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OZET

(Yiiksek Lisans Tezi)

BAZI 4,5-DIHIDRO-1H-1,2 4-TRIAZOL-5-ON TUREVLERININ GAUSSIAN 09W
PROGRAMI iLE BAZI OZELLIKLERININ INCELENMESI

Thsan AVINCA

Kafkas Universitesi
Fen Bilimleri Enstittisi

Kimya Anabilim Dali

Damisman: Dr. Ogr. Uyesi Murat BEYTUR

Tez kapsaminda, literatiirde kayith 6 adet 3-aril-4-(3-metil-2-tiyenilmetileneamino)-4,5-
dihidro-1H-1,2,4-triazol-5-on (1) molekiillerinin geometrik (Bag uzunlugu, Bag agist1),
spektroskopik (IR, NMR ve UV), elektronik (HOMO-LUMO enerji farklari, iyonlagsma
potansiyeli, elektron ilgisi, molekiiler sertlik, molekiiler yumusaklik, elektronegatiflik ve
Mulliken atomik yiik degerleri) ve lineer olmayan optik Ozellikleri teorik olarak
DFT/B3LYP/6-311G(d,p) ve DFT/B3PW91/6-311G(d,p) yontemleri ve polarize setleri
kullanilarak incelenmistir. ilk dnce, Sentezlenmis molekiillerin minimum enerjili ve en
kararli yapis1 bulabilmek icin, DFT/B3LYP ve DFT/B3PWO91 yontemleri kullanilarak
optimize edilmistir. Bulunan minimum enerjili optimize edilmis geometrik yapidan ilgili
bilesiklerin bag uzunluklar1 ile bag acilar1 belirlenmistir. Molekiillerin optimize
yapisindan titresim frekanslar1 hesaplanmistir. Bilgisayar destekli Gaussian 09W paket
programi kullanilarak hesaplanan IR frekanslarinin titresim tiirlerinin belirlenmesinde
Veda4f programindan faydalanilmistir. Teorik hesaplanan titresim frekansi degerleri
uygun skala faktorleriyle carpilmis ve deneysel degerlerle mukayaese edilmistir.
DFT/B3LYP ve DFT/B3PW91 yéntemlerine gore teorik IR spektrumlari ¢izilmistir. *H-
NMR ve 1*C-NMR kimyasal kayma dagerleri optimize yap1 kullanilarak GIAO metoduna

gore hesaplanmis ve teorik olarak elde edilen kimyasal kayma dagerleri deneysel degerler



ile karsilastirilmis ve uyumlu olduklar1 gdzlemlenmistir. ilaveten, 6 adet 3-aril-4-(3-
metil-2-tiyenilmetileneamino)-4,5-dihidro-1H-1,2,4-triazol-5-on’larin (1) hesaplanan
HOMO-LUMO enerjileri, enerji farklar1 ve HOMO-LUMO enerjilerinden elde edilen
elektronik parametreler (I; Iyonlasma potansiyeli, A; elektron ilgisi, AE; Enerji Boslugu,
x; elektronegatiflik, S; molekiiler yumusaklik, @; Elektrofilik Indeks, IP; Niikleofilik
Indeks, Pi, Kimyasal Potansiyel, Toplam Enerji) ve Mulliken atomik yiik degerleri

belirlenmistir.

Anahtar Kelimeler: B3LYP, B3PW91, GIAO, 4,5-Dihidro-1H-1,2,4-triazol-5-on,
Teorik.
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ABSTRAT

(M. Sc. Thesis)

INVESTIGATION OF SOME PROPERTIES OF SOME 4,5-DiHIDRO-1H-1,2,4-
TRIAZOL-5-ON DERIVATIVES WITH GAUSSIAN 09W PROGRAM

Thsan AVINCA

Kafkas University
Graduate School of Applied and Natural Sciences

Department of Chemistry

Supervisor: Assist. Prof. Dr. Murat BEYTUR

In the scope of the thesis, the geometric (Bond angle and Bond Lenghts of 6 different 3-
aryl-4-(3-methyl-2-thienylmethyleneamino)-4,5-dihydro-1H-1,2,4-triazol-5-one,

spectroscopic (IR, NMR and UV), electronics (HOMO-LUMO energy differences,
ionization potential, electron affinity, molecular hardness, molecular softness,
electronegativity and Mulliken atomic charge values) and nonlinear optical properties
theoretically DFT / B3LYP / 6-311G (d, p) and DFT / B3PW91 / 6-311G (d, p) methods
and polarized sets. First, it was optimized using the DFT / B3LYP and DFT / B3PW91
methods to find the most energetic and minimum energy structure of the synthesized
molecules. The bond lengths and bond angles of the related compounds were determined
from the optimized geometric structure with the minimum energy found. Vibration
frequencies were calculated from the optimized structure of the molecules. Veda4f
program was used to determine the vibration frequencies of the IR frequencies calculated
using the computer aided Gaussian 09W package program. The calculated vibration
frequency values were multiplied by appropriate scale factors and compared with the
experimental values. Theoretical IR spectra were drawn according to DFT/B3LYP and
DFT/B3PW91 methods. *H-NMR and *C-NMR chemical shear markers were calculated

according to the GIAO method using optimized structure and the theoretical shear

Vi



markers obtained were compared with experimental values and found to be compatible.
In addition, the calculated HOMO-LUMO energies of 6 3-aryl-4-(3-methyl-2-
thienylmethyleneamino) -4,5-dihydro-1H-1,2,4-triazol-5-ones, energy differences and
electronic parameters obtained from HOMO-LUMO energies (I; ionization potential, A;
electron affinity, AE; Energy Gap, y; electronegativity, S; molecular softness, ®;
Electrophilic Index, IP; Nucleophilic Index, Pi, Chemical Potential, Total Energy) and

Mulliken atomic charge values were determined.

Key Words: B3LYP, B3PW91, GIAO, 4,5-Dihydro-1H-1,2,4-triazol-5-one, Theoretical
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1. GENEL BiLGILER

11 Giris

Kimya, yani madde bilimi, evrende ve tiim canlilardaki atomlar ve bunlar1 birbirine
baglayan baglarda siiregelen karmagik doniisiimleri inceler. Klasik tanimi ile kimya bir
laboratuvar bilimidir ve laboratuvarsiz kimya diisiiniilemez. Hesaplamali kimya ise, fizik
prensiplerinden (kuantum mekanik, molekiiler mekanik, molekiiler dinamik) tiiretilmis
matematiksel denklemleri (teorik kimya yontemleri) kullanarak kimyanin bilgisayar
ortaminda atomik ve molekiiler boyutta modellenmesidir. Bilgisayar teknolojisindeki ve
algoritmalarindaki hizli gelismeler hesaplamali kimya alaninin da ¢ok hizli bir sekilde
ilerlemesini saglamistir ve laboratuvar deneyleri yapmadan da kimya arastirmalari
miimkiin hale gelmistir. Hesaplamali kimya yontemlerinin kuruculari olan John Pople ve
Walter Khan’in 1998 yilinda Nobel ddiiliine layik goriilmelerinin sebebi bu alanda bilime

ve insanliga agtiklar1 yeni ufuklardan dolayidir [1].

Kimyasal degisimler olurken molekiillerdeki bazi1 baglar kirilir yerine yeni baglar olusur.
Bag kirilmalar1 ve olusmalart femto saniye (saniyenin 107° katr) mertebesinde
gerceklesen ¢ok cok hizli olaylardir. Bu kadar hizli degisimleri izleyebilecek deneysel
yontemler ve cihazlar heniiz kullanimda degildir ve bilim diinyasinin yogun bir sekilde
tizerinde ¢alistig1 zor ve 6nemli problemlerden biridir. Bunun gostergesi olarak, 1999 yili
Nobel 6diilii femtokimya alanindaki ¢alismalarindan dolayr Misirli bilim adami1 Ahmed

H. Zewail’e verilmistir [2].

Iste hesaplamali kimya bilgisayar teknolojisini ve teorik kimya prensiplerini kullanarak
bu dnemli ihtiyac1 karsilar. Soyle ki, hesaplamali kimyay bir kimyasal degisimin hizim
10%° kat yavaslatarak izleyebilmemizi saglayan bir video kamera; ayn1 zamanda da atom
ve molekiilleri 10° kat biiyiiterek gormemizi saglayan bir ultramikroskop olarak

diisiinebiliriz.

Hesaplamali kimya yontemleri ile uzayda yildizlararasi boslukta kiiciik molekiiller

arasinda gerceklesen tepkimeleri bilgisayar ortaminda kolaylikla taklit edebilir ve



izleyebiliriz. Laboratuvarda deneysel tekniklerle yakalanmasi ve izlenmesi imkansiz olan
gecis konumlarimi (aktiflesmis kompleks) bilgisayar ekraninda gorebilir hareketlerini

izleyip tepkimenin nasil gergeklestigini tiim detaylar ile anlayabiliriz.

Canlilardaki tepkimeler ise ¢ok biiylik dev molekiiller (proteinler, enzimler, DNA, RNA
vs.) lizerinden gergeklestiginden bunlart modellemek ¢ok daha karmasik ve zordur. Cok
zor olmasina ragmen bu kadar biiyiik molekiillerin degisimleri de modellenebilmekte ve
bilim diinyasina (tip, eczacilik, genetik, biyoteknoloji, biyoinformatik vs.) ¢ok onemli
yeni bilgiler kazandirmaktadir. Bu nedenle, ¢ok biiyiik molekiillerin modellenebilmesini
saglayan teorik yontemleri gelistiren Martin Karplus, Michael Levitt ve Ariech Warshel
2013 y1l1 Nobel ddiiliine layik goriildiiler [3].

Hesaplamali kimya giiniimiizde hizla gelisen ve insanligin merak ettigi bircok soruya
cevap arayan onemli ve vazgecilmez bir ara¢ haline gelmistir. ilk zamanlarda sadece
deney sonuclarini desteklemek ve agiklamak amaciyla kullanilan hesaplamali kimya artik
baslt basina yeni bilimsel bilgiler iiretebilen, deneylere yol gdsterebilen, maddenin
yapisini ve etkilesimlerini anlayabilmemizi saglayan ve kesfedebilen konuma ulagsmaistir.
Gilniimiizde o6zellikle baz1 alanlarda, hesaplamali kimya ve modelleme olmaksizin
yalnizca laboratuvar deneyleri ile hedeflenen sonuglara ulasmak imkansiz gibidir.
Ornegin, yalmzca belirli bir hedef enzime segici olarak baglanan, bu nedenle yan etkileri
olmayan, etkinligi ¢ok yiiksek modern ilaglarin kesfedilmesi molekiiler modelleme ve

bilgisayar-destekli mantiksal tasarim yontemleri sayesinde miimkiin hale gelmistir.

Bilimsel literatlirde hesaplamali kimya ve molekiil modelleme uygulamalarinin geldigi
noktalar1 gdsteren birgok drnek bulmak miimkiindiir. Ornegin Stanford Universitesinden
V. Pande ve T. Martinez’in grubu kuantum dinamik simiilasyonlar1 ile yasamin
baslangicinin 6n safhalarini taklit eden “ab initio nanoreaktor” yapmayi basardilar [4]
Asagida “Urey-Miller Nanoreactor Simulation” baglantisindaki videoda yeryiiziiniin ilk
zamanlarim temsil eden CHs, Hz, H20, CO, NHs gibi ¢ok sayida kiigiik bilesigin
bulundugu bir ortamda sicaklik ve basing etkisi ile canlilarin yap1 taglarindan biri olan

alanin aminoasitinin nasil olustugunu izlemek miimkiindiir.



Deneysel calismalar1 desteklemek veya calisma yapmadan dnce molekiillerin analiz
sonuglarint tahmin edebilmek i¢in kuantum kimyasal hesaplamalari, molekiiler
modelleme gibi bilgisayar programlar1 kullanilarak yapilmaktadir. Bu tiir hesaplamalarin
temelini kuantum mekanigi olusturur. Bu programlar molekiillerin molekiiler yapisi,
uzaydaki en kararli durumu olan optimize edilmis geometrisi, toplam enerji, dipol
moment, spektroskopik parametreler (IR, H-NMR, BC-NMR, UV ve IR titresim
frekanslar1) gibi Ozelliklerinin hesaplanacagi verimli programlarin olusturulmasini
saglamaktir. Nitekim, 4,5-dihidro-1H-1,2,4-triazol-5-on tiirevlerinin spektroskopik (IR,
NMR ve UV-vis) ve elektronik 6zellikleri density functional theory (B3LYP) yontemleri
kullanilarak arastirtlmistir [5-8].

1.1. 3-Alkil(Aril)-4-amino-4,5-dihidro-1H-1,2,4-triazol-5-on’larin ~ Sentezi ve

incelenen Baz Reaksiyonlar

Literatiirde 1,2,4-Triazol tiirevlerinin sentezlenmesi ile ilgili bir¢ok yontem vardir. 4-
amino-4,5-dihidro-1H-1,2,4-triazol-5-on (1) bilesikleri 4,5-dihidro-1H-1,2,4-triazol-5-on
tiirevlerinin en basit lyesidir ve ilk oOnce etil ortoformatin karbohidrazid ile

muamelesinden elde edilmistir (Denklem 1) [9].

0 N‘:\

(o]
HC(OC,Hs); + H,;NNH—C—NHNH, —00C, N—=NH, + 3CHsCH,0H (1)
HN4<
\

o]

1
Tezde 3 tipi bilesikler olan 3-alkil(aril)-4-amino-4,5-dihidro-1H-1,2,4-triazol-5-on’larin
sentezlenmesi i¢in literatlirde kayith bircok yontem gelistirilmistir. Bu calismalardan en
yaygin olarak kullanilan ¢aligmalar arasinda bulunun nitrillerden olusturulan iminoester
hidrokloriirler ile (2) karbohidrazidin reaksiyonu sonucu muamelesi rapor edilmistir
(Denklem 2) [10].



R 0] N:<
I ® 0 I

C=NH,CI + H,NNH—C—NHNH, —> N—NH, + R'OH + NH,.CI (2)
éR' HN

3 Tipi molekiillerin eldesi i¢in en uygun yontemlerden biri olan ve tez ¢alismasinda da
uygulalan metotta ise 2 tipi alkil imidat hidrokloriirler ile sogukta mutlak etanolde etil
karbazatin reaksiyonundan olusturulan [11-17] ester etoksikarbonilhidrazon
bilesiklerinin  (4) hidrazin hidrat (kaynar sulu ortamda) ile reaksiyonundan

olusturulmustur (Denklem 3 ve Denklem 4) [13-19].

R (0] R ')
| [CHE) [ 0-50C | /7
C=NH,CI + H,;NNH—C__ ——» C=NNH—C + NH,Cl (3)
| C2Hs | 0C,H
OR' OR' PARE
2 4
R
R 0 N =
| 4
C‘::NNH_C\ + H2NNH2H20 —_— ‘ N_NH2 + 2C2H50H (4)
OR' OC,Hs “H20 HN
o]
4 3
R
2a | CH,
2b| CH,CHj3

20 CH2CH2CH3

2d| CH,CgHs

2e CH2C6H4CH3 (p-)
2f CH2C6H4OCH3(p-)
Zg CH2C6H4CI (p-)

2h| CH,C4H,CI (m-)

2i| CgHs

4,5-Dihidro-1H-1,2,4-triazol-5-on yapisinda bulunan N-H protonundan kaynaklanan

zaylf asidik bilesikler olmasindan dolayr (Denklem 5) 5 tipi molekiillerin protonun



bulundugu azottan alkillenebildigi ve bu bilesiklere karsilik gelen N-metil (6) veya N-
alkil (7) tiirevlerinin sentezlendigi ¢ok sayida ¢alisma bildirilmistir (Denklem 6) [13, 15,
16, 20-27].

R R R R
N:< © © N:< N —< N =<
_ . _+OHveyaOEt _ ‘ . ‘ N—R ‘ N—R
‘ N—R" = H,O veya EtOH N—R <—> . — ®
HN~< :N4< N N =
Q- \ o \\(V\:O:
0 (0] 5 e &
5 | 11 11
R R R
N:< N:< N:<
D N D
aOEt, 3
HN~<\ 9[\{4\< HaC—N—
0 ®Na O o] (6)
5 5. 6
U
/VQ* 4<R
N —
‘ N—R'
R'—N4\<
(0]

3-Alkil(aril)-4-amino-4,5-dihidro-1H-1,2,4-triazol-5-on ~ (3)  molekiillerinin  elde
edilislerinin aragtirtldigi iki farkli ¢alismadan ilkinde suksindialdehid tiirevi olan 2,5-
dimetoksitetrahidrofuran molekiiliiniin uygun reaksiyon sartlarinda asetik asit varliginda
elde edilen N,N'-bagli biheterosiklik molekiiller olarak belirtilen 3-alkil(aril)-4-(pirrol-1-
il)-4,5-dihidro-1H-1,2,4-triazol-5-on  (8) ve nitrobenzen kullanarak n6tr  ortam
kusullarinda  N,N'-bis-(3-alkil-4,5-dihidro-1H-1,2,4-triazol-5-on-4-il)-1,4-butandiimin
(9) molekiillerini, Ikincisinde de asetonil asetonle reaksiyon sonucu N,N'-bagh
biheterosiklik molekiil olarak belirtilen 3-alkil(aril)-4-(2,5-dimetilpirrol-1-il)-4,5-
dihidro-1H-1,2,4-triazol-5-on (10) molekiillerinin sentezlendigi bildirilmistir (Denklem
7-9) [13, 15, 16, 28, 29].
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R R CHs
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HN "2H20 HN4< \:
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0 0 CHs
3 10

3 tipi bilesiklerin 2-furoil kloriir ve tiyofen-2-karbonil kloriir ile reaksiyonlar1 da
incelenmis ve karsin olan 11 tipi 3-alkil(aril)-4-(2-furoilamino)-4,5-dihidro-1H-1,2,4-
triazol-5-on ve 12 tipi 3-alkil(aril)-4-(2-tiyenilkarbonilamino)-4,5-dihidro-1H-1,2,4-
triazol-5-on bilesiklerini elde edildigi bildirilmistir (Denklem 10 ve Denklem 11) [25,
30].

R R
N — | | N:< (|)| 0
‘ N—NH, + (I:I_CI —_— ‘ N—NH—C | | + HCI (10)

Dl L
HN
HN \\ 0 \
0 0]
3 11



R R
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N\ 0 N\
0 0

H

3 12

Bir primer amin gibi hareket eden ve N-NHzgrubuigeren 3 tipi bilesiklerin bazi aromatik
ve/veya heteroaromatik aldehidlerle reaksiyonlari incelenerek karsin olan heteroaromatik
Schiff bazlar1 (13) elde edilmistir (Denklem 12) [15, 16, 31, 32]. Nitekim 3 tipi
bilesiklerin piridin-2-, piridin-3- ve piridin-4-karboksialdehidler ile muamelesinden 14
tipi heterosiklik Schiff bazlar1 elde edilmis ve bu bilesiklerin antifungal aktivite
gosterdikleri belirlenmistir (Denklem 13) [33].

R R
N:< N_—<
‘ N—NH, + ArCHO H—O> ‘ N—N=CH—ATr (12)
-H
HN HN
\ N\
0 0
3 13
R R
N:< N:<
‘ N—NH, + CHO W» ‘ N—N=CH~@ (13)
-Hy
HN4< HN4<
A\ N A\ N
0 0
3 14

4 5-dihidro-1H-1,2,4-triazol-5-on tiirevlerinin *H- ve 3C-NMR spektrumlarinin deneysel
ve teorik olarak incelendigi iki farkli calisma son yillarda yapilmistir. Calismalardan
birinde 3 tipi bilesiklerin 5-metil-2-furfural ile muamelesinden 15 tipi 3-alkil(aril)-4-(5-
metil-2-furilmetilenamino)-4,5-dihidro-1H-1,2,4-triazol-5-on  bilesikleri [34, 35],
digerinde ise 5-bromosalisilaldehid ile reaksiyonundan 16 tipi 3-alkil(aril)-4-(5-bromo-
2-hidroksibenzilidenamino)-4,5-dihidro-1H-1,2,4-triazol-5-on bilesikleri elde edilmis ve



'H- ve BC-NMR incelemeleri deneysel ve teorik olarak yapilmistir (Denklem 14 ve
Denklem 15) [36, 37].

R R
T_ N—NH, + Hc—[l ]—-’ CHO —(——=> T_ N—N—CH‘[ l CH 14
HNJ Z 3 © 20 HN © © 0
N\ A
(0] (6]
3 15
R Br R Br
N = N =
r = (15)
N—NH, + CHO H—O> N—N=CH
-H>
H
HN \ \\
0 OH 0 HO
3 16

4,5-dihidro-1H-1,2,4-triazol-5-on (3) bilesiklerinin 4-etilbenzaldehid ile 3-alkil(aril)-4-
(4-etilbenzilidenamino)-4,5-dihidro-1H-1,2,4-triazol-5-on (17) bilesiklerinin olustugu
bir ¢alisma ile ortaya konmustur (Denklem 16) [38, 39]. Bu calismada 17 tipi bilesiklerin
asitlik ve antioksidan &zellikleri incelenmistir. Ayrica, tH-NMR ve *C-NMR ile infrared
spektral verileri deneysel ve teorik olarak, bag agilari, bag uzunluklari, mulliken yiikleri,
HOMO-LUMO enerjileri, dipol momentleri ve enerjileri ise teorik olarak bilgisayar

ortaminda iki farkli set kullanilarak incelenmistir [40, 41].

R R

N :< N :<
‘JN—NHZ + CZHS@CHO W ‘JN_N:CH@CZHS (16)
HN \\ HN \\
o o)
3 17
Literatiirde  kayith baska bir arastirmada ise, trietilaminli ortamda 4-

hidroksibenzaldehidin fenilasetil kloriir ile muamelesinden elde edilen 18 tipi

benzaldehid tiirevinin 3 tipi bilesiklerle reaksiyonundan elde edilen 19 tipi bilesiklerin



asetik anhidrid ile muamelesinden 20 tipi N-asetil tiirevleri sentezlenmis, yapilar
aydinlatilmis ve in-vitro antioksidan o6zellikleri incelenmistir. 19 ve 20 tipi bilesiklerin
in-vitro antioksidan Ozellikleri yaninda 19 tipi bilesiklerin susuz ortam titrasyonlari
yapilarak asitlik sabitleri tayin edilmistir (Denklem 17) [42-45]. Bunlardan baska, 19 tipi
bilesiklerin *C-NMR ve 'H-NMR’le infrared spektral verileri teorik olarak ve deneysel,
bag agcilari, bag uzunluklari, mulliken yiiklerii, HOMO-LUMO enerjileri, dipol
momentleri ve enerjileri ise teorik olarak bilgisayar ortaminda iki farkli set kullanilarak

son yillarda incelenmistir [40, 46].

i
OHC@OH + @CHZ—CCI
R R
0 0
N:< 1l N:< I
| N—NH, + OHC OC—CH, W | N—N=CH OC—CH,
HN—<\ F HN —
0 0

3 18 19

+(CH4C0),0 (17)
-CH4COOH

0]
I

R
N:<

| N—N:CH@OC—CHZ@
H C—C—N—<
o \
0 (0]

20

Benzensiilfonil kloriiriin trietilamin varliginda 4-hidroksibenzaldehid ile buz banyosunda
muamelesinden elde edilen 21 tipi benzaldehid tiirevinin 3 tipi bilesiklerle reaksiyonu da
son yillarda incelenmis ve 22 tipi 3-alkil(aril)-4-(4-benzensulfoniloksibenzilidenamino)-
4,5-dihidro-1H-1,2,4-triazol 5-on bilesikleri elde edilmistir (Denklem 18). Calismada
ayrica 22 tipi bilesiklerin farkli susuz c¢oziiciilerde potansiyometrik yontemle pKa
degerlerinin tayini yaninda 3 farkli yontemle in-vitro antioksidan 6zellikleri ve DNA ile
eslesme Ozellikleri incelenmis olup, bu bilesiklerin yakin bir zamanda in-vitro biyolojik
aktivite incelemeleri de yapilmustir [47-50]. Bunlardan baska, 22 tipi bilesiklerin *H-
NMR ve *C-NMR ile infrared spektral verileri deneysel ve teorik olarak, bag agilari, bag



uzunluklar1, mulliken yiikleri, HOMO-LUMO enerjileri, dipol momentleri ve enerjileri

ise teorik olarak bilgisayar ortaminda iki farkl: set kullanilarak incelenmistir [40].

I
OH C@OH + @—ﬁ—u
o}
+ EtgN
- HClI
N——NH

NH,

:<R

N

(0]

N—N=CH

0 N
| /L I
S + OHC oS —
RN o i -H,0 HN4<
o]

22

(18)

Son yillarda yapilan bir ¢alismada 3 tipi bilesiklerin metil 4-formil benzoat ile

reaksiyonundan sentezlenen 23 tipi bilesikleri ve bunlarin asetik anhidrid ile

muamelesinden N-asetil tiirevleri olan 24 tipi bilesikler sentezlenmistir. Yapilari

aydinlatilmis ve H-NMR ¥C-NMR spektral verileri yeni B3LYP metoduna gore

hazirlanarak deneysel verilerle mukayesesi yapilmis ve molekiiller 6-311G temel seri

kullanilarak optimize edilmistir (Denklem 19) [51-53]

R
)

N\

3 0

10

R

N:< T N:<
‘ N—NH, + OHC@C—OCH3 o ‘ N—N=CH
“r2
AN —( HN—(

A
o)

23

(CH3C0),0
-CH3;COOH

24

(19)



4,5-Dihidro-1H-1,2,4-triazol-5-on tiirevlerinin teorik olarak incelenen *H-NMR ve 3C-
NMR verileri 25 tipi bilesikler iizerinde ¢alisilmis olup ayrica bu bilesiklerin in-vitro
antioksidan oOzelliklerinin incelenmesi yaninda susuz ortamda pKa degerleri de tayin

edilmistir (Denklem 20) [54].

R R

N:< 0 N:< (IJI

I

‘ N—NH, + O,N c—cl —> ‘ N—NH—C NO,  (20)

/ -HCI
HN — HN

0] (0]
3 25

1,2,4-Triazol-5-on tiirevlerinin teorik hesaplanan IR frekans degerlerinin deneysel
verilerle uyumu tizerinde az sayida ¢alisma yapilmistir. Bu ¢calismalardan birinde 26 tipi
bilesiklerin digerlerinde ise 27, 28 ve 29 bilesiklerinin DFT ve HF yontemleri ile titresim
frekanslar1 hesaplanmis ve elde edilen veriler deneysel verilerle mukayese edilmistir [55-

57].

CH3 CH3
]
HN HNJ\
N\ A\
0 )
26 27

28 29

3-(2-Hidroksifenil)-4-fenil-1H-1,2,4-triazol (30) bilesiginin farkli HF, BLYP ve B3LYP

teori diizeylerini 6-31G (d) temel set ile belirlenmistir, geometrik parametreler, titresim

11



frekanslar1 ve basliktaki bilesigin kimyasal kaymalar1 hesaplanmis ve deneysel olarak
karsilastirilmistir. Ayrica, teorik frekans sonuglarinin HF, BLYP ve B3LYP yontemleri

icin deneysel sonuglara mukayese edilmistir [58].

HO

zZ—2

H

4\:@

Atalay ve arladaslar tarafindan yapilan bagka bir ¢alismada, 2-amino-5-fenil-1,3,4-
thiadiazol (31) molekiiliiniin geometrik ve titresim parametreleri 6-31G (d) temel seti ile
B3LYP ve HF yontemi kullanarak hesaplanmistir. Elde edilen sonuglardan B3LYP
yonteminin sonuglari, titresim frekanslarinin degerlendirilmesinde deneysel olanlara

HF'den daha iyi uydugunu gézlemlenmistir [59].

z—2Z
|
()

X

NH,

3-Amino-5-merkapto-1,2,4-triazoliin (32) molekiiler titresimlerin FT-IR ve FT-Raman
spektroskopileri ile incelenmistir. Ayrintili bir titresim spektral analizi gerceklestirilmistir
Ayrica, atomik ylikler, HOMO-LUMO enerjileri ve gesitli termodinamik 6zellikleri ab
initio Hartree-Fock (HF) ve Yogunluk Fonksiyonel Teorisi, (B3LYP) ile 6-311G (d,p) ve
6-311++G(d,p) temel setleri kullanilarak hesaplanmustir. ilaveten, 3-Amino-5-merkapto-
1,2,4-triazollin (32) bilesiginin Dogal Bag Orbital (NBO) ¢alismas1 yapilmistir [60].
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4-Amino-5-(5-metil-1H-pirazol-3-il)-4H-1,2,4-triazol-3-tiyol (33) ile 34 tipi aldehid
tiirevlerinin reaksiyonundan 35 tipi bilesikler sentezlenmistir. Bu 35 tipi bilesiklerin
yapilart spektroskopik veriler kullanilarak aydinlatilmistir. Sentezlenen bilesiklerin DFT
hesaplamalar1 yardimiyla reaktif Ozellikleri ve molekiiler dinamik simiilasyonlari

incelenmistir [61].

(21)

33 34 35

3-Benzil-4-[3-(3-nitrobenzoksi)-4-metoksibenzilidenamino]-4,5-dihidro-1H-1,2,4-

triazol-5-on (36) molekiilit B3LYP/631G(d,p) ve HF/631G(d,p) yontemleri ve temel seti
kullanilarak optimize edilmistir. Bu optimize edilmis yapidan baslayarak H-NMR ve
13C-NMR ve GIAO ydntemine gore, IR spektral veri degerleri Gaussian GO9W program
paketi yontemi kullanilarak hesaplanmigtir. Etanol ¢oziilii ortamda Deneysel ve teorik
olarak UV-vis degerleri hesaplanmis ve mukayese edilmistir. ilaveten, her iki yontemden

elde edilen HOMO-LUMO enerjisi belirlenmistir [62].

13
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CHj
CH,
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‘ N—N=CH o0—C
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36

Bu calismada, 3-metil-4-[3-(p-nitrobenzoksi)-benzilidenamino]-4,5-dihidro-1H-1,2,4-
triazol-5-on (37) bilesiginin teorik spektroskopik ozellikleri incelenerek bazi deneysel
verilerle mukayese edilmistir. Molekiil B3LYP, HF yontemleri ve 6-311G(d,p) temel seti
kullanilarak optimize edilmistir. Optimize yapidan GIAO metoduna gére *H-NMR ve
13C-NMR kimyasal kayma degerleri Gaussian GO9W bilgisayar program: vasitasiyla gaz
fazinda hesaplanmistir. Calismanin teorik kisminda ayrica, bilesigin IR frekans degerleri
hesaplanmis ve bulunan degerler belirli uyum faktorleri ile garpilmistir. UV-vis degerleri
de etanollii ortamda teorik olarak hesaplanmistir. Ilaveten, molekiiliin bag uzunluklar,
bag acilari, Mulliken atomik yiikleri, HOMO-LUMO enerjileri, dipol momentleri, toplam
enerjileri, iyonlagma potansiyeli, elektron ilgisi, molekiiler yumusaklik, molekiler sertlik

ve elektronegatifligi ayn1 metodlar ve ayni set kullanilarak hesaplanmistir [63].

CHs
N= I
‘ N—NZCH©O—C@NOZ
HN
\
0

37

1-Metil-3-fenil-4-[3-(p-nitrobenzoksi)-benzilidenamino]-4,5-dihidro-1H-1,2,4-triazol-5-
on (38) bilesiginin *H-NMR ve BC-NMR kimyasal kayma degerleri GIAO metoduyla ve

14



IR titresim frekanslar1 Gaussian GO9W paket program: kullanilarak hesaplanmistir.
flaveten, 1-metil-3-fenil-4-[3-(pnitrobenzoksi) benzilidenamino]-4,5-dihidro-1H-1,2,4-
triazol-5-on bilesiginin bag acilari, bag uzunluklari, Mulliken atomik yiikleri, HOMO-

LUMO enerjileri, dipol momentleri, toplam enerjileri incelenmistir [64].

38

Yapilan farkli bir ¢calismada ise, 2-(3-hidroksi-4-metoksibenzilidenamino)-5-merkapto-
1,3,4-tiyadiazol (40) molekiilinin geometrik parametreleri (bag uzunluklar ve bag
acilari), titresim frekanslari, NMR spektral degerleri ve dogrusal olmayan optik (NLO)
ozellikleri tizerine teorik ve deneysel bir calisma gergeklestirilmistir. Ek olarak,
sentezlenmis yeni bilesigin HOMO ve LUMO enerjileri, molekiiler elektrostatik
potansiyeli, elektron ilgisi, iyonlasma potansiyeli, molekiiler yumusaklik, molekiiler
sertlik, elektronegatiflik, dipol momentleri ve toplam enerjileri gibi elektronik 6zellikleri

ayni set ve yontemler kullanilarak hesaplanmistir [65].

N N:<
‘ S + OHC OCH; —>-HC| ‘ S (22)
N:< N:<

39 40
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Son yillarda 3 tipi bilesiklerle ilgili yapilan ¢alismada 3 bilesiklerinin 3,4-
dihidroksibenzaldehid ile muamelesinden Schiff bazlari olan 41 tipi 3-alkil(aril)-4-(3,4-
dihidroksibenzilidenamino)-4,5-dihidro-1H-1,2,4-triazol-5-on bilesikleri elde edilmis ve
bu bilesiklerin susuz ortamda potansiyometrik olarak titrasyonlar1 yapilarak yari
notralizasyon yontemi ile pKg degerleri bulunmus ve antioksidan 6zellikleri incelenmistir
[21, 66-68]. AyricaAntioksidan Ozellikleri deneysel olarak belirlenmis bazi 4-
benzilidenamino-4,5-dihidro-1H-1,2,4-triazol-5-on  tiirevlerinin ~ (41)  Yogunluk
Fonksiyonel Teorisi yontemiyle antioksidan etkinliklerinin karsilastirilmasi yapilmaistir.
Antioksidan aktivitesi tizerindeki solvasyon etkileri, farkli dielektrik sabitleri (€ = 2.25,
C6H6; € = 78.39, H20) ile iletken benzeri polarize siireklilik modeli kullanilarak dikkate
alinmigtir. Ug antioksidan reaksiyon mekanizmasi, hidrojen atom transferi (HAT), tek
elektron transfer-proton transferi (SET-PT) ve ardisik proton kaybi elektron transferi
(SPLET) agiklanmistir. Bu mekanizmalardaki adimlarla ilgili reaksiyon entalpileri gaz
fazinda ve ¢oziiciilerde hesaplanmis, hesaplanan sonuclarin deneysel degerlerle
uyumlulugu tartisilmistir. Hesaplamalar, DFT yontemiyle nétral molekiiller ve anyonlar
icintB3LYP/ 6-311++G (2d,2p), radikaller ve katyonlar icin uB3LYP/ 6-311++G (2d,2p)
temel setleri kullanilarak yapilmistir [69].

R OH R OH
N:< N:<
‘ N—NH, + OHC@OH Tor™ ‘ N—N=CH@OH (23)
HN~<\ HN4\<
0 (0]
3 41

Farkl1 bir ¢alismada ise, {bis-4-[(3-alkil-5-0kso-1 H-1,2,4-triazol-4 (5H)-il)-iminometil]-
fenil}[1,1°-bifenil]-4,4’-distilfonat (43) bilesikleri sentezlenmis ve yapilart spektral
yontemlerle belirlenmistir. Bu bilesiklerinin korozyon onleyici aktiviteleri, kuantum

mekaniksel yontemler kullanilarak arastirilmistir [70].
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2. MATERYAL VE YONTEM

2.1. Deneysel Veriler

Calismada ilk olarak 3-metiltiyofen-2-karboksialdehid ile 3 tipi bilesiklerin ayr1 ayn
muamelesinden 6 farkli 44 tipi 3-aril-4-(3-metil-2-tiyenilmetileneamino)-4,5-dihidro-
1H-1,2,4-triazol-5-on bilesikleri olan 3-benzil-4-(3-metil-2-tiyenilmetileneamino)-4,5-
dihidro-1H-1,2,4-triazol-5-on (45), 3-p-metilbenzil-4-(3-metil-2-tiyenilmetileneamino)-
4,5-dihidro-1H-1,2,4-triazol-5-on (46), 3-p-Metoksibenzil-4-(3-metil-2-
tiyenilmetileneamino)-4,5-dihidro-1H-1,2,4-triazol-5-on  (47), 3-p-Kolorobenzil-4-(3-
metil-2-tiyenilmetileneamino)-4,5-dihidro-1H-1,2,4-triazol-5-on (48), 3-m-
Kolorobenzil-4-(3-metil-2-tiyenilmetileneamino)-4,5-dihidro-1H-1,2,4-triazol-5-on (49)
ve 3-Fenil-4-(3-metil-2-tiyenilmetileneamino)-4,5-dihidro-1H-1,2,4-triazol-5-on  (50)
molekiilleri elde edilmistir (Denklem 25) [71].

R CH, R HaC
N = @[ N:< . (25)
_ _—> —N—=
‘ N—NH, + S CHO H,0 ‘ N—N=CH S
HN HN
\ A\
0 0
3 44

Literatiirde kayith 6 farkli 3-aril-4-(3-metil-2-tiyenilmetileneamino)-4,5-dihidro-1H-
1,2,4-triazol-5-on (44) [71] molekiillerinin geometrik (Bag uzunlugu, Bag acisi),
spektroskopik (IR, NMR ve UV), elektronik (HOMO-LUMO enerji farklari, iyonlagma
potansiyeli, elektron ilgisi, molekiiler sertlik, molekiiler yumusaklik, elektronegatiflik ve
Mulliken atomik yiik degerleri) ve lineer olmayan optik Ozellikleri teorik olarak
DFT/B3LYP/6-311G(d,p) ve DFT/HF/6-311G(d,p) yoOntemleri ve polarize setleri

kullanilarak incelenmistir.
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2.2. Hesaplama Metodlari

Literattirde kayith gaz fazindaki ve temel durumdaki molekiillerin ti¢ boyutta yaklasik
geometrisi  GaussView5.0 molekiiler gorintileme yaziliminda ¢izilmistir [72].
molekiillerin baslangic geometrileri GaussView 5.0 paket yaziliminda elde edilerek
Gaussian09W yazilimina giris verisi olarak aktarilmigtir [73, 74]. GaussianO9W paket
programi yardimiyla molekiilleri minimum enerjili en kararli yapisini bulabilmek i¢in
optimize islemi yapilabilir. Optimize yapidan incelenmek istenilen molekiillerin
geometrik, spektroskopik, elektronik ve termodinamik 6zellikler gibi birgok parametre
analiz edilebilir. Yapilan teorik hesaplama proseslerinde bilesiklerin veya atomlarin temel

ya da uyarilmis durumlar1 kullanilabilmektedir [73, 76, 77].

Ab-initio yontemi, Schrodinger dalga denkleminin deneysel degerler olmadan analizine
dayanir [78, 79]. Schrodinger dalga denklemimin ¢oziimii tek elektronlu hidrojen
atomuyla miimkiin oldugu goriilmektedir. Buna karsin, ¢ok elektronlu yapilarda analizi
¢ok zor oldugu sebebiyle HF-SCF (Hartree-Fock 6z uyumlu alan teorisi) ve DFT
(yogunluk fonksiyonu teorisi) gibi matematiksel yaklagimlar kullanilmaktadir. Yapilarin
elektronik ozelliklerinin daha iyi belirlenmesi igin, elektron yogunlugunu hesaba katan
ve bu elektron yogunlugu iizerinde istenen verileri iireten DFT yontemi kullanilmistir. Ek
olarak, Gaussian 09W yazilimindaki B3LYP hibrit fonksiyonu, workstation kapasitesine
uygun ve temel set olarak polarize 6-311G(d,p) temel seti uygulanmustir [75]. Yapilan
tiim hesaplamalar Kafkas Universitesi Fen-Edebiyat Fakiiltesi Kimya Boliimii'nde

bulunan bilgisayarlarda yapilmistir.

Bu tez ¢alismasinda, Sentezlenmis molekiillerin minimum enerjili ve en kararli yapisi
bulabilmek i¢in, DFT/B3LYP ve DFT/ B3PW91l yontemleri kullanilarak optimize
edilmistir. Bulunan minimum enerjili optimize edilmis geometrik yapidan ilgili
bilesiklerin bag uzunluklar1 ile bag acilar1 belirlenmistir. Molekiillerin optimize
yapisindan titresim frekanslari hesaplanmistir. Bilgisayar destekli Gaussian 09W paket
programi kullanilarak hesaplanan IR frekanslarimin titresim tiirlerinin belirlenmesinde
Vedadf programindan faydalanilmistir. Teorik hesaplanan titresim frekansi degerleri

uygun skala faktorleriyle carpilmis ve deneysel degerlerle mukayaese edilmistir.
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DFT/B3LYP ve DFT/B3PW91 ydntemlerine gore teorik IR spektrumlari gizilmistir. 1H-
NMR ve 1*C-NMR kimyasal kayma dagerleri optimize yap1 kullanilarak GIAO metoduna
gore hesaplanmis ve teorik olarak elde edilen kimyasal kayma dagerleri deneysel degerler
ile karsilastirilmis ve uyumlu olduklar1 gdzlemlenmistir. Ilaveten, 6 adet 3-aril-4-(3-
metil-2-tiyenilmetileneamino)-4,5-dihidro-1H-1,2,4-triazol-5-on’larin (1) hesaplanan
HOMO-LUMO enerjileri, enerji farklar1 ve HOMO-LUMO enerjilerinden elde edilen
elektronik parametreler (I; Iyonlasma potansiyeli, A; elektron ilgisi, AE; Enerji Boslugu,
y; elektronegatiflik, S; molekiiler yumusaklik, ®; Elektrofilik Indeks, IP; Niikleofilik
Indeks, Pi, Kimyasal Potansiyel, Toplam Enerji) ve Mulliken atomik yiik degerleri

belirlenmistir.
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3. BULGULAR

3.1. Deneysel Veriler

Calismada ilk olarak 3-metiltiyofen-2-karboksialdehid ile 3 tipi bilesiklerin ayr1 ayri
muamelesinden 6 farkli 44 tipi 3-aril-4-(3-metil-2-tiyenilmetileneamino)-4,5-dihidro-
1H-1,2,4-triazol-5-on bilesikleri sentezlenmistir [71]. Sentezlenen bu bilesiklerin yapilari
IR, NMR ve UV spektroskopik metodlar yardimiyla aydinlatilmistir [71].

3.1.1. 3-Benzil-4-(3-metil-2-tiyenilmetileneamino)-4,5-dihidro-1H-1,2,4-triazol-5-on
(45) [71]

45

Verim 97.3%, Erime Noktas1 196 °C; IR (KBr) (v, cm™): 3169 (NH), 1706 (C=0), 1590
(C=N), 770 ve 699 (monosubstitute benzenoid halka); tH-NMR (DMSO-ds, J ppm): 2.29
(s, 3H, CHs), 3.94 (s, 2H, CHy), 7.00 (d, 1H, arH, J=5.12 Hz), 7.20-7.29 (m, 5H, arH),
7.68 (d, 1H, arH, J=5.12 Hz), 9.81 (s, 1H, N=CH), 11.96 (s, 1H, NH); 1*C-NMR (DMSO-
de, 0 ppm): 14.43 (CH3), 31.83 (CHy), ar-C: [127.43, 129.11 (2C), 129.57 (2C), 130.75,
131.93, 132.41, 136.33, 143.64], 146.55 (triazol-C3), 148.04 (N=CH), 152.06 (triazol-
C5); UV max (€): 316 (19329), 280 (12385), 220 (10994) nm.
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3.1.2. 3-p-Metilbenzil-4-(3-metil-2-tiyenilmetileneamino)-4,5-dihidro-1H-1,2,4-
triazol-5-on (46) [71]

CHs
CH,
N—< T
‘ N—N=CH
HN4<
\O CH,

46

Verim 96.2%, Erime Noktas1. 189 °C; IR (KBr) (v, cm™): 3167 (NH), 1707 (C=0), 1592
(C=N), 831 (1,4-disubstitute benzenoid halka); *H-NMR (DMSO-ds, 6 ppm): 2.25 (s, 3H,
CHa), 2.32 (s, 3H, CH3), 3.91(s, 2H, CHy), 7.03 (d, 1H, arH), 7.11 (d, 2H, arH),7.42 (d,
2H, arH), 7.72 (d, 1H, arH), 9.83 (s, 1H, N=CH), 11.96 (s, 1H, NH); 3C-NMR (DMSO-
ds, § ppm): 14.22 (CHs), 21.07 (CHs), 31.23 (CH>), ar-C: [129.23 (2C), 129.45 (2C),
130.53, 131.71, 132.21, 133.01, 136.27, 143.40], 146.50 (triazol-C3), 147.80 (N=CH),
151.85 (triazol-C5); UV hmax (€): 314 (17627), 272 (12887), 216 (14785) nm.

3.1.3. 3-p-Metoksibenzil-4-(3-metil-2-tiyenilmetileneamino)-4,5-dihidro-1H-1,2,4-
triazol-5-on (47) [71]

CHj,
/
(0]
CH,
N—< T
‘ N—N=CH
HN4<
\o CH,

46
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Verim 94.0%; Erime Noktas1 207 °C; IR (KBr) (v, cm™): 3166 (NH), 1707 (C=0), 1612,
1593 (C=N), 833 (1,4-disubstitute benzenoid halka); *H-NMR (DMSO-ds, 6 ppm): 2.29
(s, 3H, CHs), 3.77 (s, 3H, OCHs3), 3.96 (s, 2H, CHy), 6.92 (d, 2H, arH), 7.09 (d, 1H, arH),
7.29 (d, 2H, arH), 7.78 (d, 1H, arH), 9.90 (s, 1H, N=CH), 12.01 (s, 1H, NH); *C-NMR
(DMSO-ds, 0 ppm): 14.22 (CHa), 30.76 (CH), 55.48 (OCH3), ar-C: [114.30 (2C), 127.90,
130.42 (2C), 130.50, 131.72, 132.24, 143.40, 158.56], 146.35 (triazol-C3), 147.78
(N=CH), 151.86 (triazol-C5); UV Amax (€): 314 (21222), 284 (18687), 272 (16259), 226
(19262), 212 (16858) nm.

3.1.4. 3-p-Kolorobenzil-4-(3-metil-2-tiyenilmetileneamino)-4,5-dihidro-1H-1,2,4-
triazol-5-on (48) [71]

Cl

CH,
n=( T
‘ N—N=CH
HN—ﬁg
o CH,4

Verim 99.3%, Erime Noktas1. 244 °C; IR (KBr) (v, cm™): 3165 (NH), 1705 (C=0), 1589
(C=N), 833 (14-disubstitute benzenoid halka); *H-NMR (DMSO-ds, J ppm): 2.29 (s, 3H,
CHs), 3.95 (s, 2H, CH?2), 7.00 (d, 1H, arH, J=4.67 Hz), 7.29-7.35 (m, 4H, arH), 7.68 (d,
1H, arH, J=4.76 Hz), 9.81 (s, 1H, N=CH), 11.96 (s, 1H, NH); 3C-NMR (DMSO-ds, &
ppm): 14.43 (CHs), 31.20 (CHy), ar-C: [129.03 (2C), 130.78, 131.48 (2C), 131.93,
132.11, 132.35, 135.30, 143.70], 146.19 (triazol-C3), 148.11 (N=CH), 152.05 (triazol-
C5); UV Amax (€): 316 (19057), 282 (12505), 224 (15823) nm.
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3.1.5. 3-m-Kolorobenzil-4-(3-metil-2-tiyenilmetileneamino)-4,5-dihidro-1H-1,2,4-
triazol-5-on (49) [71]

Cl
CH,
N—< T
‘ N—N=CH
N —(
4
o CHj,
49

Verim 74.3%, Erime Noktas1. 165 °C; IR (KBr) (v, cm™): 3184 (NH), 1703 (C=0), 1584
(C=N), 787 ve 689 (1,3-disubstitute benzenoid halka); *H-NMR (DMSO-ds, 5 ppm): 2.32
(s, 3H, CH3), 4.01 (s, 2H, CH>), 7.03 (d, 1H, arH), 7.26-7.37 (m, 3H, arH), 7.41 (s, 1H,
arH), 7.73 (d, 1H, arH), 9.48 (s, 1H, N=CH), 12.01 (s, 1H, NH); 3C-NMR (DMSO-ds, 6
ppm): 14.22 (CHs), 31.26 (CHy), ar-C: [127.27, 128.12, 129.43, 130.68, 130.71, 131.73,
132.11, 133.41, 138.50, 143.53], 145.81 (triazol-C3), 147.96 (N=CH), 151.82 (triazol-
C5); UV hmax (2): 314 (15246), 274 (11610), 214 (16190) nm.

3.1.6. 3-Fenil-4-(3-metil-2-tiyenilmetileneamino)-4,5-dihidro-1H-1,2,4-triazol-5-on
(50) [71]

N — S |
N—N=CH |
HNJ\\
o CH,
50



Verim 96.8%, Erime Noktas1. 202 °C; IR (KBr) (v, cm™): 3166 (NH), 1700 (C=0), 1578
(C=N), 769 ve 691 (monosubstitute benzenoid halka); tH-NMR (DMSO-ds, J ppm): 2.35
(s, 3H, CHs), 7.02 (d, 1H, arH, J=4.76 Hz), 7.48-7.49 (m, 3H, arH), 7.69 (d, 1H, arH,
J=4.76 Hz), 7.86-7.89 (m, 2H, arH), 9.76 (s, 1H, N=CH), 12.35 (s, 1H, NH); 3C-NMR
(DMSO-ds, 0 ppm): 14.48 (CHg3), ar-C: [127.32, 128.43 (2C), 129.13 (2C), 130.76,
131.07, 132.02, 132.24, 144.12], 144.79 (triazol-C3), 151.11 (N=CH), 152.21 (triazol-
C5); UV Amax (€): 318 (18224), 276 (20016), 226 (15201) nm.

3.2. Teorik Veriler
3.2.1. Geometrik Optimizasyon

Sentezlenmis bilesiklerin {i¢ boyutlu yaklasik geometrisi GaussView 5.0 paket
programinda [72] c¢izilmistir. Bu geometrik yapilardan faydalanarak Gaussian 09W
programi kullanilarak Yogunluk Fonksiyonu Teorisinin (DFT) B3LYP ve B3PW91
yontemleriyle polarize fonksiyonlar tizerinden 6-311G(d,p) temel seti ile en optimize
edilmis bilesiklerin herbir atomun uzaydaki en kararli yerlesimleri, minimum enerjili

uzay yapisi belirlenmistir (Sekil 2.1-6) [76].

Sekil 3.1. 3-Benzil-4-(3-metil-2-tiyenilmetileneamino)-4,5-dihidro-1H-1,2,4-triazol-5-
on (45) molekiiliiniin DFT/6-311G (d,p) yontemiyle optimize edilmis yapisi
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Sekil 3.2. 3-p-Metilbenzil-4-(3-metil-2-tiyenilmetileneamino)-4,5-dihidro-1H-1,2,4-
triazol-5-on (46) molekiiliiniin DFT/6-311G (d,p) yontemiyle optimize edilmis yapisi

Sekil 3.3. 3-p-Metoksibenzil-4-(3-metil-2-tiyenilmetileneamino)-4,5-dihidro-1H-1,2,4-
triazol-5-on (47) molekiiliiniin DFT/6-311G (d,p) yontemiyle optimize edilmis yapisi
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Sekil 3.4. 3-p-Kolorobenzil-4-(3-metil-2-tiyenilmetileneamino)-4,5-dihidro-1H-1,2,4-
triazol-5-on (48) molekiiliiniin DFT/6-311G (d,p) yontemiyle optimize edilmis yapisi

Sekil 3.5. 3-m-Kolorobenzil-4-(3-metil-2-tiyenilmetileneamino)-4,5-dihidro-1H-1,2,4-
triazol-5-on (49) molekiiliiniin DFT/6-311G (d,p) yontemiyle optimize edilmis yapisi
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Sekil 3.6. 3-Fenil-4-(3-metil-2-tiyenilmetileneamino)-4,5-dihidro-1H-1,2,4-triazol-5-on
(50) molekiiliiniin DFT/6-311G (d,p) yontemiyle optimize edilmis yapisi

Optimize edilen bilesiklerin yapilar1 Sekil 2.1-6’da verilmistir. Bu bilesiklerin bag
uzunluklar (Tablo 2.1-6), ve bag agilari (Tablo 2.7-12) Yogunluk Fonksiyonu Teorisinin
(DFT) B3LYP ve B3PW91 yontemleriyle 6-311G(d,p) temel seti kullanilarak teorik
olarak hesaplanmustir.

Tablo 3.1. 45 Bilesiginin DFT/B3LYP ve DFT/B3PW91 yontemleriyle optimize yapidan

olusturulan teorik bag uzunluklari (A%)

Bag Uzunluklan B3LYP  B3PWO91 Bag Uzunluklan B3LYP  B3PWO91

1 C1-C9 1.498 1.492 20 C8-H22 1.094 1.095
2 C1-N31 1.295 1.294 21  C9-H10 1.513 1.508
3 CI1-N32 1.390 1.385 22 C9-Hz3 1.095 1.095
4  C2-N30 1.368 1.365 23 C9-H24 1.095 1.095
5 C2-N32 1.418 1.412 24  Cl0-Cl1 1.397 1.395
6 C2-035 1.218 1.216 25 C10C-15 1.397 1.395
7 C3-C4 1.442 1.439 26 Cli1-C12 1.393 1.390
8 C3-H17 1.085 1.087 27  Cl11-H25 1.085 1.086
9 C3-N33 1.289 1.288 28 C12-C13 1.393 1.391
10 C4-C5 1.384 1.384 29  Cl12-H26 1.084 1.085
11 C4-S34 1.754 1.742 30 C13-C14 1.393 1.391
12 C5-C6 1.427 1.423 31  C13-H27 1.084 1.085
13 C5-C8 1.504 1.499 32 Cl14-C15 1.393 1.390
14 C6-C7 1.364 1.364 33 Cl14-H28 1.084 1.085
15 C6-H18 1.083 1.083 34  C15-H29 1.085 1.086
16 C7-H19 1.080 1.081 35 C16-H30 1.006 1.005
17 C7-S34 1.728 1.718 36 N30-N31 1.380 1.370
18 C8-H20 1.094 1.095 37 N32-N33 1.371 1.362
19 C8-H21 1.089 1.090
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Tablo 3.2. 46 Bilesiginin DFT/B3LYP ve DFT/B3PW91 yontemleriyle optimize yapidan

olusturulan teorik bag uzunluklari (A°)

Bag Uzunluklar B3LYP  B3PWO91 Bag Uzunluklar B3LYP  B3PWO91
1 C1-C9 1.498 1.492 21  C9-C10 1.512 1.507
2 CI1-N31 1.295 1.294 22 C9-H23 1.095 1.095
3 C1-N32 1.390 1.385 23 C9-H24 1.095 1.095
4  C2-N30 1.368 1.365 24 Cl0-C11 1.396 1.394
5 C2-N32 1.418 1.412 25 C10-C15 1.396 1.394
6 C2-035 1.218 1.216 26 Cli1-C12 1.392 1.389
7 C3-C4 1.442 1.439 27  Cl11-H25 1.085 1.086
8 C3-H17 1.085 1.087 28 C12-C13 1.398 1.396
9 C8-H33 1.289 1.288 29 Cl12-H26 1.086 1.086
10 C4-H5 1.384 1.384 30 C13-Hi4 1.398 1.396
11 C4-S34 1.754 1.742 31  C13-C27 1.510 1.504
12 C5-C6 1.427 1.423 32 Cl14-C15 1.392 1.390
13 C5-C8 1.504 1.499 33 Cl14-H28 1.086 1.086
14  C6-C7 1.364 1.364 34  C15-H29 1.085 1.086
15 C6-H18 1.083 1.083 35 C16-N30 1.006 1.005
16 C7-H19 1.080 1.081 36 C27-H36 1.093 1.093
17 C7-S34 1.728 1.718 37 C27-H37 1.096 1.096
18 C8-H20 1.095 1.095 38 C27-H38 1.093 1.093
19 C8-H21 1.089 1.090 39  N30-N31 1.380 1.370
20 C8-H22 1.094 1.094 40  N32-N33 1.371 1.362

Tablo 3.3. 47 Bilesiginin DFT/B3LYP ve DFT/B3PW91 yontemleriyle optimize yapidan

olusturulan teorik bag uzunluklari (A%)

Bag Uzunluklar B3LYP B3PW91 Bag Uzunluklari B3LYP B3PW91

1 C1-C9 1.499 1.493 22 C9-H23 1.095 1.096
2 CI1-N31 1.296 1.294 23 C9-H24 1.095 1.095
3 C1-N32 1.390 1.385 24 C10-C11 1.392 1.390
4  C2-N30 1.368 1.365 25 C10-C15 1.400 1.398
5 C2-N32 1.418 1.412 26 C11-C12 1.396 1.393
6 C2-035 1.218 1.216 27 C11-H25 1.085 1.086
7 C3-C4 1.443 1.439 28 C12-C13 1.396 1.394
8 C3-H17 1.085 1.087 29 C12-H26 1.082 1.083
9 (C3-N33 1.289 1.288 30 C13-H14 1.400 1.398
10 C4-N5 1.384 1.383 31 C13-027 1.364 1.359
11 C4-S34 1.754 1.742 32 C14-C15 1.386 1.383
12 C5-C6 1.427 1.423 33 C14-H28 1.083 1.084
13 C5-C8 1.505 1.499 34 C15-H29 1.085 1.086
14 C6-C7 1.364 1.364 35 H16-N30 1.006 1.005
15 C6-H18 1.083 1.084 36 027-C36 1.420 1.413
16 C7-H19 1.080 1.081 37 N30-N31 1.380 1.371
17 C7-S34 1.728 1.718 38 N32-N33 1.371 1.362
18 C8-H20 1.095 1.095 39 C36-H37 1.089 1.090
19 C8-H21 1.090 1.090 40 C36-H38 1.096 1.097
20 CB8-H22 1.094 1.094 41 C36-H39 1.096 1.097
21 C9-Cl0 1.512 1.506

29



Tablo 3.4. 48 Bilesiginin DFT/B3LYP ve DFT/B3PW91 yontemleriyle optimize yapidan

olusturulan teorik bag uzunluklari (A°)

Bag Uzunluklar B3LYP  B3PWO91 Bag Uzunluklar B3LYP  B3PWO91

1 C1-C9 1.498 1.492 20 C8-H22 1.094 1.095
2 C1-N30 1.296 1.294 21  C9-C10 1.512 1.507
3 CI1-N31 1.388 1.384 22 C9-H23 1.094 1.095
4  C2-N29 1.369 1.365 23 C9-H24 1.094 1.095
5 C2-N31 1.418 1.413 24 Cl0-C11 1.396 1.394
6 C2-034 1.217 1.216 25 C10-C15 1.396 1.394
7 C3-C4 1.442 1.439 26 Cli1-C12 1.392 1.389
8 C3-H17 1.085 1.087 27  Cl11-H25 1.085 1.086
9 C3-N32 1.289 1.288 28 C12-C13 1.390 1.389
10 C4-S5 1.384 1.384 29  Cl12-H26 1.082 1.083
11  C4-N33 1.754 1.742 30 C13-C14 1.390 1.389
12 C5-C6 1.427 1.423 31 C13-H35 1.761 1.747
13 C5-C8 1.504 1.499 32 Cl14-C15 1.392 1.389
14  C6-C7 1.364 1.364 33  Cl4-H27 1.082 1.083
15 C6-H18 1.083 1.083 34 C15-H28 1.085 1.086
16 C7-H19 1.080 1.081 35  H16-N29 1.006 1.005
17 C7-S33 1.728 1.718 36 N29-N30 1.379 1.370
18 C8-H20 1.094 1.095 37  N31-N32 1.371 1.363
19 C8-H21 1.089 1.090

Tablo 3.5. 49 Bilesiginin DFT/B3LYP ve DFT/B3PW91 yontemleriyle optimize yapidan

olusturulan teorik bag uzunluklari (A%)

Bag Uzunluklari B3LYP B3PW91 Bag Uzunluklar: B3LYP B3PW91

1 C1-C9 1.498 1.492 20 C8-H22 1.094 1.095
2 C1-N30 1.295 1.294 21 C9-C10 1513 1.508
3 CI1-N31 1.388 1.383 22 C9-H23 1.095 1.095
4  C2-N29 1.369 1.365 23 C9-H24 1.094 1.095
5 C2-N31 1.418 1.413 24 C10-C11 1.396 1.394
6 C2-034 1.217 1.216 25 C10-C15 1.396 1.394
7 C3-C4 1.442 1.439 26 C11-C12 1.389 1.388
8 C3-H17 1.085 1.087 27 C11-H25 1.083 1.084
9 (C3-N32 1.289 1.288 28 C12-C13 1.390 1.389
10 C4-S5 1.384 1.384 29 C12-ClI35 1.762 1.748
11  C4-N33 1.754 1.742 30 C13-C14 1.392 1.390
12 C5-C6 1.427 1.423 31 C13-H26 1.082 1.083
13 C5-C8 1.504 1.499 32 C14-C15 1.392 1.390
14 C6-C7 1.364 1.364 33 C14-H27 1.084 1.085
15 C6-H18 1.083 1.083 34 C15-H28 1.084 1.085
16 C7-H19 1.080 1.081 35 H16-N29 1.006 1.005
17 C7-S33 1.728 1.718 36 N29-N30 1.379 1.370
18 C8-H20 1.095 1.095 37 N31-N32 1.371 1.362
19 C8-H21 1.089 1.090

30



Tablo 3.6. 50 Bilesiginin DFT/B3LYP ve DFT/B3PW91 yontemleriyle optimize yapidan

olusturulan teorik bag uzunluklari (A°)

Bag Uzunluklar B3LYP  B3PWO91 Bag Uzunluklar B3LYP  B3PWO91
1 C1-C9 1.470 1.466 18 C8-H19 1.095 1.095
2 C1-N28 1.303 1.302 19 C8-H20 1.090 1.090
3 C1-N29 1.397 1.391 20 C8-H21 1.093 1.094
4 C2-N27 1.367 1.364 21 C9-C10 1.404 1.401
5 C2-N29 1.418 1.413 22 C9-C14 1.401 1.399
6 C2-032 1.217 1.216 23 C10-C11 1.389 1.387
7 C3-C4 1.443 1.439 24 C10-H22 1.082 1.084
8 C3-H16 1.085 1.086 25 Cl1-C12 1.395 1.393
9 C3-N30 1.289 1.288 26 C11-H23 1.084 1.085
10 C4-C5 1.384 1.384 27 C12-C13 1.392 1.390
11 C4-531 1.754 1.742 28 C12-H24 1.084 1.085
12 C5-C6 1.427 1.423 29 C13-C14 1.392 1.390
13 C5-C8 1.505 1.499 30 C13-C25 1.084 1.085
14 C6-C7 1.364 1.364 31 C14-H26 1.080 1.081
15 C6-H17 1.083 1.083 32 C15-N27 1.006 1.006
16 C7-H18 1.080 1.081 33 N27-N28 1.371 1.362
17 C7-831 1.728 1.718 34 N29-N30 1.372 1.363

Tablo 3.7. 45 Bilesiginin DFT/B3LYP ve DFT/B3PW91 yontemleriyle optimize yapidan

olusturulan teorik bag acilar1 (°)

Bag Acilan B3LYP B3PW91 Bag Acilari B3LYP B3PW9I1
1 C9-C1-N31 126.359 126.418 31 C10-C9-H23 110.579 110.672
2 (C9-C1-N32 122.273 122.266 32 C10-C9-H24 110.578 110.671
3 N31-C1-N32 111.368 111.317 33 H23-C9-H24 105.337 105.322
4 N30-C2-N32 101.200 101.140 34 C9-C10-Ci1 120.630 120.615
5 N30-C2-035 130.114 130.130 35 C9-C10-C15 120.630 120.615
6 N32-C2-035 128.687 128.731 36 C11-C10-C15 118.740 118.771
7 C4-C3-H17 118.152 118.285 37 C10-C11-C12 120.727 120.707
8 C4-C3-N33 120.083 119.946 38 C10-C11-H25 119.505 119.489
9 H17-C3-N33 121.766 121.769 39 C12-C11-H25 119.767 119.804
10 C3-C4-C5 127.303 127.261 40 C11-C12-C13 120.092 120.094
11 C3-C4-S34 121.127 121.076 41 C11-C12-H26 119.806 119.802
12 C5-C4-S34 111570 111.663 42 C13-C12-H26 120.102 120.104
13 C4-C5-C6 111.789 111.615 43 C12-C13-C14 119.621 119.627
14 C4-C5-C8 125.922 125.872 44 C12-C13-H27 120.190 120.186
15 C6-C5-C8 122.290 122513 45 C14-C13-H27 120.189 120.186
16 C5-C6-C7 113.380 113.236 46 C13-C14-C15 120.092 120.094
17 C5-C6-H18 123.261 123.405 47 C13-C14-H28 120.102 120.104
18 C7-C6-H18 123.359 123.359 48 C15-C14-H28 119.806 119.802
19 C6-C7-H19 127.987 127970 49 C10-C15-C14 120.727 120.707
20 C6-C7-S34 112.316 112.333 50 C10-C15-H29 119.505 119.489
21 H19-C7-S34 119.697 119.697 51 C14-C15-H29 119.768 119.804
22 C5-C8-H20 110.575 110566 52 C2-N30-H16 125.236 125.125
23 Cb5-C8-H21 112.826 112.813 53 (C2-N30-N31 114.442 114.599
24 5-8-22 110.575 110.566 54 H16-N30-N31 120.322 120.277
25 H20-C8-H21 107.712 107.707 55 C1-N31-N30 104.727 104.692
26 H20-C8-H22 107.218 107.262 56 C1-N32-C2 108.263 108.252
27 H21-C8-H22 107.712 107.707 57 C1-N32-N33 121.468 121.482
28 C1-C9-C10 113.698 113.466 58 C2-N32-N33 130.269 130.266
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29 C1-C9-H23 108.134 108.171 59 (C3-N33-C32 118.773 118.720
30 C1-C9-H24 108.133  108.172 60 C4-S34-C7 90.945 91.153

Tablo 3.8. 46 Bilesiginin DFT/B3LYP ve DFT/B3PW91 yontemleriyle optimize yapidan

olusturulan teorik bag acilar (°)

Bag Acilan B3LYP B3PW91 Bag Acilan B3LYP B3PW91

1 C9-C1-N31 126.415 126.450 34 C9-Cio-C11 120.892 120.881
2 (C9-C1-N32 122.255 122.272 35 (C9-C10-C15 120.897 120.890
3 N31-C1-N32 111.330 111.278 36 C11-C10-C15 118.211 118.229
4 N30-C2-N32 101.199 101.139 37 C10-C11-C12 120.875 120.862
5 N30-C2-035 130.105 130.118 38 C10-C11-H25 119.568 119.554
6 N32-C2-035 128.696 128.743 39 C12-C11-H25 119.556 119.584
7 C4-C3-H17 118.163 118.291 40 C11-C12-C13 121.097 121.112
8 C4-C3-N33 120.052 119.925 41 C11-C12-H26 119.431 119.441
9 H17-C3-N33 121.785 121.784 42 C13-C12-H26 119.472 119.448
10 C83-C4-C5 127.306 127.258 43 C12-C13-C14 117.843 117.823
11 C3-C4-S34 121.130 121.088 44 C12-C13-C27 121.057 121.067
12 C5-C4-534 111.564 111.655 45 C14-C13-C27 121.088 121.097
13 C4-C5-Co6 111.793 111.619 46 C13-C14-C15 121.098 121.114
14 C4-C5-C8 125.891 125.844 47 C13-C14-H28 119.470 119.444
15 C6-C5-C8 122.315 122.536 48 C15-C14-H28 119.432 119.442
16 C5-C6-C7 113.383 113.239 49 C10-C15-C14 120.875 120.860
17 C5-C6-H18 123.267 123.411 50 C10-C15-H29 119.571 119.557
18 C7-C6-H18 123.350 123.349 51 C14-C15-H29 119.554 119.583
19 C6-C7-H19 127.977 127.960 52 C13-C27-H36 111.381 111.403
20 C6-C7-S34 112.309 112.328 53 C13-C27-H37 111.118 111.034
21 H19-C7-S34 119.713 119.713 54 C13-C27-H38 111.378 111.400
22 (C5-C8-H20 110.651 110.625 55 H36-C27-H37 107.354 107.368
23 (C5-C8-H21 112.816 112.808 56 H36-C27-H38 108.037 108.053
24 C5-C8-H22 110.506 110.514 57 H37-C27-H38 107.377 107.390
25 H20-C8-H21 107.684 107.681 58 C2-N30-H16 125.225 125.113
26 H20-C8-H22 107.221 107.260 59 C2-N30-N31 114.436 114.594
27 H21-C8-H22 107.741 107.734 60 H16-N30-N31 120.339 120.293
28 C1-C9-C10 113.832 113.585 61 CI1-N31-N30 104.751 104.718
29 C1-C9-H23 108.076 108.117 62 C1-N32-C2 108.284 108.272
30 C1-C9-H24 108.075 108.117 63 CI1-N32-N33 121.469 121.485
31 C10-C9-H23 110.583 110.680 64 C2-N32-N33 130.247 130.243
32 C10-C9-H24 110.581 110.679 65 C3-N33-N32 118.804 118.742
33 H23-C9-H24 105.297 105.282 66 C4-S34-7 90.951 91.159

Tablo 3.9. 47 Bilesiginin DFT/B3LYP ve DFT/B3PW91 yontemleriyle optimize yapidan

olusturulan teorik bag acilar1 (°)

Bag Acilari B3LYP B3PW91 Bag Acilari B3LYP B3PW91
1 C9-C1-N31 126.405 126.457 35 (C9-C10-C15 120.923 120.900
2 C9-CI1-N32 122,272 122.284 36 C11-C10-C15 117.981 117.982
3 N31-C1-N32 111.323 111.259 37 C10-C11-C12 121.654 121.645
4 N30-C2-N32 101.192 101.134 38 C10-C11-H25 119.544 119.532
5 N30-C2-035 130.114 130.121 39 C12-C11-H25 118.802 118.823
6 N32-C2-035 128.694 128.746 40 C11-C12-C13 119.560 119.581
7 C4-C3-H17 118.176 118.313 41 C11-C12-H26 119.327 119.329
8 C4-C3-N33 120.033 119.891 42 C13-C12-H26 121.114 121.090
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9 H17-C3-N33 121.791 121.797 43 C12-C13-C14 119.408 119.388
10 C3-C4-C5 127.328 127.286 44 C12-C13-027 124.780 124.705
11 C3-C4-S34 121.108 121.061 45 C14-C13-027 115.812 115.907
12 C5-C4-S34 111.564 111.654 46 C13-C14-C15 120.152 120.152
13 C4-C5-C6 111.794 111.620 47 C13-C14-C28 118.427 118.444
14 C4-C5-C8 125.895 125.842 48 C15-C14-H28 121.421 121.404
15 C6-C5-C8 122.309 122536 49 C10-Ci15-C14 121.245 121.252
16 C5-C6-C7 113.381 113.240 50 C10-C15-H29 119.587 119.581
17 C5-C6-H18 123.260 123.414 51 C14-C15-H29 119.168 119.167
18 C7-C6-H18 123.359 123.345 52 C13-027-C36 118.415 118.066
19 C6-C7-H19 127.990 127959 53 C2-N30-H16 125.225 125.105
20 C6-C7-S34 112.312 112326 54 C2-N30-N31 114.449 114.598
21 H19-C7-S34 119.698 119.715 55 H16-N30-N31 120.326 120.297
22 C5-C8-H20 110.657 110.631 56 C1-N31-N30 104.737 104.722
23 C5-C8-H21 112.828 112.819 57 C1-N32-C2 108.299 108.288
24 C5-C8-H22 110.507 110.509 58 C1-N32-N33 121.471 121.481
25 H20-C8-H21 107.672 107.674 59 C2-N32-N33 130.229 130.231
26 H20-C8-H22 107.221 107.261 60 C3-N33-N32 118.826 118.770
27 H21-C8-H22 107.735 107.728 61 C4-S34-C7 90.949 91.160
28 C1-C9-C10 113.951 113.716 62 027-C36-H37 105.861 105.975
29 C1-C9-H23 108.024 108.080 63 027-C36-H38 111.555 111.593
30 C1-C9-H24 108.006 108.036 64 027-C36-H39 111.572 111.613
31 C10-C9-H23 110.622 110.708 65 H37-C36-H38 109.244 109.153
32 C10-C9-H24 110.644 110.740 66 H37-C36-H39 109.215 109.124
33 H23-C9-H24 105.174 105.155 67 H38-C36-H39 109.302 109.288
34 C9-C10-Ci1 121.095 121.118

Tablo 3.10. 48 Bilesiginin DFT/B3LYP ve DFT/B3PW91 yontemleriyle

yapidan olusturulan teorik bag agilar1 (°)

optimize

Bag Acilari B3LYP B3PW91 Bag Acilan B3LYP B3PW91
1 C9-C1-N30 126.245 126.281 31 C10-C9-H23 110.599 110.699
2 C9-Ci1-N31 122.306 122.326 32 C10-C9-H24 110.599 110.699
3 N30-C1-N31 111.449 111.393 33 H23-C9-H24 105.326 105.311
4 N29-C2-N31 101.194 101.134 34 C9-Cl0-Ci1 120.757 120.750
5 N29-C2-034 130.128 130.143 35 C9-C10-C15 120.757 120.750
6 N31-C2-034 128.678 128.723 36 C11-C10-C15 118.486 118.501
7 C4-C3-H17 118.169 118.301 37 C10-C11-C12 121.193 121.179
8 C4-C3-N32 120.086 119.949 38 C10-C11-H25 119.716 119.696
9 H17-C3-N32 121.745 121.750 39 C12-C11-H25 119.091 119.125
10 C3-C4-C5 127.316 127.273 40 C11-C12-C13 119.017 119.079
11 C3-C4-833 121.112 121.063 41 C11-C12-H26 120.832 120.844
12 C5-C4-S33 111.572 111.663 42 C13-H12-H26 120.151 120.077
13 C4-C5-C6 111.780 111.606 43 C12-C13-C14 121.094 120.982
14 C4-C5-C8 125.956 125.905 44 C12-C13-CI35 119.453 119.509
15 C6-C5-C8 122.264 122.488 45 C14-C13-CI35 119.453 119.509
16 C5-Ce-C7 113.383 113.239 46 C13-C14-C15 119.017 119.079
17 C5-C6-H18 123.268 123.413 47 C13-C14-H27 120.151 120.077
18 C7-C6-H18 123.350 123.348 48 C15-C14-H27 120.832 120.844
19 C6-C7-H19 127.984 127.964 49 C10-C15-C14 121.193 121.179
20 C6-C7-S33 112.328 112.345 50 C10-C15-H28 119.716 119.696
21 H19-C7-S33 119.688 119.691 51 C14-C15-H28 119.091 119.125
22 (C5-C8-H20 110.558 110.549 52 C2-N29-H16 125.245 125.129
23 (C5-C8-H21 112.873 112.862 53 C2-N29-N30 114.428 114.588
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24 C5-C8-H22 110.558 110.549 54 H16-N29-N30 120.327 120.283
25 H20-C8-H21 107.707 107.701 55 C1-N30-N29 104.697 104.666
26 H20-C8-H22 107.216 107.258 56 C1-N31-C2 108.233 108.219
27 H21-C8-H22 107.707 107.701 57 C1-N31-N32 121.425 121.442
28 C1-C9-C10 113.515 113.268 58 C2-N31-N32 130.343 130.339
29 C1-C9-H23 108.218 108.256 59 (C3-N32-N31 118.739 118.689
30 C1-C9-H24 108.218 108.256 60 C4-S33-C7 90.938 91.146

Tablo 3.11. 49 Bilesiginin DFT/B3LYP ve DFT/B3PW91 yontemleriyle

yapidan olusturulan teorik bag agilari (°)

optimize

Bag Acilan B3LYP B3PW91 Bag Acilari B3LYP B3PW91
1 C9-C1-N30 126.301 126.363 31 C10-C9-H23 110.639 110.736
2 C9-C1-N31 122.232 122.235 32 C10-C9-H24 110.448 110.549
3 N30-C1-N31 111.468 111.402 33 H23-C9-H24 105.389 105.375
4 N29-C2-N31 101.191 101.135 34 C9-C10-Cl1 120.150 120.073
5 N29-C2-034 130.145 130.152 35 C9-C10-C15 120.748 120.770
6 N31-C2-034 128.665 128.714 36 C11-C10-C15 119.102 119.156
7 C4-C3-H17 118.175 118.311 37 C10-C11-C12 119.697 119.741
8 (C4-C3-N32 120.049 119.908 38 C10-C11-H25 120.535 120.544
9 H17-C3-N32 121.776 121.781 39 C12-C11-H25 119.768 119.715
10 C3-C4-C5 127.322 127.285 40 C11-C12-C13 121.579 121.447
11 C3-C4-S33 121.110 121.057 41 C11-C12-CI35 119.126 119.178
12 C5-C4-S33 111.568 111.658 42 C13-H12-CI35 119.295 119.375
13 C4-C5-C6 111.783 111.610 43 C12-C13-C14 118.521 118.584
14 C4-C5-C8 125.922 125.883 44 C12-C13-H26 120.263 120.175
15 C6-C5-C8 122.294 122.507 45 C14-C13-H26 121.217 121.241
16 C5-C6-C7 113.381 113.239 46 C13-C14-C15 120.557 120.592
17 C5-C6-H18 123.267 123.424 47 C13-C14-H27 119.436 119.412
18 C7-C6-H18 123.352 123.337 48 C15-C14-H27 120.007 119.996
19 C6-C7-H19 127.981 127.950 49 C10-C15-C14 120.544 120.480
20 C6-C7-S33 112.331 112.348 50 C10-C15-H28 119.619 119.616
21 H19-C7-S33 119.688 119.702 51 C14-C15-H28 119.837 119.904
22 (C5-C8-H20 110.613 110.547 52 C2-N29-H16 125.249 125.129
23 (C5-C8-H21 112.843 112.841 53 (C2-N29-N30 114.432 114.581
24 C5-C8-H22 110.519 110.558 54 H16-N29-N30 120.319 120.291
25 H20-C8-H21 107.694 107.710 55 C1-N30-N29 104.687 104.670
26 H20-C8-H22 107.216 107.259 56 C1-N31-C2 108.223 108.213
27 H21-C8-H22 107.735 107.707 57 C1-N31-N32 121.399 121.411
28 C1-C9-C10 113.486 113.240 58 (C2-N31-N32 130.378 130.377
29 C1-C9-H23 108.265 108.293 59 (C3-N32-N31 118.777 118.725
30 C1-C9-H24 108.258 108.307 60 C4-S33-C7 90.937 91.145

Tablo 3.12. 50 Bilesiginin DFT/B3LYP ve DFT/B3PW91 yontemleriyle optimize
yapidan olusturulan teorik bag agilari (°)

Bag Acilar B3LYP B3PW91 Bag Acilarn B3LYP B3PW91
1 C9-C1-N28 122.308 122.284 28 C1-C9-C10 117.762 117.663
2 C9-C1-N29 127.059 127.120 29 C1-C9-C14 123.096 123.112
3 N28-C1-N29 110.633  110.597 30 C10-C9-C14 119.089 119.170
4 N27-C2-N29 101.518 101.462 31 C(C9-C10-Ci1 120.465 120.429
5 N27-C2-032 129.704  129.696 32 C9-C10-H22 118.924 118.876
6 N29-C2-032 128.776  128.841 33 C11-C10-H22 120.611 120.695
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7 C4-C3-H16 117.976  118.076 34 C10-C11-Ci2 120.196 120.185

8 C4-C3-N30 119.938  119.843 35 C10-C11-H23 119.649 119.650
9 H16-C3-N30 122.085 122.080 36 C12-C11-H23 120.154 120.165
10 C3-C4-C5 127.143  127.076 37 C11-Ci12-C13 119.636 119.647
11 C3-C4-S31 121.288 121.271 38 C11-C12-H24 120.172 120.168
12 C5-C4-S31 111569 111.653 39 C13-C12-H24 120.192 120.185
13 C4-C5-C6 111.785 111.613 40 C12-C13-Ci4 120.536 120.540
14 C4-C5-C8 125.777 125731 41 C12-C13-H25 120.091 120.089
15 C6-C5-C8 122432 122.649 42 C14-C13-H25 119.373 119.371
16 C5-C6-C7 113.383  113.243 43 (C9-C14-C13 120.078 120.029
17 C5-C6-H17 123.261  123.415 44 C9-C14-H26 119.894 119.857
18 C7-C6-H17 123.356  123.342 45 C13-C14-H26 120.028 120.113
19 C6-C7-H18 127.975 127.943 46 C2-H27-H15 125.090 124.986
20 C6-C7-S31 112313 112.326 47 C2-N27-N28 114.361 114.488
21 H18-C7-S31 119.710  119.728 48 H15-N27-N28 120.451 120.438
22 C5-C8-H19 110.773  110.731 49 C1-N28-N27 105.322 105.299
23 C5-C8-H20 112.735 112.734 50 C1-N29-C2 108.155 108.144
24 C5-C8-H21 110.455 110.467 51 C1-N29-N30 122.866 122.912
25 H19-C8-H20 107.653  107.657 52 C2-N29-N30 128.659 128.654
26 H19-C8-H21 107.258  107.295 53 C3-N30-N29 119.027 118.958
27 H20-C8-H21 107.749 107.741 54 C4-S31-C7 90.950 91.164

3.2.2. infrared Spektrum Verileri

3-Aril-4-(3-metil-2-tiyenilmetileneamino)-4,5-dihidro-1H-1,2 4-triazol-5-on’larin ~ (44)
Yogunluk Fonksiyonu Teorisinin B3LYP ve B3PW91 yontemleriyle 6-311G(d,p) temel
setine gore bilgisayar ortaminda titresim frekanslar1 gaz fazinda hesaplanmustir. lgili
bilesiklerin teorik IR degerlerinde yapilan analizler sonucunda elde edilen frekanslar
icerisinde negatif frekansa rastlanmamustir. Teorik titresim frekanslarinda negatif
degerlerin olmamas1 sentezlenmis bilesiklerin optimize hallerinin kararli bir yap:
oldugunu gostermektedir. B3LYP ve B3PWO91’ye gore titresim frekansi degerleri
kullanilarak her iki yonteme gore teorik IR spektrumlari ¢izilmis (Sekil 3) ve titresim
frekanslari1 B3LYP/6-311G(d,p) i¢in 0.9516 ve B3PW91/6-311G(d,p) metodu igin
0,9905 uyum faktorleri ile ¢arpilmistir [80]. 44 Tipi bilesiklerin skalali titresim degerleri
Tablo 3.13-18 ve teorik olarak ¢izilmis IR spektrumlari ise Sekil 3.7-12de verilmistir.
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Tablo 3.13. 45 Bilesiginin deneysel ve skalali teorik frekans degerleri ile Veda4f

yardimiyla olusturulan titresim tiirleri

Titresim Tiirleri Den. B3LY B3PW91
T C3Na3N32C1, T N31C1CoC1o (75) 13 0
T N3101C9C10 (23), 5 T C1C9C10C11 (50) 19 19
T C3N33N32C1, T N31C1C9C10 (23), 6 T C109010011 (50) 30 27
8 C4C3N33(20), 6 C3N33N32 (18), 8 N31C1Cy (18), T C9C11C15C10 (10) 37 35
T Hz0CgCsCs, T H21CsC5Cs, T H22CsCsCs (70) 42 42
T C3Na3N32Cy, T N31C1CoC1o (15), T C6CsCaC3(16), T CaC3Na3N32 (29), T 66 64
N23C1C2N32 (23)
T C7C6C5C4 (42), T CsCeC4C5 (29) 77 73
T C3N33N32C1, T N31C109C10 (15), 116 113
8 N31C1Cg (23), 6 Cs5C4Cs, 6 C7C6C5(13) 135 130
T C3N33N32C1, T N31C1C9C10 (1 1), T C5C4C3N33, T C7C5C5C4 (19), T 161 155
C2N3oN31Cq (11), T N3oN31C1Co (25)
v C4aCs, v C6Cs (10), 8 C3N3zsN3z2 (21), 6 CeCsCa (11), & N3oNz1C1, & 189 182
N33N32C2 (15)
T C5C4C3N33, T C7C6C5C4 (42), T CgCeC4C5 (29) 190 184
8 C1CoCi0, & C9C10C15 (10), T C13C12C11Ca0, T C14C13C12C11, T C15C14C13C12 230 220
(40)
T C5C4C3N33, T C7C6C5C4 (12), T C6C5C4C3 (17), T C8C6C4C5 (16), T 261 255
N33C1C2N32 (27)
T H16N3oN31C1 (21), T C2N30N31C1 (36), T N3gN31C1Co (20) 286 277
8 N31C1Co (10), 8 CsCsCs (36) 289 286
& C1CoC10(60), T H23C9C10C11 (13) 328 312
T C6C5C4C:3 (10), T C4C3N33N32 (29), T Sg4C7C6C5 (21), 369 358
T CgCsC4Cs (13)
8 O35C2N3p (14), 8 C3N33Ns2 (10), 8 N3oN31C1, 6 N3sN32Co (13), 8 CsCsCe
21) 392 377
T H25C11C12C1s, T H26C12C13C14, T H27C13C14C15, T H28C14C15Ca0, (14), T 411 392
C13C12C11C10, T C14C13C12C11, T C15C14C13C12 (71)
8 035C2N30 (12), 8 Cs5C4Cs, 6 C7C6Cs, (35), 6 CsCsCs (13) 420 405
T H16N30N31C1 (57), T O35N30N32C2 (1 1), T N32C9N31C1 (ll) 454 448
T C13C12C11C10, T C14C13C12C11, T C15C14C13C12 (33), T C9C11Ci5C10 (21) 478 458
T C6C5C4C3 (17), T C4C3N33N32 (1 1), T Ss4C7CeC5 (48) 508 490
v CgCs (19), & Cs5CaC3, 6 C7C6Cs, (10), 6 S34C7Cs (28) 532 515
8 035C2N3p (18), 6 C12C11C10, & C13C12C11, 6 C14C13C12, & C15C14Ca3 (23) 559 537
8 O35C2N3p (15), 8 C12C11C10, 6 C13C12Ca1, 6 C14C13C12, 6 C15C14C15(16 ), 8 609 587
C2N3oNa31, 8 N32C1N3; (13)
T H13C5C7S34, T H19C7S34C4 (1 5), T C5C4C3N33, C7C5C5C4 (33), T Sg4C7C6C5 620 594
(1 1),17 C3C6C4C5 (20)
8 C12C11C10, & C13C12C11, 8 C14C13C12, § C15C14C13 (85) 631 601
A% C4C3, v C5C5 (14), A% Ss4C7 (10), 0 C5C4C3, 0 C7CGC5 (20) 649 629
T H16N30N31C1 (16), T Hz3CgC10011, T H24CoC10C11 (10), T N32CoN31Cy (44) 653 631
v Sg4C7 (19), T C13C12C11C10, T C14C13C12C11, T C15C14C13C12, (21) 694 670
T H25C11C12C13, T H26C12C13C14, T H27C13C14C1s, T H28C14C15Ca0, (35), T
H29C15C14C13 (13), 706 679

T C13C12C11Ci0, T C14C13C12C11, T C15C14C13C12 (28)
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T H13C6C7534, T H1907C34S4, (79) 723 695
8 CeCsCys (18), T H25C11C12C13,T H26C12C13C14, T H27C13C14C15, T 699 729 706
H28C14C15C10 (18)
T O35N30N32C; (82) 736 712
& C2N3oN31, 8 N32C1N31 (12), T Ho5C11C12C13,T H26C12C13C14, T 776 750
H27C13C14C1s, T H28C14C15C10 (10)
A% N30C2, A% N32C1 (17), A% N30N31, A% N33N32 (12), ) C2N30N31, 1) N3201N31 (23) 795 770
A% C1C9, Vv CgClo (14), v N3oN3101, Vv N33N32C2 (11) 802 781
v S2iC7 (40),  SCiCo (22) 826 806
840 813
T H25C11C12C13, H26C12C13C14, T H27C13C14C15, T H28C14C15C10 (53), T 760 845 813
H29C15C14C13(27)
T H18C5C7834, T H19C7834C4 (81), T Sa4C7CeCs (10) 885 849
5 H23C9C10 (32), T H23C9C10C11, ), T H24C9C10C11 (30), T C1C9010C11 (10) 921 880
T H25C11C12C13, H26C12C13C14, T H27C13C14C15, T H28C14C15C10 (53), T 922 887
H29C15C14C13 (28)
v CgCs (12), 8 H19C7S34 (10), & C5CaCs, 6 C7C6Cs (19), T H2oCsCsCo, 953 918
H21CsCsCs, H22CsCs5Cs (17)
T H25C11C12C13, H26C12C13C14, T H27C13C14C1s, T H28C14C15C10 (42), T 966 931
H20C15C14C13 (18), T C13C12C11C10, T C14C13C12C11, T C15C14C13C12 (13)
© H17C3NssN32 (93) 984 944
T H25C11C12C13, H26C12C13C14, T H27C13C14C15, T H28C14C15C10 (60), T 991 954
C13C12C11C10, T C14C13C12C11, T C15C14C13C12 (17)
v C11C1, v C12C11, v C13C12, v C14C14 (27), v C14C13(14), 8 C12C11C1o0, & 1009 969
C13C12C11, 6 C14C13C12, 8 C15C14C13 (51),
o N30N31C1, o N33N32C2 (19),17 HzoCsCsCe, T H21C8C5C6, T szCaCsCe (19) 1018 983
5 N30N31C1, 8 N33N32C2 (15), T HzngCsCe, T H21C8C5Ce, T szCngCe (18) 1030 995
v C11C10, v C12C11, v C13C12, v C15C14 (11), v C14C13 (18), 8 C12C11Ca0, 6
C13C12C13, 6 C14C13C12, 6 C15C14C13 (22),0 H25C11C12, 8 H26C12C13, & 1042 996
H27C13C14, 6 H28C14C15 (12)
T Hp0CgCsCs, T H21CsC5Cs, T H22CsCsCs (72) 1044 1005
A% N30C2, A% N3201 (13), A% N30N31, A% N33N32 (60) 1083 1052
v C11C10, v C12C11, v C13C12, v C15C14 (20), & H25C11C12, 6 H26C12C13, & 1093 1060
H27C13C14, 8 H28C14C15(27), 6 H29C15C14 (13)
v C5C4, v C7Cs (16), 8 H1sCeCr (30), & H19C7S34 (34) 1107 1072
8 H25C11C12, 6 H26C12C13, 8 H27C13C14, & H28C14C1 (66) 1171 1122
v C11C10, v C12C11, v C13C12, v C15Cas (18), & Hos5C11C12, 6 H27C13C14, 6 1192 1143
H28C14C15(27), 8 H29C15Cu4 (42), 3 H29C15Cu4 (18)
A% C4C3, v CeCs (1 1), v NsoCz, v N32C1 (20), v N30N31, v N33N32 (16), 1) 1197 1146
C2N3oN31, 8 N32C1N3; (15)
8 H23CoC1o (43), T H23C9C10C11, T H24CoC10C11 (29) 1198 1164
v C11C10, v C12C11, v C13C12, v C15C14 (14), v C1C9, v CoCyo (32), T 1211 1167
H23CoC10C11, T H24CoC10C11 (14)
A% C4C3, v CeCs (30), 0 H1sCsCr (16) 1226 1185
8 H18CsC7 (14), & H19C7Sz4 (13), 6 CsCsCs (15) 1252 1208
v NzoNsz, v NasNs2 (14), 8 C2N3oNa1, 6 N32C1N31 (20), T H23CoC10C1s, T
Ha4CoC1oCus (14) 1270 1234
v NsoCz, v N32Cy (1 5), ) H17C3N33(1 5), T H23C9C10C11, T H24C9C10C11 (25) 1310 1269
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v C11Ci0, v C12C11, v C13C12, v C15C14 (56), v C14C13 (19), 6 H25C11C12, &

H26C12C13, 8 H27C13C14, 6 H28C14C15 (11),8 H23CoC1o (10) 1827 1286

8 H17C3N33 (38), T H23C9C10C11, T H24CoC10C11 (16) 1368 1314

& H1sN3oN31 (63) 1383 1335

A% C5C4, v C7C5 (1 1), v C4C3, Vv CeCs (12), 1) H19C7834 (16), ) HzoCstz, 1) 1393 1339

H21CsH2o 8 H22CsH21(17)

& Ha0CsHz2, & H21CgH2o 8 H22CsH21 (57), 1411 1359

v CsC4, v C7Cq (22), v N3oCo, v N32Cy (15), v C1Co v CoC1g 1430 1387

& H24CoH23 (79) 1459 1394

v CsCs, v C7Cs (17), & H20CgHa22, 8 H21CgH20 8 H22CgH21 (20) 1463 1407

v C11C10, v C12C11, v C13C12, v C15C14 (20), 6 H25C11C12, 6 H26C12C13, & 1472 1409
H27C13C14, 6 H28C14C15 (50)

o Hzngsz, o H21C8Hzo ) H22C3H21 (78), T HzngCsCe, T H21C8C5C6,T
H22CsCsCs (21) 1473 1414
v CsCa, v C7Cs (11), 8 H20CgH22, T H21CsCs5Cs,t H22CsCsCs (48), T 1485 1431
H20CsCsCs, T H21C3C5Cs,7T H22CsC5C6 (15)
8 H25C11C12, 6 H26C12C13, 6 H27C13C14, 8 H2sC14Cus, (36) 6 H29C15C14(13), & 1516 1458
C12C11C10, 6 C13C12C11, & C14C13C12, 8 C15C14C13

v CsCa, v C1Cs (52) 1568 1517

v C11C10, v C12C11, v C13C12, v C15C14 (44), 6 C12C11C10, 6 C13C12C13, 6 1614 1564
C14C13C12, 6 C15C14C13 (24)

v N31C1, v N33C3 (60) 1590 1621 1574

v N31C1, v N33Cs (51), v C11C0, v C12C11, v C13C12, v C15C1a (14) 1612 1631 1582

A% N31C1, A% N33C3 (13), Vv C11C10, A% C12C11, A% C13012, A% C15014 (42) 1636 1586

Vv 035C2 (73), A% N30C2, A% N32C1 (10) 1706 1783 1734

v CgH20, v CgH21, v CgH22 (100) 3000 2893

v CgHas, v CgH24 (100) 3011 2903

v CoHzs, v CoH24 (100) 3038 2934

CsH20, CgH21, CgH22 (100) 3045 2946

A% CgHzo, A% C3H21, A% Cgsz (97) 3095 2990

v C11Has, v CioHae, v C13H27, v CiaHag (75), v C1sH2g (24) 3126 3014

v C11Has, v Ci2Hae, v C13H27, v CiaHag (61), v C1sH2g (39) 3129 3015

A% C3H17, % C6H18, A% C7H19 (98) 3134 3018

v C11H32s, v C12H26, v C13Ha27, v C1aH2s (75), v CisHag (22) 3139 3028

v C11Has, v Ci2Hae, v C13H27, v C1aHag (84), v C1sH2g (10) 3148 3036

v C11Has, v Ci2Has, v C13H27, v C1aHas (85) 3159 3047

v C3H17, v CeH1s, v C7H19 (100) 3164 3053

v C3Hi7, v CeHag, v C7H1g (94) 3209 3093

v N3gH16 (100) 3169 3645 3519

38



Tablo 3.14. 46 Bilesiginin deneysel ve skalali teorik frekans degerleri ile Veda4f

yardimiyla olusturulan titresim tiirleri

Titresim Tiirleri Den. B3LYP B3PW91
T HzngCsCe ‘E,H2103C5C6, T szCsCsCe (13) 19 17
T H20CgCsCs, T H21CC5Cs, T H22CgC5Ce(20), T C3N33Nz2Cy, T

N31C109C10(23), T N33C102N3z(13) 27 25

8 C4C3Nas3(13), & C5C33Caz (13), 8 N31C1Co(17), T CoC11C15C10(13) 32 30

T H35C27C13C12, T H37C27C13C12, T H38C27C13C12(23), T C109010011(49) 36 34
5 C4C3N33(21), 8 C3N33N32(13), T Cl 1C10015014, T C12C11C10015, T 65 62

C13C14C15C10(10), TCoC11C15C10, T C27C12C14C13 (19)
T C3N33N32C1, T N31C1C9C10(13), T CeCsC4C3(16), T C4C3N33N32(30), 67 65
T N33C1C2N32(24)
T C5C4C3N33, T C7C6C5C4(10), T C2N30N3101(22), T C505C4C3(12), T 116 113

N30N31C1C9(25), TN32C9N3101(12)
3 Na3:C1Co(30), 8 CsCaCa(13) 128 122
8 C1CoC1o, & CoC10C1s, 8 C27C13C14(23), T C11C10C15C14, T C12C11C10C15, T

C13C14C15C10(28), T1C4C11C15C10, T C27C12C14C13(12) 156 149
T C3Na3N32C1, T N31C1CoC10(11), T CSCsCs3Nas, T C7C6C5C4(20), T 160 155
C2N3oN31C1(11), t™N30N31C1Cs(23)

& C3Na3N32(18), 6 CsCsCa(10), 8 N3oN31C1, 6 NazN32C2(12) 191 183

T C5C4C3N33, T C7C6C5Ca(41), T CgCsCaCs(21) 192 186

T C5C4C3N33, T C7C6C5C4(12), T C6C5C4C3(16), T CsCeC4Cs(10), T 261 254
N32C9N31C1(27)

8 C1CyCi10, 8 CyC10Cis, & C27C13C14(46), T C2N3oN31C1(18) 276 267

8 N31C1Co(12), 6 CgCsCs(37) 284 272

8 C1CoC10, & CoC10C1s, 8 C27C13C14(23), T H16N30N31C1(13), T H23CoC10Cus, 291 288

T H24CoC10C11 (14), TC2N30N31C1(15), T N3oN31C1Co(23)

T C11C10C15C14, T C12C11C10C15, T C13C14C15C10(16), T CoC11C15C10, T 320 309
C27C12C14C13(46)

T C4C3N33N32(28), T S34C7C6C5(24) 369 357

8 C1CyC1g, 8 CgC10Cis, & C27C13C14 (70) 376 359

& O35C2N30(13), 6 C3N3sNs2(11), 8 N3oN31C1, 6 N3zN32C1(12), 6 CsCsCe(23) 391 376

T H25C11C12C13, T H26C12C13C27, T H28C14C15C10, T H29C15C14C13(10), T 412 394

C11C10C15C14, TC12C11C10C15, T C13C14C15 C10(74)

5 035CaNao(14), 5 CsCaCa, & C1CoCs(33), & CaCsCo(12) 420 405

T H15N30N3101(58), T 035N30N32C2(1 1), T N32C9N31C1(12) 453 447

& C10C15C14, 8 C11C10C15, 8 C12C11C10, 8 C13C14C15(15), T C11C10C15C14, T 481 461

C12C11C10C15, TC13C14C15C10(15), T CoC11C15C10, T C27C12C14C13(24)

T C6C5C4C:3(15), T C4CsN33N32(10), T Ss4C7C6C5(57) 508 491

8 C10C15C14, 8 C11C10C15, 8 C12C11C10, 8 C13C14C15(14), T CoC11C15C10, T 522 501
C27C12C14C13(22)

v CaCs(20), 5 S34C1Co(26) 533 516

5 035C2Nz(29) 594 574

T C5C4C3N33, T C7CGC5C4(28), T CgCeC4C5(31) 620 594

T C4C5,CoCs(14),55C7(10), 5 CsCaCa, & C1CsCs(19) 647 620

8 C10C15C14, & C11C10C15, & C12C11C10, 6 C13C14C15(41), T N32CoN31C1(19) 648 628

v S34C7(20), T C11010C15C14, T C12C11010C15, T C13014015010(18) 692 669

T C11C19C15C14, T C12C11C10C15, T C13C14C15C10(26) 718 693

T H13C605C3, T H1907834C4(8O) 723 695

T O35N30N32C2(82) 736 712

A% Clcg, A% CgClo,C27013(l8), 5 C6C5C4(14) 739 716

v C1Co, v CoCio, v C27C13(14), T H25C11C12C13, T H26C12C13C07, T 768 240

H28C14C15C10, TH29C15C14C13(26)
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8 C2N3oN31, 8 N31C1N31(13), 6 NagN31C1, & N3sN32C(17) 791 767
v N3z0Cz, v N32C1(15), v N3oNa1, v NazNzp14), & CaN3oN31, 3 N32C1Nay 801 778
(21)
Vv SuC/(31), 5 SsiCiCo(16) 827 800
v C10Cis, v C11C10, v C12C11, v C15C14(18), v S34C7(10) 830 806
T H25C11C12C13, T H26C12C13C27, T H28C14C15C10, T H29C15C14C13(100) 838 810
v C10C15, v C11C10, v C12C11, v C15C14 (17), T H25C11C12C13, T 859 828
H26C12C13C27, T H28C14C15C10, TH29C15C14C13(23)
T H1gC6CsCs, T H19C7S34C4(85) 885 849
v C10Cis, v C11Ci0, v C12C11, v C15C14(11), 6 H23CoC10, & H24CoH23(32), T 921 880
H23C9C10C11, TH24C9C10C11(30)
A% C8C5(12), 8 H19C7S34(10), 8 C5C4Cs, 5 C7C605(18), T HzoCsCsCs, T
H21CsCsCs, T H220CsC5Cs(14) TH25C11C12C13, T H26C12C13C27, T 953 916
H28C14C15C10, T H290C15C14C13(56), T C11C10C15C14, T C12C11C10C15, T
C13C14C15C10(25)
A% C8C5(12), 8 H19C7834(10), 5 C5C4C3, 3 C7CeC5(18), T HzngCsCe, T
H21CsCsCs, T H22C8C5Cs(14) TH25C11C12C13, T H26C12C13C27, T 953 918
H28C14C15C1o, T H20C15C14C13(56), T C11C10C15C14, TC12C11C10C15, T
C13C14C15C10(25)
T H25C11C12C13, T H26C12C13C27, T H28C14C15C10, T H20C15C14C13(83), T 960 926
C11C10C15C14, TC12C11C10C15, T C13C14C15C10(14)
T H17C3N33N32(93) 986 946
v C13C14(11), 0 HasCo7Hzs, 8 H37C27H36, & H38Co7H37(21), T H36C27C13C12, T 999 956
H37C27C13C12, TH33C27C13C12(48)
8 N3oN31C1, 8 N33sN32C1(22), T H20CsCsCs, T H21CC5Cs, T H22CsC5Cs (16) 1018 983
T Hp0CgCsCs, T H21C3C5Cs, T H22CsCs5Ce(10) 1029 988
8 C10C15C14, 8 C11C10C15, 8 C12C11C10, 8 C13C14C15(16), 8 N3oN3:1Cy (12), T 1031 996
H20CsCsCs, TH21CsCs5Cs, T H2,C3C5Cs (10)
& H20CgH22, & H21CgH20, 8 H22CgH21 (11), T HooCsCsCs, T H21CsCsCs, T 1044 996
H2,CsCsCs (71)
T H36C27C13C12, T H37C27C13C12, T H3gC27C13C12 (70) 1052 1005
\4 N30C2, v N31Cy (13), \4 N30N31, v Naz3N3 (60) 1082 1060
A% C504, A% C7Ce(l6), 5 H1306C7 (30), 5 H19C7834 (34) 1106 1071
v C10C1s, v C11Ca0, v C12C11, v Ci15C14 (24), 8 HasC11C12, & H26C12C13, 1128 1081
H27C14C15, 8H29C15C14(51)
v C10C1s, v C11Ca0, v C12C11, v Ci15C14 (19), 8 HasC11C12, & H26C12C13, & 1196 1146
H27C14C15, $H29C15C14(72)
A% C4C3, A% CeCs (1 1), A% N3oCz, A% N32C1(19), A% N30N31, A% N33N32(16), 8 1197 1146
C2N30N31, 5N32C1N31(15)
A% C10C15, A% C11C10, A% Clzcll, A% C15C14 (12), 5 H23C9C10(43), T 1198 1165
H23C9C10Cu1, T H24C9C10C11 (29)
v C10Ci5, v C11C10, v C12C11, v C15C14(39), v C1Co, v CoCuo, v C27C13 1211 1169
(31) T H23C9C10C11, TH24CoC10C11 (10)
v C1Co, v CoCio, v C27C13(28), 6 H25C11C12, 8 H26C12C13, & H27C14C1s, 1922 1180
H29C15C14 (11), 8C10C15C14, 8C11C10C15, & C12C11C1g, 8 C13C14C15 (10),
N4 C4C3, v C6C5(29), ) H18C6C7(16) 1226 1185
3 HisCoCr(14), 8 H1sCrSaa(13),  CeCsCa(15) 1253 1209
v NzoNag, v NssNsz(14), & C2N3oNs1, 8 N32C1Nzy(21), T H23CeC10Cr1s, T
H24CoCoCas (14) 1270 1234
\4 N30C2, v N32C1(15), ) H17C3N33(15), T H23C9C10C11, T H24CoC10C11 (25) 1311 1270
v C10C15 v C11C10, v C12C11, v Ci15C14 (38), v C13C14 (28) 1319 1271
v C10Cis, v C11C10, v C12C11, v C15C14(13), 8 H23CgC10(10), d H25C11C12, 1335 1292
8 H26C12C13, 6H27C14C15, SH29C15C14 (70)
) H17C3N33(37), T H23C9C10C11, T H24C9C10C11(17) 1369 1315
& Hi6N30N31(52) 1382 1335
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v Cs5Cs, v C7Ce(11), v CaCs, v CsCs(12), 6 H19C7S34 (16), 6 H2oCgH22, &

H21CgHa0, 8 H22CgH21 (18) 1393 1338

& H36Ca7H3s, 8 H37Ca7H36, 8 H3sCo7H37 (91) 1402 1339

8 H2oCgH22, & H21CgH20, & H22CgH21(58) 1410 1358

v CsCs, v C7Cs (22), v N3oCa, v N21C1 (15),v C1Co, v CoCuo, v 1429 1374

CarCua(11)
v C10C15, v C11Ci0, v C12C11, v C15C14(23), 6 Ho5C11Ca2, 8 H26C12C13, 0 1430 1386
H27C14C1s, 8H29C15C14(12)
8 H24CoH23(83) 1459 1393
v C5C4, v C7C6(18), T HzngCsCe, T H21C8C5CG, T szCngCe(ZO) 1463 1407
o H20C8H22, o H21C8Hzo, o H22C8H21(78), T HzngCsCe, T HﬂCsCsCe, T
H22CCsCs(20) 1473 1409
O HssC27Ha3s, 6 H37Co7H36, 6 HagCarH37(71), T H3sC27C13C12, T H37C27C13C12, 1477 1412
T H38C27C13C12(22)
0 H3sC27H3s, 6 H37C27H36, & HasCo7H37(73), T H3sC27C13C12, T H37C27C13C12, 1482 1418
T H33C27C13C12(16)

A% C5C4, A% C7Ce (1 1), o Hzngsz, o H21C8H20, 0 H2203H21 (38), T 1485 1430
HzngCsCe, T H21C8C5Ce, TH22C8C506(15)

8 C10C15C14, 6 C11C10C15, 6 C12C11C10, & C13C14C15 (13), 6H24C11C12, 1536 1479
0H26C12C13, 5H28C14C15, SH20C15C14 (61)

v C5C4, v C7Ce(52) 1568 1517

v C10C15, v C11C10, v C12C11, v C15C14 (34), v C13C14(24), 6 C10C15C14, & 1603 1553

C11C10C15, 6C12C11C10, 6C13C14C15(22)

v Nz:1Cy, v N33Csg(61) 1593 1622 1575

v N31Cq, v N33Cs(65) 1612 1632 1584

v Ci10Cis, v C11Ci0, v C12C11, v C15C14(59) 1645 1594

v 035C2(73), v N3oCo, v N32,C1(10) 1707 1783 1734

v Co7Hzs, v CorHaz, v CazH3g(99) 2991 2885

v CgH20,CgH21, v CgH22(96) 2999 2893

v CgoHa3, v CoHa4 (100) 3010 2902

v CoHaz, v CoHaz4 (100) 3037 2933

v CgHao, v CgHa1, v CgH22(92) 3045 2945

v CorHss, v CorHaz, v CarHag (98) 3045 2946

v CorHss, v CorHaz, v CarHag (98) 3072 2971

v CgHaz, v CgHa1, v CgH22(94) 3095 2991

v CiiHzs, v CioHzs, v CiaHog, v C1sH29(198) 3122 3011

v Ci1Has, v CioHos, v CiaHzg, v C1sH29(198) 3122 3011

A% C3H17, A% Ceng, \ C7H(98) 3135 3014

\% C11H25, \% C12H26, A% C14H28, A% C15H29(99) 3138 3026

v CuHas, v CioHze, v C1aHos, v CisH20(99) 3141 3029

v CsHi7, v CgHig, v C7H19 (50) 3164 3053

v CsHiz, v CeHis, v C7H19(94) 3209 3093

v N3oH16 (100) 3167 3646 3520
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Tablo 3.15. 47 Bilesiginin deneysel ve skalali teorik frekans degerleri ile Veda4f

yardimiyla olusturulan titresim tiirleri

Titresim Tiirleri Den. B3LYP B3PW91
T C3N323N32Cy, T N31C1CoCio (80) 14 14
T C3N33N32C1, T N31C1C9C10(21), T C50403N33, ‘EC7C605C4(13), T 18 18
C9C1C10C11(33), T N330102N32(11)
T C3N33N32C1, T N3101C9C10 (22), T C109010011 (12) 26 24
8 N31C1Co(11), & C1CoC10, & CaC10C15(10), TC1C9C10C11(16), T 30 28
CyC11C15C10(14)
T Hp0CgCsCs, T H21CC5Cs, T H22CsCsCs (69) 39 37
8 C3N33N32 (14), 8 C4C3Na3s (21). T C13C12C11Ca0, T C14C13C12C11, T 58 55
C15C14C13C12 (10), T C36027C13C12 (11), T C9C11C15C10 (12)
T C3N33N32C1, T N31C1C9C10 (13), T C6C5C403 (18), TC4CsN33N32 (30), T 67 65
N33C1C2N32 (24)
T C36027C13C12 (55) 93 90
T C2N3oN31C1 (21), T C6CsCaC3(12), T N3gN31C1Co (25), T N32CoN31Cq (12) 116 112
3 NaiCiCo (24), 5 CsCaCa (13) 128 122
T C3N33N32C1, T N31C1C9C10 (1 1), T C5C4C3N33, TC7C6C5C4 (20), T 158 153
N3oN3:C1Cs (20)
8 C1CyCio, 8 C9C10Ci5 (10), T C13C12C11C10, TC14C13C12C11, T C15C14C13C12 163 158
(30), T C35027C13012 (16)
8 C3Na3N3z (19), 6 CeCsCa (11), 6 N3oN31C1, dN33N32Co (13), 191 183
T C5C4C3N33, T C7C6C5C4 (42), T C3C5C4C5, ‘EOz7C12C14C13 (23) 192 186
5 02:C13C1a (33),  C302Crs (24) 226 218
T H37C36027C13, T H38C36027C13, T Hag C36027C13 (62) 244 238
T C5C4CsN33, T C7CeC5C4 (12) T C5C5C4C3 (19 ), TC8C5C4C5 (1 1), T 263 256
N3:C1CoNz (29)
8 CsCsCs (30) 283 272
T H16N30oN31C1 ( 17), T C2N3oN31Cq (27), T N3oN31C1Co (21) 287 287
5 C1CoCio, 8 CoC10C1s (43), 8 C3302:C13 (18) 332 317
T C13C12C11C10, T C14C13C12C11, T C15C14C13C12 (13), T 027C12C14Ca3 (16), T 350 338
CoC11C15Ci0 (19)
T C6C5C4C3 (10), T C4C3N33N32 (28), T S34C7C6C5 (24) 369 359
8 O35C2N3p (12), 8 C3N33Ns2 (10), 8 N3oN31C1, 6 N3sNz2Ca (11), & CsCsCe
on 300 375
8 035C2N3p (14), 8 CsC4Cs (18) 420 403
T C13C12C11C10, T C14C13C12C11, T C15C14C13C12 (67) 422 405
& C12C11Ca0, 8 C13C12C11, & C14C13C12, & C15C14C13 (10), 6 O27C13C14 (13), 450 433
TH16N30N31C1 (20)
© H16N3oN1Cy (42) 454 447
T C6C5C4C3 (1 6), T C4C3N33N32 (1 0), T Sg4C7C6C5 (56) 508 491
T 027C12C14C13 (26 ) 518 497
v CgCs (17), 8 S34C+Cs (24) 533 516
5 C3302:C13 (19) 544 523
5 035CaNw (27) 505 574
T C5C4C3N33, T C7C6C5C4 (28), T C8C6C4C5 (32) 619 594
8 C12C11C10, 8 C13C12C11, & C14C13C12, 6 C15C14C13 (43) 644 616
v C4C3, A% C6C5 (14), 5 C504C3, 5 C7CGC5 (18) 647 628
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8 C12C11C1g, 8 C13C12Ca1, 6 C14C13C12, 6 C15C14C13 (14) , TH16N30N3:Cy

(10), T N32C9N3101 (31) 656 633
v S34C7 (17), 1C13C12C11C10, T C14C13C12C11, TC15C14C13C12 690 667
8 C6CsCa (11), T C13C12C11C10, TC14C13C12C11, TC15C14C13C12 (20) 719 695
T H15CsCsCs (80) 723 695
T CzN3oN31C1 (10), T O35N32N30C2 (81) 736 712
v 027C13(11), v C1Cq, v CoC1o (12), 6C12C11C10, 8C13C12C11, 6 C14C13C10, 0 741 718
C15C14Ciz (10), 5 CoCsCa (11)
774 747
& C2N30N31, & N32C1N31 (15), 8 N3oN31C1, 6 N33sN32Co (19) 793 768
v N3oCp, v N32Cq (11), v N3oNa1, v NasNas2 (16), 3C2N3oN31, 6 N32C1Nap (17) 802 779
TH25C11C12C13, TH26C12C13C14, TH28C14C15C10, TH20C15C14C13 (82) 813 783
v S2C7 (41), 5 SzuCiCs (23) 828 806
v C11C0, v C12C11, v C13C12, v C15C14 (15), 6 H25C11Ca2, 6 H26C12C13, 8 832 836 810
H28C14C15, 8 H9C15C14 (11)
8 H25C11C12, 6 H26C12C13, & H28C14C15, 8 H29C15C14 (17) 858 827
T H18CeCsCs, T H19C7S34C4 (85) 884 848
T C13C12C11C10, T C14C13C12C11, T C15C14C13C12 (12) 923 881
8 H25C11C12, 6 H26C12C13, 8 H28C14C1s, & H20C15C14 (71), 938 901
A% Cng (12), 5 H1907834 (1 1), 8 C5C4C3, 8 C7CeC5 (19), THzngCsCe, T 953 919
H21CsCsCs, T H22CsCs5Cs (14)
& H25C11C12, 0 H26C12C13, & H28C14C15, 8 H29C15C14 (70), 8 C12C11Cao0, & 955 919
C13C12C11, 8 C14C13C12, & C15C14C13 (20)
T H17C3Na3Nsz (93) 986 946
8 C12C11C10, 8 C13C12C11, 6 C14C13C12, 6 C15C14Ca3(16), d N3oN31Cy, 6 1017 978
N33N32C2 (18), THzoCsCsCe, ‘EH2108C5C6, ‘EszCngCe (10)
8 N3oN31C1, 8 N3sN32Cy (14), tH20CsCsCs, TH21CsC5Cs, TH22CsC5Cs (17) 1030 995
8 H20CgH22, & H21CgH20, & H22CgH21 (11), TH20CsC5Cs, TH21CC5Ce, T 1044 996
H2,CsCsCs (71)
v 02:Ca (73) 1055 1032
A% N30C2, A% N3201 (13), A% N30N31, A% N33N32 (60) 1082 1060
A% C4C3, A% CeCs (16), 5 H1306C7 (30), 8 H19C7834 (34) 1106 1071
v C11Ci0, v C12Cu1, v C13C12, v C15C14 (88) 1122 1076
& Ha7CasHag, 6 H3gCasHa7, & HagCasHas (98) 1160 1114
v C11Ci0, v C12C11, v C13C12, v C15C14 (10), 6H25C11C12, & H26C12C13, 6 1187 1137
H28C14C15, 6 H29C15C14 (75)
8 Ha7C3sH3g, 8 H3gCssHa7, 8 H3gCasHag (68) 1193 1146
v C4C3, v CeCs (1 1), v NsoCz, v N32C1 (20), v N30N31 (16), 1) C2N30N31, )
MO (15) 1198 1149
5 H24C9C10 (35), T H23C9C10C11, T H24C9C10C11 (22) 1201 1165
A% C11C10, A% C12C11, A% C13C12, v C15C14 (14), A% C1C9, v CgClo (28), T 1215 1170
H23C9C10C11, T H24CoC10C11 (16)
v C4Cs, v CeCs (30), 6 H1gCsCr7 (17) 1226 1186
& H18C7Cs (14), 6 H19C7S34 (13), 8 C6CsCa (15) 1253 1209
v 027C3 (33) 1266 1233
v N3oNs1, v NaaNaz (11), 8 Co2N3oNa1, 8 N32C1Na1 (17), T H23CoC10Cra1, T
A CACaen (L1 1271 1234
v N30C2, v N3201 (15), o H17C3N33 (15), T stCgCloCn, T H24C9C10C11 (23) 1312 1266
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v C11C10, v C12C11, v C13C12, v C15C14 (34), v C14C13 (11), 8 H25C11C1o, & 1341 1306
H26C12C13, & H28C14C15, 8 H20C15C14 (11), & H24CoCro (13)
& H17C3N33 (36), T H23CoC10C11, T H24CoC10C11(17) 1370 1315
8 H16N3oN3z (61) 1382 1335
A% C5C4, A% C7C5 (10), A% C4C3, v CeCs (13), 0 H19C7834 (17), T HzngCsCe, T
1393 1338
H21C8C5C6, T szCngCe (18)
8 H20CgH22, 6 H21CgH20, 8 H22CgHa1 (58) 1410 1358
v Cs5Ca, v C7Cs (22), v N3oCa, v N32C1 (15), v C1Cg, v CoCo (12) 1429 1386
v C11C10, v C12C11, v C13C12, v C15C14 (24), 6 Ho5C11C12, 8 H26C12C13, & 1440 1387
H28C14Cis, 6 H29C15C14 (11)
8 H23CoH24 (84) 1458 1392
A% C5C4, A% C7Ce (18), 0 HzoCstz, o H21C8H20, 0 H2203H21 (20), o H37C36H39, 1463 1402
& HzsCasHs7, & H3oCasHasg (73)
A% C5C4, A% C7Ce (18), 0 HzoCstz, o H21C8H20, 0 H2203H21 (20), o H37C36H39, 1464 1408
& HagCasHa7, 8 HagCasHas (73)
8 H20CgH22, & H21CsH20, 6 H22CgH21 (77), T H20CsCsCos, T H21CsCsCo, T
I, (20 1473 1409
& H37C36Ha39, 6 HagCasHa7, 6 HagCasHag (71), T H37C36027C13, T 1478 1415
H3C36027C13, T H39C36027C13 (22)
% C5C4, A% C7C6 (10), o Hzngsz, o Hzlchzo, o H22C3H21 (39), T HzngCsCe, 1485 1429
T H21C8C5Ce, T szCngCe (15)
& H37Cs6H39, & H3CssH37, 6 H3gCasHss (94) 1492 1430
8 H25C11C12, 6 H26C12C13, 8 H28C14C15, 6 H20C15C14 (47), 6 C12C11C10, & 1535 1480
C13C12C11, 6 C14C13C12, 8 C15C14C13 (11)
v CsCa, v C:Cs (52) 1568 1517
v C11C10, v C12C11, v C13Cy2, v C15C14 (49), 6 C12C11C10, 6 C13C12C11, & 1606 1556
C14C13C12, & C15C14C13 (25)
v N31C1, v N33Cs (62) 1593 1622 1575
v N31C1, v N33Cs (66) 1612 1632 1584
v C11Ci0, v C12Cu1, v C13C12, v C15C14 (53) 1644 1594
A% 035C2 (73), A% N30C2, A% N32C1(10 ) 1707 1782 1733
v CasHaz, v CsgHas, v CasHso (91) 2971 2862
A% CgHzo, A% C3H21, A% Cgsz (95) 2999 2893
v CgHzs, v CoH24 (100) 3009 2901
v CaeHa7, v CasHas, v CasHag (99) 3027 2923
v CgHzs, v CoH24 (100) 3035 2932
v CgH20, v CgH21, v CgH22 (91) 3045 2946
v CgHao, v CgHa1, v CgH22 (95) 3096 2991
v CagHaz, v C3sHzg, v CagHag (91) 3102 2994
v C11H25, v C12H26, v C14H28, v CisHa9 (91) 3131 3015
A% C11H25, A% C12H26, A% C14H28, % C15H29 (93) 3133 3020
v C3H17, v CeHis, v C7H19 (98) 3136 3021
v C11Has, v C12H26, v C14H2g, v C15H29 (99) 3163 3050
v C3H17, v CsHis, v C7H19 (100) 3164 3052
A% C11H25, A% C12H26, A% C14H28, % C15H29 (100) 3173 3058
v C3H17, v CgHus, v C7H19 (94) 3209 3093
v N3oH16 (100) 3166 3646 3520
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Tablo 3.16. 48 Bilesiginin deneysel ve skalali teorik frekans degerleri ile Veda4f
yardimiyla olusturulan titresim tiirleri

Titresim Tiirleri Den. B3LY B3PW91
T C3N32N31C1, T N3pC1CoCip (44), T C1CoC10C11 (39) 7 6
15 15
T H20CsCsCs, T H21CC5Cs, T H22C3C5Cs (32), T C3N32N31C1, T N3oC1CoCro
22 25
(21)
T H20CgCsCs, T H21CC5Cs, T H22C8C5Cs (33), T CaN32N31C1, T N3pC1CoCio 29 33
(20), T N32C102N31 (11)
8 C4C3Ns3z (17), 6 C3N32N31 (16), 6 N3gCiCo (18), T CeC11C15C10 (13) 35 43
T C3N22N31C1, T N3pC1CgC10 (13), T C6CsCaCz (16), T CaC3N32N31 (30), T 67 65
N32C1C2Na3 (24)
72 69
T C2N29N30C1 (20), T C6C5C4C3 (10), T N29N30C1C9 (27), TN31C9N30C1 (12) 113 110
3 NaoCiCs (21), 8 CsCaCa, 8 C1CsCs (12) 130 124
T C3N32N31C1, T N30C1C9C10 (1 1), T C5C4C3N32, T C7C6C5C4 (31), T 157 152
N29N30C1Cs (20)
T C10C15C14C13, T C11C12C13C14, T C15C14C13C12 (28), T C35C11C13C12 (39) 182 175
3 CsNaNar (18), 8 CeCsCa (10), 5 NasNaoCu, & NazNaiCo (14) 189 182
T C5C4C3N32, T C7C6C5C4 (42), T C8C6C4C5 (28) 190 184
8 C1CoCio, & CoC10C15(15), 6 C35C12C13(20), T C10C15C14C13, T C11C12C13C14, 999 213
T C15C14C13C12 (14)
8 C1CyCi0, 8 CoC10C15(20), 6 C35C12C13(22) 240 230
T C5C4C3N32, T C7C6C5C4 (12), T C6C5C4C3 (17), T CgCaC4C5 (15), 261 255
™N32C1C2N3; (28)
5 CngCe (15), T H15N29N30C1 (12), T C2N29N30C1 (20), TN29N30C1C9 (13) 288 278
5 CCsCs (21) 200 289
T C4C3N32N31 (28), T 833C7C6C5 (20), T C8C6C4C5 (12) 369 358
8 C1CoCro, & CoC10C15 (42), 6 C35C12C13(33) 378 363
8 034C2N2g (14), 6 C3N32Nz1 (10), 8 NagN3oCi, 6 N3aNz1Co (13), 6 CsCsCs (20) 391 376
3 032CoN2s (11), 8 CsCaCa, d C1CoCs (33),  CaCsCo (12) 421 406
T H25C11C12C13, T H26C13C14C15, T H27C14C15C10, T H28C15C14Ca3 (10), T 442 423
C10C15C14C13, T C11C12C13C14, T C15C14C13C12 (41), T C35C11C13C12 (12)
T H16N29N30C1 (59), T O34N29N31C2 (1 1), T N31C9N30C1 (ll) 454 448
T C6C5C4C3 (17), T C4C3N32N31 (12), T 533C7C6C5 (48) 508 490
3 S:5C1Co (10), T C3sC1:C15Ci2 (16) 518 499
v CsCs (17), 5 SaC1Co (18) 537 519
8 034C2N29 (13), 8 C10C15C14, 6 C11C12C13, & C14C13Ca2, § C15C14Ca3 (21), & 611 588
C2N29N30, 8 N31C1N3o (13)
T H18C5C7533, T H19C7333C4 (1 5), T C5C4C3N32, T C7C5C5C4 (32), T 833C7C6C5 620 594
(12), T C3C6C4C5 (19)
v CaCs, v CsCs (13), v SzCr (11) 651 630
T H16N29N30C1 (16), T N31C9N3001 (43) 653 631
T H25C11C12C13, T H26C13C14C15, T H27C14C15C10, T H28C15C14C13 (18), T 687 662
C10C15C14C13, T C11C12C13C14, T C15C14C13C12 (45)
v C10C1s, v C11C12, v C13C12, v C15C14 (12), v C35C12 (17), 8 C10C15C14, & 691 667

C11C12C13, 8 C14C13C12, & C15C14C13 (32)
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v S3:C (15), 8 CeCsCa (16), 8 S:2C1Cos (12) 713 690
T H13C6C7533, T H19C7S33C4(79) 724 696
T 0uNxNa:Cs (81) 736 712
8 CsCsCs (10), T Ho5C11C12C13, T H26C13C14C15, T H27C14C15C10, T 752 796
H28C15C14C13 (17)
8 C2N29N30, 6 N31C1N3zo (11), 8 N2gN3oC1, 6 N32Nz1Cz (12), T H25C11C12Ca3, T 786 761
H26C13C14C1s, T H27C14C15C10, T H28C15C14C13 (18)
A% Nngz, A% N31C1(18), 1) C2N29N30, 0 N31C1N30 (24), T H25C11012C13, T 798 771
H26C13C14C1s, T H27C14C15C10, T H28C15C14C13 (10)
v N29N3o, v N32N31 (11), T HosC11C15C13, T H26C13C14C15, T H27C14C15C10, T 809 787
H2sC15C14C13 (25)
v S5Cr (39),  S:CiCo (23) 829 810
A% C1Cg, v CgClo (10), A% C35C12 (10), 8 C10C15014, 6 C11012C13, 6 C14C13C12, 8 833 868 839
Ci15C14Ci3 (13)
T H18C5C7833, T H19C7S3304 (82), T 833C7C605 (10) 885 849
T H25C11C12C13, T H26C13C14C15, T H27C14C15C10, T H28C15C14Ca3 (67) 892 856
T H25C11C12C13, T H26C13C14C15, T H27C14C15C10, T H28C15C14Cas (77) 910 875
& H23CyC1p (58) 931 891
A% Cng (12), 8 H19C7833 (10), 8 C5C4C3, 8 C7CeC5 (18), T HzngCsCe, T 953 919
H21C805C6 T szCngCe (15)
T H25C11C12Ca3, T H26C13C14Cis, T H27C14C15C10, T H28C15C14C13 (74), T 977 940
C10C15C14C13, T C11C12C13C14, T C15C14C13C12 (20)
7 H17C3N32N3; (93) 984 944
v C10C1s, v C11C12, v C13C12, v C15C14 (23), v C14C13 (10), 6 C10C15C14, & 1007 966
C11C12C13, 6 C14C13C12, & C15C14C13 (57)
5 N29N30C1, 8 N32N31C2 (20), T HzngCsCe, T H21C8C5Ce, T szCaCsCe, (20) 1019 983
5 N29N30C1, 8 N32N31C2 (19), T HzngCsCe, T H21C8C5Ce, T szCaCsCe (14) 1031 996
& H20CgH22, 6 H21CgH20, 6 H22CgH21 (10), T H20CgCsCs, T H21CgCxCs, T 1044 997
H22CsCsCs (70)
v N2gCa, v N31Ci (13), v N2gNsg, v N32N3s (58) 1084 1053
v C10Cis, v C11C12, v C13C12, v C15C14 (12), v C14C13 (21), 6 C10C15Cu4, &
C11C12C13, 6 C14C13C12, 6 C15C14C13 (20), 6 HasC11Ci2, 6 H26C13C14 6 1090 1060
H27C14C15 6 H28C15Ca4 (10)
v C10Cis, v C11C12, v C13C12, v C15C14 (33), 6 H2sC11C12, 8 H26C13C14 6 1106 1065
H27C14C15 6 H28C15Cu4 (41)
8 H25C11C12, 8 H26C13C14 6 H27C14C15 6 H2gC15Ca4 (73) 1180 1131
v N29C2, v N31C1 (17), v N2gNso, v N3aNs1 (15), 8 H23CoCro (32), & C2N2gN3o, & 1196 1144
N31C1N30(13), T H23C9C10C11, T H24CoC10C11 (22)
A% Nngz, A% Nslcl (17), A% Nngso, Vv N32N31 (15), 5 stCgClo (32), 6 C2N29N30, 5 1196 1164
N31C1N30(13), T H23C9C10C11, T H24CoC10C11 (22)
v C10Cis, v C11C12, v C13C12, v C15C14 (13), v C1Co, v CoCi0 (29), 6 Ha5C11Coo, 1213 1169
8 H26C13C14 & H27C14C15 & H2gC15C14 (24), T H23CoC10C11, T H24CoC10C11 (12)
A% C4C3, v CeCs (3 1) 5,H13C6C7 (17) 1226 1185
3 H1sCsCr (14) 8 H1CrS3s (13), 8 CCsCa (14) 1253 1209
v N2oNso, v N32N3s1 (13), 8 C2N29N3o, 6 N31C1N3o (21), T H23CoC10C11, T
Ha4CoC1oCas (13) 1269 1231
v C10Cis, v C11C12, v C13C12, v C15C14 (24), 6 H25C11C12, 6 H26C13C14 & 1304 1252
H27C14C15 8 H28C15C14 (26), & Ha3CoCro (14)
Y% Nngz, A% N31C1 (12), o) H17C3N32 (12), T H23C9C10C11, T H24C9C10C11 (23) 1312 1269
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v C10C1s, v C11C12, v C13C12, v C15C14 (39), & H25C11C12, 6 H26C13C14 6

H27C14C15 8 H28C15C14 (31) 1825 1292
8 H17C3N32 (39), T H23C9C10C11, T H24C9010C11 (15) 1369 1314
& Hi1sN2gN3o (64) 1383 1335
v CsCa, v C7Cs (11), v CsCs, v CeCs (13), & H19C7S33 (17), & HooCsH22, & 1394 1339
H21CgH20, 6 H22CgH21 (18)
8 H20CsH22, 6 H21CeH20, 8 H22CsHa1 (58) 1411 1359
A% C5C4, A% C7C5 (24), v N29C2, A% N31C1 (16), A% Clcg, Vv CgClo (10) 1432 1389
v C10C15, v C11C12, v C13C12, v C15C14 (16), & HasC11C12, & H26C13C14 &
H27C14C15 8 H28C15C14 (30), & C10C15Ca14, & C11C12C13, 6 C14C13C12, & 1446 1393
C15C14C13 (16)
8 H24CoH2s (78) 1461 1395
A% C5C4, Vv C7Ce (16), o Hzngsz, 0 H2103H20, o H2203H21 (10) 1464 1407
5 Hzngsz, 6 H21C8Hzo, 8 H22C8H21 (78), T HzngCsCe, T HanCsCe, T
H22CsCsCs (20) 1472 1410
v CsCa, v C7Cs ((10), 6 HaoCsHa2, 8 H21CgH20, 8 H22CsH21 (39), T H20CsCsCs, 1485 1431
T H21CsCsCs, T H22CsC5Cs (15)
v C10Cis, v C11C12, v C13C12, v C15C14 (27), 6 H25C11C12, 6 H26C13C14 6 1497 1442
H27C14C1s5 8 H28C15C14 (51)
v CsCa, v C1Cs (52) 1568 1517
v C10C15, v C11C12, v C13C12, v C15C1s (26), v C14C13 (30), 6 H25C11C12, 8
H26C13C14 8 H27C14C15 & H28C15C14 (14), & C10C15C14, 6 C11C12C13, 6 1601 1553
C14C13C12, & C15C14C13 (24)
v N3oC1, v N32Cs (55) 1589 1621 1574
v N3oC1, v N32C3(12), v C10Ci5, v C11C12, v C13C12, v C15C1a (43) 1626 1577
v N30C1, v N32C3 (54) 1613 1633 1585
A% 034C2 (73), A% Nngz, A% N31C1 (10) 1705 1784 1735
A% CgHzo, A% C3H21, A% Cgsz (97) 3000 2893
v CoHzs, v CoH24 (99) 3014 2906
v CoHas, v CgHa4 (99) 3041 2937
v CgHao, v CgH21, v CgH22 (95) 3045 2946
v CgH2o, v CgHa1, v CgH22 (96 ) 3096 2992
v CsHi7, v CeHaig, v C7H19 (98) 3136 3014
v C11Has, v Ci3Hae, v C14H27, v CisHas (97) 3138 3027
v C11H3zs, v CazHzs, v C1aH27, v C1sHas (97) 3154 3042
v C11Has, v CisHzs, v C14H27, v CisHas (99) 3161 3047
A% C3H17, A% C6H13, A% C7H19 ( 100) 3164 3053
v C11H25, v C13H25, v C14H27, v CisHzs (92) 3174 3060
v C3H17, v CeHis, v C7H19 (95) 3210 3094
v NagH16 (100) 3165 3644 3518
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Tablo 3.17. 49 Bilesiginin deneysel ve skalali teorik frekans degerleri ile Vedadf

yardimiyla olusturulan titresim tiirleri

Titresim Tiirleri Den. B3LY B3PW91
T C3N32N31Cy, T N3oC1CoCuo (84) 13 11
T C3N32N31C1, T N30C1C9C10 (22), T C5C4C3N32, T C7C6C5C4 (16), T C1C9C10C11 22 21
(19), T N32C1CoN3y (15)
8 C4CsNz2 (10), 8 CsN3zNaz (10), 8 N3gCiCs (16), 8 C1CoCio (11), 8 C1CoCro -8 26
(1 1), T C9C11C15C10 (23)
31 29
8 C4C3N3z (24), 8 CaN32Nz1 (16), T C10C15C14C13, T C11C12C13C14, T 59 56
C15C14C13C12 (11), T C9C11C15C10 (16)
T C3N32N31C1, T N3oC1C9C10 (13), T CeCsC4C3 (18), T C403N32N31 (30), T 67 65
N32C1C2Nay (24)
T C2N29N30C1 (21), T C6C5C4C3 (12), T N29N23C1C9 (26), T N3109N30C1 (12) 116 112
8 N3oCi1Cs (32), T C5C4C3Naz, T C7C6CsC4s (13), T C10C15C14Ca3, T C11C12C13C14, 123 117
7 C15C14C13C12 (10)
8 C1CyC1o, & CoC10C15 (27), T C10C15C14C13, T C11C12C13C14, T C15C14C13C12 (20), 142 136
T C35C12C14C13 (16)
T C3N32N31C1, T N30C1C9C10 (1 1), T C5C4C3N32, T C7C6C5C4 (20), T N29N30C1C9 159 154
(22)
v C4C3, v CeCs (10), 6 C3N32N3p (21), 6 CeCsC4 (12), ) N29N3ocl, 6 N32N31Co
190 183
(15)
T C5C4C3N32, T C7C6C5C4 (44), T CsCeC4C5 (28) 192 185
8 C1CyCi0, 8 CoC10C1s (20), & C35C13Ca4 (49) 247 238
T C5C4C3N32, T C7C5C5C4 (1 1), T CeCsC4Ca (17), T C8C5C4C5 (13), T N32C1C2N31
263 257
(28)
5 CaCsCs (35) 280 269
T H16N29N30C1 (20), T C2N29N30C1 (30), T N2gN3oC1Co (24) 289 288
T C10C15C14C13, T C11C12C13C14, T C15C14C13C12 (18), T C35C12C14C13 (34), T 310 299
CoC11C15C10 (19)
8 C1CyCi0, 8 CyC10C15 (41), 6 C35C13C14 (29) 364 347
T CeC5C4C:3 (10), T C4C3N32N31 (29) 369 359
8 C3N32Nz1(10), & CsCsCo (28) 387 372
v C35C13 (13), 8 034CaNyo (21) 410 396
T H25C11C12Ca3, T H26C12C13C14, T H27C14C15C10, T H25C15C14C13 (10), T 415 396
C10C15C14C13, T C11C12C13C14, T C15C14C13C12 (74)
v C35C13 (15), 8 CsC4C3 (29), 8 CsCsCs (10) 431 416
T H15N29N30C1 (58), T 034N29N3102 (10), T NalcgNaocl (12) 455 448
T C35C12C14C13 (20), T C9C11C15C10 (13) 502 483
T C6C5C4C3 (1 8), T C4C3N32N31 (12), T 833C7C6C5 (47) 508 490
v CgCs (20), & S33C7Cs (28) 532 516
N2sC2,N31C;1 (10), 8 C4C3Naz (10), 8 03:C2Nas (32) 585 566
620 594
T C10C15C14C13, T C11C12C13C14, T C15C14C13C12 (70) 641 612
v C4C3, v CeCs (13), ) C5C4C3, ) C7C6C5 (16), ) CzNngso, 1) N3101N3o (14) 643 623
T H16N29N30C1(14), T N31CoN30C1 (39) 655 632
C35C13 (20), T C10C15C14C13, T C11C12C13C14, T C15C14C13C12 (17) 667 646
v 833C7 (14), T C10015C14C13, T C11C12013014, T C15014C13C12 (33) 689 665
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S33C7(11), 6 CsCsC4 (16), 8 S33C7Cs (10), T C10C15C14Ca3, T C11C12C13C14, T

C15C14C13C12 (20) 720 6%
T H18C6C7S33, T H19C7S33C4 (79) 724 697
T O34N29N31C7 (82) 736 712
759 733
3 CaN2oNso, 8 NarCiNao (17), 8 NasNaoCr, & NaaNaiCa (16) 780 764
A% N29C2, v N31C1 (10), v N29N3o, A% N32N31 (19), ) C2N29N3o, 1) N31C1N30 (18) 798 778
A% C11C12, Vv C13C12, Vv C14C13, Y% C15014 (10), A% C1C9, A% CgClo (15) 821 792
T H25C11C12C13, T H26C12C13C14, T H27C14C15C10, T H28C15C14C13 (98) 826 793
v S33C7 (43), & S33C7Cs (24) 828 809
T H25C11C12C13, T H26C12C13C14, T H27C14C15C10, T H28C15C14C13 (28), T 860 828
CoC11C15C10 (13)
T H18C5C7833, T H19C7833C4 (82), T S3307CBC5 (10) 886 850
6 H23CoC1o (33), T H23C9C10C11, T H24CoC10C11 (3 1), T C1C9C10C11 (10) 925 884
v CgCs (12), 6 H19C7Ss3 (10), & CsC4Cs, 6 C7C6Cs (18), T H20CsCsCs, T 953 916
H2:1CsCsCs, T H22CCsCs (17)
T H25C11C12C13, T H26C12C13C14, T H27C14C15C10, T H28C15C14C13 (76), T 954 919
C10C15C14C13, T C11C12C13C14, T C15C14C13C12 (10)
T H25C11C12C13, T H26C12C13C14, T H27C14C15C10, T H28C15C14Ca3 (76), 1 962 927
C10C15C14C13, T C11C12C13C14, T C15C14C13C12 (22)
T H17C3N32N31 (93) 986 947
8 N29N3oC1, 8 N32N31Co (22), T H20CsCs5Cs, T H21CCsCs, T H22CsCsCs (19) 1018 981
8 C10C15C14, 8 C11C12C13, & C14C13C12, 8 C15C14C13 (73) 1023 983
8 N29N30C1, 8 N32N31C2 (17), T H20CsCsCs, T H21CC5Cs, T H22CsCs5Cs (18) 1031 996
T HzoCsCsCe, T H21C3C5CB, T H22CsCsCs (62) 1044 996
A% Nngz, A% N31C1 (13), A% Nngao, A% N32N31 (58) 1084 1059
v C11C12, A% C13C12, A% C14C13, A% C15C14 (53), A% C35C13 (18) 1090 1061
v CsCa, v C7Cs (16), 8 H18C6C7 (30), & H19C7Ss3 (34) 1107 1073
v C11C12, v C13C12, v C14C13, v C15C14 (31), 8 H25C11C12, & H26C12C13, & 1120 1074
H27C14C1s, 6 H28C15C14 (59)
v C11C12, v C13C12, v C14C13, v C15C14 (21), 8 H2sC11C12, 8 H26C12C13, & 1192 1142
H27C14C1s, 6 H28C15C14 (74)
A% C10C15 (10), A% C4Cs, A% CeCs (10), A% N29C2, A% N31C1 (20), A% N29N30, A% N32N31
(17), & H23CoC10, & H24CoC23 (42), & C2N29N30, & N31C1N3o (15), T H23C9C10C11, T 1196 1145
H24CoC10C11 (28)
v C10C15 (10), v C4Cs, v C6Cs (10), v N2gCo, v N31C1 (20), v N2gN3o, v N3oN3y
(17), 8 H23CoC1o, 8 H24CoC23 (42), & C2N29N30, & N31C1N3o (15), T H23C9C10C11, 1197 1164
T H24C9C10C11 (28)
v C11C12, v C13C12, v C14C13, v C15C14 (11), v C1Co, v CoC10 (32), T H23CoC10C11, 1212 1168
T H24CoC10C11 (14)
A% C4C3, v CeCs (31), 0 H1sCsCr (17) 1226 1185
5 H1sCoCr (14), 8 HioCrSas (13), 8 CeCsCa (14) 1253 1209
v N2gN3o, v N32N31 (14), 8 C2N2gN3o, & N31C1N3g (24), T H23C9C10Cu1, T
OG0 1270 1235
v C11C12, v C13C12, v C14C13, v C15C14 (49), 8 HasC11C12, 6 H26C12Cu3, & 1307 1258
H27C14C1s, 8 H2sC15C14 (24)
% Nngz, v N31C1 (15), 1) H17C3N32 (15), T HzanCloCn, T H24C9C10C11 (26) 1312 1270
v C11C12, v C13C12, v C14C13, v C15C14 (15), v C10C1s (14), & H25C11C12, 6 1328 1289

H26C12C13, 8 H27C14Ci5, 8 H28C15C14 (37), 8 H23CoC10 (12)
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8 H17C3N32 (38), 8 H23CoC10C11, 6 H24CoC10C11 (16) 1370 1316

& H16N2gN3o (63) 1383 1335

v CsC4, v C7Cq (11), v CsC3, v C6Cs (12), & H19C7S33 (17), & H20CsH22, 0 1393 1339

H21CgH20, 6 H22CgH21 (17)

& H20CgH22, & H21CgH20, 8 H22CgHa1 (57) 1411 1359

1425 1372

A% C5C4, Vv C7C6 (25), A% Nngz, Y% N3101 (15), A% C1C9, A% CgClo (ll) 1432 1389

8 H24CoH23 (80) 1460 1395

v CsCs, v C7Cs (15 ), 8 H20CgH22, & H21CgH20, & H22CgH21 (20) 1464 1407

& H20CgH22, & H21CgH20, & H22CgH21 (39) 1472 1410

8 H25C11C12, 6 H26C12C13, & H27C14C15, & H28C15C14 (64) 1485 1431

A% C11C12, Vv C13C12, Vv C14013, A% C15014 (12), 1511 1455

v CsC4, v C7Cs (52) 1568 1517

v C11C12, v C13C12, v C14C13, v C15C14 (39), v C10C15(24), & C10C15C14, & 1604 1554
C11C12C13, 6 C14C13C12, & C15C14Ci3 (13)

v N3oC1, v N32Cs (55) 1584 1621 1574

v N3oCi, v N32Cs3 (10), v C11Ci2, v C13C12, v C14Ca3, v C15C1a (37) 1626 1577

A% N30C1, Vv N32C3 (58) 1632 1585

v 034C> (73) 1703 1785 1735

v CgHao, v CgHa1, v CgH22 (99) 3000 2893

v CgHas, v CoH24 (100) 3013 2905

v CgHas, v CoH24 (100) 3040 2936

A% CgHzo, A% C8H21, A% C8H22 (100) 3045 2946

A% CgHzo, A% C3H21, A% C8H22 (98) 3096 2992

A% C3H17, A% C6H13, A% C7H19 (98) 3137 3016

v C11H25, v C12H26, v C14H27, v CisHzs (199) 3139 3027

v C11H25, v C12H26, v C14H27, v CisHzs (199) 3139 3027

% C3H17, A% C6H13, % C7H19 (100) 3164 3053

v C11Has, v Ci2Has, v C14H27, v CisHas (99) 3171 3058

A% C11H25, A% C12H26, A% C14H27, A% C15H28 (99) 3172 3058

A% C3H17, A% C6H18, Y% C7H19 ( 94) 3209 3093

v N2gHs6 (100) 3184 3645 3519
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Tablo 3.18. 50 Bilesiginin deneysel ve skalali teorik frekans degerleri ile Veda4f

yardimiyla olusturulan titresim tiirleri

Titresim Tiirleri Den. B3LY B3PW91
T C3N30N29C1, T N2801C9C10 (46), T C(:iC;;CSNSQ C7C60504 (18), T NgoclczNzg 19 18
T C3N30N29C1, T N2gC1CoC10(49), ™N30C1CoN2g (11) 31 28
T H19C8C5C4, T H20C3C5C4, T H2103C5C4 (50), TC3N30N2901, 37 34
T N28C1C9C10 (17)
8C4C3N3 (16),  C3N3oNag (15) 47 45
T C3N30N29C1, T N2301C9C10 (26), T C4C3N30N29 (12), T N3001C2N29 (10) 70 68
T CeC5C4Cs, T C9C14C13C12, C14C13C12C11 T (15), T N27N2gCi1Co(27), T 83 80
N29CyN2sC1 (10), T C1C10C14Cq (15)
& N2gC1Co (28), 8 C5C4Cs, 6 C7C6Cs, (10), 6 C1CoC14 (15) 113 108
T C3N3oN29C1, T N2sC1CgC10(13), T CsCaC3N3zp, T C7CsC5Ca (25), T CsC5CaCs, 135 129
T C9C14C13C12, T C14C13C12C11 (14)
T C5C4C3N30, T C7C6C5C4 (24), T CgC4CeCs(18) 182 176
T CsCsC4Cs, T C9C14C13C12, T C14C13C12C11 (12), T CsCaCsCs (12) 193 186
201,47 200 192
8 C1CyC14(22), T C2N27N2sCy (19) 216 209
T C5C4C3N30,C7C6C5Cs (12), T CsC5CaC3T Cy9C14C13C12, T C14C13C12C11 (11), 263 258
T CsC4CsCs (18), T N3oC1C2Nae (29)
5 CngCe (1 1), T C605C4C3, T C9C14C(:]1-30C):12, T C14C13C12C11(10), T N27N8C1Cg 305 296
v C1Co (21), 8 C6C5C4, 6 CyC14Ca3, 8 C14C13C12(15) 323 313
8 C1CoCaa( 11), 8 CsCsCs (33) 352 340
T C4C3N30N29 (26), T 831C7CGC5 (18) 374 362
0 O3ZCZN27 (18), T C5C5C4C3, T C9C14C13C12, T C14C13C12C11 (14) 406 389
8 032C2N27 (11), T C10C11C12C13 (11), T C6CsCaCs (24) 411 394
8 CsC4Cs, 6 C7CeCs (17), T H1sN27N2sCy (10) 437 422
T H1sN27N25C1 (38) 466 454
T C4CsN3oN29 (12), T 831C7C6C5 (47) 508 491
T H15N27N2301 (22), T C1C10C14C9(22) 515 497
v CgCs (22), & S31C7Cs (22) 539 522
8 032C2N27 (31), 8 N2gCiCy (14) 616 593
T C504C3N30, T C7C6C5C4 (3 1), T S31C7C6C5 (10), T C8C4C5C5 (16) 621 595
8 C10C11C12, 6 C13C12C11(32), 8 C6CsCa, 8 CoC14C13, & C14C13C12 (35) 628 600
v S31C7 (10), 8 C5C4Cs, & C7CeCs,(16), 6 C2N27N2s, 6 NagC1N2g(11) 648 627
v S31C7 (13), 8 C10C11C12, & C13C12C11 (27), 8 C10C11C12, & C13C12C11, O 680 655
C6C5C4, 8 CoC14Ci3, 8 C14C13Ca2 (13)
T H22C10C11C12, T H23C11C12C13, T H24C12C13C14, T H25C13C14Co (24), T 698 672
N29CoN2sCi (34)
T H22C10C11C12, T H23C11C12C13, T H24C12C13C14, T H25C13C14Co(29), T 701 674
C10C11C12C13 (33), T C6C5C4C3 (10)
v S31C7 (14), 8 C6CsCa, 6 CoC14C13, 6 C14C13C12(15), 8 S31C7Cs (14) 722 695
T H17C6C7831, T H13C7831C4, T HzeCl4C13C12 (71) 724 701
T 032N27N29C2 (73), 738 714
T H22C10C11C12, T H23C11C12Ca3, T H24C12C13C14, T H25C13C14Co (36), T 780 749
N29CoN2sC1 (l l), T C1C10C14Cy (20)
& C3N3oN2g (12), 8 C2N27N28,N29C1N2g (15), 8 N27N2gCa, 6 N3gN2oCo(14) 786 763
v N27C2, A% N29C1(1 8), A% N27N23, v N30N29 (14), 0 C2N7N28, o N29C1N28(23) 804 781
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v S31C7 (42), 6 S31C7Cs (25) 828 810
T H17C6C7Ss1 (14), T H22C10C11C12, T H23C11C12C13, T H24C12C13C14, T 849 816
H25C13C14Cq (54), T H17C6C7S31, T H18C7S31C4, T H26C14C13C12 (12)
T H17C6C7531, T H13C753104, T H26C14C13012 (76) 885 849
T H17C6C7S31, T H18C7S31Ca, T H26C14C13C12 (28), T H22C10C11Ca2, T 934 896
H23C11C12C13, T H24C12C13C14, T H25C13C14Co (55)
8 Cs5C4Cs, 6 C7C4Cs,(15), 8 N27N2sCi, 6 N3gN2oCo (11) 951 917
8 C2N27N2g, 8 N2gC1N2s (10), & N27N2sCi, & N3gN2oCo (26) 961 928
T H22C10C11C12, T H23C11C12C13, T H24C12C13C14, T Hp5C13C14Cy (45) 980 942
T H16C3N3oN2g (86) 984 944
T H22C10C11C12, T H23C11C12C13, T H24C12C13C14, T H25C13C14Co (67), T 097 958
C6CsC4Cs, T CoC14C15C10, T C14C13C12C11 (18)
v C10Cu1, v C12C11, v C13C12, v C14C13 (48), 6 CeCsCs, & CoC14Cu3, 8
C14C15C12(38) 1008 968
A% Cng (1 1), T H19C3C5C4, T HzngCsC4, T H2103C5C4 (33) 1026 986
v C10C11, v C12C11, v C13C12, v C14C13(31), 8 H22C10C11, 6 H23C11C12, 8
H24C12C13, 8 H25C13C14 (13), & C10C11C12, C13C12C11, 6 C6CsC4, & CoC14C13, S 1042 997
C14C13C12 (18), 6 C6CsC4, & C9C14Ci3, 8 C14C13Ci2 (10)
o H19C8H21, o HzoCsng, ) H21C3H20 (14), T H19C8C5C4, T H20C8C5C4, T
H21CsCsC4 (57) 1044 1005
v C10C11, v C12C11, v C13C12, v C14Ci3 (21), v N27N2g, v NaoN2o (34) 1087 1053
v C10C11, v C12C11, v C13C12, v C14Ci3 (13), v N27Nos, v N3oNag (10), & 1104 1060
H18C7S31(11), 8 H17C6Cr, 8 H26C14C13 (16)
A% C5C4, A% C7Ce (1 1), o H17C6C7,H26C14C13 (17), o H13C7531 (24) 1105 1079
v N27C2,N29C1, (14), 6 C2N27Nag, 6 N2gCiN2g (10) 1142 1110
v C10C11, v C12C11, v C13C12, v C14C13 (17), 8 H22C10C11, 6 H23C11C12, & 1173 1124
H24C12C13, 8 H25C13C14 (70)
v C10C11, v C12C11, v C13Ca2, v C14C13 (13), v N27Co, v N2oC1 (10), & 1194 1146
H22C10C11, 8 H23C11C12, 8 H24C12C13, 8 Hp5C13C14 (26)
v C10C11, v C12C11, v C13C12, v C14C13(10), v N27Cp, v N2gC1 (10), v N27Nos, v 1198 1165
N3oN2g (10), & H22C10C11, & H23C11C12, 8 H24C12C13, 8 H25C13C14 (19)
v CeCs (18) 1227 1186
A% C4Cs, A% C9C14 (10), o H18C7831 (13) 1253 1210
A% N27N28, A% N30N29 (21), 0 C2N27N28, 0 N29C1N28(13) 1291 1259
v C10C11, v C12C11, v C13Ca2, v C14C13(29), v C4Cs, v CyCi4 (33) 1315 1275
v C10C11, v C12C11, v C13C12, v C14C13 (23), 6 H17C6Cr, & H26C14C13(15), 6
H26C14C13 (14)
v N27Ca, v N2gCi (10), 8 H16C3N3o (42) 1356 1304
& HisN27N2s (46) 1386 1335
% C5C4, % C7C5 (1 1), % C5C5 (16), ) H15N27N28 (10), 1) H18C7831 (15), 1) 1394 1343
H19CsH>1, & H20CgH19, 6 H21CsH20 (16)
A% C5C4, v C?Ce (17), v Nz7Cz, A% Nngl (l l), v Clcg (10), o H15N27N28 (10) 1419 1376
A% C5C4, v C7C6 (24), v C4C3, A% C9C14(1 0), 0 H22C10C11, 0 H23C11C12, 0 1457 1402
H24C12C13, 8 Ha5C13C14 (10)
0 H22C10C11, 6 H23C11C12, & H24C12C13, 6 H25C13Ca4 (26) 1467 1410
o H19C8H21, ) HzoCsng, ) H21C3H20 (72), T H19C8C5C4, T H20C8C5C4, T
e eeC, (02 1475 1411
o H19C3H21, o HzoCsng, o H21C8H20, (43), T H19C8C5C4, T H20C8C5C4, T
H21CsCsCy, (14) 1484 1428
8 H22C10C11, 6 H23C11C12, 8 H24C12C13, 6 H25C13C14 (28), 6 C10C11C12, & 1515 1460

C13C12C11, 6 C6CsC4, 8 CoC14Ci3, 8 C14C13Ci2 (10)
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A% N23C1, A% N30C3 (14), A% C5C4, A% C7Ce (46) 1565 1514
A% stCl, A% N30C3 (37), A% C10C11, v Clzcll, A% C13C12, A% C14C13, (13) 1578 1531
A% Nngl, A% N30C3 (1 1), A% C10C11, A% C12C11, Vv Clsclz, A% C14Cl3 (18), A% C4C3, A%
CoC14 (12), 6 C10C11C12, 8 C13C12C11, & C6CsC4, 6 CoC14C13, 6 C14C13C12, 1613 1564
(10)
v N2gC1, v N3oCs (69) 1578 1622 1575
v C10Ci1, , v C12Ci11, v C13C12, v C14C13 (48) 1632 1581
v 022C;, (73) 1700 1783 1734
v CgH1g, v CgHz0, v CgHa1 (91) 2999 2892
A% C3H19, v CgHzo, v CgHn (99) 3048 2949
A% C3H19, v CgHzo, v CgHn (90) 3092 2988
v C1oH2z, v C11H23, v C12Ha2s, v C13Has (93) 3135 3019
v C3Hss, v CeH17, v C7H1s, v C1aHo6 (99) 3140 3023
v C1oH22, v C11H23, v C12Hz24, v C13Hzs (98) 3146 3034
v C10H22, v C11H23, v C12H24, v Ci3Hzs (63) 3157 3045
v C3H16, v C6H17, v C7H13, v C14H26 (64) 3164 3053
A% C10H22, A% C11H23, A% C12H24, A% C13H25 (92) 3173 3057
v C3His, v CeHa7, v C7Hag, v C1aH26 (97) 3199 3081
v C3H1e, v C6H17, v C7H18, v C14H26 (100) 3210 3094
v Np7H35 (100) 3166 3641 3515
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Epsilon (Scaled)

v, gerilme; 8, biikiilme; 8s, makaslama; p, sallanma; vy, diizlem dis1 biikiilme 1, donme
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Sekil 3.7. 45 Bilesiginin teorik olarak olusturulan (DFT/B3LYP (a) ve DFT/B3PW9L1 (b))

IR spektrumlari
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Sekil 3.8. 46 Bilesiginin teorik olarak olusturulan (DFT/B3LYP (a) ve DFT/B3PW9L1 (b))

IR spektrumlari
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Sekil 3.9. 47 Bilesiginin teorik olarak olusturulan (DFT/B3LYP (a) ve DFT/B3PW9L1 (b))
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Sekil 3.11. 49 Bilesiginin teorik olarak olusturulan (DFT/B3LYP (a) ve DFT/B3PW91
(b)) IR spektrumlari
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IR spektrumlari
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3.2.3. NMR Spektral Verileri

Bu tez calismasinda, 3-aril-4-(3-metil-2-tiyenilmetileneamino)-4,5-dihidro-1H-1,2,4-

triazol-5-on (44) bilesiklerinin 'H-NMR ve 3C-NMR, kimyasal kayma degerleri en

minimum enerjili optimize edilmis yapilardan yola ¢ikilmistir. Bilesiklerin elde edilen

optimize yapilar1 yardimiyla kimyasal kayma degerleri, B3LYP ve B3PW91 metotlarinda
Gauge-Independent Atomic Orbital (GIAO) NMR yaklasimi [81-84] ile 6-311G(d,p)
temel seti kullanilarak DMSO ¢6ziicii fazinda olusturulmustur (Tablo 3.19-24).

Tablo 3.19. 45 Bilesiginin *C ve H-NMR (B3LYP/(DMSO) ve B3PW91/(DMSO))

kimyasal kayma degerlerinin deneysel ve teorik verilerinin karsilastirilmasi (6/ppm)

B3LYP /6311(d,p)

B3PW91/6311(d,p)

No Deneysel DMSO Fark/DMSO DMSO Fark/DMSO
1C 146,55 153,37 -6,82 147,70 -1,15
2C 152,06 153,83 -1,77 148,72 3,34
3C 148,04 146,68 1,36 142,50 5,54
4C 132,41 141,96 -9,55 135,88 -3,47
5C 143,64 150,82 -7,18 145,71 -2,07
6C 130,75 134,07 -3,32 130,29 0,46
7C 131,93 138,58 -6,65 133,50 -1,57
8C 14,43 13,73 0,70 10,76 3,67
9C 31,83 35,53 -3,70 31,44 0,39
10C 136,33 140,01 -3,68 134,90 1,43
11C 129,57 134,62 -5,05 130,68 -1,11
12C 129,11 132,28 -3,17 128,35 0,76
13C 127,43 131,09 -3,66 127,16 0,27
14C 129,11 132,28 -3,17 128,35 0,76
15C 129,57 134,62 -5,05 130,68 -1,11
16H 11,96 7,24 4,72 7,32 4,64
17H 9,81 10,46 -0,65 10,68 -0,87
18H 7,00 6,98 0,02 717 -0,17
19H 7,68 7,49 0,19 7,64 0,04
20H 2,29 2,27 0,02 2,40 -0,11
21H 2,29 2,27 0,02 2,40 -0,11
22H 2,29 2,35 -0,06 2,49 -0,20
23H 3,94 3,95 -0,01 4,09 -0,15
24H 3,94 3,95 -0,01 4,09 -0,15
25H 7,23 7,52 -0,29 7,70 -0,47
26H 7,29 7,57 -0,28 7,75 -0,46
27H 7,2 7,5 -0,30 7,69 -0,49
28H 7,29 7,57 -0,28 7,75 -0,46
29H 7,23 7,52 -0,29 7,7 -0,47
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Tablo 3.20. 46 Molekiiliiniin TMS’ye gore deneysel ve teorik olarak *C ve 'H-NMR
(B3LYP/(DMSO) ve B3PW91/(DMSO)) kimyasal kayma degerleri (8/ppm)

DFT/6311+(d,p) B3PW91/6311+(d,p)

No Deneysel DMSO Fark/DMSO DMSO Fark/DMSO
1C 146,50 153,44 -6,94 147,77 -1,27
2C 151,85 153,85 -2,00 148,75 3,10
3C 147,80 146,61 1,19 142,44 5,36
4C 133,01 142,10 -9,09 136,00 -2,99
5C 143,40 150,71 -7,31 145,60 -2,20
6C 130,53 134,12 -3,59 130,35 0,18
7C 132,21 138,59 -6,38 133,50 -1,29
8C 14,22 13,70 0,52 10,72 3,50
aC 31,23 35,08 -3,85 30,98 0,25
10C 131,71 136,53 -4,82 131,40 0,31
11C 129,45 134,45 -5,00 130,50 -1,05
12C 129,23 132,66 -3,43 128,82 0,41
13C 136,27 143,22 -6,95 138,29 -2,02
14C 129,23 132,65 -3,42 128,82 0,41
15C 129,45 134,45 -5,00 130,50 -1,05
27C 21,07 21,12 -0,05 17,97 3,10
16H 11,96 7,23 4,73 7,31 4,65
17H 9,83 10,45 -0,62 10,66 -0,83
18H 7,03 6,97 0,06 7,16 -0,13
19H 7,72 7,49 0,23 7,64 0,08
20H 2,32 2,25 0,07 2,37 -0,05
21H 2,32 2,29 0,03 2,42 -0,10
22H 2,32 2,35 -0,03 2,48 -0,16
23H 3,91 3,90 0,01 4,04 -0,13
24H 3,91 3,90 0,01 4,04 -0,13
25H 7,11 7,40 -0,29 7,58 -0,47
26H 7,42 7,41 0,01 7,59 -0,17
28H 7,42 7,41 0,01 7,58 -0,16
29H 7,11 7,4 -0,29 7,58 -0,47
36H 2,25 2,21 0,04 2,33 -0,08
37H 2,25 2,24 0,01 2,36 -0,11
38H 2,25 2,54 -0,29 2,64 -0,39
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Tablo 3.21. 47 Molekiiliiniin TMS’ye gére deneysel ve teorik olarak *C ve 'H-NMR
(B3LYP/(DMSO) ve B3PW91/(DMSO)) kimyasal kayma degerleri (/ppm)

DFT/6311+(d,p) B3PW91/6311+(d,p)

No Deneysel DMSO Fark/DMSO DMSO Fark/DMSO
1C 146,35 153,61 -7,26 147,92 -1,57
2C 151,86 153,89 -2,03 148,79 3,07
3C 147,78 146,60 1,18 142,41 5,37
4C 132,24 142,18 -9,94 136,07 -3,83
5C 143,40 150,71 -7,31 145,57 -2,17
6C 130,50 134,16 -3,66 130,38 0,12
7C 131,72 138,57 -6,85 133,48 -1,76
8C 14,22 13,73 0,49 10,74 3,48
aC 30,76 34,61 -3,85 30,48 0,28
10C 127,90 130,43 -2,53 125,16 2,74
11C 130,42 135,84 -5,42 131,93 -151
12C 114,30 111,41 2,89 107,63 6,67
13C 158,56 165,06 -6,50 159,42 -0,86
14C 114,30 120,40 -6,10 116,44 -2,14
15C 130,42 135,55 -5,13 131,58 -1,16
36C 55,48 54,55 0,93 50,65 4,83
16H 12,01 7,23 4,78 7,32 4,69
17H 9,90 10,44 -0,54 10,66 -0,76
18H 7,09 6,97 0,12 7,15 -0,06
19H 7,78 7,49 0,29 7,63 0,15
20H 2,29 2,25 0,04 2,37 -0,08
21H 2,29 2,29 0,00 2,42 -0,13
22H 2,29 2,34 -0,05 2,48 -0,19
23H 3,96 3,86 0,10 3,98 -0,02
24H 3,96 3,89 0,07 4,04 -0,08
25H 7,29 7,43 -0,14 7,61 -0,32
26H 6,92 6,82 0,10 7,01 -0,09
28H 9,92 7,03 2,89 7,2 2,72
29H 7,29 7,38 -0,09 7,55 -0,26
H37 3,77 3,64 0,13 3,71 0,06
H38 3,77 3,64 0,13 3,71 0,06
H39 3,77 4,02 -0,25 4,11 -0,34
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Tablo 3.22. 48 Molekiiliiniin TMS’ye gore deneysel ve teorik olarak 3C ve 'H-NMR
(B3LYP/(DMSO) ve B3PW91/(DMSQ)) kimyasal kayma degerleri (3/ppm)

No Deneysel DFTgiﬂlgg(d'p) Fark/IDMSO B3pwilﬁgél+(d'p) Fark/DMSO
1c 146,19 152,89 6,70 147,25 11,06
2C 152,05 153,76 171 148,67 3,38
3C 148,11 146,81 1,30 142,62 5,49
4c 132,35 141,96 9,61 135,87 3,52
5C 143,70 150,94 7,24 14581 211
6C 130,78 134,15 337 130,37 0,41
7C 131,93 138,74 6,81 133,65 172
8C 14.43 13,79 0,64 10,80 3,63
9C 31,20 34,75 3,55 30,68 0,52
10C 132,11 139,28 717 133,95 1,84
11C 131,48 136,26 4,78 132,31 20,83
12C 129,03 132,68 3,65 128,72 0,31
13C 135,30 144,98 19,68 138,93 3,63
14C 129,03 132,68 3,65 128,72 0,31
15C 131,48 136,26 4,78 132,31 20,83
16H 11,96 7,24 4,72 7,32 4,64
17H 9,61 1043 20,62 10,64 20,83
18H 7,00 6,97 0,03 7,16 20,16
19H 7,68 7,49 0.19 7,64 0,04
20H 2,29 2,26 0,03 2,39 20,10
21H 2.29 2,26 0,03 2,39 20,10
22H 2,29 2,34 20,05 2,48 0,19
23H 3,95 3,90 0,05 4,04 20,09
24H 3,95 3,90 0,05 4,04 20,09
25H 7,35 7,44 20,09 7,62 20,27
26H 7.29 7,40 011 7,58 20,29
27H 7,29 74 011 7,58 20,29
28H 7,35 7.44 20,09 7,62 0,27
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Tablo 3.23. 49 Molekiiliiniin TMS’ye gore deneysel ve teorik olarak *C ve 'H-NMR
(B3LYP/(DMSO) ve B3PW91/(DMSO)) kimyasal kayma degerleri (8/ppm)

No Deneysel DFTgiﬂlgg(d'p) Fark/IDMSO B3pwilﬁgél+(d'p) Fark/DMSO
1C 145,81 152,66 6,85 147,00 1,19
2C 151,82 153,74 1,92 148,65 3,17
3C 147,96 148,85 20,89 142,65 5,31
4c 132,11 142,03 9,92 135,94 3,83
5C 143,53 150,99 7,46 145,84 231
6C 130,68 134,16 3,48 130,39 0,29
7C 131,73 138,72 6,99 133,63 71,90
8C 14.22 13,75 0,47 10,78 3,44
9C 31,26 3511 3,85 31,07 0.19
10C 133,41 142,52 9,11 137,36 3,95
11C 130,71 134,72 4,01 130,72 20,01
12C 138,50 145,85 7,35 139,79 1,29
13C 127,27 131,44 417 127,49 0,22
14C 129,43 133,76 4,33 129,77 0,34
15C 128,12 133,37 5,25 129,25 113
16H 12,01 7,25 4,76 7,33 4,68
17H 9,48 10,42 0,94 10,63 1,15
18H 7,03 6,97 0,06 7,16 0,13
19H 7.73 7,49 0,24 7,64 0,09
20H 2732 2,25 0,07 2,39 20,07
21H 232 2,28 0,04 2,39 20,07
22H 2,32 2,34 20,02 2,48 20,16
23H 4,01 3,88 0.13 4,03 20,02
24H 2,01 3,94 0,07 4,07 20,06
25H 7.26 7,35 20,09 7,52 20,26
26H 732 7,36 20,04 7,54 20,22
27H 741 7.49 20,08 7,67 20,26
28H 7,37 7,37 0 7,54 017
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Tablo 3.24. 50 Molekiiliiniin TMS’ye gore deneysel ve teorik olarak *C ve 'H-NMR
(B3LYP/(DMSO) ve B3PW91/(DMSO)) kimyasal kayma degerleri (8/ppm)

No Deneysel DFTngl;;(d’p) Fark/IDMSO B3PW?£§él+(d’p) Fark/DMSO
1c 144,47 150,07 5,60 144,20 0,27
2C 152,21 154,30 2,09 149,21 3,00
3C 151,11 147,21 3,90 143,07 8,04
4c 132,24 142,17 9,93 136,01 3,77
5C 144,12 150,97 6,85 145,94 1,82
6C 131,07 134,20 3,13 130,44 0,63
7C 132,02 138,88 6,86 133,82 71,80
8C 14,48 13,76 0,72 10,77 3,71
9C 127,32 131,72 4,40 126,67 0,65
10C 129,13 131,71 2,58 127,68 145
11C 128,43 132,46 4,03 128,56 0,13
12C 130,76 134,40 3,64 130,42 0,34
13C 128,43 132,02 3,59 128,12 0,31
14C 129,13 133,59 4,46 129,24 011
15H 12,35 7,66 4,69 777 4,58
16H 9,76 10,67 0,91 10,89 113
17H 7,02 6,98 0,04 717 0,15
18H 7,69 7,50 0,19 7,65 0,04
19H 235 2,26 0,09 2,38 20,03
20H 2,35 2,32 0,03 2,45 20,10
21H 235 2,39 20,04 253 20,18
22H 7,86 8,17 031 8,37 0,51
23H 7.48 7,69 0,21 7,87 20,39
24H 7.49 7.70 0,21 7,88 20,39
25H 7.49 7,73 20,24 7,01 20,42
26H 7.89 8,48 20,59 8,80 20,91

3.2.4. UV Spektral Verileri

Sentezlenmis 44 tipi bilesiklerin ultraviyole spektral analizi etanolde TD-DFT/B3LYP/6-
311G(d,p) ve TD-DFT/B3PW91/6-311G(d,p) yontemleri ile arastirilmistir. Ultraviyole
spektral grafikleri Sekil 3.13-18’de gdsterilmistir.
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Sekil 3.13. 45 Molekiiliiniin teorik olarak olusturulan (B3LYP (a) ve B3PW91 (b)) UV-

vis spektrumlart
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Sekil 3.14. 46 Molekiiliiniin teorik olarak olusturulan (B3LYP (a) ve B3PW91 (b)) UV-

vis spektrumlari
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Sekil 3.15. 47 Molekiiliiniin teorik olarak olusturulan (B3LYP (a) ve B3PW91 (b)) UV-

vis spektrumlari
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Sekil 3.16. 48 Molekiiliiniin teorik olarak olusturulan (B3LYP (a) ve B3PW91 (b)) UV-

vis spektrumlari
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Sekil 3.17. 49 Molekiiliiniin teorik olarak olusturulan (B3LYP (a) ve B3PW91 (b)) UV-

vis spektrumlart
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Sekil 3.18. 50 Molekiiliiniin teorik olarak olusturulan (B3LYP (a) ve B3PW91 (b)) UV-

vis spektrumlari
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Elektron kullanilabilirliginin bir fonksiyonu olan deneysel ve bilgisayar ortaminda etonol
coziiciisii fazinda teorik olarak hesaplanan goriiniir bolge absorpsiyon maksimum

degerleri (Amax) Tablo 3.25-30'da bildirilmistir.

Tablo 3.25. 45 Molekiiliiniin deneysel ve teorik (DFT/B3LYP ve DFT/B3PW91 ) UV-

vis degerleri

A (nm) uyarilma enerjisi (eV) f (osilator giicii)
Den./B3LYP(DFT)/B3PW91 B3LYP(DFT)/B3PW91 B3LYP(DFT)/B3PW91
316.00/324.32/323.04 3.8229/3.3880 0.5021/0.4940
280.00/281.62/280.19 4.4026/4.4250 0.1094/0.1456
220.00/277.36/277.99 4.4701/4.4559 0.0001/0.0001

Tablo 3.26. 46 Molekiiliiniin deneysel ve teorik (DFT/B3LYP ve DFT/B3PW91 ) UV-

vis degerleri

A (nm) uyarilma enerjisi (eV) f (osilator giicii)
Den/B3LYP(DFT)/B3PW91 B3LYP(DFT)/B3PW91 B3LYP(DFT)/B3PW91
314.00/324.76/323.49 3.8177/3.8327 0.5036/0.4952
272.00/286.69/285.21 4.3246/4.3471 0.0001/0.0001
216.00/282.05/280.63 4.3958/4.4181 0.1195/0.1567

Tablo 3.27. 47 Molekiiliiniin deneysel ve teorik (DFT/B3LYP ve DFT/B3PW91 ) UV-

vis degerleri

A (nm) uyarilma enerjisi (eV) f (osilator giicii)
Den./B3LYP(DFT)/B3PW91 B3LYP(DFT)/B3PW91 B3LYP(DFT)/B3PW91
314.00/324.82/323.58 3.8170/3.8317 0.5047/0.4970
284.00/318.39/316.43 3.8941/3.9182 0.0011/0.0001
226.00/281.96/280.58 4.3972/4.4188 0.1208/0.1590

Tablo 3.28. 48 Molekiiliiniin deneysel ve teorik (DFT/B3LYP ve DFT/B3PW91 ) UV-

vis degerleri

A (nm) uyarilma enerjisi (eV) f (osilator giicii)

Den./B3LYP(DFT)/B3PW91 B3LYP(DFT)/B3PW91 B3LYP(DFT)/HF
316.00/324.08/322.79 3.8257/3.8410 0.5187/0.5108
282.00/281.05/279.62 4.4114/4.4340 0.0957/0.1340
224.00/277.27/278.05 4.4717/4.4590 0.0001/0.0001
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Tablo 3.29. 49 Molekiiliiniin deneysel ve teorik (DFT/B3LYP ve DFT/B3PW91 ) UV-

vis degerleri

A (nm) uyarilma enerjisi (eV) f (osilator giicii)
Den./B3LYP(DFT)/B3PW91 B3LYP(DFT)/B3PW91 B3LYP(DFT)/B3PW91
314.00/324.21/322.80 3.8242/3.8408 0.5136/0.5060
274.00/281.47/279.99 4.4049/4.4281 0.0966/0.1317
214.00/275.58/276.47 4.4991/4.4845 0.0029/0.0007

Tablo 3.30. 50 Molekiiliiniin deneysel ve teorik (DFT/B3LYP ve DFT/B3PW91 ) UV-

vis degerleri

A (nm) uyarilma enerjisi (eV) f (osilator giicii)
Den./B3LYP(DFT)/B3PW91 B3LYP(DFT)/B3PW91 B3LYP(DFT)/B3PW91
318.00/331.14/330.09 3.7442/3.7561 0.3395/0.3337
276.00/303.43/301.66 4.0861/4.1101 0.2813/0.3013
226.00/280.90/279.88 4.4139/4.4299 0.0240/0.0163

3.2.5. Elektronik Ozellikler

Molekiillerin reaksiyonlarinin mekanizmasini olusturan temel orbitaller dolu olan en
yiiksek enerjili orbitaller (EHomo) ve bos olan en diisiik enerjili molekiiler orbitallerdir
(ELumo). Kimyasal reaksiyonlarda elektron verme egilimi olan orbital enerjisine (7-
donor) HOMO enerjisi, elektron alma egilimi olan orbital enerjisine ise LUMO enerjisi
(m-acceptor) olarak adlandirtlir [85]. Tez kapsaminda teorik olarak yapilari incelenen
bilesikler 6-311G(d,p) polarize temel seti B3LYP ve B3PW91 metodlariyla g¢izilen
HOMO ve LUMO gosterimleri Sekil 3.13-18'de verilmistir.

ELumo (B3LYP) : -42.287 kcal.mol™ ELumo (B3PW91) : -46.066 kcal.mol™
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Enomo (B3LYP) :-138.534 kcal.mol ™ Enomo (B3PW91) : -139.613 kcal.mol™
Sekil 3.19. 45 Molekiiliinin DFT/B3LYP/6-311G(d,p) ve DFT/B3PW91/6-311G(d,p)
metod ve temel setiyle elde edilen HOMO-LUMO enerjileri

Enomo (B3LYP) :-137.969 kcal.mol* Enomo (B3PW91) : -143.046 kcal.mol™
Sekil 3.20. 46 Molekiiliiniin DFT/B3LYP/6-311G(d,p) ve DFT/B3PW91/6-311G(d,p)
metod ve temel setiyle elde edilen HOMO-LUMO enerjileri
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ELumo (B3LYP) : -41.566 kcal.mol™ ELumo (B3PW91) : -42.306 kcal.mol™

Enomo (B3LYP) :-137.630 kcal.mol ™ Enowmo (B3PW91) : -138.659 kcal.mol™
Sekil 3.21. 47 Molekiiliinin DFT/B3LYP/6-311G(d,p) ve DFT/B3PW91/6-311G(d,p)
metod ve temel setiyle elde edilen HOMO-LUMO enerjileri

Enomo (B3LYP) :-140.780 kcal.mol* Enomo (B3PW91) : -141.791 kcal.mol™
Sekil 3.22. 48 Molekiiliiniin DFT/B3LYP/6-311G(d,p) ve DFT/B3PW91/6-311G(d,p)
metod ve temel setiyle elde edilen HOMO-LUMO enerjileri
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Enomo (B3LYP) :-140.579 kcal.mol* Enomo (B3PW91) : -141.590 kcal.mol™
Sekil 3.23. 49 Molekiiliinin DFT/B3LYP/6-311G(d,p) ve DFT/B3PW91/6-311G(d,p)
metod ve temel setiyle elde edilen HOMO-LUMO enerjileri

ELumo (B3LYP) : -43.260 kcal.mol™ ELumo (B3PW91) : -44.208 kcal.mol™
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Enomo (B3LYP) :-138.239 kcal.mol ™ Enomo (B3PW91) : -139.437 kcal.mol™
Sekil 3.24. 50 Molekiiliinin DFT/B3LYP/6-311G(d,p) ve DFT/B3PW91/6-311G(d,p)
metod ve temel setiyle elde edilen HOMO-LUMO enerjileri

3.2.6. Mulliken Yiikleri

Mulliken yiikleri Mulliken popiilasyon analizinden [86, 87] ortaya ¢ikar ve kismi atomik
yiikleri hesaplamak icin kullanilan hesaplamalardan, 6zellikle de atom orbitallerinin
molekiiler orbital yonteminin dogrusal kombinasyonuna dayanan hesaplamalar yoluyla
tahmin etmek i¢in bir ara¢ saglar ve rutin olarak lineer regresyon (QSAR [88])
prosediirlerinde degiskenler olarak kullanilir [89]. Bu yontem Robert S. Mulliken
tarafindan gelistirilmistir ve daha sonra bu yontemin ismini almistir. Bilesiklerin elde
edilen optimize yapilart B3LYP ve B3PW91 metotlar1 ile 6-311G(d,p) temel seti
kullanilarak Mulliken atomik yiikleri hesaplanmig ve elde edilen degerler Tablo 3.31-

36°de verilmistir.

Tablo 3.31. 45 Molekiiliiniin DFT/B3LYP/6-311G(d,p) ve DFT/B3PW91/6-311G(d,p)

metod ve temel setiyle olusturulan mulliken atomik yiik verileri

B3LYP  B3PWO91 B3LYP B3PW91 B3LYP B3PW91
C1 0.3550 0.4036 C13 -0.0892 -0.0985 H25 0.0834 0.0938
C2 0.5332 0.5759 Ci14 -0.0920 -0.1029 H26 0.0932 0.1037
C3 0.1348 0.1522 C15 -0.0503 -0.0511 H27 0.0935 0.1040
C4 -0.2954 -0.3265 H16 0.2505 0.2586 H28 0.0932 0.1037
C5 -0.0361 -0.0548 H17 0.1645 0.1848 H29 0.0834 0.0938
C6 -0.0562 -0.0638 H18 0.0952 0.1049 N30 -0.3119  -0.3318
Cc7 -0.2768 -0.2954 H19 0.1350 0.1473 N31 -0.2076  -0.2271
C8 -0.2458 -0.2772 H20 0.1278 0.1430 N32 -0.3737  -0.4099
C9 -0.1837 -0.2239 H21 0.1199 0.1346 N33 -0.2204  -0.2419
C10 | -0.0967 -0.1233 H22 0.1277 0.1430 S34 0.2852 0.3102
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Cil1
Ci12

-0.0503
-0.0920

-0.0511
-0.1029

H23
H24

0.1489
0.1489

0.1684
0.1684

035

-0.3952

-0.4121

Tablo 3.32. 46 Molekiiliiniin DFT/B3LYP/6-311G(d,p) ve DFT/B3PW91/6-311G(d,p)

metod ve temel setiyle olusturulan mulliken atomik ytik verileri

B3LYP  B3PWO1 B3LYP B3PW91 B3LYP B3PW91

C1 | 0.3520 0.4033 Ci14 -0.0737 -0.0802 c27 -0.2575  -0.2892
C2 | 0.5292 0.5757 C15 -0.0501 -0.0525 H28 0.0816 0.0926
C3 | 0.1345 0.1526 H16 0.2494 0.2582 H29 0.0801 0.0911
C4 | -0.2974 -0.3271 H17 0.1642 0.1839 N30 -0.3070  -0.3318
C5 | -0.0375 -0.0545 H18 0.0942 0.1047 N31 -0.2071  -0.2271
C6 | -0.0567 -0.0638 H19 0.1338 0.1471 N32 -0.3685  -0.4099
C7 | -0.2789 -0.2959 H20 0.1295 0.1452 N33 -0.2213  -0.2413
C8 | -0.2447 -0.2777 H21 0.1201 0.1353 S34 0.2917 0.3102
C9 | -0.1825 -0.2241 H22 0.1247 0.1402 035 -0.3962  -0.4125
C10 | -0.0928 -0.1161 H23 0.1477 0.1676 H36 0.1125 0.1275
C11 | -0.0501 -0.0524 H24 0.1477 0.1676 H37 0.1253 0.1415
Ci12 | -0.0742 -0.0808 H25 0.0801 0.0911 H38 0.1117 0.1267
C13 | -0.0956 -0.1177 H26 0.0816 0.0926

Tablo 3.33. 47 Molekiiliiniin DFT/B3LYP/6-311G(d,p) ve DFT/B3PW91/6-311G(d,p)

metod ve temel setiyle olugturulan mulliken atomik yiik verileri

B3LYP B3PWO91 B3LYP B3PW91 B3LYP B3PW91
C1 | 0.3084 0.4051 Ci14 -0.0713 -0.1016 027 -0.3873  -0.3588
C2 | 0.5306 0.5791 C15 -0.0307 -0.0499 H28 0.1005 0.1135
C3 | 0.1509 0.1529 H16 0.2702 0.2588 H29 0.0898 0.0939
C4 | -0.2981 -0.3257 H17 0.1724 0.1831 N30 -0.2040  -0.3370
C5 | -0.0486 -0.0527 H18 0.0946 0.1055 N31 -0.2532  -0.2276
C6 | -0.0460 -0.0633 H19 0.1343 0.1478 N32 -0.3261  -0.4148
C7 | -0.2801 -0.2943 H20 0.1407 0.1455 N33 -0.2304  -0.2394
C8 | -0.2549 -0.2793 H21 0.1395 0.1358 S34 0.2791 0.3037
C9 | -0.1612 -0.2259 H22 0.1101 0.1403 035 -0.5293  -0.4122
C10 | -0.1128 -0.1281 H23 0.1527 0.1662 C36 -0.1053  -0.1696
C11 | -0.0452 -0.0520 H24 0.1637 0.1683 H37 0.1159 0.1401
C12 | -0.0709 -0.1483 H25 0.0884 0.0928 H38 0.0987 0.1250
C13 | 0.1176 0.1806 H26 0.1007 0.1185 H39 0.0967 0.1236

Tablo 3.34. 48 Molekiiliiniin DFT/B3LYP/6-311G(d,p) ve DFT/B3PW91/6-311G(d,p)

metod ve temel setiyle olusturulan mulliken atomik yiik verileri

B3LYP  B3PWO91 B3LYP B3PW91 B3LYP B3PW91
C1 | 0.3547 0.4030 C13 -0.2371 -0.2580 H25 0.0920 0.1017
C2 | 0.5336 0.5763 Cl4 0.0243 0.0202 H26 0.1176 0.1280
C3 | 0.1363 0.1536 C15 -0.0479 -0.0492 H27 0.1176 0.1280
C4 | -0.2963 -0.3273 H16 0.2519 0.2599 H28 0.0920 0.1017
C5 | -0.0356 -0.0543 H17 0.1650 0.1852 N29 -0.3117  -0.3316
C6 | -0.0559 -0.0635 H18 0.0961 0.1057 N30 -0.2084  -0.2277
C7 | -0.2759 -0.2945 H19 0.1358 0.1481 N31 -0.3735  -0.4098
C8 | -0.2457 -0.2771 H20 0.1285 0.1436 N32 -0.2222  -0.2436
C9 | -0.1810 -0.2204 H21 0.1199 0.1345 S33 0.2848 0.3098
C10 | -0.0963 -0.1225 H22 0.1284 0.1436 034 -0.3931  -0.4100
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Cil1
Ci12

-0.0479
0.0243

-0.0492
0.0202

H23
H24

0.1510
0.1510

0.1703
0.1703

CI35

-0.0764

-0.0650

Tablo 3.35. 49 Molekiiliiniin DFT/B3LYP/6-311G(d,p) ve DFT/B3PW91/6-311G(d,p)

metod ve temel setiyle olusturulan mulliken atomik ytik verileri

B3LYP  B3PWO1 B3LYP B3PW91 B3LYP B3PW91

C1 | 0.3530 0.4041 C13 0.0150 0.0112 H25 0.1053 0.1173
C2 | 0.5301 0.5766 Ci14 -0.0789 -0.0897 H26 0.1151 0.1268
C3 |0.1358 0.1539 C15 -0.0507 -0.0522 H27 0.1015 0.1114
C4 | -0.2980 -0.3276 H16 0.2512 0.2600 H28 0.0869 0.0979
C5 | -0.0370 -0.0541 H17 0.1656 0.1854 N29 -0.3066  -0.3314
C6 | -0.0565 -0.0636 H18 0.0953 0.1057 N30 -0.2076  -0.2274
C7 | -0.2776 -0.2944 H19 0.1349 0.1481 N31 -0.3683  -0.4098
C8 | -0.2442 -0.2771 H20 0.1282 0.1438 N32 -0.2239  -0.2440
C9 |-0.1789 -0.2199 H21 0.1194 0.1345 S33 0.2916 0.3101
C10 | -0.0953 -0.1209 H22 0.1280 0.1435 034 -0.3936  -0.4099
C11 | 0.0596 0.0645 H23 0.1519 0.1716 CI35 -0.0725  -0.0652
Ci12 | -0.2305 -0.2505 H24 0.1516 0.1714

Tablo 3.36. 50 Molekiiliiniin DFT/B3LYP/6-311G(d,p) ve DFT/B3PW91/6-311G(d,p)

metod ve temel setiyle olusturulan mulliken atomik yiik verileri

B3LYP B3PWO91 B3LYP B3PWI1 B3LYP B3PWO91

C1 | 0.3857 0.4632 C12 -0.0693 -0.0858 H23 0.1010 0.1075
C2 | 0.5273 0.5720 C13 -0.1172 -0.1234 H24 0.0984 0.1067
C3 | 0.1702 0.1504 Ci14 -0.0346 -0.0197 H25 0.0986 0.1073
C4 | -0.3162 -0.3344 H15 0.2701 0.2586 H26 0.1805 0.1327
C5 | -0.0398 -0.0491 H16 0.1727 0.1854 N27 -0.1972  -0.3225
C6 | -0.0520 -0.0673 H17 0.0959 0.1052 N28 -0.2834  -0.2505
C7 | -0.2934 -0.2975 H18 0.1339 0.1470 N29 -0.3443  -0.4397
C8 | -0.2541 -0.2792 H19 0.1415 0.1472 N30 -0.2548  -0.2435
C9 | -0.1542 -0.1319 H20 0.1404 0.1375 S31 0.3125 0.3214
C10 | -0.0064 -0.0309 H21 0.1107 0.1380 032 -0.5281  -0.4103
C11 | -0.1012 -0.1096 H22 0.1068 0.1152

3.2.7. Lineer Olmayan Optik Ozellikleri (NLO)

Sentezlenmis bilesiklerin lineer olmayan optic 6zelliklerini belirlemek icin, toplam statik

dipol momenti (p), ortalama polarize edilebilirlik (o)) ve x, y, z bilesenlerini kullanan
birinci dereceden hiperpolarize edilebilirlik (B) degerleri DFT/B3LYP/6-311G(d,p) ve
DFT/B3PW91/6-311G(d,p)seviyelerinde hesaplanmistir. Bu degerler Tablo 3.37-42’de

verilmistir.
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Tablo 3.37. 45 Molekiiliiniin DFT/B3LYP/6-311G(d,p) ve DFT/B3PW91/6-311G(d,p)
metod ve temel setleriyle olusturulan dipol moment, polarizebilite ve hiperpolarizebilite

degerleri
B3LYP B3PW91
™ 1.2832 Debye 1.2750 Debye
By -1.1061 Debye -1.0940 Debye
Bz 0.0004 Debye 0.0001 Debye
PToplam 1.6942 Debye 1.6801 Debye
Oxx 49,628 a.u. 49,354 a.u.
Oyy 29,256 a.u. 29,067 a.u.
Oz 20,138 a.u. 20,065 a.u.
A 33,007 x10?* esu 32,829 x10%esu
Aa 26,152 x102 esu 25,985 x10%esu
Bx -581,290 a.u. -726,164 a.u.
By -3494,350 a.u. -3542,856 a.u.
B2 58,622 a.u. 0,307 a.u.
Broxx -860,361 a.u. -1020,272 a.u.
By -1950,216 a.u. -1954,601 a.u.
Bxyy 78,569 a.u. 92,627 a.u.
Byyy -1289,104 a.u. -1337,254 a.u.
Brxz -0,008 a.u. 0,195 a.u.
Bxyz -0,129 a.u. -0,031 a.u.
Byyz 58,465 a.u. 0,083 a.u.
Bz 200,502 a.u. 201,482 a.u.
By -255,031 a.u. -251,002 a.u.
Bz 0,165 a.u. 0,029 a.u.
B 3,643 x10%esu 3,617 x10%esu

Tablo 3.38. 46 Molekiiliiniin DFT/B3LYP/6-311G(d,p) ve DFT/B3PW91/6-311G(d,p)
metod ve temel setleriyle olusturulan dipol moment, polarizebilite ve hiperpolarizebilite

degerleri
B3LYP B3PW91
x -0.7803 Debye -0.7654 Debye
y -1.2193 Debye -1.2255 Debye
Nz 0.0304 Debye 0.0321 Debye
WToplam 1.4479 Debye 1.4452 Debye
Olxx 53,500 a.u. 66,439 a.u.
Olyy 30,903 a.u. 41,874 a.u.
Oz 21,351 a.u. 29,549 a.u.
A 35,251 x102*esu 45,954 x10% esu
Aa 28,596 x10% esu 32,529 x10%*esu
Bx 262,537 a.u. 2992,260 a.u.
By -3475,676 a.u. -5084,198 a.u.
B: 18,065 a.u. -7,482 a.u.
Brox 282,952 a.u. 1996,021 a.u.
Bxxy -1811,063 a.u. -2206,522 a.u.
Bxyy -23,773 a.u. 1181,505 a.u.
Byyy -1523,769 a.u. -2504,880 a.u.
Brxz -35,610 a.u. -84,110 a.u.
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Bxyz -2,833 a.u. 8,251 a.u.
Byy: -2,379 a.u. -15,841 a.u.
Bxzz 3,358 a.u. -185,267 a.u.
Byz -140,845 a.u. -372,795 a.u.
Bz 56,054 a.u. 92,468 a.u.
B 3,486 x10°%°esu 3,899 x10%esu

Tablo 3.39. 47 Molekiiliiniin DFT/B3LYP/6-311G(d,p) ve DFT/B3PW91/6-311G(d,p)
metod ve temel setleriyle olusturulan dipol moment, polarizebilite ve hiperpolarizebilite

degerleri

B3LYP B3PW91
Mx 0.2104 Debye 0.2104 Debye
Ny -3.2757 Debye -3.2757 Debye
nz 0.2652 Debye 0.2652 Debye
WToplam 3.2932 Debye 3.2932 Debye
Oxx 55,075 a.u. 54,763 a.u.
Qyy 31,360 a.u. 31,150 a.u.
0zz 21,722 a.u. 21,611 a.u.
A 36,052 X102 esu 35,842 x10% esu
Aa 29,730 x10%*esu 29,560 x10%esu
Bx -1966,378 a.u. 1909,348 a.u.
By -3380,453 a.u. -3411,620 a.u.
Bz 722,926 a.u. -705,287 a.u.
Bxxx -1997,249 a.u. 1895,671 a.u.
PBrxy -1691,758 a.u. -1687,491 a.u.
By -103,176 a.u. 126,120 a.u.
Byyy -1404,530 a.u. -1441,298  a.u.
Proc 172,429 a.u. -163,323  a.u.
Bxyz 13,502 a.u. 10,896 a.u.
Byy: 330,232 a.u. -322,245  a.u.
Pxzz 134,047 au. -112,444  a.u.
Byzz -284,165 a.u. -282,831 a.u.
PBzzz 220,266 a.u. -219,719 a.u.
B 3,977 x10*esu 3,973 x10%esu

Tablo 3.40. 48 Molekiiliiniin DFT/B3LYP/6-311G(d,p) ve DFT/B3PW91/6-311G(d,p)

metod ve temel setleriyle olusturulan dipol moment, polarizebilite ve hiperpolarizebilite

degerleri
B3LYP B3PW91
x 3.4193 Debye -3.4790 Debye
By -1.0304 Debye -1.0269 Debye
Nz 0.0006 Debye -0.0003 Debye
WToplam 3.5712 Debye 3.6272 Debye
Ol 54,860 a.u. 54,531 a.u.
Oy 29,994 a.u. 29,797 a.u.
Oz 20,574 a.u. 20,492 a.u.
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A 35,143 x10? esu 34,940 x10*esu
Ad. 30,681 x10?* esu 30,471 x10?%* esu
Bx 1096,629 a.u. -1005,756 a.u.
By -3255,900 a.u. -3308,450 a.u.
B: 0,417 a.u. -0,303 a.u.
Broxx 600,189 a.u. -510,968 a.u.
By -1747,556 a.u. -1749,169 a.u.
Bxyy 169,393 a.u. -185,821 a.u.
Byyy -1253,151 a.u. -1306,490 a.u.
Bxxz 0,295 a.u. -0,223 a.u.
Bxyz -0,038 a.u. -0,008 a.u.
Byy: 0,078 a.u. -0,083 a.u.
Bxzz 327,047 a.u. -308,967 a.u.
Byz -255,193 a.u. -252,791 a.u.
Bz 0,044 a.u. 0,003 a.u.
B 3,436 x10°%°esu 3,458 x10%esu

Tablo 3.41. 49 Molekiiliinin DFT/B3LYP/6-311G(d,p) ve DFT/B3PW91/6-311G(d,p)

metod ve temel setleriyle olusturulan dipol moment, polarizebilite ve hiperpolarizebilite

degerleri
B3LYP B3PW91
Jx 2.6327 Debye 2.6410 Debye
Ly -0.8705 Debye -0.8729 Debye
nz 1.5044 Debye 1.4898 Debye
WToplam 3.1547 Debye 3.1553 Debye
Olxx 51,663 a.u. 51,276 a.u.
Oyy 29,893 a.u. 29,754 a.u.
Oz 23,220 a.u. 23,128 a.u.
A 34,925 x10? esu 34,719 x10?% esu
Aa, 25,764 x10? esu 25,489 x10?* esu
Bx -507,524  a.u. -643,629 a.u.
By -3236,769 a.u. -3205,343 a.u.
B: 1927,783 a.u. 2030,639 a.u.
Broxx -1362,145 a.u. -1551,717 a.u.
Bxxy -1830,014 a.u. -1792,587 a.u.
By 105,660 a.u. 138,893 a.u.
Byyy -1229,999 a.u. -1268,297 a.u.
Brxz 932,103 a.u. 956,996 a.u.
Bxyz 223,862 a.u. 245,795 a.u.
Byy: 158,672 a.u. 177,435 a.u.
Bxzz 748,961 a.u. 769,195 a.u.
Byz -176,756 a.u. -144,458 a.u.
Bz 837,008 a.u. 896,208 a.u.
B 3,801 x10%°esu 3,849 x10% esu
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Tablo 3.42. 50 Molekiiliiniin DFT/B3LYP/6-311G(d,p) ve DFT/B3PW91/6-311G(d,p)

metod ve temel setleriyle olusturulan dipol moment, polarizebilite ve hiperpolarizebilite

degerleri
B3LYP B3PW91
x -0.0528 Debye -1.2607 Debye
y -2.3138 Debye -1.2222 Debye
Nz 0.0204 Debye 0.1637 Debye
WToplam 2.3145 Debye 1.7635 Debye
Olxx 44,389 a.u. 44,187 a.u.
Oyy 36,370 a.u. 36,148 a.u.
Oz 14,105 a.u. 14,061 a.u.
A 31,621 x10%esu 31,465 x10%*esu
Aa 27,177 x10%esu 27,019 x10%*esu
Bx -2294,653 a.u. 2567,096 a.u.
By -3887,853 a.u. -4024,102 a.u.
B: -86,438 a.u. 95,285 a.u.
Brocx -1718,904 a.u. 1952,730 a.u.
Brxy -778,769 a.u. -774,516 a.u.
Bxyy -780,306 a.u. 816,367 a.u.
Byyy -2942,510 a.u. -3084,902 a.u.
Bxxz 164,798 a.u. -149,013 a.u.
Bxyz 4,264 a.u. 9,589 a.u.
Byyz -57,801 a.u. 58,465 a.u.
Brzz 204,557 a.u. -202,002 a.u.
Byz -166,574 a.u. -164,684 a.u.
Bz -193,435 a.u. 185,834 a.u.
B 4,515 x10%°esu 4,774 x10°%°esu
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4. SONUCLAR VE TARTISMA

Tez kapsaminda, literatiirde kayith 6 farkli 3-aril-4-(3-metil-2-tiyenilmetileneamino)-
4,5-dihidro-1H-1,2,4-triazol-5-on (44) molekiillerinin geometrik (Bag uzunlugu, Bag
acis1), spektroskopik (IR, NMR ve UV), elektronik (HOMO-LUMO enerji farklari,
lyonlagsma potansiyeli, elektron ilgisi, molekiiler sertlik, molekiiler yumusaklik,
elektronegatiflik ve Mulliken atomik yiik degerleri) ve lineer olmayan optik 6zellikleri
teorik olarak DFT/B3LYP/6-311G(d,p) ve DFT/B3PW91/6-311G(d,p) yontemleri ve
polarize setleri kullanilarak incelenmistir. Ik &nce, Sentezlenmis molekiillerin minimum
enerjili ve en kararli yapisi bulabilmek i¢in, DFT/B3LYP ve DFT/B3PW91 yontemleri
kullanilarak optimize edilmistir. Bulunan minimum enerjili optimize edilmis geometrik
yapidan ilgili bilesiklerin bag uzunluklari ile bag acilar1 belirlenmistir. Molekiillerin
optimize yapisindan titresim frekanslari hesaplanmistir. Bilgisayar destekli Gaussian
09W paket programi kullanilarak hesaplanan IR frekanslarinin titresim tiirlerinin
belirlenmesinde Veda4f programindan faydalanilmistir. Teorik hesaplanan titresim
frekansi degerleri uygun skala faktorleriyle ¢arpilmis ve deneysel degerlerle mukayaese
edilmistir. DFT/B3LYP ve DFT/B3PW91 yontemlerine gore teorik IR spektrumlari
cizilmistir. TH-NMR ve ¥C-NMR kimyasal kayma dagerleri optimize yap1 kullanilarak
GIAO metoduna gore hesaplanmis ve teorik olarak elde edilen kimyasal kayma dagerleri
deneysel degerler ile karsilastirilmig ve uyumlu olduklarr gézlemlenmistir. Ilaveten, 6
adet  3-aril-4-(3-metil-2-tiyenilmetileneamino)-4,5-dihidro-1H-1,2,4-triazol-5-on’larin
(44) hesaplanan HOMO-LUMO enerjileri, enerji farklar1t ve HOMO-LUMO
enerjilerinden elde edilen elektronik parametreler (I; iyonlasma potansiyeli, A; elektron
ilgisi, AE; Enerji Boslugu, x; elektronegatiflik, S; molekiiler yumusaklik, @; Elektrofilik
Indeks, IP; Niikleofilik indeks, Pi, Kimyasal Potansiyel, Toplam Enerji) ve Mulliken

atomik yiik degerleri belirlenmistir.

4.1. Molekiiler Ozellikler

Optimize yapilardan yola ¢ikarak 44 tipi bilesiklerin C-3’e bagl aril gruplarindaki C-C
bag uzunluklari ile C-H bag uzunluklarinin literatiirdeki verilerle mukayese edilmistir.

Literatiire gore benzen halkasinda bulunan karbon-karbon bag uzunluklar1 1.397 A°
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karbon-hidrojen bag uzunluklar1 ise 1.084 A° olarak gdzlemlenmistir [90]). 44 tipi
bilesiklerin yapisinda bulunan tiyofen halkasindaki C-C bag uzunluklar1 ortalamalari
DFT/B3LYP/6-311G(d,p) yontem ve temel setine gore 1.392 A° ve DFT/B3PW91/6-
311G(d,p) yoéntemine gore 1.395 A° oldugu belirlenmistir. Bulunan teorik degerler
literatiir ile karsilastirildiginda DFT/B3LYP/6-311G(d,p) yontem ve temel setiyle elde
edilen degerin literatiire daha yakin oldugu gozlemlenmistir. Sentezlenmis bilesiklerdeki
C-S bag uzunluklar ortalamalart DFT/B3LYP/6-311G(d,p) metoduna goére 1.741 A° ve
DFT/B3PW91/6-311G(d,p) metoduna gore 1.730 A° oldugu bulunmustur Tablo 4.1 ve
Tablo 4.2).

Tablo 4.1. 44 tipi bilesiklerin yapisinda bulunan tiyofen grubunun DFT/B3LYP/6-
311G(d,p) yontem ve temel setine gore elde edilmis teorik C-C ve C-S bag uzunluklari

Bag Tiirii 45 46 47 48 49 50 Ort
C4-C5 1.384 1.384 1.384 1.384 1.384 1.384 1.384
C5-C6 1.423 1.427 1.427 1.427 1.427 1.427 1.426
C6-C7 1.364 1.364 1.364 1.364 1.364 1.364 1.364
C4-S34 1.742 1.754 1.754 1.754 1.754 1.754 1.752
C7-S34 1.718 1.728 1.728 1.728 1.728 1.728 1.726

Tablo 4.2. 44 tipi bilesiklerin yapisinda bulunan tiyofen grubunun DFT/B3PW91/6-
311G(d,p) yontem ve temel setine gore elde edilmis teorik C-C ve C-S bag uzunluklari

Bag Tiirii 45 46 47 48 49 50 ort,
C4-C5 1.384 1.384 1383 1384 1384 1384 1384
C5-C6 1.423 1.423 1423 1423 1423 1423 1423
C6-C7 1.364 1.364 1364 1364 1364 1364  1.364
C4-S34 1.742 1.742 1742 1742 1742 1742 1742
C7-S34 1718 1.718 1718 1718 1718 1718 1.718

44 tipi bilesiklerin yapisinda bulunan triazol halkasindaki C3’e bagli benzen halkasinin
DFT/B3LYP/6-311G(d,p) ve DFT/B3PW91/6-311G(d,p) yontemlerine goére elde
edilmis teorik C-C ve C-H bag uzunluklar1 Tablo 4.3 ve Tablo 4.4 verilmistir. Elde edilen
C-C bag uzunlugu degerlerinin ortalamasi her iki yonteme gore de 1.393 A° oldugu
bulunmustur. Her iki yontemle elde edilen C-C bag uzunlugu degerlerinin literatiirdeki
degere cok yakin ve uymlu oldugu belirlenmistir. Benzen halkasindaki C-H bag
uzunluklar1 incelendiginde, DFT/B3LYP/6-311G(d,p) yonteminde 1.084 A’ ve
DFT/B3PW91/6-311G(d,p) yontemine gére 1.085 A® oldugu gdzlemlenmistir.
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DFT/B3LYP/6-311G(d,p) yontemine gore elde edilen deger literatiirle ayn1 oldugu

belirlenmis ve elde edilen teorik verileri literatiirdeki degerleri dogrular niteliktedir.

Tablo 4.3. 44 tipi bilesiklerin yapisinda bulunan triazol C3’¢ bagli benzen halkasinin
DFT/B3LYP/6-311G(d,p) yontem ve temel setine gore elde edilmis teorik C-C ve C-H

bag uzunluklar

Bag Tiirleri 45 46 47 48 49 50 Ort.
C10-C11 1.395 1.396 1.392 1.396 1.396 1.401 1.396
C10-C15 1.395 1.396 1.400 1.396 1.396 1.399 1.397
Cl11-C12 1.390 1.392 1.396 1.392 1.389 1.387 1.391
C12-C13 1.391 1.398 1.396 1.390 1.390 1.393 1.393
C13-C14 1.391 1.398 1.400 1.390 1.392 1.390 1.394
C14-C15 1.390 1.392 1.386 1.392 1.392 1.390 1.390
C11-H25 1.086 1.085 1.085 1.085 1.083 1.084 1.085
C12-H26 1.085 1.086 1.082 1.082 i 1.085 1.084
C13-H27 1.085 - - - 1.082 1.085 1.084
C14-H28 1.085 1.086 1.083 1.082 1.084 1.085 1.084
C15-H29 1.086 1.085 1.085 1.085 1.084 1.081 1.084

Tablo 4.4. 44 tipi bilesiklerin yapisinda bulunan triazol C3’e bagl benzen halkasinin
DFT/B3PW91/6-311G(d,p) yontem ve temel setine gore elde edilmis teorik C-C ve C-H

bag uzunluklari

Bag Tiirleri 45 46 47 48 49 50 Ort.
C10-C11 1.395 1.394 1.390 1.394 1.394 1.401 1.395
C10-C15 1.395 1.394 1.398 1.394 1.394 1.399 1.396
Cl11-C12 1.390 1.389 1.393 1.389 1.388 1.387 1.389
C12-C13 1.391 1.396 1.394 1.389 1.389 1.393 1.392
C13-C14 1.391 1.396 1.398 1.389 1.390 1.390 1.392
C14-C15 1.390 1.390 1.398 1.389 1.390 1.390 1.391
C11-H25 1.086 1.086 1.086 1.086 1.084 1.084 1.085
C12-H26 1.085 1.086 1.083 1.083 - 1.085 1.084
C13-H27 1.085 - - - 1.083 1.085 1.084
C14-H28 1.085 1.086 1.084 1.083 1.085 1.085 1.085
C15-H29 1.086 1.086 1.086 1.086 1.085 1.081 1.085

Literatiirde deneysel olarak C-N tekli bag uzunlugu 1.49 A° ve C=N ift bag uzunlugu
1.27 A° olarak elde edilmistir [91]. DFT/B3LYP/6-311G(d,p) yonteminde 1.368 A° ve
DFT/B3PW91/6-311G(d,p) yontemine gore 1.365 A° oldugu ve DFT/B3LYP/6-
311G(d,p) ve DFT/B3PW91/6-311G(d,p) yontemleriyle gozlemlenen ortalama bag
uzunluklar1 deneysel olarak C-N tek bag ve C=N c¢ift bag uzunlugu arasindaki bir degerde
oldugu belirlenmistir. Bu yiizden 1,2,4-triazol-5-on halkasinda C-NH baginin kismi gifte

bag 6zelligine sahip oldugu gézlemlenmistir.
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Tablo 4.5. 44 tipi bilesiklerin yapisinda bulunan tiyofen grubunun DFT/B3PW91/6-
311G(d,p) yontem ve temel setine gore elde edilmis teorik N2-C bag uzunluklari

Bag Tiirii 45 46 47 48 49 50 Ort.
B3LYP C2-N30 1.368 1.368 1.368 1.369 1.369 1.367 1.368
B3PW91 C2-N30 1.365 1.365 1.365 1.365 1.365 1.364 1.365

1,2,4-triazol-5-on halkasinda C-NH bagmin kismu ¢ift bag 6zelligi gostermesinin nedeni

asagida da belirtildigi lizere rezonans striiktiirlerinden kaynaklanmaktadir (Denklem 1).

i i
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4.2. infrared Spektrum Analizi

Frekans degrleri incelenen 44 tipi bilesiklerin B3SLYP ve B3PW91 metodlar1 ve 6-
311G(d,p) polarize setinde gaz fazinda titresim frekanslari hesaplanmistir. Optimize
yapidan yola ¢ikarak elde edilen verilerde negatif frekansa rastlanmamistir. Dolayisiyla
bu durum optimize yapinin en kararli yap1 oldugunu belirtmektedir. DFT/B3LYP ve
DFT/B3PW91’ye gore teorik olarak Infrared spektrumlart olusturulmustur (Sekil 3.7-12).
Bilgisayar ortaminda Gaussian 09W paket programi kullanilarak yapilan hesaplamalar
sonucunda elde edilen titresim frekanslart DFT/B3LYP/6-311G(d,p) metodu igin 0.9516
ve DFT/B3LYP/6-311G(d,p) metodu igin 0,9905 skala faktorleri ile ¢arpilarak deneysel
verilerle uyumlu hale getirilmistir [80]. Deneysel IR spektral degerleri [71] ile teorik IR
spektral degerleri mukayese edilmis ve bazi fonksiyonel grup bolgeleri deneysel ve teorik
olarak analiz edilmistir. Yapilan analiz sonucu deneysel verilerle teorik verilerin
literatiirde yapilan benzer ¢alismalarla son derece uyumlu oldugu goriilmiistiir [90, 92-
95]. Her iki yontem ve temel setle elde edilen titresim degerlerinin titresim tiirlerinin
belirlenmesinde veda4f programi kullanilmistir [96]. Sentezlenmis bilesikler diizlemsel
ve lineer olmayan yapida oldugu 3N—6 adet serbest titregsimi haraketleri bulunmaktadir
[97].

82



44 Tipi heterosiklik 1,2,4-triazol bilesiklerinde N-H gerilme titresimleri gézlenmektedir.
N-H gerilme titresimleri deneysel verilerde 3184-3165 cm™ araliklarinda goriiliirken
teorik olarak DFT/B3LYP/6-311G(d,p) yonteminde 3646-3641 cm™ araliklarinda,
DFT/B3PW91/6-311G(d,p) yonteminde 3520-3515 cm™ araliklarinda elde edilmistir.
1,2,4-Triazol-5-on halkasinda bulunan karbonil pikleri deneysel 1707-1700 cm
araliklarinda gozlemlenirken DFT/B3LYP/6-311G(d,p) yonteminde 1785-1783 cm’
araliklarinda, DFT/B3PW91/6-311G(d,p) yénteminde 1735-1733 cm™ araliklarinda
bulunmustur. Tablo 4.5’de goriildiigii gibi, Schiff Bazi halkasinda bulunan imin grubuna
ait pikler deneysel 1613-1612 cm™ ve 1594-1574 cm? araliklarinda gériiliirken
DFT/B3LYP/6-311G(d,p) yonteminde 1633-1631 cm™ ve 1622-1621 cm™ araliklarinda,
DFT/B3PW91/6-311G(d,p) yonteminde 1585-1582 cm? ve 1575-11574 cm’
araliklarinda belirlenmistir. Tablo 4.5’de goriildiigii tizere, deneysel verilerin [71] her iki
yontemle elde edilen titresim frekanslarinin mukayesesinde B3PW91’e gore elde edilen

verilerle daha uyumlu oldugu goriilmiistiir.

Tablo 4.6. 44 Tipi molekiillerin secilmis titresim tiirlerinin deneysel ve teorik
(DFT/B3LYP/6-311G(d,p) ve DFT/B3PW91/6-311G(d,p) ) verileri

NH Cc=0 N=C CH Cc-C

Deneysel 3169 1706 1612,1590

45 B3LYP 3645 1783 1631,1621 3209-3000 1636-1631,1568-1516, 1327
B3PV91 3519 1734 1582,1574 3093-2893 1586-1582,1517-1458, 1286
Deneysel 3167 1707  1612,1593

46 B3LYP 3646 1783 1632,1622 3209-2991 1645, 1568-1485, 1335-1319
B3PV91 3520 1734  1584,1575 3093-2885 1594, 1517-1430, 1292-1271
Deneysel 3166 1707 1612,1593

47 B3LYP 3646 1782 1632,1622 3209-2971 1644, 1606-1485, 1440-1341
B3PV91 3520 1733  1584,1575 3093-2862 1594, 1556-1429, 1387-1306

Deneysel 3165 1705 1613,1589,

48 B3LYP 3644 1784 1633,1621 3210-3000 1633, 1601-1485, 1446-1432, 1325
B3PV91 3518 1735 1585,1574 3094-2893 1585, 1553-1431, 1393-1389, 1294
Deneysel 3184 1703 1584

49  B3LYP 3645 1785 1621 3209-3000 1626-1604, 1511-1432 1328 1307
B3PV91 3519 1735 1574 3093-2893 1577-1554, 1455-1389 1287,1258
Deneysel 3166 1700 1578

50 B3LYP 3641 1783 1622 3210-2999 1613-1515, 1419-1394, 1315
B3PV91 3515 1734 1575 3090-2892 1564-1460, 1376-1343, 1275
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Heteroaromatik yapilarda, 32002900 cm™ bolgesinde C-H gerilme titresimi
goriilmektedir. Bu bolge C-H germe titresiminin tanimlanmasi i¢in karakteristik bolgedir.
Mevcut ¢alismada, C-H gerilme titresimine ait IR bantlar1 DFT/B3LYP/6-311G(d,p)
yonteminde 3210-2999 cm™* araliklarinda, DFT/B3PW91/6-311G(d,p) yénteminde 3094-

2885 cm™ araliklarinda gdzlenmistir.

Fenil halkasinin titresim analizi, baghh olan substitientlerden dolay1 beklendigi gibi
farklidir. Aromatik yapilardaki karbon-karbon gerilme titresimleri, 1625-1430 cm™’deki
karakteristik bolgede gozlemlenir. Aromatik alti1 {iyeli halkalar igin (benzen) iskelet
titresimlerinden dolay1 yaklasik 1500 cm™'de giiclii iki veya ii¢ bant goriiliir. Genel
olarak, bantlar degisken yogunluktadir ve 1625-1590, 1590-1575, 1525-1470 ve 1465-
1430 ve 1380-1280 cm! bolgelerinde gozlenir.

Bu faktorlere dayanarak, bu ¢alismada DFT/B3LYP/6-311G(d,p) yonteminde 1626-
1636, 1568-1485, 1335-1315, 1307-1292 cm™ araliklarinda FT-IR bantlar1 C-C gerilme
titresimleri ve DFT/B3PW91/6-311G(d,p) yonteminde 1594-1577, 1556-1389, 1292-
1289, 1275-1258 cm™ araliklarinda FT-IR bantlar1 C-C gerilme titresimleri olarak
degerlendirilmistir. ~ Yapilan  degerlendirme  sonucu literatiirdeki  verilere

DFT/B3PW91/6-311G(d,p) yonteminin daha yakin oldugu gézlemlenmistir (Tablo 5).

4.3. NMR Spektral Analiz

Calismada, 3-aril-4-(3-metil-2-tiyenilmetileneamino)-4,5-dihidro-1H-1,2,4-triazol-5-on
(44) bilesiklerinin *H-NMR ve 3C-NMR, kimyasal kayma degerleri en minimum enerjili
optimize edilmis yapilardan yola c¢ikilmistir. Bilesiklerin elde edilen optimize yapilari
yardimiyla kimyasal kayma degerleri, B3LYP ve B3PWO91 metotlarinda Gauge-
Independent Atomic Orbital (GIAO) NMR yaklasimi [81-84] ile 6-311G(d,p) temel seti
kullanilarak DMSO ¢6ziicti fazinda olusturulmustur (Tablo 4.19-24). Hesapsal olarak
elde edilen *C-NMR ve 'H-NMR kimysal kayma degerleri deneysel veriler ile [71] en
kiigiik kareler metoduna kullanilarak regresyon analizi yapilmis elde edilen R?
degerlerinin &zellikle 3C-NMR verilerinde neredeyse 1’e yakin oldugu gériilmiistiir

(Sekil 4.1-6).
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Sekil 4.1. 45 Molekiilin B3LYP(DMSO) ve B3PW91(DMSO) yontemleriyle deneysel
ve teorik *C-NMR ve 'H-NMR kimyasal kayma degerlerinin karsilastiriimasi
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Sekil 4.2. 46 Molekiilin B3LYP(DMSO) ve B3PW91(DMSO) yontemleriyle deneysel
ve teorik *C-NMR ve H-NMR kimyasal kayma degerlerinin karsilastiriimasi
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Sekil 4.3. 47 Molekiilin B3LYP(DMSO) ve B3PW91(DMSO) yontemleriyle deneysel
ve teorik *C-NMR ve H-NMR kimyasal kayma degerlerinin karsilastiriimas1
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Sekil 4.4. 48 Molekiiliin B3LYP(DMSO) ve B3PW91(DMSO) yontemleriyle deneysel

ve teorik *C-NMR ve H-NMR kimyasal kayma degerlerinin karsilastiriimasi
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Sekil 4.5. 49 Molekiilin B3LYP(DMSO) ve B3PW91(DMSO) yontemleriyle deneysel

ve teorik *C-NMR ve H-NMR kimyasal kayma degerlerinin karsilastiriimasi
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Sekil 4.6. 50 Molekiilin B3LYP(DMSO) ve B3PW91(DMSO) yontemleriyle deneysel

ve teorik 3C-NMR ve 'H-NMR kimyasal kayma degerlerinin karsilastiriimasi
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Molekiillerin regresyon analizi sonucu ilgili tiim bilesiklerin olusturulan R? degerleri
ortalamas1 *C-NMR DFT/6-311G(d,p) (DMSO) i¢in 0.995 ve 'H-NMR DFT/6-
311G(d,p) (DMSO) i¢in 0.815 olarak hesaplanmustir. & calc=a dexp+b Formulasyonuyla
13C-NMR ve 'H-NMR degerlerinin standart hata oranlar1 tez kapsaminda ¢alisilan iki

yonteme gore de belirlenmistir.

Tablo 4.7. 44 Tipi Molekiillerin regresyon analizi sonucu olusturulan R? degerleri ve bu

degerlerin ortalamasi

45 46 47 48 49 50 ort.
BC-NMR 0,996 0,997 0,994 0,995 0,996 0,991 0,995
'H-NMR 0,796 0,851 0,867 0,806 0,793 0,779 0,815

Deneysel ve teorik olarak olusturulan 3C-NMR ve H-NMR izotropik kayma degerleri

karsilastirilmis a, b ve R degerine gore dogrusal bir korelasyon goriilmiistiir (Sekil 4.1-
6). 3-Aril-4-(3-metil-2-tiyenilmetileneamino)-4,5-dihidro-1H-1,2,4-triazol-5-on  (44)
bilesiklerinin H-NMR ve ¥C-NMR kimyasal kayma degerleri B3LYP ve B3PW91
metotlartyla 6-311G(d,p) temel seti kullanilarak en karali yapiya optimize edilmis ve bu
optimize yapilart GIAO NMR yaklasimi ile DMSO ¢o6ziiciilii ortamda teorik hesaplama
sonucu elde edilen verilerle deneysel veriler [71] arasinda 6zellikle *C-NMR kimyasal
kayma degerlerinin son derece uyumlu oldugu gériilmiistiir. H-NMR kimyasal kayma
degerlerinde ise R? degerinin beklenende diisiik oldugu belirlenmistir. R? degerinin diisiik
olmasinin sebebi 1,2,4-triazol-5-on halkasinda bulunan N-H protonu asidik deger
tasidigindan kaynaklanmaktadir [13, 98]. Dolayisiyla, deneysel olarak gézlemlenen N-H
protonu degeri, teorik olarak elde edilen verilerden diisiik alanda goriilmiistiir (Denklem
26).

HsC N/R H,C N/R H,C N/R H,C N/R
/ +OH(?/e aOE? / ;/ = /
N N y > N N — N / o N\
N O -H,O0 veya EtOH SN 0 “NT o N TF0
° .o /
| e S~
4 °© (26)
1 I I "

87



4.4. UV-vis Spektral Analiz

Tez kagsaminmda calisilan bilesiklerin UV-visible absorpsiyon spektrumlari etanol
¢ozilictsiinde alinmistir. Hesaplamalar optimize yapidan yola ¢ikarak TD-DFT/B3LYP
ve TD-DFT/B3PW91 metodlar1 ve 6311G(d,p) polarize setiyle yapilmistir. Hesaplanmis
absorpsiyon dalga boylar1 (1), osilator giicii (f) ve uyarma enerjileri etanol ¢6ziicii fazinda
Tablo 3.25-30’da gosterilmistir. Molekiillerdeki substitusyonun donor karakteri ne kadar
giiclii olursa molekiile itilen daha fazla elektron bulunur ve Amax daha biiyiik olur. Bu
degerler solvent etkisiyle hafifce kaydirilabilir. Substituent ve ¢oziicii etkisinin rolii UV

spektrumuna etkis eder. Molekiillerin UV-vis spektrumlar1 Sekil 3.13-18’de verilmistir.

4.5. HOMO and LUMO analizi

Frontier molekiiler orbital, en yiiksek dolu molekiiler orbital (HOMO) ve en diisiik bos
molekiiler orbital (LUMO), uyarma 6zelliklerinin ve elektron tagima kabiliyetinin uygun
bir kalitatif tanminini sunabilir [99, 100]. Teorik olarak incelenen molekiillerin HOMO
ve LUMO enerjileri, DFT/B3LYP/6311G(d,p) ve DFT/B3PW91/6311G(d,p) yontemleri
kullanilarak hesaplanmis ve Sekil 3.19-24'te gosterilmistir. Molekdillerin EHomo Ve ELumo
degerleri, iyonlagma enerjisi ve elektron afinite degerleri ile iligkilidir [101, 102]. AE
[103], 1 [104], o [105], % ve Pi [106] su sekilde hesaplanabilir.

= -Eomo [101, 102]
A= -ELumo [101, 102]
AE= ( ELumo — Eromo) [103]
n=(1-A)/2 [104]
o= 1/ [105]
1=(1+A)/2 [106]
Pi= -1 [106]

Elektrofiliklik (o) endeksi, verici ile alict arasindaki maksimum elektron akisina bagh
olarak enerji tiilkenmesinin bir Slglisiidiir [107]. Niikleofiliklik (g) endeksi yeni bir

molekiiler yap1 tanimlayicisidir [108].
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o =Pi%2n [107]

e=Pi.n [108]

Molekiillerin Iyonlasma Potansiyeli (I), Elektron Ilgisi (A), Enerji Boslugu (AE),
elektronegatiflik (y), Molekiiler Yumusaklik (1), Elektrofilik indeks(w), Niikleofilik
Indeks (IP), Kimyasal Potansiyel (Pi) degerleri Tablo 4.7-12’de verilmistir.

Tablo 4.8. 45 Molekiiliinin DFT/B3LYP ve DFT/B3PW91’ye gore elde edilen toplam

enerji ve elektronik ozellikler

DFT/B3LYP (kcalxmol?) DFT/B3PW91 (kcalxmol™)
I; iyonlasma Potansiyeli 138.534 46.066
A; Elektron llgisi 42.287 139.613
AE; Enerji Boslugu 96.246 96.548
x; elektronegatiflik 90.411 91.339
n; Molekiiler Yumusaklik 48.123 48.274
o; Elektrofilik indeks 0.999 1.023
IP; Niikleofilik Indeks -13.867 -14.054
Pi; Kimyasal Potansiyel -90.411 -91.339
Toplam Enerji -1233.3314 a.u. -1232.9533 a.u.

Tablo 4.9. 46 Molekiiliinin DFT/B3LYP ve DFT/B3PW91’ye gore elde edilen toplam

enerji ve elektronik 6zellikler

DFT/B3LYP (kcalxmol™) DFT/B3PW91 (kcalxmol?)
I; iyonlagsma Potansiyeli 137.969 146.046
A; Elektron llgisi 41.861 45,513
AE; Enerji Boslugu 96.108 97.533
; elektronegatiflik 89.915 94.279
n; Molekiiler Yumusaklik 48.054 48.766
o; Elektrofilik indeks 0.987 1.101
IP; Niikleofilik indeks -13.771 -14.654
Pi; Kimyasal Potansiyel -89.915 -94.279
Toplam Enerji -1233.3314 a.u. -1232.9533 a.u.
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Tablo 4.10. 47 Molekiiliiniin DFT/B3LYP ve DFT/B3PW91’ye gore elde edilen toplam

enerji ve elektronik ozellikler

DFT/B3LYP (kcalxmol?) DFT/B3PW91 (kcalxmol?)

I; iyonlasma Potansiyeli 137.630 138.659
A; Elektron llgisi 41.566 42.306
AE; Enerji Boslugu 96.064 96.353

; elektronegatiflik 89.598 90.482

n; Molekiiler Yumusaklik 48.032 48.176
; Elektrofilik Indeks 0.979 1.002

IP; Niikleofilik Indeks -13.717 -13.394

Pi; Kimyasal Potansiyel -89.598 -90.482

Toplam Enerji -1233.3314 a.u. -1232.9533 a.u.

Tablo 4.11. 48 Molekiiliiniin DFT/B3LYP ve DFT/B3PW91’ye gore elde edilen toplam

enerji ve elektronik ozellikler

DFT/B3LYP (kcalxmol?) DFT/B3PW91 (kcalxmol ™)

I; iyonlagsma Potansiyeli 140.780 141.791
A; Elektron llgisi 44.333 45,042
AE; Enerji Boslugu 96.447 96.748

%; elektronegatiflik 92.557 93.416

n; Molekiiler Yumusaklik 48.224 48.374
o; Elektrofilik indeks 1.049 1.072

IP; Niikleofilik Indeks -14.226 -14.403

Pi; Kimyasal Potansiyel -92.557 -93.416

Toplam Enerji -1233.3314 a.u. -1232.9533 a.u.

Tablo 4.12. 49 Molekiiliiniin DFT/B3LYP ve DFT/B3PW91’ye gore elde edilen toplam

enerji ve elektronik 6zellikler

DFT/B3LYP (kcalxmol™) DFT/B3PW91 (kcalxmol™)
I; Iyonlasma Potansiyeli 140.579 141.590
A; Elektron lgisi 44.201 44.885
AE; Enerji Boslugu 96.378 96.704
; elektronegatiflik 92.390 93.238
n; Molekiiler Yumusaklik 48.189 48.352

o; Elektrofilik Indeks 1.045 1.068

IP; Niikleofilik Indeks -14.190 -14.369
Pi; Kimyasal Potansiyel -92.390 -93.238
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Toplam Enerji -1233.3314 a.u. -1232.9533 a.u.

Tablo 4.13. 50 Molekiiliiniin DFT/B3LYP ve DFT/B3PW91’ye gore elde edilen toplam

enerji ve elektronik 6zellikler

DFT/B3LYP (kcalxmol?) DFT/B3PW91 (kcalxmol?)

I; iyonlasma Potansiyeli 138.239 139.437
A; Elektron llgisi 43.260 44.208
AE; Enerji Boslugu 94.979 95.230

; elektronegatiflik 90.750 91.823

n; Molekiiler Yumusaklik 47.489 47.615
®; Elektrofilik Indeks 0.993 1.020

IP; Niikleofilik Indeks -13.736 -13.935

Pi; Kimyasal Potansiyel -90.750 -91.823

Toplam Enerji -1233.3314 a.u. -1232.9533 a.u.

4.6. Mulliken popiilasyon analizi

Atom yiiklerinin, atomlarin nasil tanimlandigina ¢ok bagli oldugunu kanitidir. Mulliken
atomik yiik hesaplamasi, molekiiler sistemin kuantum kimyasal hesaplamasinin
uygulanmasinda 6nemli bir role sahiptir. Tez kapsaminda incelenen molekiillerin dogal
popiilasyon analizi DFT/B3LYP/6311G(d,p) ve DFT/B3PW91/6311G(d,p) metodlar1
kullanilarak Mulliken popiilasyon analizi [86] ile elde edilir. Molekiillerin atom ytikleri
Tablo 3.31-36°da verilmistir. Hidrojen atomlart ile bazi karbon atomlari yiiklerinin pozitif
oldugunu ve tiim azot ve oksijen atomlarinin her iki temel sette daha negatif ytiklere sahip

oldugunu agik¢a gostermektedir.

4.7. Dogrusal olmayan optik 6zellikler

Dogrusal olmayan optik (NLO) etkiler, faz, frekans, genlik veya diger yayilma
ozelliklerinde degistirilen yeni alanlar iiretmek icin farkli ortamlardaki elektromanyetik

alanlarin etkilesimlerinden kaynaklanmaktadir [109].
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Dogrusal olmayan optik aktivite, iletisim, sinyal isleme ve optik ara baglanti gibi
alanlarda gelisen teknolojiler i¢in frekans degistirme, optik modiilasyon, optik
anahtarlama ve optik mantik icin yararl bilgiler saglar [110, 111]. Incelenen Schiff
Bazlarinin molekiiler sisteminin ilk hiperpolarize edilebilirligi (fo), sonlu alan
yaklasimmna dayanarak DFT yontemi kullanilarak hesaplanir. Ilk hiperpolarize
edilebilirlik, 3x3%3 matris ile tanimlanabilen {i¢iincii dereceli bir tensordiir. 3D matrisin
27 bileseni, Kleinman simetrisi nedeniyle 10 bilesene diisiiriilebilir [112]. # ' bilesenleri,
Taylor serisi enerjide harici elektrik alanindaki enerjinin genislemesinde katsayilar olarak

tanimlanmaktadir. Elektrik alani zayif ve homojen oldugunda, bu genisleme olur;

E=Ey— Y pF — 1Y oy Fi - 1N g FRIFE - LNy FFIFEF
ij ik ik
Burada Eo, gerilmemis molekiiliin enerjisidir, Fi orijindeki alandir; pi, aij, Bijk ve yijkl,
dipol momentinin, polarize edilebilirligin, ilk hiperpolarizasyonun ve ikinci hiperpolarize

edilebilirligin bilesenleridir.

X, Y ve Z bilesenleri kullanilarak Toplam statik dipol momentleri (p), ortalama polarize
edilebilirlik (awg), polarize edilebilirliklerin anizotropisi (o) ve ortalama birinci

hiperpolarize edilebilirlik (B) kaynak [113] ve [114]’deki gibi belirlenmistir.

Toplam statik dipol momenti

1
2

po=(pk + pd + p2)-

Izotropik polarizasyon

(O-'J.'.'! Ciyyy Q)

Oy = 3

2 -

: e
Ao =27 [0 — ‘lw)z + (o — tzz) (rzz — "I:r-r:f]z + 602’

ortalama hiperpolarize edilebilirlik
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1

By = (B2 + B2 + B2)?

Bo = Braa + ﬁ;y_; + Bz
-Hy jwu | ﬂt'w ' ﬁ'r
8 '8 : Tz ' St,lyz

i | 2 1 4 2 2 %
= [(l‘jxm '_ J'Brg,ry =+ .Bzrf) T ()‘3yyy + -"jyzz + !By'c:r) (5777 + ;Bzm. _ uB.tyy) ]

Seklindedir. Molekiillerin toplam statik dipol momenti, polarize edilebilirlikler ve ilk
hiperpolarize edilebilirlikleri hesaplanmustir ve Tablo 3.37-42°de verilmistir. lgili
molekiillerin hesaplanan ilk hiperpolarize edilebilirlik Tablo 4.14’te verilmistir ve
literatiirde benzer tiirevlerin bildirilen degerleriyle mukayese edilmistir [115].
Molekiillerin hesaplanan hiperpolarize edilebilirligi, NLO materyali olarak referans
gosterilen iire degerinden oldukga yiliksek oldugu goriilmektedir[116]. Dolayisyla tez
kapsaminda teorik olarak calisilan molekiillerin, dogrusal olmayan optik ozellikleri

gelecekteki ¢aligmalart i¢in ¢ekici oldugu sonucuna varabiliriz.

Tablo 4.14. 44 Tipi molekiillerin DFT/B3LYP ve DFT/B3PW91’ye gore hesaplanan ilk

hiperpolarize edilebilirlik degerleri

Ure 45 46 47 48 49 50
B3LYP (x10% esu) 0.3728 | 3.543 3.486 3.977 3.436 3.801 4515
B3PW91(x10% esu) 3.617 3.899 3.973 3.458 8.849 4.774

4.8. MEP Analizi

MEP, elektron yogunlugu ile ilgilidir. Elektrofilik ve niikleofilik reaksiyonlarin
bolgelerinin anlamada ¢ok kullamshdir [117, 118]. Elektrostatik potansiyel V (r), Ilag-
reseptor ve enzim-substrat etkilesimlerindeki gibi bir molekiiliin digeri tarafindan
“taninmasina” dayanan siirecleri analiz etmek i¢in de ¢ok uygundur [119, 120]. Incelenen
molekiiller i¢in elektrofilik ve niikleofilik ataklarin reaktif bolgelerini tahmin etmek i¢in
DFT/B3LYP ve DFT/B3PW91 metodlart ve 6311G(d,p) temel setiyle optimize edilmis

geometride molekiiler enerji potansiyelleri hesaplanmistir. Yiizeydeki elektrostatik
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potansiyelin farkli degerleri farkli renklerle belirtilir. Potansiyel artiglar Kirmizi <turuncu
<sar1 <yesil <mavi seklinde siralanir. Mavi bolgeler en giiclii cekmeyi ve kirmizi ise en
giiclii itmeyi gosterir [121, 122]. MEP'deki negatif bolgeler (kirmiz1 ve sar1) elektrofilik
reaktivite ve pozitif bolgeler (mavi) ise niikleofilik reaktivite ile iliskilidir (Sekil 4.7-15).
MEP'ten negatif yiikiin karbonil grubunu kapsadig1 ve pozitif bolgenin kalan gruplarin
tizerinde oldugu goriilmektedir. Karbonil grubundaki elektronegativite ne kadar fazlaysa

o bolge molekiildeki en reaktif kisimdir.

Sekil 4.7. 45 Molekiiliin B3LYP ve B3PW9lyontemleriyle elde edilen molekiiler enerji

potansiyelleri

Sekil 4.8. 46 Molekiiliin B3LYP ve B3PW9lyontemleriyle elde edilen molekiiler enerji

potansiyelleri
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Sekil 4.9. 47 Molekiiliin B3LYP ve B3PW9lyontemleriyle elde edilen molekiiler enerji

potansiyelleri

Sekil 4.10. 48 Molekiiliin B3LYP ve B3PWO91yontemleriyle elde edilen molekiiler enerji

potansiyelleri

Sekil 4.11. 49 Molekiiliin B3LYP ve B3PWO91yontemleriyle elde edilen molekiiler enerji

potansiyelleri
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Sekil 4.12. 50 Molekiiliin B3LYP ve B3PW9lyontemleriyle elde edilen molekiiler enerji

potansiyelleri

96



5. KAYNAKLAR

[1] http://www.nobelprize.org/nobel_prizes/chemistry/laureates/1998/
(13.07.2019)

[2] http://www.nobelprize.org/nobel_prizes/chemistry/laureates/1999/illpres/
(13.07.2019).

[3] http://www.nobelprize.org/nobel_prizes/chemistry/laureates/2013/popular-
chemistryprize2013 (13.07.2019).

[4] Wang, L. P., Titov, A., McGibbon, R., Liu, F., Pande, V. S., Martinez, T, J.
(2014). Discovering chemistry with an ab initio nanoreactor, Nature
Chemistry, 6, 1044-1048.

[5]  Yiiksek, H., Giirsoy, O., Cakmak, I., Alkan, M. (2005). Synthesis and GIAO
NMR Calculation for Some New 4,5-Dihydro-1H-1,2,4-triazol-5-one
Derivatives: Comparison of Theoretical and Experimental *H and **C Chemical
Shifts. Magnetic Resonance in Chemistry, 43, 585-587.

[6] Yiiksek, H., Cakmak, 1., Sadi, S., Alkan, M., (2005). Synthesis and GIAO NMR
Calculations for Some Novel 4-Heteroarylidenamino-4,5-dihydro-1H-1,2,4-
triazol-5-one Derivatives: Comparison of Theoretical and Experimental *H and
13C Chemical Shifts. International Journal of Molecular Sciences, 6, 219-229.

[7] Gokee, H., Bahgeli, S., Akyildirim, O., Yiiksek, H., Giirsoy Kol, O., (2013).
The Syntheses, Molecular Structures, Spectroscopic Properties (IR, Micro—
Raman, NMR and UV-vis) and DFT Calculations of Antioxidant 3—alkyl-4—
[3-methoxy—4—(4—methylbenzoxy)benzylidenamino]-4,5-dihydro-1H-
1,2,4-triazol-5—-one Molecules. Letters in Organic Chemistry, 10, 395-441.

[8] Gokge, H., Akyildirim, O., Bahgeli, S., Yiiksek, H., Giirsoy Kol, O., (2014).
The 1-acetyl-3-methyl-4-[3-methoxy-4-(4-methylbenzoxy)benzylidenamino]-
4,5-dihydro-1H-1,2,4-triazol-5-one Molecule Investigated by a Joint
Spectroscopic and Quantum Chemical Calculations Journal of Molecular
Structure, 1056, 1057, 273-284.

[9] Stollé, R. (1907). Uber Fiihrung von hydrazinabkémmlingen, Journal fiir
Praktische Chemie, 75 (2), 416-432.

97



[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Milcent, R., Redeuilh, C. (1979). Synthesis of 4-amino-3-aryl-1,2,4-triazol-
5(4H)-ones, Journal of Heterocyclic Chemistry, 16 (2), 403-407.

Pesson, M., Dupin, S., Antoine, M., (1962). Emploi de 1’hydrazinocarbonate
d’ethyle pour la synthése des hydroxy-3 triazoles-1,2,4,, Bull. Soc. Chim.
France, 1364-1371

Un, R., Ikizler, A., (1975). Preparations of aliphatic amide
carbethoxyhydrazones, aliphatic amide carbamylhdrazones, aliphatic ester
carbethoxyhydrazones and the corresponding 3-alkyl- and 3,4-dialkyl-A2-
1,2,4-triazolin-5-ones, Chim. Acta Turc., 3, 113-132

Yiksek, H. (1992). 3-Alkil(aril)-4-amino-4,5-dihidro-1,2,4-triazol-5-on’larin
bazi reaksiyonlarinin incelenmesi, Doktora Tezi, KTU Fen Bilimleri Enstitiisii,
Trabzon

Ikizler, A. A., Yiiksek, H., (1993). Acetylation of 4-amino-4,5-dihydro-1H-
1,2,4-triazol-5-ones, Org. Prep. Proced. Int., 25, 99-105

Karabacak, E. (1998). 3-m-Klorobenzil-4-amino-4,5-dihidro-1H-1,2,4-triazol-
5-on ve bazi tiirevlerinin sentezi, Yiiksek Lisans Tezi, KTU Fen Bilimleri
Enstitiisii, Trabzon

Karabacak, M. (1998).3-p-metoksibenzil-4-amino-4,5-dihidro-1H-1,2,4-
triazol-5-on {iizerine bir calisma, Yiiksek Lisans Tezi, KTU Fen Bilimleri
Enstitiisti, Trabzon

Kara, E. (2000).3-Siklopropil-4-amino-4,5-dihidro-1H-1,2,4-triazol-5-on
bilesiginin sentezi ve bazi reaksiyonlarmin incelenmesi, Yiiksek Lisans Tezi,
KTU Fen Bilimleri Enstitiisii, Trabzon

Ikizler, A. A. (1975). 3-Substitue-4-amino-A®-1,2 4-triazolin-5-on’larin ester
karbetoksi-hidrazon’lardan elde edilmeleri ve reaksiyonlarinin incelenmesi,
Dogentlik Tezi, Istanbul Universitesi Kimya Fakiiltesi, Istanbul

Ikizler, A. A., Un, R., (1979). Reactions of ester ethoxycarbonylhydrazones
with some amine type compounds, Chim. Acta Turc., 7, 269-290

Yuksek, H., Kucuk, M., Alkan, M., Bahceci, S., Kolayl1, S., Ocak, Z., Ocak,
U., Sahinbas, E., Ocak, M., (2006). Synthesis and antioxidant activities of some
new 4-(4-hydroxybenzylidenamino)-4,5-dihydro-1H-1,2,4-triazol-5-one
derivatives with their acidic properties, Asian J. Chem., 18 (1), 539-550

98



[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

Bahceci, S., Yuksek, H., Ocak, Z., Koksal, C., Ozdemir, M., (2002). Synthesis
and non-aqueous medium titrations of some new 4,5-dihydro-1H-1,2,4-triazol-
5-one derivatives, Acta Chim. Slov., 49 (4), 783-794

Yuksek, H., Ucuncu, O., Alkan, M., Ocak, Z., Bahceci, S., Ozdemir, M., (2005)
.Synthesis and non-aqueous medium titrations of some new 4-
benzylidenamino-4,5-dihydro-1H-1,2,4-triazol-5-one derivatives, Molecules,
10 (8), 961-970

Yiiksek, H., Demirbas, A., Ikizler, A., Johansson, C. B., Celik, C., Ikizler, A.
A.,(1997). Synthesis and antibacterial activities of some 4,5-dihydro-1H-1,2,4-
triazol-5-ones, Arzneim.-Forsch/Drug Res., 47 (4), 405-409

Ikizler, A. A., Demirbas, A., Johansson, C. B., Celik, C., Serdar, M., Yuksek,
H.,(1998). Synthesis and biological activity of some 4,5-dihydro-1H-1,2,4-
triazol-5-one derivatives, Acta Polon Pharm./Drug Res., 55 (2), 117-123
Alkan, M. (2001). Baz1 3-alkil(aril)-4-amino-4,5-dihidro-1H-1,2,4-triazol-5-on
bilesiklerinin sentezi ve reaksiyonlarinin incelenmesi, Doktora Tezi, KTU Fen
Bilimleri Enstitiisii, Trabzon

Yiksek, H., Bahgeci, S.,(1998). Synthesis of some N-alkyl-4,5-dihydro-1H-
1,2,4-triazol-5-on derivatives, C. U. Fen-Edebiyat Fak. Fen Bil. Derg., 20,73-
78

Giirsoy-Kol, O. (2008). Bazi 4,5-dihidro-1H-1,2,4-triazol-5-on tiirevlerinin
sentezi, yapilarinin aydmlatilmasi, antioksidan ve asitlik 6zelliklerinin
incelenmesi, Doktora Tezi, Kafkas Universitesi, Fen Bilimleri Enstitiisii, Kars
Ikizler, A. A., Yiksek, H., (1993). Synthesis of some N,N'-linked
biheteroaryles, Doga Tr. J. Chemistry, 17, 150-153

Ikizler, A. A., Yiiksek, H., (1994). Reaction of 4-amino-4,5-dihydro-1H-1,2,4-
triazol-5-ones with 2 ,5-dimetoxytetrahydrofuran, Collect. Czech. Chem.
Commun., 59 (3), 731-735

Yiiksek, H., Ocak, Z., Alkan, M., Bahgeci, S., Ozdemir, M., (2004). Synthesis
and determination of pKa values of some new 3,4-disubstituted-4,5-dihydro-
1H-1,2,4-triazol-5-one derivatives in non-aqueous solvents, Molecules, 9, 232-
240

99



[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

Ikizler, A. A., Ikizler A., Yildirnrm, N., (1991). Synthesis of some
benzylidenamino compounds, Monatsh. Chem., 122 (6-7), 557-563

Ikizler, A. A., Yidinm, N., Yiiksek, H., (1996). Synthesis of some
arylidenamino compounds, Modelling, Measurement & Control C, 54: 21-30
Ikizler, A. A., Ugar, F., Yuksek, H., Aytin, A., Yasa, 1., Gezer, T., (1997).
Synthesis and antifungal activity of some new arylidenamino compounds, Acta
Pol. Pharm., 54 (2), 135-140

Sadi, S. (2003). Bazi yeni 4,5-dihidro-1H-1,2,4-triazol-5-on bilesiklerinin
sentezi, Kafkas Universitesi Fen Bilimleri Enstitiisii, Kars

Yiiksek, H., Cakmak, 1., Sadi, S., Alkan, M., Baykara, H., (2005). Synthesis
and GIAO NMR calculations for some novel 4-heteroarylidenamino-4,5-
dihydro-1H-1,2,4-triazol-5-one derivatives: Comparison of theoretical and
experimental *H and ‘3C chemical shifts”, Int. J. Mol. Sci., 6 (6-8), 219-229
Ince-Demirci, S. (2005). Baz1 yeni 4-(2-hidroksi-5-bromobenzilidenamino)-
4,5-dihidro-1H-1,2,4-triazol-5-on  tiirevlerinin  sentezi ve  yapilarinin
aydinlatilmasi, Kafkas Universitesi Fen Bilimleri Enstitiisii, Kars

Ince, S., Yuksek, H., Alkan, M., Cakmak, 1., (2004). B3LYP density functional
calculations of *H and 3C nuclear shielding constants of some novel 4-(5-
bromo-2-hydroxy-benzylidenamino)-4,5-dihydro-1H-1,2,4-triazol-5-one
derivatives, 2nd International Aegean Physical Chemistry Days, Balikesir, 67
Kemer, G. (2007). Bazi yeni 1,2,4-triazol tiirevlerinin sentezi, antioksidan ve
asitlik 6zelliklerinin incelenmesi, Yiiksek Lisans Tezi, Kafkas Universitesi Fen
Bilimleri Enstitisii, Kars

Yiiksek, H., Giirsoy Kol, O., Kemer, G., Ocak, Z., Anil, B.,(2011). Synthesis
and in-vitro antioxidant evaluation of some novel 4-(4-substituted)
benzylidenamino-4,5-dihydro-1H-1,2,4-triazol-5-ones, Indian J. Heterocy.
Ch., 20,325-330

Kayalar, M. T. (2012). Baz1 4,5-dihidro-1H-1,2,4-triazol-5-on tiirevlerinin
spektroskopik 6zelliklerinin deneysel ve bilgisayar destekli teorik incelenmesi,
Doktora Tezi, Kafkas Universitesi Fen Bilimleri Enstitiisii, Kars

Kemer, G., Yiiksek, H., Kayalar, M.T., (2011). B3LYP density functional

calculations of *H and *3C nuclear shielding constants of some 4,5-dihydro-1H-

100



[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

1,2,4-triazol-5-one derivates, 2-nd International Conference on Organic
Chemistry: Advances in Heterocyclic Chemistry, GeoHet-2011, Thilisi,
Georgia, PP 65.

Giil, H. (2010). Baz1 yeni 3-alkil(aril)-4-(4-fenilasetoksibenzilidenamino)-4,5-
dihidro-1H-1,2,4-triazol-5-on bilesiklerinin sentezi, yapilarinin aydinlatilmasi
ve asitlik 6zelliklerinin Incelenmesi, Yiiksek Lisans Tezi, Kafkas Universitesi
Fen Bilimleri Enstitiisti, Kars.

Kurt, 1. H. (2013). Baz1 yeni 1,2,4-triazol-5-on tiirevlerinin sentezi ve in-vitro
antioksidan o6zelliklerinin incelenmesi, Yiiksek Lisans Tezi, Kafkas
Universitesi Fen Bilimleri Enstitiisii, Kars.

Yiiksek, H., Giil, H., Manap, S., Ocak, Z., Sen, H., (2009). Bazi yeni
heterosiklik schiff bazlarinin sentezi, yapilarinin aydinlatilmasi ve susuz ortam
titrasyonlar, XXIII. Ulusal Kimya Kongresi, Bildiri Ozetleri Kitabi, OP 083,
Sivas.

Yiiksek, H., Giil, H., Sen, H., Giirsoy-Kol, O., Koca, E.,(2010). Baz1 3-
alkil(aril)-4-(4-fenilasetoksibenzilidenamino)-4,5-dihidro-1H-1,2,4-triazol-5-
on bilesiklerinin antioksidan o6zelliklerinin incelenmesi, 24. Ulusal Kimya
Kongresi, OP 289, Zonguldak.

Kayalar, M.T., Yiiksek, H., (2011). GIAO nmr calculations of some 3-
alkyl(aryl)4-(4-phenylacetoxy-benzylidenamino)-4,5-dihydro-1H-1,2,4-
triazol-5-ones: comparison of theoretical and experimental *H and **C chemical
shifts, 2-nd International Conference on Organic Chemistry: Advances in
Heterocyclic Chemistry, GeoHet-2011, Thilisi, Georgia, PP 66.

Yokus, O. A. (2012). Baz1 yeni 1,2,4-triazol tiirevlerinin sentezi ve biyolojik
aktivitelerinin incelenmesi, Doktora Tezi, Kafkas Universitesi Fen Bilimleri
Enstitiisii, Kars.

Tomruk, Z. (2008). Bazi yeni heterosiklik schiff bazlarinin sentezi, pKa
degerlerinin tayini ve DNA ile etkilesimlerinin incelenmesi, Yiiksek Lisans
Tezi, Katkas Universitesi Fen Bilimleri Enstitiisii, Kars.

Tomruk, Z., Yiiksek, H., Arslantas, A., Ocak, Z., (2009). Non-aqueus medium
titrations of some 4-(4-benzensulfonyloxybenzylidenamino)-4,5-dihydro-1H-

1,2,4-triazol-5-one  derivatives, 7" Aegean Analytical Chemistry Days

101



[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

(AACD), International Conference, Fatsa, Turkey, Book of Abstracts PPII-5,
page 118

Tomruk, Z., Arslantas, A., Yiiksek, H., Giirsoy-Kol, O., Manap, S., (2010).
Bazi yeni 3-alkil(aril)-4-(4-benzensulfoniloksibenzilidenamino)-4,5-dihidro-
1H-1,2,4-triazol-5-on  bilesiklerinin  sentezi ve in-vitro antioksidan
ozelliklerinin incelenmesi, 24. Ulusal Kimya Kongresi, OP 301, Zonguldak.
Giirsoy, O. (2003). Baz1 yeni potansiyel biyolojik aktif 4,5-dihidro-1H-1,2,4-
triazol-5-on bilesiklerinin sentezi ve 6zelliklerinin incelenmesi, Yiiksek Lisans
Tezi, Kafkas Universitesi, Fen Bilimleri Enstitiisii, Kars.

Yiiksek, H., Gursoy, O., Cakmak, I., Alkan, M., (2005). Synthesis and GIAO
NMR calculation for some new 4,5-dihydro-1H-1,2,4-triazol-5-one
derivatives: comparison of theoretical and experimental *H and *3C chemical
shifts, Magn. Reson. Chem., 43 (7), 585-587

Yiksek, H., Gursoy, O., Cakmak, I., Baykara, H., Alkan, M., (2007). Synthesis
and GIAO NMR calculations for some novel 1-acetyl-4-(arylidenamino)-4,5-
dihydro-1H-1,2,4-triazol-5-one derivatives: comparison of theoretical and
experimental *H and *3C chemical shifts, Asian J. Spect., 11, 43-50

Yiiksek, H., Alkan, M., Cakmak, I., Ocak, Z., Bahgeci, S., Calapoglu, M.,
Elmastag, M., Kolomug, A., Aksu, H., (2008). Preparation, GIAO NMR
calculations and acidic properties of some novel 4,5-dihydro-1H-1,2,4-triazol-
5-one derivatives with their antioxidant activities, Int. J. Mol. Sci., 9, 12-32
Yiksek, H., Alkan, M., Atalay, Y. ve Bahgeci, S., (2004). Yogunluk
Fonksiyonu Teorisini (DFT) ve Hartree-Fock Yontemini Kullanarak 3-Metil-
4-Fenilasetilamino-4,5-Dihidro-1H-1,2,4-Triazol-5-on Molekiiliiniin Titresim
Frekanslarmin Hesaplanmasi, Kimya 2004, XVIII. Ulusal Kimya Kongresi,
Kars, Bildiri Ozetler Kitabi, 1017.

Atalay, Y., Alkan, M., Bahgeci, S., Yiiksek, H., (2005). 3-Metil(Benzil)-4-(4-
hidroksibenzilidenamino)-4,5-dihidro-1H-1,2,4-triazol-5-on Bilesiklerinin
Molekiil Titresim Frekanslarimin DFT ve HF Yontemi Ile Hesaplanmasi,
Kimya 2005, XIX. Ulusal Kimya Kongresi, izmir, Bildiri Ozetleri Kitab1, 730.
Yiiksek, H., Atalay, Y., Ocak, M., Ocak,U., Bahgeci, S. ve Yildirim, N., (2004).
DFT ve HF Yontemi Kullanarak Bazi 4,5-Dihidro-1H-1,2,4-Triazol-5-on

102



[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

Tirevlerinin Molekiil Titresim Frekanslarmin Hesaplanmasi, Kimya 2004,
XVIII. Ulusal Kimya Kongresi, Kars, Bildiri Ozetler Kitab, 950.

Avcl, D., Atalay, Y., Sekerci, M., Dinger, M., (2009). Molecular structure and
vibrational and chemical shift assignments of 3-(2-Hydroxyphenyl)-4-phenyl-
1H-1,2,4-triazole-5-(4H)-thione by DFT and ab initio HF calculations,
Spectrochimica Acta Part A, 73 (1), 212-217.

Atalay. Y., Yakuphanoglu, F., Sekerci, M., Avci, D., Basoglu, A., (2005).
Theoretical studies of molecular structure and vibrational spectra of 2-amino-
5-phenyl-1,3,4-thiadiazole, Spectrochimica Acta Part A, 64 (1), 68-72.
Xavier, R.J., Gobinath, E., (2011). FT-IR, FT-Raman, ab initio and DFT
studies, HOMO-LUMO and NBO analysis of 3-amino-5-mercapto-1,2,4-
triazole, Spectrochimica Acta Part A, 86, 242-251.

Pillai, R. R., Karrouchi, K., Fettach, S., Armakovi¢, S., Armakovié, S. J., Brik,
Y. Taoufik, J., Radi, S., Faouzi, M. A., Ansar, M., (2019). Synthesis,
spectroscopic characterization, reactive properties by DFT calculations,
molecular dynamics simulations and biological evaluation of Schiff bases
tethered 1,2,4-triazole and pyrazole rings, Journal of Molecular Structure,
1177, 47-54.

Aytemiz, F., Yiiksek, H., Beytur, M., (2017). Spectroscopic Properties Of 3-
Benzyl-4-[3-(3-Nitrobenzoxy)-4-Methoxybenzylideneamino]-4,5-Dihydro-
1H-1,2,4-Triazol-5-One Molecule, Caucasian Journal of Science, 4 (1), 62-71.
Yiiksek, H., Aytemiz, F., Beytur, M., Giirsoy Kol, O., (2017). Investigation of
Theoretical and Experimentical Spectroscopic Properties of 3-Methyl-4-[3-(p-
nitrobenzoxy)benzylidenamino]-4,5-dihydro-1H-1,2,4-triazol-5-one, Igdir
University Journal of the Institute of Science and Technology, 7 (2), 171-183.
Medetalibeyoglu, H., Giirsoy-Kol, O., Beytur, M., Yiiksek, H., (2017). 1-Metil-
3-fenil-4-[3-(p-nitrobenzoksi)benzilidenamino]-4,5-dihidro-1H-1,2,4-triazol-
5-on Bilesiginin Baz1 Teorik Ozelliklerinin Incelenmesi, Kafkas Universitesi
Fen Bilimleri Enstitiisii Dergisi, 10 (1), 25-36.

Beytur, M., Akyildirim, O., Manap, S., Yiiksek, H., (2018). 2-(3-Hidroksi-4-
metoksibenzilidenamino)-5-merkapto-1,3,4-tiyadiazol  Bilesiginin = Sentezi,

103



[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

Molekiiler Yapisi, Spektral ve Elektronik Ozelliklerinin Incelenmesi, Igdir
University Journal of the Institute of Science and Technology, 8 (4), 229-238.
Koksal, C. (2001). Baz1 3-alkil(aril)-4-(3',4'-dihidroksibenzilidenamino)-4,5-
dihidro-1,2,4-triazol-5-on bilesiklerinin sentezi ve 6zelliklerinin incelenmesi,
Yiiksek Lisans Tezi, KTU Fen Bilimleri Enstitiisii, Trabzon.

Yiiksek, H., Kolayls, S., Kiigiik, M., Yiiksek, M.O., Ocak, U., Sahinbas, E.,
Sivrikaya, E., Ocak, M., (2006). Synthesis and Antioxidant Activities of Some
4-Benzylidenamino-4,5-dihydro-1H-1,2,4-triazol-5-one Derivatives, Indian J.
of Chem. Sect. B, 45B, 715-718 .

Yiiksek, H., Bahgeci, S., Ocak, Z., Koksal, C., Ozdemir, M., (2002). Synthesis
and Potentiometric Titration of Some New 4,5-Dihydro-1H-1,2,4-triazol-5-
one Derivatives in Non-Agueous Media, Mustafa Kemal University-
International Organic Chemistry Meeting, Mustafa Kemal University, Hatay,
Book of Abstracts, 66.

Turhan Irak, Z., Beytur, M., (2019). 4-Benzilidenamino-4,5-dihidro-1H-1,2,4-
triazol-5-on Tirevlerinin  Antioksidan  Aktivitelerinin  Teorik Olarak
Incelenmesi, Igdir University Journal of the Institute of Science and
Technology, 9 (1), 512-521.

Beytur, M., Turhan Irak, Z., Manap, S., Yiiksek, H., (2019). Synthesis,
Characterization and Theoretical Determination of Corrosion Inhibitor
Activities of Some New 4,5-Dihydro-1H-1,2,4-Triazol-5-one Derivatives,
Heliyon, 5 (6), 01809, 1-8.

Giirsoy-Kol, O., Yiiksek, H., Islamoglu, F.,(2013). Synthesis and In vitro
Antioxidant Activities of Novel 4-(3-Methyl-2-thienylmethylene-amino)-4,5-
dihydro-1H-1,2,4-triazol-5-one Derivatives with Their Acidic Properties,
J. Chem. Soc. Pak., 35(4), 1179-1190.

Dennington, R., Keith, T, Millam J., (2009). GaussView, Version 5, Semichem
Inc., Shawnee Mission KS.

Frisch. MJ., Trucks. GW., Schlegel. HB., Scuseria. GE., Robb. MA,
Cheeseman. JR., Scalmani. G., Baron.e V., Mennucci. B., Petersson. G. A.,
Nakatsuji. H., Caricato. M., Li. X., Hratchian. HP., 1zmaylov. AF., Bloino J,
Zheng .G., Sonnenberg. JL., Hada. M., Ehara. M., Toyota. K., Fukuda. R.,

104



[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

Hasegawa. J., Ishida. M., Nakajima .T., Honda.Y., Kitao. O., Nakai. H,,
Vreven. T., Montgomery. J. A., Vreven. T.J., Peralta JE, Ogliaro. F., Bearpark.
M., Heyd. JJ, Brothers. E., Kudin. N., Staroverov. VN., Kobayashi. R.,
Normand. J., Raghavachari. K., Rendell. A., Burant. JC., lyengar. SS., Tomasi.
J., Cossi. M., Rega. N., Millam. JM., Klene. M., Knox. JE., Cross. JB., Bakken.
V., Adamo. C., Jaramillo. J., Gomperts. R., Stratmann. RE., Yazyev. O,
Austin. AJ., Cammi. R., Pomelli. CJ., Ochterski. W., Martin. LR., Morokuma.
K., Zakrzewski. VG., Voth. GA., Salvador. P., Dannenberg. JJ., Dapprich. S.,
Daniels. AD., Farkas. O., Foresman. JB., Ortiz. JV., Cioslowski. J., Fox. D J.,
(2009)., Gaussian Inc., (Wallingford, CT).

J.B. Foresman. (1996). A. Frisch, Exploring Chemistry with electronic
structure methods (2nd ed.), Pittsburgh, PA, Gaussian Inc. 266,278-283.

A.D. Becke.(1996). Density-functional thermochemistry. [V. A new dynamical
correlation functional and implications for exact-exchange mixing. The Journal
of chemical physics, 104(3), 1040-1046.

Giimiis, PH, Tamer, O., Avci, D., Atalay Y., (2015). 4-(Metoksimetil)-1,6-
dimetil-2-okso-1,2-dihidropiridin-3-karbonitril molekiiliniin teorik olarak
incelenmesi. Sakarya Universitesi Fen Bilimleri Dergisi, 3, 303-311.
Z,Turhan., Irak, S., Gimiis., (2017). Heterotricyclic compounds via click
reaction: a computational study. Noble International Journal of Scientific
Research. 1(7), 80-89.

Apaydin, F. (1991). Magnetik Rezonans, Hacettepe Universitesi, 3, 6-8.
Jensen., F. (1999). Introduction to Computational Chemistry, John Wiley &
Sons Ltd, 26-38.

Merrick. JP., Moran, D., Radom, L., (2007). An Evaluation of Harmonic
Vibrational Frequency Scale Factors. Journal of Physical Chemistry A, 111
(45), 11683-11700.

F, London. (1937). The quantic theory of inter-atomic currents in aromatic
combinations, J. Phys. Radium, 8, 397-409.

R, McWeeny. (1962). Perturbation Theory for Fock-Dirac Density
Matrix, Phys. Rev., 126 1028.

105



[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

[92]

[93]

R, Ditc.(1974). HF ield. Self-consistent perturbation theory of diamagnetism.
1. Gauge-invariant LCAO method for N.M.R. chemical shifts, Mol.
Phys., 27, 789-807.

J. R. Cheeseman., G. W. Trucks., T. A. Keith., and M. J. Frisch., (1996). A
Comparison of Models for Calculating Nuclear Magnetic Resonance Shielding
Tensors,” J. Chem. Phys., 104,5497-5009.

Fukui, K. (1982). Role of Frontier Orbitals in Chemical Reactions, Science, pp.
T47-754,

Mulliken, RS. (1955). Electronic Population Analysis on LCAO-MO
Molecular Wave Functions. Journal of Chemical Physics, 23,1833-1840.

I. G. Csizmadia. (1976). Theory and Practice of MO Calculations on Organic
Molecules, Elsevier, Amsterdam.

Leach, Andrew R. (2001). Molecular modelling, principles and applications.
Englewood Cliffs, N.J, Prentice Hall.

Ohlinger, William S., Philip E. Klunzinger, Bernard J. Deppmeier; Warren J.
Hehre (2009). Efficient Calculation of Heats of Formation. The Journal of
Physical Chemistry A. ACS Publications. 113 (10), 2165-2175.

Gokee H, Bahgel S, Akyildirim O, Yiiksek H. (2012). The molecular structure,
spectroscopic properties and quantum chemical calculations of 3-methyl-4-[3-
methoxy-4-(4-methylbenzoxy)benzylidenamino]-4,5-dihydro-1H-1,2,4-
triazol-5-ones molecule, 2nd International Conference on Computation for
Science and Technology, PP-18, 9-11 temmuz , Nigde.

Ikizler, AA. (1996). Organik Kimyaya Giris, Dérdiincii Baski, KTU Basimevi,
Trabzon, Tiirkiye, 398s.

Lee, SY. (1998). Molecular Structure and Vibrational Spectra of Biphenyl in
the Ground and the lowest Triplet States. Density Functional Theory Study,
Bull. Korean chemical Society, 19 (1), 93-98.

Akyildirim, O., Yiiksek, H., Gokge, H., Bahgeli, S., (2012) The molecular
structure, spectroscopic properties and quantum chemical calculations of 1-
acetyl-3-  methyl-4-[3-methoxy-4-(4-methylbenzoxy)benzylidenamino]-4,5-
dihydro-1H-1,2,4-triazol-5-ones molecule, 2nd International Conference on

Computation for Science and Technology, 9-11 temmuz Nigde.

106



[94]

[95]

[96]

[97]

[98]

[99]

[100]

[101]

[102]

[103]

[104]

[105]

Kayalar, M.T. (2012). Bazi1 4,5-dihidro-1H-1,2,4-triazol-5-on tiirevlerinin
spektroskopik 6zelliklerinin deneysel ve bilgisayar destekli teorik incelenmesi,
Kafkas Universitesi Fen Bilimleri Enstitiisii, Doktora Tezi.

Beytur, M. (2014). Baz1 yeni bes tiyeli heterosiklik bilesiklerin sentezi ve bazi
ozelliklerinin incelenmesi, Kafkas Universitesi Fen Bilimleri Enstitiisii,
Doktora Tezi, 709s.

Jamroz, M.H. (2004). Vibrational Energy Distribution Analysis: VEDA 4
program, Warsaw.

Gans, P. (1971). Vibrating Molecules. Chapman and Hall, 18-59.

Bahgeci, S., Yiiksek, H., Ocak, Z., Koksal, C., Ozdemir, M.(2002). Synthesis
and non-aqueous medium titrations of some new 4,5-dihydro-1H-1,2,4-triazol-
5-one derivatives, Acta Chimica Slovenica, 49, 783-794.

Belletete, M., Morin, J.F., Leclerc, M., Durocher, G.A.(2005). Theoretical,
Spectroscopic, and Photophysical Study of 2,7-Carbazolenevinylene-Based
Conjugated Derivatives. J. Phys. Chem., 109A pp. 6953-6959

Zhenminga, S., Hepinga L, Yufang L., Dianshenga, L. (2011). Bob.
Experimental and theoretical study of 10-methoxy-2-
phenylbenzo[h]quinolone, Spectrochim. Acta A., 78 pp. 1143-1148
Koopmans, T. (1933). Uber die zuordnung von wellenfunktionen und
eigenwerten zu den einzelnen elektronen eines atoms. Physica (Amsterdam) 1
104.

Sastri,V.S., Perumareddi J.R., (1996). Corrosion. 53, 671.

Jesudason, E., Sridhar, S.K., Malar, E.J., Shanmugapandiyan, P., Inayathullah,
M., Arul, V.,. Selvaraj, D, Jayakumar, R.(2009). Synthesis, pharmacological
screening, quantum chemical and in vitro permeability studies of N-Mannich
bases of benzimidazoles through bovine cornea. Eur. J. Med. Chem. 44 2307-
2312.

Gokgee, H., Bahgeli, S. (2011). A study on quantum chemical calculations of 3-
, 4-nitrobenzaldehyde oximes. Spectrochim. Acta A. 79, 1783-1793.
Arivazhagan, M., Subhasini, V.P. (2012). Quantum chemical studies on
structure of 2-amino-5-nitropyrimidine. Spectrochim. Acta A. 91, 402-410.

107



[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]

Masoud, M.S., Ali, A.E., Shaker, M.A., Elasala, G.S. (2012). Synthesis,
computational, spectroscopic, thermal and antimicrobial activity studies on
some metal-urate complexes. Spectrochim. Acta A. 90, 93-108.

Kiyooka, S., Kaneno, D., Fujiyama, R. (2013). Parr's index to describe both
electrophilicity and nucleophilicity. Tetrahedron Letters. 54, 339.

Pearson, R.G. (1987). Absolute electronegativity and hardness: Application to
Inorg. Chem. 27, 734-740.

Sun, Y.X,, Hao, Q.L., Wei, W.X., Yu, Z.X., Lu, L.D., Wang,X., Wang, Y.S.
(2009). Study on Configuration Data Model of Aero-engine Assembly. J. Mol.
Struct. (THEOCHEM), 904 pp. 74-78

Andraud, C., Brotin, T.,. Garvia, C, Pelle, F., Goldner, P., Bigot, B., Collet, A.
(1994). Theoretical and experimental investigations of the nonlinear optical
properties of vanillin, polyenovanillin, and bisvanillin derivatives, J. Am.
Chem. Soc., 116 pp. 2094-2101

Geskin,V.M., Lambert, C., Bredas. J.L. (2003). Origin of High Second- and
Third-Order  Nonlinear ~ Optical Response in  Ammonio/Borato
Diphenylpolyene Zwitterions: The Remarkable Role of Polarized Aromatic
Groups, J. Am. Chem. Soc., 125 pp. 15651-15658

Kleinman, D.A., (1962). Nonlinear dielectric polarization in optical media.
Phys. Rev., 126 pp. 1977-1979

Zhang, C.R., Chen, H.S., Wang, G.H.(2004). Structure and properties of
semiconductor microclusters GanPn(n=I-4): A first principle study, Chem. Res.
Chin. Univ., 20 pp. 640-646

Sun Y., Chen, X,, Sun, L., Guo, X., Lu, W. (2004). The analysis of energy-
related CO2 emissions from 1950 to 2000, J. Chem. Phys. Lett., 381 pp. 397-
403

Binil, P.S., Mary, Y.S., Varghese, H.T., Panicker, C.Y., Anoop, M.R,
Manojkumar, T.K. (2012). Infrared and Raman spectroscopic analyses and
theoretical computation of  4-butyl-1-(4-hydroxyphenyl)-2-phenyl-3,5-
pyrazolidinedione, Spectrochim. Acta, 94 pp. 101-109

108



[116]

[117]

[118]

[119]

[120]

[121]

[122]

Adant, C., Dupuis, M., Bredas, J.L.(2004). Ab initio study of the nonlinear
optical properties of urea: Electron correlation and dispersion effects,
International Journal of Quantum Chemistry, 56 pp. 497-507

Scrocco, E. and Tomasi, J., (1978).Electronic molecular structure, reactivity
and intermolecular forces: An heuristic interpretation by means of electrostatic
molecular potentials, Adv. Quantum Chem. 11, 115-121

Luque, F.J., Lopez, J.M., Orozco, M.(2000). Perspective on Electrostatic
interactions of a solute with a continuum. A direct utilization of ab initio
molecular potentials for the prevision of solvent effects, Theor. Chem. Acc.,
103 pp. 343-345

Scrocco, E., Tomasi, J. (1973). The Electrostatic Molecular Potential as a Tool
for the Interpretation of Molecular Properties, in: New Concepts II, Curr.
Chem., 7 pp. 95-170

Li, Y., Liu, Y., Wang, H., Xiong, X., Wei, P., Li, F. (2013). Synthesis, crystal
structure, vibration spectral, and DFT studies of 4-Aminoantipyrine and its
derivatives, Molecules, 18 pp. 877-893

Kobinyi, H., Folkers, G., Martin, Y.C.(1998). 3D QSAR in Drug Design, Vol.
3, Recent Advances, Kluwer Academic Publishers

Moro, S., Bacilieri, M., Ferrari, C., Spalluto, G. (2005). Autocorrelation of
Molecular Electrostatic Potential surface properties combined with partial least
squares analysis as alternative attractive tool to generate ligand-based 3D-
QSARs, Curr. Drug Discovery Technol., 2 pp. 13-21

109



OZGECMIS

Adi-Soyadi :Ihsan AVINCA

Dogum Yeri ve Tarihi :Digor / 01.06.1988

Adres :Kafkas Universitesi Fen Edebiyat Fakiiltesi Kimya
Bolimii

E posta :ihsanavinca@yandex.com

Egitim Durumu (Kurum ve Yil)

Lisans :Kafkas Universitesi Fen Edebiyat Fakiiltesi Kimya Béliimii
(2008-2012)
Yiiksek Lisans :Kafkas  Universitesi Fen Bilimleri Enstitiisii  Kimya

Anabilim Dal1 (2015-)
Yiiksek Lisans Tez Konusu: Bazi 4,5-Dihidro-1H-1,2,4-triazol-5-on Tirevlerinin

Gaussian 09W Programi ile Baz1 Ozelliklerinin Incelenmesi

110



