751, -
.1092761,0.0817602,-0.2504456,-0.2433009,-0.6233112,-0.
226905,-0.3570219,-0.0398266,-0.6128801,0.1851945,0.1437848, -
.0011915,0.162765,0.3125529,-0.0030008,0.0497819, -
.0813058,0.4124533,0.207229,0.0510568, -
.0381247,0.1295586,0.402149,0.0053274,-0.108312, -
.0256084,0.4007549,0.1851948,-0.1437841,0.0011923,-0.1627635,0.312553, -
.0030003,-0.0497803,-0.0813042,0.4124557,0.2072284, -
.0510573,0.0381243,-0.1295583,0.4021498,0.0053297,0.1083112, -
.025608,0.400757,0.2405792,0.230917,0.1740114,0.3760405,0.0516551,0.1849
96,0.1795088,0.1147962,0.2085513,0.4508502,-0.0371993,0.2454533, -
.0936754,-0.136656,-0.0748107,

.134863,-0.0580363,0.1599149,0.1030426, -
.0302327,0.1044179,0.0463999,0.0901337,0.0712374,0.1469152,0.0801514, -
.1129102,-0.242929,0.0595112,0.0337512,0.2594689, -
.0116027,0.1778315,0.0685706,0.0973271,-0.123789,-0.0709148, -
.0440534,0.0614611,-0.3133759,0.0423206,-0.055151,-0.054969,0.0456025, -
.1734838,0.1203439,-0.1283915,0.0928552, -
.0668822,0.0240147,0.0421379,0.1466179,-0.0064157,-0.1398258,1.888745, -
.2029316,0.4683485,0.0779334,1.4954353,0.1715473,0.6409246,0.1100303,0.5
15784,0.1371545,0.060721,-0.0050235,0.0409408,-0.040343,-0.0639753, -
.0255628,-0.0767677,0.1935418,0.0147749,-0.0750883,-0.1173949, -
.0895246,0.0437316,-0.0978785,-0.120061,-0.0901707,0.1061185, -
.0696761,0.09999¢6, -

.1050346,0.0878714,0.0909695,0.0145299, -
.1105796,0.018584,0.1456135,0.1275167,0.0355701,-0.03624,0.0674598, -
.0587466,-0.0507642,-0.0216173, -
.0618615,0.1911037,0.2863663,0.0063835,-0.0866757,-0.0147121,0.444
5317,0.0081015,-0.0883048,0.0214832,0.4151501,0.2405847,-0.2309234, -
0.1740136,-0.3760383,0.0516585,0.1849124, -
0.1795031,0.1147971,0.208549,0.4508543,0.0372119,-0.2454485,0.0936776, -
0.136657,-0.0748181,-0.1348708,-0.0580425,0.1599179,0.1030409,0.0302263, -
0.1044252,-0.046403,0.0901
22,0.0712349,-0.1469165,0.0801516,-0.1129094,-0.2429274,-0.0595169, -
.0337471,-0.2594642,-0.0115982,0.1778338,-0.0685704,0.097332, -
.1237865,-0.0709122,0.044057,-0.0614582,0.3133726,0.0423187, -
.0551499,0.0549668,0.045604,-0.1734897,0.1203409,0.1283918, -
.0928495,0.0668816,0.0240112,0.0421363,-0.1466161,-0.0064151, -
.1398268,1.8887466,0.2029345,-0.4683443,-0.0779312,1.4954348,0.1715504, -
.6409256,0.1100306,0.5115791,
.1371548,-0.0607195,0.0050242,-0.0409384,-0.0403326, -
.0639736,0.0255645, -
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EK 21 Co-FcUB kompleksinin su fazindaki log dosyalar: (devam)

0.0767664,0.1935409,0.0147746,0.0750911,0.1173962,0.0895244,0.04373, -
0.0978786,0.1200617,-0.0901737,0.1061181,-0.0696794,-0.0999978,0.1
050292,0.0878733,0.090969,0.0145275,0.1105806,0.0185832,0.145616,0.127516
2,-0.0355687,0.0362399,-0.0674595,-0.0587422,-0.0507608,0.0216163, -
0.0618626,0.1911043,0.2863654, -
0.0063834,0.0866747,0.014713,0.4445302,0.0081018,0.0883045,0.021482,0.415
1512,-0.5863963,0.0489562,-0.2019649,-0.0362149,-0.9260862,-0.1374476, -
0.2115895,-0.1735878,-0.533526,-0.8928992,0.2923806, -
0.1614657,0.2051159,-1.0428164,-0.1192395,-0.0584187,-0.0827457, -
0.4016983,-0.8928985,-0.2923816,0.1614646,-0.2051179,-1.0428195, -
0.1192413,0.0584176,-0.0827446,-0.4016976,-0.5864005, -
0.0489556,0.2019601,0.0362117,-0.9260855,-0.1374489,0.2115905, -
0.1735793,-0.533521,1.4431919,-0.000005,-0.0000011,-0.0000002,2.2455637, -
0.034148,-0.0000013,0.0486462,0.9338236|Polar=658.8374274, -
0.0000126,496.9104134,0.0002451,66.5506495,374.9712355|PG=C01
[X(C26H22C01FelN802) ] |INImag=0 |

UV-ViS Apax ;
Excited State 11: 2.006-A 1.5890 eV 780.27 nm £=0.0006
<5**2>=0.756

140A ->143A -0.14487

140A ->146A 0.42115

140A ->147A -0.13380

141A ->144A 0.13407

141A ->145A 0.48751

139B ->143B 0.12790
139B ->146B 0.42125
139B ->147B -0.12933
140B ->142B 0.14575
140B ->145B 0.49423
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EK 22 Cu-FcUB kompleksinin su fazindaki log dosyalar:

Cu-FcUB

1|1 |UNPC-FUNDA | FOpt |UB3LYP|LANL2DZ |C26H22CulFelN802 (2+,2) | FUNDAYILMAZ |
06-Feb-201710]| |# opt freq b3lyp/lanl2dz scrf=(solvent=water) scf=xqgc] |
bakir|12,2]|C,5.355424,0.607565,1.569204|C,4.633878,1.756105,1.083664|C
,3.229911,1.50887,1.296266|C,3.077037,0.200718,1.887993|C,4.394265,-0.
353415,2.058597|H,6.428763,0.483868,1.549333|H,5.059716,2.653742,0.657
645|H,2.141446,-0.274483,2.138919|H,4.621043,-1.32417,2.476179|C,4.633
885,-1.756094,-1.0836471C,3.229916,-1.508869,-1.296256|C,5.355425,-0.6
07559,-1.569204|H,5.059725,-2.653724,-0.657613|C,3.077037,-0.200727,-1
.888002|C,4.394262,0.353409,-2.058613|H,6.428764,-0.483857,-1.549336|H
,2.141444,0.274463,-2.13894|H,4.621038,1.324157,-2.476213|Fe,4.076962,
0.00001,-0.0000041C,0.984447,-2.252536,-0.651058|0,0.805884,-1.23976,0
.110349|N,-0.094234,-3.076657,-0.944694|N,2.202936,-2.506922,-1.180526
|C,0.98444,2.252532,0.65107210,0.805883,1.239758,-0.11034|N,-0.094242,
3.076654,0.9447|N,2.202927,2.506919,1.180546|H,2.384807,3.400363,1.630
211|H,0.015644,3.861203,1.581529|H,2.384817,-3.400366,-1.630192|H,0.01
5656,-3.861206,-1.581523|C,-3.398472,3.287891,-0.415211|C,-3.095166,1.
914882,-0.6207911C,-3.996093,1.078021,-1.302284|C,-5.204148,1.647984, -
1.7352511C,-5.508088,3.016248,-1.501868|C,-4.6056,3.863979,-0.837705]|C
,—-1.348723,2.84139,0.383713|H,-3.76849,0.035759,-1.495381|H,-5.92272¢6,
1.029103,-2.264716|H,-6.454442,3.417186,-1.853176|H,-4.827644,4.913156
,-0.672705|H,-2.141787,4.813976,0.456829|C,-3.398462,-3.287897,0.41521
9/C,-3.095167,-1.914881,0.620776|C,-3.996098,-1.078017,1.30226|C,-5.20
4145,-1.647984,1.735243|C,-5.508075,-3.016254,1.501883|C,-4.605583,-3.
863989,0.83773|C,-1.348718,-2.841393,-0.383713|H,-3.768501,-0.035752,1
.495344|H,-5.922725,-1.029102,2.264703|H,-6.454426,-3.417193,1.853199]|
H,-4.827621,-4.913169,0.672742|H,-2.141783,-4.813978,-0.456835|N,-1.81
3125,1.655789,-0.075868|N,-2.270121,3.837244,0.21737|N,-2.270119,-3.83
7246,-0.217377|N,-1.813124,-1.65579,0.075857|Cu,-0.708569,-0.000000009
9,-0.000004| |Version=IA32W-GO9RevA.02|State=2-A|HF=-1911.6529683152=0.
752394 |52-1=0.|S2A=0.750005|RMSD=4.453e-009 |RMSF=1.652e-005|Dipole=-1.
5669243,-0.0000101,0.0000081 |Quadrupole=3.9240845,51.2651142,-55.18919
86,-0.0002218,-0.0000093,24.1449778|PG=C01 [X(C26H22CulFelN802)]] |@
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EK 23 Cu-FcUB kompleksinin su fazindaki log dosyalar: (devam)

UV-ViS Apax ;

Excited State

<S**2>=0.766
111B ->142B
112B ->142B
119B ->142B
123B ->142B
130B ->142B
137B ->142B
138B ->142B

11:

2.016-A

O O OO o oo

.10085
.16807
.12587
.11308
.12664
.32467
.88304

1.8186 eV
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EK 24 Hg-FcUB kompleksinin su fazindaki log dosyalar:

Hg-FcUB

1]1|UNPC-CREA-

BILGISAYAR|FOpt |RB3LYP|LANL2DZ |C26H22FelHglIN80O2 (2+) |CREA|30-Jan-201710] | #
opt freqg b3lyp/lanl2dz scrf=(solvent=water)

geom=connectivity]| |c?vall2,1|C,-5.741102,0.852283,-1.494576|C, -
4.996681,1.89247,-0.828965|C,-3.593365,1.628791,-1.038179|C, -
.462373,0.412522,-1.805802|C,-4.796713,-0.05824,-2.092881|H, -
.818091,0.771237,-1.527091|H,-5.409702,2.734917,-0.29116|H,-2.534827, -
.038464,-2.116275|H,-5.039382,-0.9466,-2.65876|C,-4.996693, -
.892456,0.828936|C,-3.593378,-1.628783,1.038163|C,-5.741116, -
.852271,1.494547|H,-5.409712,-2.734899,0.291123|C,-3.462388, -
.412518,1.805794|C,-4.79673,0.058246,2.092866|H,-6.818105, -
.771222,1.527055|H,-2.534844,0.038463,2.116278|H, -
.0394,0.946603,2.658748|Fe,-4.513279,0.000007,-0.000008|C,-1.235004, -
.299459,0.66997510,-0.717092,-1.262264,1.180202|N,-0.460713, -
.349142,0.147907|N,-2.583045,-2.509706,0.5801711C,-1.234993,2.299457, -
.66996110,-0.71708,1.262247,-1.180157|N,-0.460701,3.349145,-0.147907|N, -
.583033,2.509717,-0.580188|H,-2.918347,3.350198,-0.12094 |H, -
.938432,4.196138,0.144144|H,-2.918355,-3.350171,0.120891|H,-0.938446, -
.196129, -
.14416|Hg,1.252071,0.0000001138,0.000014|C,2.96354,4.258343,0.2643311C, 3
.055965,2.840902,0.200071|C,4.299224,2.198722,0.328292|C,5.432278,3.00884
1,0.516665/C,5.328657,4.424455,0.575172|C,4.087943,5.075787,0.451178]C, 0.
921021,3.356204,0.028344|H,4.380628,1.116699,0.2905541H,6.4085,2.543982,0
.621773|H,6.227738,5.016606,0.720962|H,4.008922,6.157157,0.498384|H,1.188
824,5.475287,0.068215(C,2.963529,-4.258353,-0.264289|C,3.055948, -
.840908,-0.2001141C,4.299199,-2.198727,-0.328411|C,5.432254,-3.008851, -
.516758|C,5.32864,-4.424469,-0.575178|C,4.087933,-5.075802, -
.451115|C,0.921009,-3.356206,0.028357|H,4.380599,-1.116702, -
.290719|H,6.408471,-2.543993,-0.621908|H,6.22772,-5.016623, -
.720961|H,4.008915,-6.157174,-0.498273|H,1.188811,-5.475291, -
0.068159|N,1.757922,2.306413,0.019537|N,1.59882,4.549594,0.106608|N,1.598
808,-4.5496,-0.106568|N,1.757915,-2.306417,-0.019514]| |Version=IA32W-
GO9RevA.02|State=1-A|HF=-1758.2927119

|[RMSD=2.817e-009 |RMSF=8.969e-006|Dipole=0.9714062,0.0000335,0.0000249
|Quadrupole=4.8070824,63.9622755,-68.7693579, -
0.00005,0.000205,12.0132848|PG=C01 [X(C26H22FelHglN802)]]||@Q
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EK 25 Hg-FcUB kompleksinin su fazindaki log dosyalar: (devam)

UV-ViS Apax
Excited State 12: Singlet-A 4.0873 ev 303.34 nm
f=0.0006 <S**2>=0.000

137 ->141 0.64695

137 ->143 0.22241

137 ->145 0.12012
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EK 26 Mg-FcUB kompleksinin su fazindaki log dosyalar:

Mg-FcUuB

1|1 |UNPC-FUNDA |FOpt |RB3LYP|LANL2DZ |C26H22FelMglN802 (2+) | FUNDAYILMAZ|05-
Feb-2017|0]| | # opt freq b3lyp/lanl2dz scrf=(solvent=water) | |[magnezyum|
|2,11C,5.3024814264,0.4464153392,1.6680615617|C,4.5885164749,1.6299711943
,1.2610176695|C,3.1776860394,1.3523918796,1.3859960703|C,3.0129260334, -
0.0060681308,1.8477748313|C,4.3332003525,-0.5594059469,2.025867679
3]H,6.3770751906,0.3363798583,1.6900496101|H,5.0269721176,2.5637606672
,0.9373284171|H,2.0741804022,-0.5015906578,2.0312567994|H,4.5513296977
,—-1.5618708229,2.3659461555|C,4.5885284537,-1.6299655761,-1.261003451 |
C,3.1776946662,-1.352400554,-1.3859740039|C,5.3024781752,-0.4464015933
,—-1.6680505738|H,5.0269958405,-2.5637502578,-0.9373161574|C,3.01291696
74,0.0060569026,-1.8477523888|C,4.3331842612,0.5594089708,-2.025852590
1/H,6.377070589,-0.3363542375,-1.6900440231|H,2.0741643335,0.501568932
7,-2.0312297965|H,4.5513008316,1.5618760218,-2.3659328367|Fe,4.0757692
73,0.0000004745,0.0000083847|C,0.8680161377,-2.0909049262,-0.925612893
710,0.3605706174,-0.9265632102,-1.0258004083|N,0.079117952,-3.18440170
39,-0.5687102316|N,2.185048833,-2.3373208178,-1.1279108319|C,0.8679964
771,2.0908935255,0.9256440466]0,0.3605448385,0.9265516674,1.0258094954
IN,0.0791176695,3.1843910909,0.5687004533|N,2.185030721,2.3373063054,1
.1279393794|H,2.5301984526,3.2842413369,1.0025707518|H,0.4841752033,4.
115269277,0.5991213605|H,2.5302190233,-3.2842558209,-1.0025489305]|H,0.
484163535,-4.1152846865,-0.5991506989|C,-3.2408162822,3.7527952379,-0.
6154125632|C,-3.1431577912,2.3381110483,-0.7007867871|C,-4.2163333158,
1.5747540419,-1.1923975254|C,-5.3749792804,2.2661677001,-1.5866215531|
C,-5.4627031311,3.680905439,-1.4924274127|C,-4.3924817883,4.4524589633
,—-1.004107423|C,-1.2252228023,3.070718792,0.1038955904|H,-4.1508859297
,0.4940690797,-1.2716002016|H,-6.2227260601,1.7075943084,-1.9731238931
|H,-6.3763497586,4.177802572,-1.8062742186|H,-4.4584391498,5.533476329
3,-0.9345369882|H,-1.7460434046,5.1408249177,0.0989304403|C,-3.2407999
774,-3.7527998205,0.6154483823|C,-3.1431916677,-2.3381038278,0.7006867
116|C,-4.2163803251,-1.5747409445,1.1922614497|C,-5.3749811713,-2.2661
630464,1.5866035123|C,-5.4626568361,-3.6809123525,1.4925390768|C,-4.39
24225851,-4.4524713543,1.004256117|C,-1.2252325343,-3.0707225076,-0.10
39314525|H,-4.1509557108,-0.4940497394,1.2714046113|H,-6.2227287678,-1
.7075873956,1.9731007973|H,-6.3762839346,-4.1778123845,1.8064380844|H,
-4.4583622757,-5.5334932164,0.9347372101|H,-1.7461003197,-5.1408172282
,—0.0990715987|N,-1.86367655,1.9335581022,-0.2403695631|N,-2.005753965
,4.1813804035,-0.0967659193|N,-2.0057952624,-4.1813750292,0.0966567031
IN,-1.8636916037,-1.9335581234,0.2403138296|Mg,-1.0783534054,-0.000001
4665,-0.0000192663| |Version=IA32W-GO09RevA.02|State=1-A|HF=-1716.498052
6| RMSD=6.472e-009 |RMSF=1.068e-005|Dipole=-0.6767285,-0.0000083,-0.0000
603 |Quadrupole=3.0215753,61.7923109,-64.8138862,-0.0000957,0.0000083,4
.7983476|PG=C01 [X(C26H22FelMglN802)]]||@
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EK 27 Mg-FcUB kompleksinin su fazindaki log dosyalar: (devam)

UV-ViS Amax ;
Excited State 12: Singlet-A 4.2051 eV 294.84 nm f£=0.3736
<8**2>=0.000

131 ->134 0.63440

131 ->137 0.16228
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EK 28 Ni-FcUB kompleksinin su fazindaki log dosyalar:

Ni-FcuB

1|1 |UNPC-FUNDA |FOpt |RB3LYP|LANL2DZ |C26H22Fel1N8Nil02 (2+) | FUNDAYILMAZ |06
-Feb-2017|0]| |# opt freq b3lyp/lanl2dz scrf=(solvent=water) scf=xqc]| |ko
balt||2,1]C,5.3409275229,0.5919351582,1.5709377599|C,4.5991789327,1.74
07179754,1.1176553683|C,3.2011816731,1.4687518245,1.337310701|C,3.0718
038382,0.1455907139,1.9009536968|C,4.3979605786,-0.3933549269,2.047453
9465|H,6.4156384057,0.4837907413,1.5385525357|H,5.0086602429,2.6534765
534,0.7080742465|H,2.1452148331,-0.3470501549,2.1519886583|H,4.6424209
987,-1.3695439662,2.4417108747|C,4.5991819877,-1.7407148323,-1.1176550
485|C,3.2011844494,-1.4687503807,-1.3373107854|C,5.3409292074,-0.59193
05711,-1.5709360399|H,5.0086643917,-2.6534732897,-0.7080747456|C,3.071
8050588,-0.1455889139,-1.9009525702|C,4.3979611539,0.3933586549,-2.047
4517212 |H,6.4156399326,-0.4837847746,-1.5385501927|H,2.145215517,0.347
0511661,-2.1519870365|H,4.6424203785,1.3695484947,-2.4417074019|Fe, 4.0
578094381,0.0000007978,0.0000007687|C,0.9420950452,-2.1973722293,-0.73
1732035]10,0.7935267591,-1.2222205779,0.0909365404|N,-0.1643513582,-2.9
599500716,-1.0690448356|N,2.1575353264,-2.4549601909,-1.2601033927]|C, 0
.9420917273,2.1973722013,0.7317306325]0,0.7935247219,1.2222225283,-0.0
90940618 |N,-0.1643556474,2.9599480951,1.0690447604|N,2.157531347,2.454
9604501,1.2601033591|H,2.3273085399,3.334248414,1.7415354881|H,-0.0950
012725,3.7087247774,1.7525504187|H,2.3273142577,-3.3342491034,-1.74153
31452 |H,-0.095056018,-3.7087278572,-1.7525491887|C,-3.4169898745,3.096
3309626,-0.4206411659|C,-3.0464874671,1.7452085869,-0.6627696078|C, -3.
8754930942,0.9034929601,-1.424992067|C,-5.0811487946,1.443421526,-1.89
9568796 |C,-5.4552060277,2.7871206755,-1.6267367248|C,-4.6249754747,3.6
40822572,-0.8818136628|C,-1.394542063,2.704764123,0.4645002771|H,-3.59
36859379,-0.1192118863,-1.6462154756|H,-5.7441734997,0.8196802593,-2.4
920705344 |H,-6.3984407274,3.1642546683,-2.0111868385|H,-4.8988136564,14
.67217448,-0.6845844644|H,-2.2664512059,4.6387537508,0.5665806728|C, -3
.4169835018,-3.096336586,0.4206446792|C,-3.0464852595,-1.7452119974,0.
6627672846|C,-3.8754925434,-0.9034961429,1.4249876581|C,-5.0811454233,
-1.443427072,1.8995688975|C,-5.4551985591,-2.7871285471,1.6267427136|C
,—4.6249662586,-3.6408306013,0.8818217585|C,-1.3945380105,-2.704766878
4,-0.46450006468|H,-3.5936878471,0.1192101353,1.6462076851|H,-5.7441709
947,-0.8196858813,2.4920697449|H,-6.39843172,-3.1642639887,2.011195180
9|H,-4.8988019502,-4.6721837766,0.6845957568|H,-2.2664452829,-4.638757
2881,-0.5665808913|N,-1.7874448616,1.5185982653,-0.0550188879|N,-2.346
2247864,3.6671859662,0.2883668407|N,-2.3462199101,-3.6671895287,-0.288
3672833 |N,-1.7874422975,-1.5186010253,0.0550175076|N1i,-0.62464994,-0.0
000004435,-0.000001609| |Version=IA32W-GO9RevA.02|State=1-A|HF=-1884.83
17902 |RMSD=3.065e-009 | RMSF=1.688e-005|Dipole=-1.7059945,-0.000004,0.00
00033 |Quadrupole=5.6515423,46.1107177,-51.76226,-0.0000608,-0.0000228,
27.2992095|PG=C01 [X(C26H22FelN8Ni102)]]||@
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EK 29 Ni-FcUB kompleksinin su fazindaki log dosyalar: (devam)

UV-Vis Apax
Excited State 6: Singlet-A 2.1111 ev 587.30 nm
f=0.0010 <S**2>=0.000

133 ->145 -0.28378

136 ->145 0.13331

140 ->142 0.29466

140 ->145 0.32547

141 ->143 -0.13681

141 ->146 0.35668

141 ->147 -0.10928
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EK 30 Pb-FcUB kompleksinin su fazindaki log dosyalar:

Pb-FcUuB
3 3
2 J P
> "B
‘5' : °o 3

’ng %!fr

1|1 |UNPC-FUNDA | FOpt |RB3LYP|LANL2DZ |C26H22Fel1N802Pbl (2+) | FUNDAYILMAZ |17
-Feb-2017|0]| |# opt freq b3lyp/lanl2dz scrf=(solvent=water) ||kursun]| |2,
1/C,-5.845343,-0.22205,-1.2104|C,-5.314347,1.035691,-0.749918|C,-3.899
884,1.040181,-1.034925|C,-3.550159,-0.212708,-1.665132|C,-4.76134,-0.9
88164,-1.771259|H,-6.878175,-0.530989,-1.139674|H,-5.869098,1.833252, -
0.275534|H,-2.570957,-0.501905,-2.003361|H,-4.836976,-1.973301,-2.2088
21|1C,-4.32833,-2.289389,1.501857|C,-3.033256,-1.651601,1.540904|C,-5.2
94201,-1.343465,1.997253|H,-4.522933,-3.30567,1.188284|C,-3.196498,-0.
306172,2.035835|C,-4.597602,-0.121197,2.321372|H,-6.356442,-1.516969, 2
.092006|H,-2.407719,0.417538,2.178748|H,-5.047135,0.786161,2.699333|Fe
,—-4.361325,-0.552063,0.272504|C,-0.615236,-1.930913,0.946909|0,-0.4584
97,-0.80913,0.347551|N,0.448428,-2.785887,1.209945|N,-1.821029,-2.3836
97,1.379611|C,-1.703094,2.111239,-0.740679|0,-1.06708,1.266316,-1.4547
12|N,-1.024918,3.080589,-0.00633|N,-3.053036,2.110606,-0.635543|H,-3.5
04875,2.837429,-0.087994|H,-1.563348,3.816683,0.441357|H,-1.871593,-3.
344541,1.7074211H,0.26382,-3.601661,1.785316|C,2.267796,3.84006,1.1121
08|C,2.443613,2.506598,0.655446|C,3.687382,1.867954,0.805643|C,4.72852
8,2.601305,1.400853|C,4.54098,3.937936,1.840046|C,3.29883,4.581972,1.7
05602|C,0.335942,3.062761,0.266178|H,3.850158,0.841383,0.499127|H,5.69
8802,2.131122,1.532581|H,5.371709,4.470171,2.294262|H,3.146519,5.60026
2,2.048202|H,0.479946,5.047387,1.027222|C,3.924468,-3.169023,0.540382
C,3.626331,-1.987345,-0.192878|C,4.62637,-1.35538,-0.955387|C,5.910357
,—1.927583,-0.946789|C,6.196228,-3.099925,-0.198591|C,5.202938,-3.7447
53,0.559733|C,1.759956,-2.627538,0.784041|H,4.42395,-0.466839,-1.54495
8|H,6.702258,-1.463155,-1.527417|H,7.202298,-3.509141,-0.216348|H,5.41
7428,-4.644862,1.126908|H,2.577077,-4.357217,1.740682|N,1.209088,2.039
404,0.114714|N,0.927801,4.157223,0.841162|N,2.716033,-3.546143,1.14871
5|N,2.253985,-1.662657,-0.009525|Pb,0.924845,0.090414,-1.258215]| |Versi
on=IA32W-GO9RevA.02|State=1-A|HF=-1719.0183773|RMSD=6.822e-009 |RMSF=1.
004e-005|Dipole=-0.1727324,0.1436692,2.6522163|Quadrupole=9.6474983,41
.7998291,-51.4473274,-15.9278122,-3.6597919,-5.2089548|PG=C01 [X(C26H2
2FelN802Pbl) ]| |Q@
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EK 31 Pb-FcUB kompleksinin su fazindaki log dosyalar1 (devam)

UV-ViS Amax
Excited State 11: Singlet-A 3.8390 ev 322.96 nm f=0.0544
<S**2>=0.000

133 ->136 -0.14120

133 ->139 -0.13169

134 ->137 0.56276

134 ->138 0.31465

134 ->142 0.14650
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EK 32 Zn-FcUB kompleksinin su fazindaki log dosyalari

Zn-FcuB
> »
@ LD .
> P @
p Y i ad

&,’t
‘Wheo
o
P
P
7

1]1]UNPC-

FUNDA | FOpt |RB3LYP | LANL2DZ |C26H22Fel1N802Znl (2+) | FUNDAYILMAZ | 08-Feb-
201710 |# opt freq b3lyp/lanl2dz scrf=(solvent=water)

scf=xqgc| |¢inko|2,11C,5.3427231247,0.4974606431,1.6580093206|C,4.6114
468354,1.6618778042,1.2269683444|C,3.2047116318,1.365352376,1.3562534
389|C,3.0597199107,0.014248669,1.8454174906|C,4.3883632498, -
0.5154213117,2.0354580326|H,6.4188448466,0.4045268755,1.6837752488|H,
.0359086034,2.5961288051,0.8861789612|H,2.1275776824, -
.4907843193,2.0365373414|H,4.6212215055, -
.5071206264,2.3966462008|C,4.6114317746,-1.6618615239, -
.2269859122|C,3.2046926872,-1.3653438138, -
.3562445405|C,5.3426933751,-0.4974391794, -
1.6580380464|H,5.0359051946,-2.5961112154,-0.88620700911C,3.05968
35554,-0.0142398181,-1.8454015222|C,4.3883205778,0.5154378921, -
2.0354672515|H,6.4188141227,-0.4044994911, -
1.6838241466|H,2.1275343071,0.4907865853, -
2.036504054|H,4.6211662373,1.5071388797,-2.3966589073|Fe,4.120
9252955,0.0000068508,-0.00000280391C,0.8771006049,-2.0650130679, -
0.910046805|10,0.3743426146,-0.9075271106, -
1.0832650582|N,0.0854819762,-3.1495467154,-0.5226451|N,2.1986277818, -
2.3269314035, -
1.06998137591C,0.8771151983,2.06499654,0.9100491875]0,0.3743920547,0.
9074831647,1.0831791405|N,0.0854755234,3.1495328786,0.5226997656|N, 2.
1986339589,2.3269365809,1.0700184295|H,2.5342812678,3.2695382999,0.89
63378312|H,0.4996843309,4.0766695867,0.5046850291|H,2.5342916457, -
3.2695173095,-0.8962470485|H,0.4997092291,-4.0766739572, -
.5045685864|C,-3.2554806072,3.7418853845,-0.5814916728|C, -
.1809673916,2.3256822505,-0.6556904456|C,-4.2729253378,1.572968542, -
.1184030372|C,-5.4302219446,2.2775046852,-1.492975962|C, -
.4971853951,3.693745153,-1.4074203642|C,-4.4057389322,4.4542851619, -
.9499476728|C,-1.2298986261,3.0427098835,0.0977816059|H, -
.2226107183,0.4919033786,-1.1951413022|H, -
.2929862865,1.7274884111,-1.8577689265|H,
.4107453661,4.2006535788,-1.7048508992 |H,
.4547287595,5.5366320006,-0.8883259682 |H, -
.7271256481,5.1166993578,0.0850294226|C,-3.2554808536, -
.7418980114,0.5815248974|C,-3.1809911203,
.325689826,0.6556573273|C,-4.2729651133, -
.5729724593,1.1183261499|C,-5.4302502632,
.2775104103,1.4929309643|C,-5.497190324¢6, -
.6937559505,1.4074406129|C,-4.4057278311, -
.4542996379,0.950012664|C,-1.2299013116,-3.0427234623,-0.0977538|H, -

R =R oW’

SN ENWERE MO OO WO
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EK 33 Zn-FcUB kompleksinin su fazindaki log dosyalar: (devam)

4.2226635234,-0.4919042143,1.1950274684|H,-6.2930242256, -
1.7274915864,1.8576972879|H,-6.4107483171,-4.2006645421,1.7048769116|
H,-4.4547080236,-5.5366485739,0.8884184635|H,-1.7271445654, -
5.1167085423,-0.0850478206|N,-1.8961449482,1.9144766525, -
0.2196919085|N,-2.0031601537,4.1587544312,-0.0958452887|N, -
2.0031758015,-4.1587647186,0.0958377498|N,-1.8961552302, -
1.9144877907,0.21969517291Zn,-1.1796090844, -
0.0000067398,0.000001775| |Version=IA32W-GO9RevA.02|State=1-A|HF=-
1781.1813163|RMSD=6.074e-009 | RMSF=6.617e-006|Dipole=-
0.7696738,0.0000586,0.0001878|Quadrupole=4.8190398,61.6820545, -
66.5010943,-0.0000544,0.0002249,2.5391413|PG=C01

[X (C26H22FelN802Znl) ]| |@
UV-ViS Amax ;
Excited State 12: Singlet-A 4.2017 ev 295.08 nm £=0.3503
<S**2>=0.000
135 ->140 0.10407
135 ->142 -0.10511
136 ->139 0.63177
136 ->141 0.17873
SavETr: write IOETrn= 770 NScale= 10 NData= 16 NLR=1 NState=
12 LETran= 226.
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EK 34 FcUB kompleksinin gaz fazindaki log dosyalar:

FcuB

e X ot
s o

9

1\1\GINC-LEVREK75\FOpt \RB3LYP\LANL2DZ\C26H22Fe1N802\ROOT\28-May-2017\0
\\# opt freq b3lyp/lanl2dz geom=connectivity\\metalsiz\\0,1\C,-5.07544
51566,-0.3214855863,-1.7740648655\C,-3.7106360964,0.1095815216,-1.9503
011915\C,-2.8604330309,-0.8446192853,-1.2812232544\C,-3.6928557584,-1.
8529791938,-0.6718916553\C,-5.0625295916,-1.5295206241,-0.9867488518\H
,—5.9510228479,0.1794331144,-2.1619581948\H,-3.3746556372,0.9823433179
,—2.4920842535\H,-3.3317648044,-2.7087640732,-0.1253206971\H,-5.928696
9954,-2.1015399014,-0.6853041636\C,-3.9343631794,0.1113376091,2.194229
6886\C,-3.0808130347,1.1024192439,1.5786038076\C,-5.2980690382,0.44389
81496,1.8647835491\H,-3.6057982166,-0.7178242852,2.8061467438\C,-3.911
2930079,2.0321030245,0.8522007042\C,-5.2814506413,1.6216915107,1.03209
45766\H,-6.1742394621,-0.1067834542,2.1751931642\H,-3.5578511459,2.873
999175,0.2761939292\H,-6.1452494902,2.1108006542,0.6043853729\C,1.8240
535629,-2.2026145307,-0.6045813458\C,2.9553262767,-4.0563884571,-0.082
615369\C,3.8332262399,-2.938461462,-0.2498543453\C,1.6036892307,2.5825
127875,1.0066184965\C,2.9232667569,3.459800399,-0.5676750215\C,3.59426
12359,3.3812929802,0.6922470794\C,5.6970041978,-4.3815129836,0.2522581
868\C,5.2199939341,-3.1017845969,-0.0802797039\C,3.4240258727,-5.33643
23471,0.2490868577\C,4.8138322445,-5.4814439965,0.414079567\H,6.764561
5618,-4.5361634662,0.3893539051\H,5.891027717,-2.2571679934,-0.2041814
099\H,2.7523211051,-6.1815644771,0.3735316263\H,5.220946865,-6.4566083
585,0.6706972183\C,5.5471331589,4.3460600824,-0.3343824455\C,4.9225461
8,3.8277953358,0.8122170395\C,3.539764397,3.9753827099,-1.7173936515\C
,4.8669589278,4.4191663969,-1.5788352109\H,6.5741898458,4.6970230046, -
0.272641308\H,5.4393783383,3.7659723141,1.7649398129\H,3.0266780305,4.
0300662415,-2.6736495977\H,5.3855873695,4.8245078706,-2.4441558673\N, 3
.0884252343,-1.7845804005,-0.5787292163\N,1.669375508,-3.5481824216,-0
.3180040239\N,2.7329487892,2.8245037506,1.6635852251\N,1.6415945104, 2.
9343960776,-0.3324495753\H,0.7611131664,-4.0026489617,-0.3151162174\H,
0.8427243005,2.8527570804,-0.950587459\N,-1.6875446606,1.2141441314,1.
8548926024\C,-0.7288516221,1.7427338163,1.0187497919\N,0.4772274308,2.
040271807,1.6376369813\N,-1.4560519894,-0.7165752832,-1.2144797837\N, 0
.7548356989,-1.3542680438,-0.8968141692\C,-0.5878479617,-1.7446111471,
-0.9207175181\0,-0.9051357087,1.9480003015,-0.2273745085\0,-0.93939834
7,-2.9375966646,-0.6847934992\H,-1.1167089925,0.247285532,-1.206973667
4\H,1.0312897405,-0.4058117332,-1.1272195941\H,-1.410983982,0.95197684
36,2.7946556459\H,0.6075479919,1.9082246296,2.6353066516\Fe,-4.1951180
203,0.0671593147,0.099211412\\Version=ES64L-G09RevD.01\State=1-A\HF=-1
715.7332383\RMSD=4.167e-09\RMSF=6.805e-06\Dipole=-2.0224069,0.8048514,
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EK 35 FcUB kompleksinin gaz fazindaki log dosyalari (devam)

0.6078217\Quadrupole=2.2941458,-4.2630417,1.9688959,-0.1354541,-4.8017
348,-10.6474887\PG=C01 [X(C26H22FelN802) J\\(@

UV-Vis Apax
Excited State 11: Singlet-A 4.3796 eV 283.09 nm £=0.0005
<5**2>=0.000

125 ->135 0.23970

131 ->135 -0.14398

131 ->136 0.45112

131 ->140 -0.13646

132 ->135 0.26492

132 ->136 0.30070
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EK 36 Ca-FcUB kompleksinin gaz fazindaki log dosyalar:

Ca-FcUB

1\1\GINC-LEVREK118\FOpt\RB3LYP\LANL2DZ\C26H22CalFe1N802(2+)\ROOT\20-Ma
y-2017\0\\# opt freq b3lyp/lanl2dz geom=connectivity\\kalsiyum step1\\
2,1\C,4.3943923879,0.4031898849,2.0692340087\C,3.0855768053,-0.1637493
717,1.8662193516\C,3.2757307403,-1.4740111274,1.2918333935\(C,4.6903393
205,-1.7061520444,1.124195966\C,5.3797779958,-0.5444826111,1.617950678
2\H,4.6001995742,1.3713850985,2.5028516515\H,2.1404671064,0.2800753851
,2.1301559834\H,5.1535299925,-2.5989764764,0.7254317654\H,6.4515921757
,-0.411593392,1.6390646909\C,3.0854078445,0.1640464508,-1.8658192768\C
,3.2759440226,1.4743872461,-1.2917308371\C,4.3940886348,-0.403187213,-
2.0689701637\H,2.1401771695,-0.2794966804,-2.1296943453\C,4.6905838853
,1.7061965951,-1.1241932875\C,5.3797142314,0.5443008267,-1.6178847095\
H,4.5996287977,-1.3713825285,-2.5027079184\H,5.1540766638,2.5990553028
,-0.7258564495\H,6.451506082,0.4112738242,-1.6392496652\C,-1.158857421
9,-3.4155636516,0.2827547293\C,-3.1840776718,-4.2929330649,-0.18001952
93\C,-3.1885066049,-2.894363755,-0.4141456364\C,-1.1583523085,3.416132
175,-0.2827839722\C,-3.1836021046,4.2929322614,0.18087199\C,-3.1880540
466,2.8940714764,0.4133014743\C,-5.4872698628,-3.0523460311,-1.0979078
534\C,-4.3511152473,-2.2557425568,-0.8824083087\C,-4.3114163532,-5.099
5299291,-0.389830755\C,-5.4681828061,-4.450724007,-0.8529701367\H,-6.4
005873213,-2.5943217175,-1.4654615318\H,-4.3857414342,-1.1882462051,-1
.0944992867\H,-4.3034975444,-6.1699894931,-0.2089993384\H,-6.367961205
5,-5.0311664695,-1.032221865\C,-5.4868369794,3.0512430781,1.09717424\C
,-4.3506763226,2.254891738,0.8807678728\C,-4.310945029,5.0992776501,0.
3916202053\C,-5.467737079,4.4499131906,0.8539169133\H,-6.400162763,2.5
927853807,1.4641674196\H,-4.3852657349,1.1871615068,1.0916714175\H,-4.
3030108103,6.1699599945,0.2121137435\H,-6.367516657,5.0301460964,1.033
8417325\N,-1.8998870116,-2.3612394084,-0.1140384277\N,-1.8786149215,-4
.5884917871,0.2673391107\N,-1.8994187332,2.3613180606,0.1126464532\N,-
1.8780954665,4.5890402536,-0.2660026698\H,-1.555149129,-5.5020509271,0
.5627345769\H,-1.55462816,5.5029090864,-0.5604390717\N,2.3047635116,2.
4861894425,-1.0218673451\H,2.6890766116,3.412428342,-0.8620348788\C,0.
9676377895,2.296160698,-0.9236415072\N,0.1972144667,3.4335269142,-0.63
08992533\H,0.6469263296,4.3433999592,-0.6483223337\N,2.304306557,-2.48
58405773,1.0228391189\H,2.6882074142,-3.4128067359,0.8662777859\N,0.19
66127662,-3.4326651126,0.6313240322\H,0.6458939949,-4.3427056495,0.650
9109113\C,0.9674564613,-2.2950791721,0.9219801564\0,0.4130085115,1.159
3356338,-1.0564965242\0,0.4135078603,-1.1574869412,1.0508486977\Fe,4.1
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EK 37 Ca-FcUB kompleksinin gaz fazindaki log dosyalar: (devam)

164743459,0.0000390928,0.0000732081\Ca,-1.2490193201,0.0001189913,-0.0
032294004\\Version=ES64L-GO9RevD.01\State=1-A\HF=-1751.9802839\RMSD=3.
145e-09\RMSF=5.617e-06\Dipole=-1.4274028,-0.0013447,0.0018625\Quadrupo
le=22.4563556,54.3739807,-76.8303364,0.0171069,0.0202893,-6.4221983\PG
=C01 [X(C26H22CalFe1N802)\\@

UV-Vis Apax ;
Excited State 10: Singlet-A 3.3940 eV  365.31 nm
£f=0.0197 <5**2>=0.000

136 ->139 -0.39854

136 ->142 -0.12993

136 ->144 -0.15470

137 ->140 0.49683

137 ->141 -0.14882

137 ->146 -0.12779
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EK 38 Co-FcUB kompleksinin gaz fazindaki log dosyalar

Co-FcUB

y S99 o
’ 4’: 958,
- ; @

ity

1\1\GINC-LEVREK103\FOpt\UB3LYP\LANL2DZ\C26H22Co1Fe1N80O2(2+,2)\ROOT\28-
May-2017\0\\# opt freq b3lyp/lanl2dz SCF=XQC\\kobalt\\2,2\C,5.37535125
02,0.6284891578,1.5464697392\C,4.6307287638,1.7648755459,1.0743578267\
C,3.2355805808,1.4987513655,1.3232510713\C,3.1142960205,0.1899978508,1
.924087587\C,4.4420819039,-0.3417649254,2.0633453877\H,6.4499256157,0.
5223706232,1.5090957684\H,5.0428392694,2.6631268033,0.63513006\H,2.197
2912817,-0.2946271427,2.2227822133\H,4.6965128169,-1.3000401541,2.4930
14614\C,4.6133813359,-1.7585473689,-1.0729948495\C,3.2181150517,-1.483
1528007,-1.3119112284\C,5.3617856768,-0.6256947225,-1.5468859442\H,5.0
222161194,-2.660669971,-0.638710737\C,3.1011633638,-0.1724940023,-1.91
02123316\C,4.4312507103,0.3514280135,-2.0561746672\H,6.4371437211,-0.5
257068091,-1.5153739239\H,2.1850602761,0.3163124886,-2.2053700783\H,4.
6893349923,1.3090128386,-2.485258396\Fe,4.0587061453,0.004021597,0.004
4311321\C,0.9514623188,-2.2388890605,-0.7336678395\0,0.7676349823,-1.2
28593597,0.0322799573\N,-0.1431749095,-3.0445704176,-1.0383199417\N,2.
1712662757,-2.4778131342,-1.2542939446\C,0.966790385,2.2300892992,0.75
24205792\0,0.7775481038,1.1969816861,0.0284199908\N,-0.1296845694,3.04
92036771,1.0292068538\N,2.1914106158,2.49409424,1.2510500785\H,2.39472
81983,3.3936701205,1.6790601093\H,-0.0485370584,3.8275907159,1.6766146
947\H,2.362990755,-3.3553576938,-1.7313945707\H,-0.062492465,-3.79994 1
1311,-1.7125154352\C,-3.4122876883,3.2153593304,-0.4195006552\C,-3.096
6609649,1.8449642951,-0.6092428773\C,-3.971495569,1.007968772,-1.32306
54986\C,-5.163991347,1.5762716548,-1.7959520216\C,-5.4807242442,2.9425
863992,-1.5726001412\C,-4.6041926012,3.7924464019,-0.8799235433\C,-1.3
732147126,2.7884407912,0.4368072622\H,-3.7381868136,-0.033283111,-1.51
10300199\H,-5.8626856833,0.9586674999,-2.3520926317\H,-6.4149106026,3.
3403561379,-1.9569310049\H,-4.8392488447,4.8412818582,-0.7275530433\H,
-2.1778211767,4.7579480501,0.4599545209\C,-3.4249500604,-3.2249079907,
0.4112390306\C,-3.1068533498,-1.8545819879,0.6054984679\C,-3.980628062
7,-1.0184376448,1.3238115222\C,-5.1711849115,-1.5868377636,1.799200161
\C,-5.4899539075,-2.9526905741,1.5721416584\C,-4.6174957893,-3.8007995
908,0.873289905\C,-1.3930931462,-2.7900684305,-0.4517264258\H,-3.74823
21712,0.023093229,1.5125961802\H,-5.8677642458,-0.9706089844,2.3595319
364\H,-6.4235266823,-3.3504582633,1.9580366243\H,-4.8553674935,-4.8483
609207,0.7165586543\H,-2.1925734543,-4.7646718337,-0.4746221017\N,-1.8
205928119,1.5911703791,-0.0252300011\N,-2.2965566574,3.7751512936,0.24
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EK 39 Co-FcUB kompleksinin gaz fazindaki log dosyalar: (devam)

14193224\N,-2.3143094909,-3.7826111705,-0.255766621\N,-1.8358462642,-1
.5994863274,0.0162449596\Co,-0.6871937809,-0.0101015912,0.0370016054\\
Version=ES64L-G09RevD.01\State=2-A\HF=-1860.3801308\52=0.93424\52-1=0.
\S2A=0.75095\RMSD=1.517e-09\RMSF=9.075e-06\Dipole=-1.8231539,0.0991672
,-0.0549837\Quadrupole=26.5986826,33.2293181,-59.8280007,-0.110545,-0
0332812,18.4844429\PG=C01 [X(C26H22Co1Fe1N802)\\\@

UV-ViS Apax ;

Excited State 11: 2.523-A 1.4841 eV 835.42 nm £=0.0012
<S**2>=1,341

140A ->145A 0.14034
140A ->148A 0.19402
141A ->142A 0.82362
141A ->146A 0.15975
139B ->145B 0.12125
139B ->147B 0.16245
140B ->142B 0.10712
140B ->146B 0.31638
140B ->148B 0.10142
140B ->149B 0.17792
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EK 40 Cu-FcUB kompleksinin gaz fazindaki log dosyalar

Cu-FcuB

1\1\GINC-LEVREK11\FOpt\UB3LYP\LANL2DZ\C26H22CulFe1N80O2(2+,2)\SSEYRAN\2
8-May-2017\0\\# opt freq b3lyp/lanl2dz scf=xqc\\bakir\\2,2\C,5.3889216
153,0.6511083832,1.5481668927\C,4.6381093137,1.7719640536,1.0514155346
\C,3.2414316722,1.4897345199,1.2791924137\C,3.1279195147,0.1894365567,
1.902009508\C,4.4601557721,-0.3236757268,2.06543007\H,6.464959275,0.55
60443555,1.5253015759\H,5.0447056426,2.669417685,0.6055300443\H,2.2120
90318,-0.3032865592,2.190924609\H,4.7209247715,-1.2740767043,2.5086523
564\C,4.6381100201,-1.7719602969,-1.0514200279\C,3.2414318734,-1.48973
19369,-1.279192919\C,5.3889198609,-0.6511010988,-1.5481676068\H,5.0447
089671,-2.6694153354,-0.6055397232\C,3.1279162213,-0.1894312621,-1.902
0039127\C,4.4601514504,0.323683888,-2.0654246851\H,6.4649574058,-0.556
0356194,-1.5253037007\H,2.2120857446,0.3032922305,-2.1909140997\H,4.72
09180187,1.2740876268,-2.5086424861\Fe,4.0888985793,-0.0000000655,0.00
00017887\C,0.9750282036,-2.2351994201,-0.6545130843\0,0.7665843828,-1.
2327918732,0.1110693233\N,-0.1020907733,-3.0717284846,-0.9628277292\N,
2.1920713274,-2.474707053,-1.1868058329\C,0.9750261981,2.2351982255,0.
6545130814\0,0.7665828697,1.2327903876,-0.1110690129\N,-0.1020936939,3
.0717257455,0.9628288703\N,2.1920695009,2.474707792,1.1868045902\H,2.3
788464065,3.3632235033,1.645456006\H,0.0064087867,3.8279703623,1.63206
25085\H,2.3788494172,-3.3632222358,-1.6454577506\H,0.0064124475,-3.827
973591,-1.6320606954\C,-3.4058191766,3.3288045058,-0.4238587194\C,-3.1
363330945,1.9446540709,-0.5928788084\C,-4.0564418912,1.1170820177,-1.2
607241884\C,-5.2437843505,1.7103168397,-1.7146306958\C,-5.5124614723,3
.0910624728,-1.5157951326\C,-4.5934142128,3.9294982581,-0.8660836832\C
,-1.3646989822,2.850535559,0.3971871807\H,-3.8628690877,0.0635320807,-
1.4278691999\H,-5.9763472092,1.101799786,-2.2361359525\H,-6.4446433311
,3.5079963833,-1.8843909836\H,-4.7949434486,4.9875337792,-0.7301072732
\H,-2.1025030121,4.8486359382,0.3943089344\C,-3.405816128,-3.328810587
6,0.4238594784\C,-3.136331236,-1.9446600155,0.5928802578\C,-4.05644094
48,-1.1170889808,1.2607256247\C,-5.2437830835,-1.7103249628,1.71463147
46\C,-5.5124590137,-3.0910707203,1.5157952212\C,-4.5934108423,-3.92950
54867,0.8660837241\C,-1.3646961294,-2.850539582,-0.3971857706\H,-3.862
8690528,-0.0635389544,1.427871153\H,-5.9763466034,-1.1018087371,2.2361
367654\H,-6.4446406274,-3.508005566,1.8843906371\H,-4.7949391159,-4.98
75411358,0.730106891\H,-2.1024983251,-4.8486406719,-0.3943080794\N,-1.
8572733928,1.6664535649,-0.0334450559\N,-2.2597912761,3.8661879381,0.2
003820816\N,-2.2597874777,-3.8661928608,-0.2003809884\N,-1.857271595,-
1.6664582113,0.0334469885\Cu,-0.7572319973,-0.0000017733,0.000001212\\

91



EK 41 Cu-FcUB kompleksinin gaz fazindaki log dosyalar: (devam)

Version=ES64L-G09RevD.01\State=2-A\HF=-1911.4315998\52=0.752552\52-1=0
\S2A=0.750006\RMSD=6.467e-09\RMSF=7.130e-06\Dipole=-1.7923115,-0.0000
006,-0.0000007\Quadrupole=26.9207148,34.5883194,-61.5090342,0.0000173,
-0.0000127,16.5603541\PG=C01 [X(C26H22CulFe1N8O2)]\\@

UV-Vis Apax
Excited State 8: 2.016-A 1.3277 ev 933.82 nm £f=0.0082
<S**2>=0.766

135B ->142B 0.14082

136B ->142B 0.39460

138B ->142B 0.89528
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EK 42 Hg-FcUB kompleksinin gaz fazindaki log dosyalar:

1\1\GINC-LEVREK92\FOpt\RB3LYP\LANL2DZ\C26H22Fe1Hg1N802(2+)\ROOT\20-May
-2017\0\\# opt freq b3lyp/lanl2dz geom=connectivity\\civa\\2,1\C,-5.69
76879892,-0.6536087079,1.5849295685\C,-4.960927751,-1.7666782376,1.049
7466733\C,-3.5572277404,-1.4835555315,1.23398017\C,-3.4209971965,-0.19
22157158,1.8642468795\C,-4.7526289524,0.3130632944,2.0806323227\H,-6.7
7399013,-0.5640666995,1.6052700316\H,-5.3867599481,-2.6607685142,0.613
8091519\H,-2.4943314891,0.2771677708,2.1496570058\H,-4.9995593186,1.25
35362711,2.5520933306\C,-4.9609267403,1.7666676986,-1.0497421151\C,-3.
5572249209,1.4835480426,-1.233968361\C,-5.6976815272,0.6535966682,-1.5
849290501\H,-5.3867633298,2.6607567009,-0.6138062059\C,-3.420988264,0.
1922089555,-1.8642347615\C,-4.752617651,-0.3130730592,-2.080627193\H,-
6.7739833411,0.5640520105,-1.6052750001\H,-2.4943198017,-0.2771728066,
-2.1496394135\H,-4.9995433869,-1.2535465176,-2.5520896466\Fe,-4.441644
9025,-0.0000045227,0.0000033013\C,-1.2120478276,2.1913069382,-0.855654
17\0,-0.692904994,1.0613769449,-1.1196127753\N,-0.4146534037,3.2909941
509,-0.4672338073\N,-2.5435786396,2.4328231664,-0.905642548\C,-1.21204
68112,-2.1913105576,0.8556791758\0,-0.6929075986,-1.0613770878,1.11963
01559\N,-0.4146493851,-3.2909945927,0.467256103\N,-2.5435776411,-2.432
8288735,0.90566051\H,-2.8917534105,-3.3547146877,0.6603235702\H,-0.854
5598502,-4.2039454844,0.4069888744\H,-2.8917576213,3.354707563,-0.6603
047643\H,-0.854565815,4.2039442159,-0.4069680698\Hg,1.0986697571,0.000
0023899,0.0000102646\C,2.9830228192,-4.0624799664,-0.3656166676\C,2.98
77777372,-2.6518467205,-0.4957994363\C,4.1463963048,-1.9711796022,-0.9
029875118\C,5.2875299564,-2.7458082468,-1.1670886979\C,5.2735998442,-4
.1584860473,-1.0265107724\C,4.1163710975,-4.8456381942,-0.623589057\C,
0.9380010279,-3.2431596356,0.1442965168\H,4.1687950025,-0.8914377393,-
1.032680975\H,6.2012075944,-2.257457682,-1.4918507285\H,6.1778075121,-
4.7200942539,-1.2398872138\H,4.1120496794,-5.9265047805,-0.5227082764\
H,1.3537545674,-5.3331394832,0.2703435742\C,2.9830190338,4.0624868357,
0.3656310104\C,2.9877762501,2.6518537346,0.4958161026\C,4.1463965425,1
.9711886933,0.9030027953\C,5.2875288039,2.7458195609,1.1671032547\C,5.
2735962696,4.1584972158,1.0265237841\C,4.1163668911,4.8456468911,0.623
5996661\C,0.9379974579,3.2431629596,-0.1442762672\H,4.1687969289,0.891
4470526,1.0326977695\H,6.2012071178,2.2574709446,1.4918663167\H,6.1778
027402,4.7201072402,1.2399005077\H,4.1120433072,5.926513485,0.52271904
38\H,1.3537464732,5.33314382,-0.2703236329\N,1.6892202909,-2.165660201
8,-0.169687432\N,1.6738974932,-4.3978571762,0.047310788\N,1.6738916535
,4.3978620835,-0.0472916371\N,1.6892192247,2.1656650272,0.1697059684\\
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EK 43 Hg-FcUB kompleksinin gaz fazindaki log dosyalar: (devam)

Version=ES64L-GO9RevD.01\State=1-A\HF=-1758.0121029\RMSD=2.826e-09\RMS
F=4.995e-06\Dipole=0.8648563,0.0000016,0.0000066\Quadrupole=26.5420571
,53.0477467,-79.5898037,0.0000047,0.0000483,1.117247\PG=C01 [X(C26H22F
elHgIN8O2)\\@

UV-ViS Amax ;
Excited State 5: Singlet-A 1.7818 eV 695.84 nm £f=0.0199
<S**2>=0.000

136 ->139 0.69740
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EK 44 Mg-FcUB kompleksinin gaz fazindaki log dosyalar:

Mg-FcUB

1\1\GINC-LEVREK94\FOpt\RB3LYP\LANL2DZ\C26H22Fe1Mg1N802(2+)\ROOT\20-May
-2017\0\\# opt freq b3lyp/lanl2dz geom=connectivity\\magnezyum\\2,1\C,
-5.341728414,-0.3697183118,1.6608548901\C,-4.5930699352,-1.5561923727,
1.3463716771\C,-3.1940375525,-1.2359178631,1.5003167842\C,-3.072513867
1,0.1484184323,1.8904931544\C,-4.4086196173,0.6759694579,1.9904818387\
H,-6.4185301971,-0.2845070522,1.6480310641\H,-5.0086577883,-2.51646126
15,1.0710626372\H,-2.1547433055,0.6668776125,2.1133798139\H,-4.6663191
876,1.6838745041,2.282925523\C,-4.593017703,1.5563742036,-1.3465721299
\C,-3.1939037276,1.236277511,-1.5002776242\C,-5.3414918635,0.369854873
3,-1.661238844\H,-5.008727286,2.5165248955,-1.0710248491\C,-3.07216859
84,-0.1479954446,-1.8905630849\C,-4.4082040448,-0.6757116991,-1.990773
8437\H,-6.4182749224,0.2844438311,-1.6482874957\H,-2.1543383341,-0.666
3896953,-2.1132977584\H,-4.665688798,-1.6837034974,-2.2831044186\Fe,-4
.0676758364,0.0001035911,-0.0000687201\C,-0.858021993,1.9779577641,-1.
1793544078\0,-0.3720728596,0.7972908649,-1.1592003359\N,-0.0181851548,
3.0780483935,-0.9487649154\N,-2.1698611856,2.2258218965,-1.3664219653\
C,-0.8583059032,-1.9771879254,1.177963629\0,-0.3732668083,-0.796226894
6,1.1545492703\N,-0.0179815088,-3.0771852909,0.9488795571\N,-2.1697611
641,-2.2253885149,1.3671705736\H,-2.5022144747,-3.1852961674,1.3556590
282\H,-0.3774605741,-4.0152299521,1.0947958798\H,-2.5027652818,3.18553
35703,-1.3520734245\H,-0.3780918798,4.0161690334,-1.093120696\C,3.3227
980934,-3.642306708,-0.2276500612\C,3.1523551803,-2.2646885883,-0.5145
001033\C,4.1726161116,-1.5341362349,-1.1479030024\C,5.3503069541,-2.22
53915735,-1.4746653629\C,5.5101055196,-3.6044537335,-1.1768032647\C,4.
4947019302,-4.3422760535,-0.5458321505\C,1.2830242693,-2.9633333596,0.
4490654882\H,4.0643840079,-0.4807251575,-1.3917376202\H,6.1583135463,-
1.6966654609,-1.9710570841\H,6.4374328524,-4.10014697,-1.4469814322\H,
4.6218418327,-5.3974335894,-0.324603717\H,1.9270795313,-4.9779158259,0
.7449394329\C,3.3226248457,3.6421781976,0.2282184106\C,3.1520730412,2.
2643429799,0.5139960894\C,4.1722140356,1.5332646426,1.1469874322\C,5.3
498965922,2.2242106173,1.4744282072\C,5.5098105844,3.6034883293,1.1776
248591\C,4.4945258238,4.3418421037,0.5470861038\C,1.2828840189,2.96384
76271,-0.4491852704\H,4.0638585261,0.4796886314,1.3900429017\H,6.15780
59375,1.6950746364,1.97054265\H,6.4371303896,4.0989271276,1.4482958317
\H,4.6217518274,5.3971593361,0.3266704153\H,1.9271239278,4.9785559594,
-0.7436677373\N,1.8574992623,-1.8564218906,-0.0745839336\N,2.116688077
1,-4.0483779468,0.3888604176\N,2.1166121347,4.0487824122,-0.3881401593
\N,1.8572376692,1.8565023184,0.0736524309\Mg,0.976554244,-0.0000103186
,-0.0018085785\\Version=ES64L-G09RevD.01\State=1-A\HF=-1716.259602\RMS
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EK 45 Mg-FcUB kompleksinin gaz fazindaki log dosyalar: (devam)

D=4.776e-09\RMSF=8.228e-06\Dipole=1.2220556,-0.0012388,0.0036826\Quadr
upole=27.5581248,41.9251771,-69.4833019,-0.0130964,-0.0079121,-14.4718
147\PG=C01 [X(C26H22Fe1Mg1N802)\\@

UV-Vis Apax

Excited State 12: Singlet-A 3.8878 ev 318.90 nm

£f=0.2212 <S**2>=0.000
130 ->135 -0.15542
131 ->134 0.66625
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EK 46 Ni-FcUB kompleksinin gaz fazindaki log dosyalar:

Ni-FcuB

1\1\GINC-LEVREK94\FOpt\RB3LYP\LANL2DZ\C26H22Fe1N8Ni102(2+)\ROOT\20-May
-2017\0\\# opt freq b3lyp/lanl2dz geom=connectivity\\kobalt\\2,1\C,-5.
3583318951,-0.65240517,1.5403490295\C,-4.5886810905,-1.7699341616,1.06
51453706\C,-3.1988577818,-1.4688622743,1.3079346128\C,-3.1076791846,-0
.1602794156,1.9167056133\C,-4.4473829603,0.3388438044,2.0583197474\H, -
6.4350716427,-0.5703387168,1.5037235604\H,-4.9793142807,-2.6769743212,
0.6244384219\H,-2.2009873563,0.3447131587,2.2135973275\H,-4.7246208863
,1.2905277887,2.4886075458\C,-4.5889817015,1.7698171456,-1.0653941518\
C,-3.1989851594,1.4691617617,-1.3076963236\C,-5.3581622481,0.652145030
6,-1.54101884\H,-4.9800497999,2.6766653279,-0.6246724309\C,-3.10726791
4,0.1606285933,-1.9165508676\C,-4.4467642695,-0.3388677715,-2.05867026
09\H,-6.4348995513,0.5698495172,-1.5048381497\H,-2.2003499787,-0.34412
61697,-2.213138342\H,-4.723570848,-1.2905758098,-2.4891805532\Fe,-4.05
11063631,0.000056692,-0.0001231948\C,-0.9228850991,2.192176132,-0.7096
457541\0,-0.7521799299,1.2131789003,0.101767766\N,0.1854188407,2.97367
47005,-1.0364890295\N,-2.1337739265,2.4419034653,-1.2439678852\C,-0.92
26567331,-2.1919998069,0.7096946199\0,-0.7520288704,-1.2136793565,-0.1
025845288\N,0.1857080015,-2.9732746919,1.0369371795\N,-2.1334014746,-2
\4413547617,1.2445120791\H,-2.305083984,-3.3203153557,1.7271212821\H,0
.1253420629,-3.6962935194,1.7476871145\H,-2.3057807498,3.321268154,-1.
7256983791\H,0.1250458487,3.696822344,-1.7471093854\C,3.4264502685,-3.
1152930338,-0.5125211862\C,3.0819219137,-1.7487282529,-0.6928622058\C,
3.921115882,-0.8958454577,-1.4314980964\C,5.105158306,-1.444114223,-1.
9446331431\C,5.4511559454,-2.8060899294,-1.7338762765\C,4.6135901647,-
3.6703444986,-1.01270646\C,1.4184947633,-2.7176941746,0.4202974467\H,3
.6654025918,0.142206109,-1.6072337801\H,5.7757747419,-0.8149639451,-2.
522013481\H,6.3785156044,-3.1879162306,-2.1496584997\H,4.8724875513,-4
.7145268654,-0.86718311\H,2.2474671696,-4.6782242526,0.4084233818\C,3.
4262820521,3.1152296104,0.5127176087\C,3.0817695598,1.7486226925,0.692
7728164\C,3.9210213977,0.895597505,1.4311826369\C,5.1051062538,1.44375
88285,1.944333245\C,5.4510896838,2.8057780338,1.7338383469\C,4.6134583
546,3.6701818675,1.012927646\C,1.4182444678,2.7178530999,-0.4200170226
\H,3.6653324779,-0.1424881239,1.6067305887\H,5.7757686678,0.814483796,
2.5215242976\H,6.3784819002,3.1875176922,2.1496272562\H,4.8723263252,4
.7144015551,0.8676195743\H,2.2471769441,4.6783837731,-0.4076913478\N,1
.8300263743,-1.5212394093,-0.0580454804\N,2.3471345787,-3.6935919285,0
.189418643\N,2.3468852363,3.6936988667,-0.1889410216\N,1.8298281706,1.
5212668081,0.0579770787\Ni,0.669686578,-0.0000661262,-0.0002486494\\Ve
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EK 47 Ni-FcUB kompleksinin gaz fazindaki log dosyalar: (devam)

rsion=ES64L-GO9RevD.01\State=1-A\HF=-1884.6088078\RMSD=9.745e-09\RMSF=
8.850e-06\Dipole=1.9089319,0.0008391,0.001051\Quadrupole=27.7714778,29
.8696615,-57.6411393,-0.0082462,0.0019695,-17.8467621\PG=C01 [X(C26H22

Fe1N8Ni102)\\@

UV-Vis Apax

Excited State

<S**2>=0.000
127 ->142
129 ->142
134 ->142
138 ->142

O O O O

Singlet-A

.10491
.16270
.12322
.65801
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2.6353 eV 470.47 nm
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EK 48 Pb-FcUB kompleksinin gaz fazindaki log dosyalari

Pb-FcUB
s 2 4
L o @ @9

1\1\GINC-LEVREK92\Freq\RB3LYP\LANL2DZ\C26H22Fe1N80O2Pb1(2+)\ROOT\28-May
-2017\0\\#N Geom=AllCheck Guess=TCheck SCRF=Check GenChk RB3LYP/LANL2D
Z Freq\\kursun\\2,1\C,-5.8524740979,-0.1562528362,-1.2062975437\C,-5.3
053689244,1.0724885225,-0.6969964561\C,-3.8909968743,1.06508634,-0.985
280899\C,-3.5603937982,-0.1658984235,-1.6640552335\C,-4.7819314646,-0.
9158708426,-1.7957747471\H,-6.8903588225,-0.4509470809,-1.1521811034\H
,-5.8615100051,1.8622347973,-0.2094543429\H,-2.5904823919,-0.448498949
,-2.0318048247\H,-4.8784150474,-1.8790602488,-2.2756219945\C,-4.360021
6081,-2.3752560652,1.3705403035\C,-3.0847374283,-1.7096667906,1.512429
2734\C,-5.3678390256,-1.4928252141,1.8907487456\H,-4.5219086237,-3.365
5788845,0.9667560312\C,-3.3056195117,-0.4120149258,2.1080431857\C,-4.7
209636894,-0.2846658562,2.3390092132\H,-6.4277683401,-1.6986718799,1.9
26897531\H,-2.5398687921,0.3030401528,2.3724161942\H,-5.2156609173,0.5
679315829,2.7826256082\Fe,-4.3683959743,-0.5605003295,0.2671559226\C, -
0.6358049165,-1.9654468816,0.977119853\0,-0.4792281613,-0.8713949208,0
.330340359\N,0.4470398984,-2.7906859411,1.2941157947\N,-1.8401274148, -
2.415852281,1.4093812942\C,-1.6843784067,2.1311409765,-0.6989129767\0,
-1.0438136125,1.2546291452,-1.3643641107\N,-0.9905559498,3.1439704347,
-0.0196791539\N,-3.0290185874,2.1290627598,-0.5807166954\H,-3.48625154
86,2.8753688005,-0.0655304506\H,-1.5102831313,3.9304788587,0.356895577
1\H,-1.8794591352,-3.3550332266,1.797271553\H,0.2785414594,-3.57648608
29,1.9140100587\C,2.3417130645,3.8639313517,1.064201321\C,2.474665436,
2.5103479101,0.6647155657\C,3.6989141322,1.8393867869,0.8256623253\C,4
.766499211,2.5672940049,1.3763700239\C,4.622421496,3.9259370647,1.7596
300245\C,3.3994995637,4.6010913359,1.6135063101\C,0.3752189,3.10610243
36,0.2582645187\H,3.8270898462,0.7946103252,0.5640809381\H,5.725825881
2,2.0788006768,1.5182904178\H,5.4742378318,4.4520650812,2.1793597032\H
,3.2908273316,5.6384278497,1.9146103741\H,0.5925765224,5.1246274625,0.
922475435\C,3.9380986338,-3.1323226673,0.5823788467\C,3.6074270597,-1.
9722870782,-0.1655172898\C,4.5799978328,-1.3397580194,-0.9621807949\C,
5.870102918,-1.894149442,-0.9704973572\C,6.1886080294,-3.0464560553,-0
.2048543459\C,5.2239095978,-3.6905023288,0.5873905414\C,1.7616520953,-
2.6232461189,0.8537164429\H,4.3565273363,-0.4670929456,-1.569732515\H,
6.6429615732,-1.4365831248,-1.5806889404\H,7.1989274078,-3.4423816609,
-0.2397024283\H,5.4715517611,-4.5772702857,1.1626664645\H,2.6338995879
,-4.3262026709,1.8241483107\N,1.2202885778,2.0560678689,0.1475416322\N
,1.0006470522,4.2069772969,0.7871737826\N,2.7390807535,-3.5192420882,1
.220699131\N,2.2285617479,-1.6668913313,0.0378344637\Pb,0.9357616623,0
.1024976587,-1.1852058676\\Version=ES64L-GO9RevD.01\State=1-A\HF=-1718
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EK 49 Pb-FcUB kompleksinin gaz fazindaki log dosyalar: (devam)

.7956456\RMSD=1.901e-09\RMSF=5.455e-06\ZeroPoint=0.4598023\Thermal=0.4
912289\Dipole=0.463055,0.2096477,2.4226448\DipoleDeriv=0.087098,0.0629
258,-0.1115957,-0.1686641,0.0477078,0.0020041,0.0136591,0.0749787,-0.0
126766,0.2452429,0.0881978,-0.0735704,0.0833656,-0.015762,0.1329829,0.
0110641,-0.0135444,-0.0469764,0.4425107,0.1674296,0.0112469,0.2660035,
0.4064399,0.0607911,0.005661,0.0199529,0.1176607,0.0477496,-0.0172249,
0.1160419,0.2333031,0.1166165,0.0186048,0.0081725,0.1051409,-0.0640032
,-0.0312235,0.0024027,-0.0510787,-0.0432489,0.0438572,-0.0291457,0.030
324,0.1642181,-0.0273705,0.0404403,-0.0235143,0.0129711,-0.0472469,0.0
946167,-0.0011713,0.0466186,0.0082502,0.1165047,0.1246625,0.0142123,0.
0190598,0.0123591,0.0304231,-0.0427949,0.0534394,-0.0707637,0.0887507,
0.041265,0.0362563,0.0464148,0.0477746,0.0963124,-0.0014929,0.0525294,
0.0009228,0.1201262,0.1033212,0.0020624,0.0064768,-0.0205452,0.0153704
,-0.0460559,0.0264328,-0.0156488,0.1042177,0.2322363,0.0083461,-0.0395
765,0.0872607,-0.0543873,0.1480007,-0.0534536,-0.0145051,-0.0330442,0.
6331687,-0.0888768,-0.0140343,-0.1760166,0.3003916,0.1105132,0.357287,
-0.0299531,0.1182402,0.0289714,-0.0413863,0.0976664,0.1255989,0.063451
9,0.0418251,-0.044291,0.0567819,-0.0399933,0.11994,0.0152777,-0.006268
3,0.0216079,0.0291755,-0.0358751,-0.019064,-0.0649856,0.0989537,0.0738
523,0.0228983,-0.136867,-0.1779448,0.0286329,-0.0233391,-0.0277659,0.1
387124,-0.0734012,0.0355509,-0.0028896,0.0683081,0.0339701,0.0791596, -
0.0307548,-0.1015929,0.1058302,-0.0320764,0.0180234,-0.0119794,-0.0036
194,0.0099143,0.1062993,-0.0076147,-0.0345324,-0.0089381,0.1169894,0.0
167983,-0.0569456,-0.0301531,-0.0696976,0.0330049,-0.0282173,-0.036305
4,0.0008147,0.1104799,0.0659739,0.0346308,0.0210833,0.0580512,0.018819
,-0.0498049,-0.0275657,-0.0142718,0.1146794,-1.2629781,-0.0960605,0.07
77939,-0.2409183,-0.7668075,-0.2846306,0.0465811,-0.2914133,-0.3061732
,3.0036138,-0.3645329,-0.1288662,-0.0978082,1.3838274,-0.3475681,-0.11
15143,-0.5642956,0.5575898,-0.9603365,-0.1704242,0.1637828,-0.4130269,
-1.1324771,0.3966707,0.3304447,0.6604207,-0.6224338,-2.3479494,0.41267
03,0.1884659,0.6933432,-0.6542737,-0.0288263,0.0043859,0.0889192,-0.37
77908,-1.677982,0.0521771,0.0989335,-0.476742,-0.3508502,0.0887773,0.3
256018,0.0099739,-0.382709,2.7417575,0.7074008,-0.0408671,0.487867,1.2
898583,0.6094364,0.056927,0.5955322,0.7835005,-1.4974061,0.298322,0.23
61017,0.6440881,-0.885426,-0.3230913,0.3449391,-0.2066342,-0.564981,-1
.9282151,-0.630556,-0.3450748,-0.7745355,-0.8983611,-0.1568333,-0.6421
753,-0.3107751,-0.4925475,-1.7261563,-0.4998519,0.0034879,0.0956497,-0
.4126763,0.0693429,-0.0974589,-0.0535836,-0.2799378,0.2291509,-0.01720
73,0.0246896,-0.1262101,0.2218223,-0.0681522,-0.022475,-0.1162088,0.23
0925,0.1275491,-0.0377593,-0.0349732,-0.1031145,0.2462168,-0.0927313,0
.0517187,-0.050323,0.2910522,0.1065769,0.0627247,-0.0008999,0.1506193,
0.1960558,0.0120213,-0.0845078,0.0515212,0.2801394,0.1378157,0.023851,
0.0316658,0.0114298,0.2604283,0.0441636,0.0032104,0.04299,0.291856,0.2
799512,-0.1095192,0.0472334,-0.102111,-0.0765221,-0.0655106,0.0265567,
-0.0635112,0.0573305,0.2569917,0.1518432,0.1329802,0.0286662,-0.086162
9,-0.0308976,0.1049122,0.0284613,0.0483509,0.0979672,-0.0136024,0.0459
763,-0.0515188,0.0710943,0.0272091,0.0323328,0.0106387,-0.1189347,-0.0
305657,-0.0877117,0.012217,-0.3143305,-0.0776072,-0.0520093,-0.0739286
,-0.0226943,-0.130745,-0.0763507,0.0012592,0.0294766,0.2687566,0.08046
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29,0.1170018,0.0904407,0.0616424,-0.0678726,0.0529081,0.0662228,0.0610
576,0.0390837,0.0939878,0.077581,0.0692885,0.0917817,-0.0961722,1.7442
589,0.1304662,0.1941027,0.0251249,1.1936694,0.2061925,0.1625897,0.2068
307,0.2958052,0.0902659,-0.0292769,-0.0227781,-0.0060998,-0.0023136,-0
.0357696,-0.011908,-0.0152754,0.1141502,-0.0070796,0.0567041,-0.033278
,0.0721315,0.0717107,-0.0084095,-0.0219029,-0.0016387,0.1428437,0.0214
522,-0.0523235,-0.0561582,-0.0358076,0.0694765,-0.0395457,-0.0534997,-
0.0446059,0.1339732,0.0967316,0.0508324,-0.0110791,0.0202594,0.0026986
,-0.0493121,-0.0171829,-0.042717,0.1621325,0.1823403,-0.0380133,-0.057
7925,0.0183328,0.346742,-0.0219448,-0.0311973,0.0004991,0.3360212,0.17
64198,0.1409877,-0.1515365,0.1471713,-0.0052414,-0.0008157,-0.1337752,
-0.0030387,0.1049304,0.2639832,-0.0699168,-0.0876848,0.0152104,-0.0445
284,0.0527246,-0.0726872,0.0711087,-0.0086464,0.0829807,-0.0314024,-0
0363952,0.0260174,-0.0392168,-0.0960817,-0.0538912,-0.1518433,-0.05927
95,-0.150609,0.0402214,-0.0539376,0.2650761,-0.064854,-0.131951,-0.193
3973,-0.0663011,-0.0017219,0.0270899,-0.0547967,-0.0065357,-0.2750822,
0.0083773,-0.0072914,0.1616616,-0.066463,-0.1076746,0.1006111,-0.09998
54,0.0072279,-0.0911489,0.026526,-0.0979706,-0.008577,-0.0877967,-0.06
90145,1.5905738,-0.1401912,-0.2126331,-0.0468141,0.919563,-0.3279113,-
0.2116095,-0.4460162,0.5218144,0.0826159,0.0733578,-0.0396849,0.053507
9,-0.0091557,0.0902603,-0.0435741,0.1350781,0.1015228,0.0297703,-0.024
3977,0.0640342,-0.0403356,0.0936364,0.0661625,0.0579451,0.063434,0.091
6583,-0.0123302,0.0610398,0.0145077,0.0471858,0.1015247,0.027762,0.017
4692,0.0276285,0.1393191,0.1000405,0.0067407,0.0206354,0.0298153,0.046
8911,0.0883684,-0.001247,0.0970799,0.1103966,0.1852381,0.0176774,0.038
1764,-0.0248364,0.3381101,0.0288085,0.0619049,0.0060787,0.3311644,-0.6
275552,0.2266043,0.0256378,0.1250642,-1.020571,-0.310686,-0.0337865,-0
.4354331,-0.3880471,-0.5346947,-0.1118797,-0.0605321,-0.1793027,-0.837
3534,-0.1727873,-0.1504148,-0.2403198,-0.3639741,-0.6538383,0.2028124,
-0.0029953,0.2299745,-0.6521438,0.1415828,-0.0851738,0.2123095,-0.3878
512,-0.589536,0.1008305,0.052165,0.1516452,-0.8595916,0.3429667,-0.103
177,0.5332939,-0.494904,1.9493465,-0.4171598,-0.1191529,-0.5221219,2.3
733248,0.0452398,0.0495344,-0.1573263,1.417874\Polar=552.4960107,-1.39

31173,364.0486587,8.0794405,-12.4342381,261.9045111\PG=C01 [X(C26H22Fe

1N802Pb1)]\NImag=0\\

UV-ViS Apax ;
Excited State 9: Singlet-A 3.0949 ev 400.61 nm
<5**2>=0.000

126 ->139 0.15331

132 ->135 0.64939

134 ->136 -0.15938
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EK 51 Zn-FcUB kompleksinin gaz fazindaki log dosyalar:

Zn-FcuB

I\1\GINC-LEVREK125\FOpt\RB3LYP\LANL2DZ\C26H22Fe1N802Zn1l (2+) \ROOT\22-Ma
y=2017\0\\# opt freq b3lyp/lanl2dz geom=connectivity\\¢inko\\2,1\C,-5.
4314817486,0.3981420641,-1.6601017473\C,-4.6693092157,1.5723869707,-1.
3325399858\C,-3.2736346343,1.2353643903,-1.4841863553\C,-3.167848328¢,
-0.146492525,-1.8874000918\C,-4.5103485033,-0.6560688544,-1.9963620049
\H,-6.5092849713,0.3262473512,-1.651650324\H,~-5.0740456922,2.535352950
5,-1.0505055897\H,-2.2549157315,-0.6736377161,-2.1101222909\H,-4.77976
43135,-1.6578376755,-2.2991020907\C,-4.669248061,-1.5730158423,1.33252
63618\C,-3.2736093729,-1.2359232143,1.4842991632\C,-5.4315234252,-0.39
88389302,1.6600540306\H,-5.0738917828,-2.5359854545,1.0503577206\C, -3.
1679399663,0.1459963145,1.8873721219\C,-4.5104861475,0.6554567524,1.99
63000399\H,-6.5093283055,-0.3270074701,1.651366364\H,-2.255080754,0.67
32498955,2.1101062004\H,-4.7799430495,1.6572774053,2.2988327344\Fe, -4.
1636702972,-0.0003113493,0.0000132976\C,-0.923925086,-1.9439932777,1.1
675896179\0,-0.4434972271,-0.7608174465,1.2060627125\N,-0.0856878599, -
3.0446344218,0.9126652457\N,-2.2374694776,-2.2074578625,1.3258919918\C
,—-0.924070093,1.9436330317,-1.1669097367\0,-0.443537782,0.7604748613, -
1.2046683732\N,-0.0859314457,3.0444026098,-0.9123012919\N,-2.237543340
3,2.2070023442,-1.3259166774\H,-2.5620505054,3.1681047887,-1.270297461
\H,-0.4562804165,3.9812672693,-1.0370443856\H,-2.5619667668,-3.1684985
52,1.2691821026\H,-0.4558200607,-3.9815446012,1.0376852011\C,3.2534654
861,3.6363961643,0.2541403137\C,3.1043720171,2.253299506,0.5247573683\
C,4.1345243954,1.5269447306,1.1446366027\C,5.3045576279,2.2297295548,1
.4750712966\C,5.4453045767,3.6142230061,1.193474314\C,4.4177672196,4.3
470137296,0.5760827125\C,1.2170594562,2.9423602161,-0.4240145768\H,4.0
385113718,0.4699413143,1.3768193082\H,6.1211682677,1.7055628496,1.9621
383819\H,6.3672767246,4.118511454,1.4659905392\H,4.5304483899,5.406433
7554,0.3678512884\H,1.8373223875,4.9666316821,-0.6971253917\C,3.253541
2537,-3.6360597598,-0.2545804332\C,3.1044474508,-2.2527896801,-0.52431
75004\C,4.1345600305,-1.5260789353,-1.1438401308\C,5.3045308431,-2.228
6944848,-1.474859073\C,5.4452666945,-3.6133691514,-1.1941604823\C,4.41
77802962,-4.3465133208,-0.5771009687\C,1.2172453606,-2.9423963696,0.42
42689691\H,4.0385662542,-0.4689195109,-1.3753101595\H,6.1211061651,-1.
7042429444,-1.9616787339\H,6.3671912031,-4.1175164942,-1.4670991543\H,
4.530462232,-5.406062711,-0.3695294265\H,1.8374187986,-4.9669192576,0.
6958362405\N,1.8126463784,1.8414358828,0.0843656261\N,2.0393455866,4.0
351245141,-0.3528163999\N,2.039488102,-4.0351391229,0.3522973287\N, 1.8
127862773,-1.8411785752,-0.083508038\Zn,0.9906065146,0.0000891521,0.00
09196798\\Version=ES64L-G09RevD.01\State=1-A\HF=-1780.9415548\RMSD=6.3
74e-09\RMSF=6.379e-06\Dipole=1.1703343,0.0002201,-0.0011139\Quadrupole
=28.616143,42.1801118,-70.7962548,0.0069934,0.0018657,-12.7041641\PG=C
01 [X(C26H22FelN8027znl)]1\\@
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EK 52 Zn-FcUB kompleksinin gaz fazindaki log dosyalar: (devam)

UV-ViS Amax ;
Excited State 12: Singlet-A 3.8498 ev 322.05 nm £f=0.1827
<S**2>=0.000

135 ->140 -0.19335

136 ->139 0.66152
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