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OZET

Bu caligmada sekiz tane 1,2,4-triazol tiirevi, molekiilleri karakterize eden
fizikokimyasal parametreler, yar1 deneysel kuantum kimyasal yontemler kullanilarak
(AM1, PM3, PM5) hesaplanmistir. Teorik bulunan pK, degerleriyle deneysel pK,

verileri arasindaki paralellik arastirilmigtir.

Yapilan hesaplamalar sonucunda PMS5 yonteminin en uygun sonucu verdigi

goriilmiistiir.

Anahtar Kelimeler : 1,2,4-triazol, CAChe 6.0, yar1 deneysel yontem, asitlik — bazlik,
pKa
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SUMMARY

In the present resarch the acidity values pK, of eight 1,2,4-triazole derivatives
were calculated by using physicochemical parameter that characterize these molecules
and quantum chemical semi-empirical methods (AM1, PM3, PM5) with CAChe 6.0
program. Experimental pK, values were compared with theoretical results calculated

with semi-empirical methods.

As a result of theoretical investigation, it is found that PM5 method is the most

consisted with the experimental results.

Keywords : 1,2,4-triazole, CAChe 6.0, semi-emprical method, acidity - basicity, pK,
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1. GIRIS

Heterosiklik molekiiller dogada yaygin bir sekilde bulunurlar. Tek halkali
heterosiklik molekiiller oldugu gibi, niikleik asitler, peptidler gibi biiyiik molekiiller de
vardir. Boya endiistrisinde, ila¢ ve kozmetik alanlarinda ve daha bircok sektorde
kullanilmaktadirlar. Sentetik olarak elde edilmeleri 6nemlerini daha ¢ok arttirmistir.

Giiniimiizde teorik calismalar, deneysel ¢alismalar paralelinde devam etmektedir.

Teorik calismalar, deneysel caligmalarin gerektirdigi laboratuvar ortama,
malzeme temini gibi gerekliliklerden uzak olmasinin yaninda, gercek kosullarda var
olmayacak maddelerin de incelenmesine imkan vermesi bakimindan Onemlidir.
Bilgisayar hesaplamalar ile tek bir ¢aligmada, molekiiler yapi, olusum 1sis1, dipol
moment, iyonlasma potansiyeli, yiik yogunluklari, bag uzunluklan ve birgok
fizikokimyasal degerler elde edilebilmektedir. Ayrica molekiillerin IR, UV gibi
analizleri de programlar sayesinde cihaza gerek kalmadan yapilabilmektedir. Her ne
kadar, paket programlarin bazi sonuglan giivenilir olmasa da zayif yonleri bilinmekte ve

tahminler daha gercek¢i yapilabilmektedir.

Deneysel calismalarla ortamdan izole edilemeyen bir molekiil i¢in bilgisayar
hesaplar1 ile ufak hata paylan ile gercekci veriler alinabilir. Ayrica yan iiriinler ve
tautomerik dengeler rahatlikla incelenebilir. Deneysel calismalarda sonuglar

etkileyebilecek hatalar teorik caligmalarda sorun olmamaktadir.

Bilgisayarlarin ve paket programlarin gelisimi hizlandikca, yalnizca deneysel
olarak elde edilebilir molekiillerin incelenmesi ile sinirli kalmayacak, kesfedilmeden

kalacak alanlarda acilacaktir.

Bu calismada 1,2,4-triazol ve tiirevleri, teorik olarak incelenmis, deneysel pK,

degerleri ile teorik bulunan pK, degerleri karsilagtirilip yorumlanmaistir.



1.1. 1,2,4-Triazol ve Tiirevleri

1,2,4-Triazol, erime noktas1 = 121°C, kaynama noktas1 = 260°C olan bir bilesiktir.

Formamid ve formilhidrazin’den 260°C’ de elde edilebilir.

O (0] (0] OH
Iy | I W o
H—C—N—NH, 4+ H—C—NH, ——> H—C——N—N——C——NH,
formilhidrazin formamid ||_|
OH
- H H
C
HN" CH\ NN N%C\
—_— \ NH —_— \ NH —_— \ N
HN\CH/ NQC/ HN\C//
AN : H
OH -2H,0 1,2,4 -Triazol

Sekil 1.1. 1,2,4-triazoliin sentezi

1,2,4-triazol dogal olarak bir benzo tiirevi olusturmaz. 1,2,4-triazol’iin en
onemli tiirevi urazol dir. Urazoltetrahidro — 1, 2, 4 — triazol — 3, 5 - diol’diir.

Hidrazodikarbonamid’den NHj c¢ikarilmasi ile elde edilir.

hidrazodikarbonamid urazol
(N,N-Dikarbamilhidrazin)

Sekil 1.2. Urazol sentezi



2. ASITLIiK VE BAZLIK

Kimya biliminde onemli bir yeri olan asit-baz kavramlar1 kimyasal tepkimelerin
bircogunda karsimiza ¢ikmaktadir. Cok eski ¢aglardan beri bilinen bu kavramlarin
kokii, Latince acidus (eksi) sozciiglinden, alkali (baz) kelimesi ise Arapca a-gali’den
tiiremistir. Fransiz bilim adami Boyle 1664 yilinda yayimladig: “renklerin denel tarihi”
adh kitabinda asitlerin eksi, turnasolu kirmiziya ¢eviren, suda ¢dziinmeyen hidroksit ve
karbonatlar1 ¢oziiniir hale getiren maddeler seklinde tarif etmistir. 1766 da Cavendish
asitlerin aktif metalleri etkiledigini ve hidrojen gazi agiga ¢ikardigi belirtmistir. Bu
donemde bazlardan da bahsedilmistir. 1783 de Lavoisier asitlerin ametal oksitleri
olduklarimi sdylemistir. Fakat 1810 da HCI asit calismalar1 bu genellemenin dogru
olmadigin1 gostermistir. 1884’de Svante Arrhenius tarafindan sunulan asit-baz tanimi

pek ¢ok uygulamada kullanilmaktadir.

2.1. Asitlik ve Bazhik Tanimlari

2.1.1. Arrhenius Asit-Baz Tanim

Suyun iyonlagsma dengesinin temel alindig1 bu tanimda

H,0

H + OH
dengesine gore iyonlagan suyun denge bagntist asagidaki gibi verilebilir.
Kaw=[H"][OH ]
K 0°C’de 0,114x10™, 60°C de ise 9,55x10™'* degerlerine sahiptir.

Ancak en c¢ok kullamlan deger 25°C de Ky, = 1,01x10'*diir.  Hidrojen
iyonlarinin fazlas1 ¢ozeltiyi asidik, hidroksil iyonlarinin fazlasi ise ¢ozeltiyi bazik
yapmaktadir. 1ki iyonun derisimlerinin denk olmas1 durumunda ¢ozelti nétiir olarak

adlandirilmaktadir.



Arrhenius taniminda; ¢oziindiiklerinde H™ iyonu veren ve H' iyonu iceren
maddeler asidik, OH igeren ve iyonlasma esnasinda OH iyonu veren maddeler bazik
olarak tanimlanir.

Buna gore HCIl, H,SO4, CH3COOH gibi asitlerin ve NaOH, NH,OH gibi

bazlarin tanimlandig1 goriilmektedir.

SOz+H20 — H* +HSO3

CaO + H,0 === Ca*?+20H

Dengeleri incelendiginde tanim, proton igermeyen ve bu halde ¢ozeltide H"
iyonu olusturabilen asitleri ve OH™ iyonu olusturabilen bazlar kapsayabilecek sekilde
gelistirilmistir. Bu denklemde verilen H' iyonunun ¢o6zeltide tek basina bulunmadig,
gercekte H,O molekiiliine baglanmayla bir H3O" hidronyum iyonu olustugu dikkate

alinmalidir.

2.1.2. Brgnsted-Lowry Asit-Baz Tanimm

1923°de J.N. Bronsted ve T.M. Lowry asitlerin proton veren maddeler, bazlarin
proton alan maddeler oldugunu ileri siirmiislerdir. Bu tamima goére notrallesme, bir

asitten bir baza proton aktarimi olayidir.

HA +B HB* + A

Asit; + Baz, Asit, + Baz,

Geri tepkime incelendiginde HB™ ‘nin bir asit A” ‘nin baz oldugu goriilmektedir.
Aradaki fark protonlanmis olup olmama durumudur. Ayni maddenin protonlanmis hali

asit, protonlanmamis hali baz kabul edilebilir. HA ve A” konjuge asit- baz ciftidir.

ASitl + BaZ2 ASit2 + BaZl

Bir nétiirlesme tepkimesidir. Ornek olarak; HCI ve NH;ii inceleyelim:

HCI + NH;

NH, CI

Asitl + BaZ2 Asitz + BaZl

HCI - CI, NH; - NH4* konjuge asit-baz ciftidir.



H20 + H20 —_— H3O+ + OH

H,0 molekiilii asit veya baz olarak davranabilmektedir.

H,S0, + H,0 ——» H;0" +HSO,
H;0" + SO,

HSO, + H,0

Degerligi birden fazla bir asit olan H,SO,4’lin iyonlasma tepkimesi sirasinda 1.
reaksiyonda HSO,4 baz iken, 2. basamakta asit olarak davrandir. Bu tanim sulu, ¢cozelti

veya gaz fazindaki tepkimeler icin gecerlidir.

2.1.3. Lewis Asit-Baz Tanim

1923 yilinda asitlerin elektron ¢ifti kabul eden maddeler, bazlarin da elektron
cifti sunan maddeler olduklar1 seklinde daha genis bir tanim yapan G.N. Lewis’e gore
proton icermeyen maddeler arasindaki tepkimeler de asit-baz tepkimesi olarak
tanimlanmistir. Brgnsted-Lowry asitleri proton veren (+) olarak kabul etmis, Lewis ise
elektron cifti kabul eden (-) yiiklii maddeler olarak kabul etmistir.

R3NZ + BF3 —_— R3N-BF3

Trialkil amin bilesigindeki N atomunun ortaklanmamis elektron cifti N-B
kovalent bagini yapmistir. R3N; Lewis bazi, BF; Lewis asididir. N verici, B alict
atomdur. Koordinasyon bilesiklerinde merkez atom Lewis asidi, ligantlar ise Lewis

bazidir.

2.1.4. Lux-Flood Asit-Baz Tanim

Bu tanima gore, asitler oksit iyonu alan, bazlarda oksit iyonu veren maddelerdir.

CaO ve SiO; tepkimede CaO baz, SiO; asittir.

Ca0 + Si0, — CaSiO;



Asit ve baz tamimlar1 halojeniir, siilfiir gibi diger anyonlarin alinip verilmesine
gore de yapilabilir.

2.1.5. Usanovich Asit-Baz Tanim

Usanovich 1939 yilinda redox tepkimelerini de kapsayacak bir calisma
yapmistir. Bu tanim, elektron cifti terimi kaldirildiginda tiim elektron aligverisleri icin
gecerli bir tanmim yapilmaktadir. Asitler, katyon veren, anyon veya elektron alan

maddelerdir. Bazlar anyon veya elektron veren, katyon alan maddelerdir.

2.2. Molekiil Orbitali Kuraminda Asit-Baz Kavrami

Tanimlardan hareketle, elektron aligverisinin temel alindigini soyleyebiliriz.
Asitler elektron alan, bazlar elektron veren maddeler olduguna gore, molekiil orbitali

kuramu ile bu konuyu aciklayabiliriz.

Asit olarak davranan maddeler, aldiklar elektronu koyabilecekleri diisiik enerjili
bir orbitale sahip olmalidirlar. LUMO’su diisiik enerjili olan maddeler asit olarak
davranirlar. Tersi bir diisiince ile, HOMO’su yiiksek enerjili maddelerin baz oldugunu
sOyleyebiliriz. Genel olarak HOMO’su yiiksek enerjili maddeler bazik, LUMO’su

diisiik enerjili maddelerin asit olduklarini sdyleyebiliriz.

HOMO ve LUMO tiim maddelerde bulunduguna gére, bu durum olaya goéreceli
bir kavram katar. Maddeler, karsilarindaki maddenin 6zelligine gore asit ya da baz
olarak davranabilirler.  Bunun bilinen en iyi ornegi CO’in ge¢is metallerine
baglanmasidir. CO’in hem asit hem de baz davramisi gostermesi, ilkinde elektron

vermesi, ikincisinde ise elektro alir (Tunali ve Ozkar, 1993).

2.2.1. HOMO ve LUMO

Highest Occupied Molecular Orbital (HOMO) ve Lowest Unoccupied
Molecular Orbital (LUMO)'in kisaltmalaridar. Kovalent bagli bilesiklerde



elektronlarin, atom orbitallerinin olusturdugu molekiiler orbitallerde bulundugu
diistiniilmektedir. Bu orbitallerin de her birinin degisik enerjileri vardir. Bazi orbitaller
dolu, bazilar1 da bostur (atom orbitallerinde oldugu gibi). Yani, aslinda hidrojen
atomunda 2s, 3s, 3p gibi atom orbitallerinin hepsi mevcuttur. Sadece dolu degildir.
Buna benzer olarak molekiiler orbitallerde de bos olan en diisiik enerjili molekiiler
orbitale LUMO, dolu olan en yiiksek enerjili orbitale d¢ HOMO denilmektedir. Bir
molekiil elektron aliyorsa dnce LUMO dolmaktadir. Tepkimelerde daha ¢ok en
yiiksek enerjili elektronlar yani HOMO elektronlar isin i¢inde oldugundan oldukca sik

kullanilan bir kavramdir.

2.3. Organik Bilesiklerin Asit-Bazhklari

Brgnsted- Lowry tamiminda gecen proton asitleri, proton veren maddeleri asit,
alanlar1 da baz olarak tanimliyordu. Daha genis kapsamli olan Lewis tanimi bir c¢ift
elektronla koordinasyon kurabilen bilesiklerin asit, asitlerle koordinasyon kurabilecek
bir cift elektrona sahip olan bilesikler ise baz olarak kabul ediliyordu. Giiniimiizde
molekiill modelleri ile bir bilesigin asit ya da baz yapisinda olabilecegi

belirlenebilmektedir.

2.4. Proton Asit ve Bazlarimin Reaktivitelerini Etkileyen Etmenler

2.4.1. Elektronegativite ve Atom Boyutlar:

HA asidini incelersek; A elementinin elektronegatifligi ne kadar artarsa HA
bilesiklerindeki asitlik de o denli artacaktir.  Elektronegativitenin artmasi bag
polarizasyonunu arttirir. Iyonik karakter artacagindan baz gorevi goren bir B

molekiiliine proton aktarilmi kolaylasir.



B: + HA __ _ BH' + A

Molekiil : H-F HO-H H,N-H
pK, : 3,20 15,70 36,00
Hidrojenin ekli : 4,10 3,50 3,10

oldugu atomun
elektronegativitesi

Hidrojenin bagli oldugu atom biiyiidikce H-A bagina iliskin bag enerjisi
azalacaktir. Bu durum H-A bagmin heterolitik ayrismasinm1 kolaylastiracak ve asitlik

artacaktir.

2.4.2. Asitlige ve Bazhiga Coziicii Etkisi

Cozeltide coziinen organik bir bilesigin asitligi ve bazligim1 ¢ozeltinin 6zelligi
etkiler. Bir ¢ozeltinin iyonize edici 6zelligi dielektrik sabitinin yiiksekligine ve iyonlari
solvatize edebilme giicline baghdir. Su, hem asidik hem bazik 6zellik gosterebilen
dielektrik sabiti yiiksek bir ¢oziiciidiir. Bir maddenin asitligi veya bazlig1 seyreltik sulu
cOzeltisinden yararlanarak saptanir. Cok kuvvetli asit veya bazlarin asitlik bazlik
degerlerinin suda saptanmasi zor olmaktadir. Ciinkii pH 0-14 bolgesi disinda
cikmaktadir. Bu sorun maddeyi dielektrik sabiti diisiik olan bir ¢ozeltide c¢oziilerek

halledilebilir.

2.4.3. Asitlige ve Bazhig Etkileyen Yapisal Faktorler

Yapisal etkenleri 5 ana grupta toplayabiliriz:
1- Rezonans etkisi,
2- Indiiktif etkiler,
3- Hibritlesme etkileri,



4- Hidrojen baglari,
5- Sterik etkilerdir.

2.4.3.1. Rezonans Etkisi
Delokalizasyon veya konjugasyon terimleri de kullanilabilir.

H;0* 4+ CH;CH,O

CH3CH20-H + H20

pK; : 16

CH+C-O-H + H,0 H,0* *+ CHyC-O

pK, : 4,6

Etanol ve etanoik asitin her ikisinde de bir protonun ayrilmasi s6z konusu
oldugu halde etanoik asit, etanolden yiizmilyar kere daha asidiktir. Bu durum konjuge
bazlarinin kararliliklarinin  farkli olmasindan kaynaklanir. Etoksi anyonunun

kararliligin1 saglayan 6zel bir durum yoktur. Etanoat anyonunun rezonans kararliligt

vardir.
H2 O.@
H3C_C_9.:
86.3
| ..o |
H,C——C==0

H,c——C—0.2

veya H3C_C .
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2.4.3.2. indiiktif Etki

Indiiktif etki, sigma baglar1 aracihigi ile komsu baglara  polarizasyon
kazandinlma, bir bagka deyisle, elektronegativiteden kaynaklanan, sigma bagi
iizerinden yiik akis1 etkisidir. Eksi yiiklii bir atoma ne kadar elektronegatif bir atom

baglanirsa o kadar kararli hale gelir ( sekil 2.1).

I I

-NH, -NO,
-OCH; _Cl (I'>M™)
-OCH,;CHj3; -Br I'>M")
-CH;
-CH,CHj;
-t-C4Hyg

Cizelge 2.1. 1" ve I guruplar

Indiiktif olarak elektron ¢eken gruplar (I ) asitligi arttirirlar. Bu gruplar olusan
anyonun elektron yogunlugunu kendi iizerine ¢ekerek yapinin kararli olmasini saglarlar.

Anyonun kararli olmas: asitligin artmas1 demektir.

Indiiktif olarak elektron iten gruplar I" olusan anyonun elektron yogunlugunu
daha da arttiracaklardir. Olusan anyonun kararsizliginin artmasi anlamina gelecektir.
Elektron yogunlugunun artmasi yapinin elektron sunulabilirligini arttiracagindan

baziklik artacaktir.

2.4.3.3. Hidrojen Baglanmasi

Molekiil i¢i hidrojen baglanmasi yapiy1 daha kararli hale getirir. Yapinin kararh

hale gelmesi asitligin artmasi anlamina gelir. Baziklik bu durumda azalacaktir.
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2.4.3.4 . Hibridizasyon Etkileri

Ortaklanmamis elektron ciftinin yer aldig1 orbital tiirii bazikligi etkilemektedir.
Bir orbitalde s karakterinin artmasi elektronlarin daha siki tutulmasini saglar. Bu durum
elektronlarin sunulabilirligini azaltacaktir. s karakterinin artmasi bazikligi azaltacaktir.
Ortaklanmamus elektron ¢iftinin sp” hibrit orbitallerinde yer almas1 durumunda baziklik
en fazla, sp2 hibrit orbitallerinde yer almasi durumunda baziklik daha az ve sp hibrit

orbitallerinde yer almasi durumunda ise baziklik en az olacaktir.

2.4.3.5. Sterik Etkiler

Protonun ¢ok kiiciik bir hacme sahip olmasindan baglandig: bilesikte 6nemli bir
hacim degisimine neden olmayacagindan sterik etkilerdolay1 proton asitlik-bazligini ¢ok
fazla etkilemez. Sterik yonden oldukg¢a engelli bir bilesikte olusan anyonun ¢oziicii
tarafindan iyi solvatize edilememesinden kaynaklanan bir etki ile asitlik azalma

gosterebilir.  Rezonansi etkileyebilecek bir durum da asitlik-bazlik kuvvetini

etkileyebilir.
OH OH OH
HsC CHj
HsC CHs3
N02 N02 NO2

pK,: 7,14 pK, : 7,20 pK, : 8,20
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2.5. Asitlik Sabitlerinin Saptanmasinda Kullanilan Yontemler

2.5.1. UV Goriiniir Bolge Spektrumu

Az madde gerektirmesi ve duyarli olmasi tercih sebebidir. Dezavantaji ¢ok
zaman almasidir. Maddenin bulundugu ortamin 6zelliklerini gbzoniine almasi gercek
pKa’'nin daha saglikli bir sekilde bulunmasini saglar. Bu yontemde tim pH
bolgelerinde caligilabilir. Bir maddenin asitlik sabitinin UV ile saptanabilmesi i¢in

maddenin molekiiler tiirii ile iyonlagmus tiiriiniin spektrumlarinin farkli olmas1 gerekir.
2.5.2. Potansiyometrik Titrasyon

Duyarli oldugu aralik 1,25 -11,00 arasidir. Kisa zaman almasina ragmen ¢ok
madde gerektirmektedir. Bu yOntemin temeli, referans elektrodu ile indikator
elektrodun arasindaki potansiyel farkinin olciilmesine dayanir. Bulunan degerlerden
grafik yardimiyla doniim noktasi bulunur. Kuvvetli asit ve kuvvetli baz bolgesinde
yapilan ¢alismalarda potansiyometrik titrasyon yontemi kullanilamamaktadir.

2.5.3. Raman ve NMR Spektroskopisi

Duyarliliklar diisiiktiir. Cok madde gerektirmesi ve pahali olmasi nedeni ile

tercih edilmemektedir.

2.54.  Coziiniirlik Olciilmesi

Baz1 durumlarda maddenin cesitli pH araliklarinda c¢oziiniirliikklerinin

Olciilmesine dayanarak yaklasik pK, degerleri belirlemektedir.

2.6. Asitlik Sabitlerinin Kullammm Alanlari

Asitlik sabitleri bir molekiiliin sterokimyasal yapisinin belirlenmesinde ve

konformasyonel analizlerde kullanilmaktadir. Elektrofilik ve niikleofilik saldirinin
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yoni, ara iiriiniin kararliligl ve gerekli aktivasyon enerjisi bu sabitler ile belirlenebilir.
Ilac olarak kullanilan maddeler genelde zayif asit veya baz yapisinda olduklarindan bu
caligmalarda asitlik sabitlerinden yararlanilir. Enzimlerin aktif bolgelerinin
belirlenmesinde proton alma ve verme sabitlerinden yararlanilmaktadir.  Sentez
calismalarinda elde edilecek maddenin iyonlagsma sabiti biliniyorsa yiiksek verim elde
edilmesi saglanabilir. Sentez islemleri sonunda maddeler ¢ogunlukla ¢6ziinmiis tuz
halinda bulunurlar. Maddeyi baz seklinde ¢oktiirme islemi sirasinda ortamin pH degeri
maddenin pK, degerlerinin iki birim iizerinde ayarlanmasi ile en yiiksek verim elde

edilir.

2.7. Asitlik Sabitleri ve Fonksiyonlar:

Maddenin proton kaybetme ve kazanma egilimlerini belirten Ka ifadesinin —
logaritmasi1 pK, olarak tamimlanir. Seyreltik cozeltilerde pH 0-14 arasindadir. 0,1N
HCI asidin pH’1 1’dir. Daha derisik ¢6zeltilerde pH degerlerinden bahsetmek yerine H,
ve H fonksiyonlan gelistirilmistir. H, pH cetvelinde pH 0 1n altinda kalan bolgedir. H.
ise pH 14‘iin iizerinde kalan bolge i¢in gelistirilmis bir fonksiyondur. Asit ve bazlarin
sulu ortamda bir denge i¢inde iyonlastigi gozoniinde bulundurulursa; asitlik dengesini

oynak H igeren bilesiklerin ¢o6ziicii icerisinde iyonlarina ayrismasi olarak ifade

edebiliriz.
+ Ka + -
HA H,0 H;0" + A
Asit 1 Baz2 Konjuge asit2  Konjuge bazl
K, =[H;0" ] [AT]/[H:0][HA] 2.1

Su bu durumda hem baz olarak davranmakta hem de c¢oziicii gorevini

iistlenmektedir. Suyun derisimini 55,5 M olarak sabit kabul edebiliriz.

K, = K,[H,0] = [ H;0" ] [A"]/ [HA] (2.2)
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Ka’nin sayisal degerinin biiyiimesi asitligin arttig1 anlamina gelir.

pK.=-log K, (2.3)

pKa'nin sayisal degeri kiiciildiikge asitlik artar. HA asit, HS ¢6ziicii olarak diisiiniiliirse
HA + SH SH," + A

Ki,=aa . asp.'/ Aga (2.4)

elde edilir. Aktiflik; konsantrasyon ile aktiflik sabitinin ¢carpimina esittir.

Ka=asw." . ([AT.ya /[HA] . yua) (2.5)
Hy=asm" . (ya / Yua) (2.6)
Ka=Hx.([A]/[HA]) (2.7)

burada Hx bir asitlik fonksiyonudur. Seyreltik cozeltilerde aktiflik sabiti 1 kabul
edilebilir.

[SH,'] = [ H] (2.8)
olarak kabul edersek,

K.=[A].[H"/[HA] (2.9)
olmaktadir.

Bu esitligin logaritmasi alinarak diizenlenirse
-logK,=-log [H]-log ([ A"]/[HA]) (2.10)
pKa=pH +log ((HA]/[A"]) (2.11)
pH = Hy alinirsa

pKa=Ho+log ([HA]/[A]) (2.12)

haline gelir. pK, degeri bilinen p-nitroanilinin artan asitliklerdeki protonlanmasi
saptanmis, oran ¢ok yiikselince daha az bazik bir nitroanilin tiirevi 6nceki indikatoriin
yerini almistir. log HA/A" ile H, arasinda ¢izilen grafigin egimi birdir. HA ile A *nin

esit oldugu noktada pK, = H, olacagindan herhangi bir maddenin pK,’s1 hesaplanabilir.
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3. TEORIK HESAPLAMA YONTEMLERI

Teorik hesaplamalar bilgisayar programlart ile yapilan calismalari kapsar.
Bilgisayar programlari ile yapilan ¢alismalarda, molekiil ¢izim programlarinda, molekiil
modellenir ve fizigin kanunlarin1 esas alan programlarda gercege en yakin haline gore
tekrar tanmimlanarak temel Ozellikleri belirlenir. Bilgisayar programlar ile yapilan
calismalarda laboratuvar ortaminda g¢alisilmasi giic molekiiller incelenebilir, deneysel
hatalardan kaynaklanan sorunlar olmaz, daha giivenli ve duyarli sonuglara ulasilabilir.
Bir calisma ile olusum 1sis1, dipol moment, iyonlasma potansiyeli, elektron yiikleri,
entropi, atomlarin birbirlerine olan konumlar1 gibi bir ¢ok parametre incelenebilir.
Sonuglarin giincel yasamda kullanilacagi diisiiniiliirse, teorik calismalarin deneysel
calismalar ile beraber yiiriitiilmesi gerektigi anlasilir. Deneysel c¢alismalar teorik
caligmalar ile desteklenerek eksik yonler tamamlanabilmektedir. Bilgisayar ile kimya
hesaplamalarinda kullanilan iki yontem vardir. Bunlar molekiiler mekanik ve elektronik
yapt kuramidir. Elektronik yap1 kuraminda yan deneysel (semi-empirik) ve ab-inito
yontemleri yer almaktadir. Yapilan temel hesaplamalarr her iki yontemde de aynidir.
Molekiiliin enerjisi hesaplanip optimize edildikten sonra atomlarin titresim frekanslar

hesaplanir.

3.1. Molekiiler Mekanik Yontem

Molekiiler mekanik yonteminde klasik fizigin kanunlar1 kullanilarak benzer
molekiillerin  yapis1 ve Ozellikleri tanimlanmaya calisithr. HYPERCHEM,
PCMMODEL, ALCHEM, CHEM3D gibi programlar ornek olarak verilebilir.
Molekiiler mekanik hesaplar1 temel olarak cekirdekler arasi etkilesimleri inceler.
Molekiil sistemindeki elektronlar giic alami i¢ine dahil edilmistir. Bu yontemlerde
elekronik yapiya bagli 6zellikler incelenememektedir. Bag olusumu ve parcalanmasi

gibi iglemler yapilamaz.
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3.1.2. Elektronik Yap1 Yontemleri

Kuantum mekaniginin kullanildigi bu yontemde molekiiliin enerjisinin ve diger
ozelliklerinin Schrodinger esitliginin ¢oziilmesi ile belirlenebilecegi kabul edilmektedir.
HY = EY
Elektronik yap1 yontemleri bu esitligi yar1 deneysel ve ab-inito yontemlerle ¢ozmeye

calisirlar.

3.1.2.1. Ab-inito Yontemler

Born-Openhimmer yaklagiminin kullanildigr bu yontemde atom cekirdeginin
sabit oldugu ve elektronlarin atom c¢ekirdegi etrafinda dondiikleri prensibi temel
alinmastir. Ab-inito yoOntemler temel prensiplerden tiiretilmis parametreleri
kullanmamaktadir. Fakat bazi 6n kabuller yer almaktadir. Cekirdegin sabit oldugu
kabulu cekirdek hareketlerinden elektronik dalga fonksiyonlarinin etkilenmedigi

sonucunu dogurur. Hesaplama siiresi biraz fazladir.

3.1.2.2. Semi-Empirik Yontemler

Semi-empirik molekiiler yontemde kuantum mekaniksel esaslara dayanir. Bu
yontemlerde deneysel sonuglara yakin sonuglar verebilecek belirli parametreler
mevcuttur. Bu yiizden hesaplama siiresi ab-inito yontemlere nazaran daha azdir. AMI,
PM3, PM5, MNDO, MNDO/3, CNDO ornek verilebilir. MOPAC, GAUSSIAN,
HYPERCHEM gibi program isimleri ile bulunabilir. CNDO, ilk gelistirilen (1965)
semi empirik yontemdir. Dewar ve digerleri tarafindan MINDO/3 adi verilen program
gelistirilmistir. Bu program ile 10 elementi iceren molekiiller icin hesaplamalar
yapabiliyordu. Bundan sonraki sekiz yil icinde MNDO yonteminin gelistirilmesi ile
yaklagik 16 element i¢in bu yontem kullanilabilir hale gelmistir. AM1 yontemi MNDO
yonteminin gelistirilmis halidir. Molekiildeki biiyiik itmeleri ortadan kaldirmak igin
cekirdek-cekirdek itme fonksiyonlarinda degisiklik yapilmasiyla olusturulmustur. PM3

yontemi MNDO yonteminin 3.Parametrezisyonu oldugunu belirtmek i¢in kullanilmistir.
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Bu yontemlerde deneysel olusum 1sis1 ve geometri optimizasyonu incelenir. PM3

yontemi kuantum mekanik yontem olarak AM1 ile aynidir.

NDDO yaklasimi MNDO, AM1 ve PM3 yar1 deneysel teorinin temelini
olusturur. Farkli atomlardaki yiikler arasindaki iki atom integrali ihmal edilmektedir.
AMI1 metodunun MNDO’ya avantaji cekirdek-cekirdek itmesinin bir seri Gauss
cekirdek itme fonksiyonu ile prodifiye edilebilecek parametreler icermesidir. AMI1
yontemi C,H,O,N iceren organik molekiiller icin daha uygundur. P ve S iceren
bilesikler i¢cin PM3 yontemi daha uygundur. PM3 nitro tiirevi iceren bilesiklerde

basaril1 bir yontem olarak bilinmektedir.

Cizelge 3.1. Semi-emprik hesaplamalarda kullanilan yontemler

Kisaltma Tamm

CNDO Complele Neglecl ol Differeniial Overlap
INDO Itermediate Neglect of Differential Overlap. Ozellikle singlet ve triplet

varilmalarinda 1v1 sonuglar verir.

MINDO/3 Modified INDO. Olusum isilarinda dogruya yakin sonuglar verir.

NDDO Negleet of Diatomic Differential Overlap. Farkli atomlar tizerindcki
orbitaller arasindaki drtiismeyvi ihmal eder.
Modified Neglect of Diatomic Overlap. NDDO vyaklasimina benzer.

MNDO Ozellikle olusum 1silar1 ve diger molekiiler 6zellikler hakkinda ivi sonuglar
Verir.

AMI Austin - model 1. MNDO yonteminin ¢ekirdek-cekirdek itme
fonksiyonlannda kiigitk bir degisiklikle olusturulmusiur.

PM3 MNDO ydénteminin iiglineii paremetrizasyonudur. En son geligtirilen semi-

empirik molekiiler orbital yontemlerdendir.

3.1.2.3. Her iki Yontemin Karsilastirllmasi

Yar1 deneysel yontemlerde hesaplamalar ab-inito yontemlere gore daha kisa
siirede olmaktadir. Ab-inito molekiiler orbital yontemlerde molekiiliin toplam enerjisi

verilmektedir. Toplam enerji molekiillerin ¢ekirdek-cekirdek itmelerinden izole edilmis
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0°K’de vakum altindaki toplam enerjidir. Her iki yontem de molekiiler orbitalleri H
benzeri molekiiler orbital olarak tamimlar ve molekiill gaz fazinda c¢ozelti iginde

uyarilmig ya da temel halde incelenebilmektedir.

3.2. Geometri Optimizasyon

Molekiilde hesaplamalar; molekiilii tammlayan bag uzunluklari, bag acilar gibi
koordinatlarla tanimlanir ve enerjisi minimuma indirilir. Enerji degeri degismeyene
kadar geometrisi degistirilir. Gradient norm degeri 0 oldugunda uygun kabul edilir.
Gradient norm degeri atomlarin konumlarinin bir fonksiyonu oldugu molekiiliin
enerjisindeki degisimin hizidir. Gradient normun beklenen degeri 0,4 tiir. Bu civardaki

degerlerde molekiiliin enerjisinin minimum oldugu sdylenebilir.
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4. NOKTALARI EN iYi TEMSIL EDEN DOGRUNUN CiZiLMESi

4.1. En Kiiciik Kareler Metodu

Analizle elde edilen bir seri noktay1 en iyi temsil eden dogrunun ¢izilmesi i¢in
y = a+bx ile gosterilen dogru denklemindeki a ve b sabitlerinin tayin edilmesi gerekir.
Bunun icin en kii¢iik kareler metodu uygulanmaktadir. a dogrunun kesim noktasi, b ise
egimdir. a ve b nicelikleri icin asagidaki esitlikler kullanilmistir;
b = Sxy / Sxx 4.1)
a= Yort - bXort 4.2)
Sxy =2 (X =Xort) (¥ = Yort) = 2Xy = DXort Yo (4.3)
SXXx =Y (X=X )’ =Y X° =01 X° ot 4.4)
Vort = y degerlerinin ortalamasi

Xort = X degerlerinin ortalamasi

Cizelge 4.1. AM1 parametresi ile AG; degerine bagh olarak hesaplanan teorik pK,
degerlerinin deneysel degerler ile karsilagtirilmasi

X (Teorik) Y( Deneysel) (X-Xort) (Y-Yort)  (X-Xort)(Y-Yort)  (X-Xort)?
1,42 2,45 -9,62 -9,42 90,6204 92,5444
2,99 3,23 -8,05 -8,64 69,552 64,8025
1,24 3,15 -9,8 -8,72 85,456 96,04

3,22 3,79 -7,82 -8,08 63,1856 61,1524
3,94 3,75 -7,1 -8,12 57,652 50,41

4,31 2,04 -6,73 -9,83 66,1559 45,2929
-3,25 3,65 -14,29 15,52 221,7808 204,2041
-2,83 2,89 -13,87 14,76 204,7212 192,3769

Toplam: 11,04 11,87 859,1239 806,8232
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b= Sxy/Sxx = 859,124 / 806,823 = 1,064
a= Yort - bXore = 11,87 — 1,064x11,04 = 0,12

Buna gore AM1 parametresi ile AGydegerine gore hesaplanan pKa degerleri ile
deneysel degerlerin grafigi ¢izildiginde regrasyon dogrusunun denklemi y= 0,12 + 1,064x
olur.

Bu durumda sistematik sabit hata 0,12; sistematik bagil hata %6’ dir
(1,064=%106).
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5. BILGISAYAR HESAPLAMALARI SONUCU ELDE EDIiLEN DEGERLER

Bilgisayar hesaplamalar1 sonucunda elde edilen AH; AS, AG; AH, AG
degerleri Cizelge 5.1°de gosterilmektedir. Bu degerlere gore formiillerle verilen
hesaplamalar yapilmis ve cizelge 5.2°de de gosterilen pK, degerleri verilmektedir. AH;

ve A S degerlerinden her bir yapi i¢in AGy degerleri hesaplanmaistir.

AGr= AH;—TAS (T =298°C)

5.1. Sulu Fazda Yar1 Deneysel Yontemlerle Asitlik Sabitlerinin Bulunmasi

5.1.a. Genel

B + HA BH" + A
Asitlik : 8AG(BH+) = [ AG(B) + AG(HA+)] - [ AG(BH+) + AG(A)] (51)
Bazlik : 6 AG(B) = [ AG(BH+) + AG(A)] - [ AG(B) + AG(HA+)] (52)

5.1.b. Sulu Faz

+ +
Bag + H30 5 BH g + H;0(,q)

Asitlik : SAG(BH+) = [ AG(B) + AG(H30) ] - [ AG(BH+) + AG(HQO)] (53)
Bazlik: 6 AG(B) = [ AG(BH+) + AG(HzO)] - [ AG(B) + AG (H30)] (54)

Sulu fazda B bazimn, konjuge asit BH"1n standart serbest enerji degisimi
yukaridaki reaksyona ve esitliklere gore hesaplanmistir.

Calisilan molekiillerin sulu fazda pKa degerleri
pK. (BH") =8AG@gnr") /2,303.R.T (5.5)
pKa(B) =08AGwE)/2,303.R.T (5.6)

esitlikleri kullanilarak hesaplanmistir.
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Cizelge 5.1. Calismalarda kullamilan molekiillerin PM5, PM3, AMI1 yontemiyle
hesaplanan termokimyasal degerleri

AHg AS AGy

PM5 (kcal/mol) (cal/molK) (kcal/mol) AH (cal/mol) AG(kcal/mol)
SERI 1

H,O 59,475 44,987 -72,881 2371,632  -11,034
H;0" 46,392 45,880 32,720 2381,021  -11,291

11 31,197 63,8474 12,1704748 2945,4126 -16,0811126
11a 140,964 66,0918 121,2686436 3095,6174  -16,599739
11b 140,973 66,0838 121,2800276 3094,0772 -16,5988952
12 37,719 65,3352 18,2491104 2965,7298 -16,5041598
12a 152,323 66,6654 132,4567108 3198,7176 -16,6675716
12b 140,966 66,1166 121,2632532 3101,9075 -16,6008393
13 37,692 65,3365 18,221723 2965,4954 -16,5047816
13a 152,312 66,6275 132,457005 3191,5769 -16,6634181
13b 140,975 66,0897 121,2802694 3095,3451 -16,5993855
11M 36,568 70,7472 15,4853344 3532,3428 -17,5503228
11aM 147,122 71,47 125,82394 3674,8547 -17,6232053
11bM 147,172 71,1868 125,9583336 3643,5267 -17,5701397
12M 43,208 71,0345  22,039719 3568,9518 -17,5993292
12aM 158,398 72,6414 136,7508628 3826,5433 -17,8205939
12bM 146,893 71,4085 125,613267 3667,3901 -17,6123429
13M 43,138 75,5127 20,6352154 4069,3637 -18,4334209
13aM 158,094 71,9684 136,6474168 3757,0334 -17,6895498
13bM 146,865 71,3566 125,6007332 3662,2209 -17,6020459
SERI 2

21 23,035 70,5396  2,0141992 3528,0864 -17,4927144
21a 133,223 75,4332 110,7439064 4203,6693 -18,2754243
21b 132,815 71,3462 111,5538324 3677,0513 -17,5841163
22 29,646 70,6094  8,6043988 3543,0564 -17,4985448
22a 144,375 72,4933 122,7719966 3875,0495 -17,7279539
22b 132,838 76,125 110,15275 4222,5759 -18,4626741
23 29,571 70,7497  8,4875894 3567,8368 -17,5155738
23a 144,406 77,7508 121,2362616 4395,0719 -18,7746665
23b 133,387 71,4443 112,0965986 3693,1778 -17,5972236
21M 28,118 80,2692  4,1977784 4636,1725 -19,2840491
21aM 139,064 80,6873 115,0191846 4800,3132 -19,2445022
21bM 138,692 76,1957 115,9856814 4239,2021 -18,4671165
22M 35,169 76,2169 12,4563638 4176,9308 -18,5357054
22aM 150,516 82,5195 125,925189 5138,8671 -19,4519439

22bM 138,747 76,2514 116,0240828 4257,982 -18,4649352



AH¢ AS AGt

PM5 (kcal/mol) (cal/molK) (kcal/mol) AH (cal/mol) AG(kcal/mol)
23M 34,7 80,1008 10,8299616 4668,7202 -19,2013182
23aM 149,833 83,0356 125,0883912 5023,477 -19,7211318
23bM 138,867 80,033 115,017166 4767,1907 -19,0826433
SERI 3

31 18,588 76,584 -4,234032 4264,2981 -18,5577339
3la 128,766 82,689 104,124678 4972,3552  -19,6689668
31b 128,219 77,3917 105,1562734 4418,9836  -18,643743
32 25,165 76,9935 2,220937 4313,8352 -18,6302278
32a 139,925 78,3507 116,5764914 4592,9349 -18,7555737
32b 128,233 77,5805 105,114011 4446,7874 -18,6722016
33 25,336 76,8369  2,4386038 4310,6504 -18,5867458
33a 140,124 78,4119 116,7572538 4590,7095 -18,7760367
33b 129,141 77,2965 106,106643 44220975 -18,6122595
31M 23,723 87,0379 -2,2142942 5418,873 -20,5184212
31aM 134,669 88,0748 108,4227096 5624,3753 -20,6219151
31bM 134,162 88,1219 107,9016738 5598,836 -20,6614902
32M 30,693 82,5264  6,1001328 4952,8771 -19,6399901
32aM 145,885 93,2404 118,0993608 5799,2139 -21,9864253
32bM 134,157 89,9004 107,3666808 5585,1008 -21,2052184
33M 30,483 92,9377  2,7875654 6003,6929 -21,6917417
33aM 145,506 84,7546 120,2491292 5292,5815 -19,9642893
33bM 134,648 87,5971 108,5440642 5590,3459 -20,5135899
SERI 4

41 14,822 81,2795 -9,399291 5051,7788 -19,1695122
41a 125,074 83,0414 100,3276628 5198,4917 -19,5478455
41b 125,116 89,2361 98,5236422 5419,8632 -21,1724946
42 21,319 76,0177 -1,3342746 4191,7016  -18,461573
42a 136,283 82,9005 111,578651 5061,7536 -19,6425954
42b 125,069 82,0315 100,623613 4839,9966 -19,6053904
43 21,496 81,6576  -2,8379648 4730,786 -19,6031788
43a 136,38 85,7758 110,8188116 5474,4106 -20,0867778
43b 125,151 76,7852 102,2690104 4331,6029 -18,5503867
41M 19,97 86,9962 -5,9548676 5620,0688 -20,3047988
41aM 130,817 90,8153 103,7540406 5939,6964  -21,123263
41bM 130,864 85,7338 105,3153276 5411,9507 -20,1367217
42M 26,597 81,0492  2,4443384 4781,4148 -19,3712468
42aM 141,724 84,1682 116,6418764 5205,6864 -19,8764372
42bM 130,621 81,2987 106,3939874 4888,8403 -19,3381723
43M 26,618 84,4358  1,4561316 5212,3817 -19,9494867
43aM 141,765 86,7799 115,9045898 5603,3547 -20,2570555
43bM 130,606 90,4928 103,6391456 5977,7833 -20,9890711
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AH¢ AS AGt

PM5 (kcal/mol) (cal/molK) (kcal/mol) AH (cal/mol) AG(kcal/mol)
SERI 5

51 5,987 99,3822 -23,6288956 6775,3724 -22,8405232
51a 116,03 88,4137 89,6827174 5871,5393 -20,4757433
51b 116,081 93,2436 88,2944072 6354,1891 -21,4324037
52 12,822 92,8835 -14,857283 6228,202  -21,451081
52a 127,606 96,0842 98,9729084 6802,2378 -21,8308538
52b 116,314 88,6428 89,8984456 5855,8931 -20,5596613
53 12,819 87,7867 -13,3414366 5701,396 -20,4590406
53a 127,604 94,0808 99,5679216 6525,5898 -21,5104886
53b 116,387 88,5889 89,9875078 5850,9165 -20,5485757
5IM 11,34 107,8621 -20,8029058 7817,5618  -24,325344
51aM 122,068 104,612  90,893624 7557,8575 -23,6165185
51bM 122,127 99,7511 92,4011722 7019,6586 -22,7061692
52M 18,055 108,4769 -14,2711162 7981,977 -24,3441392
52aM 133,119 108,8872 100,6706144 8062,0194 -24,3863662
52bM 121,859 99,9028 92,0879656 7012,9157 -22,7581187
53M 18,028 105,2742 -13,3437116 7482,7399 -23,8889717
53aM 132,993 103,0139 102,2948578 7388,3534 -23,3097888
53bM 121,863 102,4422 91,3352244 7093,9125 -23,4338631
SERI 6

61 54,562 86,7216 28,7189632 5356,6809 -20,4863559
6la 167,43 87,8063 141,2637226 5561,8773 -20,6044001
61b 165,518 87,3394 139,4908588 5490,3994 -20,5367418
62 60,276 86,6927 34,4415754 5357,224 -20,4772006
62a 177,212 88,7827 150,7547554 5713,6269 -20,7436177
62b 165,547 88,4666 139,1839532 5601,9488  -20,761098
63 61,223 86,8006 35,3564212 5383,2667 -20,4833121
63a 177,235 88,5372 150,8509144 5686,234 -20,6978516
63b 167,609 87,479 141,540258 5519,4369 -20,5493051
61M 59,163 99,4758 29,5192116 6919,4504  -22,724338
61aM 175,964 92,3151 148,4541002 6177,3188  -21,332581
61bM 173,962 91,9075 146,573565 6109,8234 -21,2786116
62M 65,848 99,0922 36,3185244 6563,0944 -22,9663812
62aM 182,213 97,6652 153,1087704 6819,8534 -22,2843762
62bM 171,49 92,2803 143,9904706 6140,8207 -21,3587087
63M 68,819 94,4585  40,670367 6416,4665 -21,7321665
63aM 181,85 98,7645 152,418179 6884,2544  -22,5475666
63bM 175,466 96,5399 146,6971098 6667,6336 -22,1012566
SERI 7

71 34,661 80,5631 10,6531962 4454,6838 -19,55312
71a 157,676 84,4176 132,5195552 4655,4747 -20,5009701
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AH¢ AS AGt

PM5 (kcal/mol) (cal/molK) (kcal/mol) AH (cal/mol) AG(kcal/mol)
71b 152,814 83,1492 128,0355384 4635,8631 -20,1425985
72 37,566 80,3124 13,6329048 4446,0567 -19,4870385
72a 165,645 83,7823 140,6778746 4690,0486 -20,2770768
72b 152,767 82,4846 128,1865892 4619,8432 -19,9605676
73 42,375 80,6701 18,3353102 4468,5609 -19,5711289
73a 165,716 84,4097 140,5619094 4740,8513 -20,4132393
73b 157,691 82,3275 133,157405 4602,8763 -19,9307187
71M 40,159 89,4333 13,5078766 5535,2791 -21,1158443
71aM 163,567 83,6023 138,6535146 5050,4284  -19,863057
71bM 158,82 85,2498 133,4155596 5151,3049 -20,2531355
72M 43,014 88,0827 16,7653554 5433,1803 -20,8154643
72aM 172,127 84,1906 147,0382012 5102,9807 -19,9858181
72bM 158,689 90,1632 131,8203664 5646,9842 -21,2216494
73M 47,397 86,8406 21,5185012 5375,0865 -20,5034123
73aM 171,228 89,6248 144,5198096 5717,9283 -20,9902621
73bM 162,936 90,8645 135,858379 5669,205  -21,408416
SERI 8

81 26,403 89,6713  -0,3190474 5582,8365 -21,1392109
8la 145,325 88,0425 119,088335 5347,888  -20,888777
81b 149,595 91,9636 122,1898472 5777,4057 -21,6277471
82 34,239 84,9906  8,9118012 5072,5303 -20,2546685
82a 157,802 87,9701 131,5869102 5349,9915 -20,8650983
82b 149,51 85,6128 123,9973856 5225,7944 -20,28682
83 29,484 88,9298  2,9829196 5519,4123 -20,9816681
83a 157,749 91,9732 130,3409864 5828,7899 -21,5792237
83b 145,256 87,0411 119,3177522 5271,869 -20,6663788
81M 33,32 96,0298  4,7031196 6173,4194  -22,443461
81aM 151,184 92,9403 123,4877906 6247,7535 -21,4484559
81bM 155,408 88,0198 129,1780996 5579,4133 -20,6504871
82M 39,259 89,3782 12,6242964 5651,5677 -20,9831359
82aM 163,402 92,7083 135,7749266 6040,3459 -21,5867275
82bM 154,46 88,7567 128,0105034 5723,0053 -20,7264913
83M 34,619 96,4307  5,8826514 6506,205 -22,2301436
83aM 163,508 96,6666 134,7013532 6423,4892 -22,3831576
83bM 150,785 99,5131 121,1300962 6851,2559 -22,8036479



42

AH¢ AS AGy
PM3 (kcal/mol) (cal/molK) (kcal/mol) AH (cal/mol) AG(kcal/mol)
SERI 1
H,O -58,031 45,001 -71,441 2369,930 -11,040
H;0" 67,348 46,005 53,638 2374,638 -11,334
11 36,3 63,7736  17,2954672 2938,8686 -16,0656642
11a 143,075 65,7132 123,4924664 3023,9994 -16,5585342
11b 143,062 65,6908 123,4861416 3019,6584 -16,5562
12 40,482 65,217 21,047334 2951,8467 -16,4828193
12a 156,114 64,8791 136,7800282 3131,121 -16,2028508
12b 143,119 65,7034 123,5393868 3023,1853 -16,5564279
13 40,46 65,1998 21,0304596 2948,3069 -16,4812335
13a 156,084 64,7088 136,8007776 3096,6692 -16,1865532
13b 143,058 65,6674 123,4891148 3015,0599 -16,5538253
11M 36,564 70,6615 15,506873 3533,7542 -17,5233728
11aM 144,27 70,8284 123,1631368 3580,2634 -17,5265998
11bM 144,268 71,0169 123,1049638 3599,1345 -17,5639017
12M 40,908 70,8167 19,8046234 3558,5674 -17,5448092
12aM 157,27 71,9235 135,836797 3745,2535 -17,6879495
12bM 144,308 71,1217 123,1137334 3621,958 -17,5723086
13M 40,71 75,7196  18,1455592 4082,3356 -18,4821052
13aM 157,022 74,6463 134,7774026 4149,2548 -18,0953426
13bM 144,14 71,157 122,935214 3625,3792 -17,5794068
SERI 2
21 26,621 70,3696 5,6508592 3494,8243 -17,4753165
21a 133,488 77,4935 110,394937 4142,3094 -18,9507536
21b 133,41 70,8894 112,2849588 3583,6291 -17,5414121
22 31,115 70,4717 10,1144334 3517,2357 -17,4833309
22a 146,373 71,5583 125,0486266 3708,1882 -17,6161852
22b 133,552 70,8216 112,4471632 3569,5579 -17,5352789
23 30,924 70,4907 9,9177714 3520,1944 -17,4860342
23a 146,484 71,468 125,186536 3689,8569 -17,6076071
23b 133,53 70,8505 112,416551 3576,5456 -17,5369034
21M 26,942 80,5546 2,9367292 4642,5811 -19,3626897
21aM 134,636 80,7048 110,5859696 4726,0158 -19,3240146
21bM 134,585 81,5286 110,2894772 4740,4899 -19,5550329
22M 31,493 75,9678 8,8545956 4152,859 -18,4855454
22aM 147,526 86,9197 121,6239294 5354,4457 -20,5476249
22bM 134,753 76,2281 112,0370262 4218,0629 -18,4979109
23M 31,245 79,9686 7,4143572 4641,9001 -19,1887427
23aM 147,429 81,5927 123,1143754 4876,6328 -19,4379918
23bM 134,584 82,3569 110,0416438 4771,4795 -19,7708767
SERI 3
31 23,01 76,63 0,17426 4247,821  -18,587919
3la 130,024 82,3009 105,4983318 4849,7202  -19,675948
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AH¢ AS AGt

PM3 (kcal/mol) (cal/molK) (kcal/mol) AH (cal/mol) AG(kcal/mol)
31b 129,853 77,3645 106,798379  4369,6395 -18,6849815
32 27,518 76,9688 4,5812976  4286,4516 -18,6502508
32a 142,848 77,4153 119,7782406  4420,8973 -18,6488621
32b 129,926 77,6227 106,7944354  4395,2851 -18,7362795
33 27,518 76,9811 4,5776322  4291,7771 -18,6485907
33a 143,024 78,3036 119,6895272  4505,7405 -18,8287323
33b 130,167 76,5829 107,3452958 4275,8249 -18,5458793
31M 23,287 87,0887 -2,6654326 5418,7222 -20,5337104
31aM 131,209 86,5915 105,404733 5468,9978 -20,3352692
31bM 130,918 87,5113 104,8396326 5498,4423 -20,5799251
32M 27,927 90,0806 1,0829812 5488,4008  -21,355618
32aM 143,917 82,8197 119,2367294 5069,4745 -19,6107961
32bM 131,135 82,2366 106,6284932  4957,1547 -19,5493521
33M 27,737 82,3627 3,1929154  4937,7478 -19,6063368
33aM 143,827 91,5104 116,5569008 5757,5754 -21,5125238
33bM 131,116 87,7874 104,9553548 5558,9526 -20,6016926
SERI 4

41 16,96 74,0955 -5,120459  4082,6186 -17,9978404
41a 123,886 75,98 101,24396  4173,5433 -18,4684967
41b 123,836 75,9606 101,1997412  4167,6132 -18,4686456
42 21,508 80,0533  -2,3478834  4632,2648 -19,2236186
42a 136,733 76,8615 113,828273 4337,174  -18,567553
42b 123,935 76,0448 101,2736496  4186,2473 -18,4751031
43 21,556 75,6684  -0,9931832  4119,9854 -18,4291978
43a 136,755 89,0134 110,2290068 5415,2442  -21,110749
43b 123,906 76,0579 101,2407458 4185,998 -18,4792562
41M 17,507 91,5959  -9,7885782 5763,5101 -21,5320681
41aM 125,179 88,2818 98,8710236 5749,6909 -20,5582855
41bM 125,162 91,0864 98,0182528 5854,9502  -21,288797
42M 21,803 85,5325 -3,685685 5294,2256 -20,1944594
42aM 137,58 99,0502 108,0630404 6614,0714 -22,9028882
42bM 124,978 85,2209 99,5821718 5324,9967 -20,0708315
43M 21,864 90,4082  -5,0776436 5771,3516  -21,170292
43aM 137,703 86,8318 111,8271236 5521,8488 -20,3540276
43bM 124,981 84,7201 99,7344102 5292,9605 -19,9536293
SERI 5

51 9,82 86,3676 -15,9175448 5644,5087 -20,0930361
51a 116,841 87,9297 90,6379494 5716,6669 -20,4863837
51b 116,831 87,6303 90,7171706 5679,3235 -20,4345059
52 14,643 87,4265 -11,410097 5614,2969 -20,4388001
52a 129,806 94,9915 101,498533 6225,8505 -22,0816165
52b 116,956 88,0782  90,7086964 5705,8009 -20,5415027
53 14,577 87,9629 -11,6359442 5667,5724 -20,5453718
53a 129,774 91,0512 102,6407424 6070,8484 -21,0624092
53b 116,947 87,8076  90,7803352 5680,6955 -20,4859693
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AH¢ AS AGt

PM3 (kcal/mol) (cal/molK) (kcal/mol) AH (cal/mol) AG(kcal/mol)
5IM 10,373 102,5255 -20,179599 7306,6104 -23,2459886
51aM 118,223 101,6513  87,9309126 7336,7549 -22,9553325
51bM 118,217 102,5136  87,6679472 7349,1031 -23,1999497
52M 14,825 104,2016 -16,2270768 7395,2077 -23,6568691
52aM 130,517 104,4879  99,3796058 7588,299 -23,5490952
52bM 117,966 93,2281 90,1840262 6375,2359 -21,4067379
53M 14,807 99,1387 -14,7363326 6896,4892 -22,6468434
53aM 130,561 99,7698 100,8295996 7107,7469 -22,6236535
53bM 117,9 100,7751  87,8690202 6952,0532 -23,0789266
SERI 6

61 60,951 86,4484  35,1893768 5284,6529 -20,4769703
6la 169,279 91,8543 141,9064186 5907,8907 -21,4646907
61b 168,701 87,0652 142,7555704 5386,4012 -20,5590284
62 65,353 86,3065 39,633663 5274,9284 -20,4444086
62a 181,687 87,3998 155,6418596 5476,1351 -20,5690053
62b 168,795 86,9045 142,897459 5367,5767 -20,5299643
63 65,39 86,4307 39,6336514 5296,6365 -20,4597121
63a 181,713 87,6558 155,5915716 5506,2721 -20,6151563
63b 169,453 87,0964 143,4982728 5392,3538 -20,5623734
61M 61,086 97,389 32,064078 6695,2802 -22,3266418
61aM 170,329 98,1041 141,0939782 6812,9215 -22,4221003
61bM 169,595 97,9218 140,4143036 6787,4396 -22,3932568
62M 65,837 93,999 37,825298 6326,5688 -21,6851332
62aM 182,885 98,868 153,422336 6747,8971 -22,7147669
62bM 170,101 92,2643 142,6062386 6065,8389 -21,4289225
63M 65,413 97,8941 36,2405582 6752,4087 -22,4200331
63aM 182,286 98,9009 152,8135318 6953,2502  -22,519218
63bM 170,012 97,8835 140,842717 6791,5854 -22,3776976
SERI 7

71 21,459 80,6787  -2,5832526 44243693 -19,6178833
71a 137,496 82,0839 113,0349978 4551,2482  -19,909754
71b 135,931 80,6872 111,8862144  4516,3141 -19,5284715
72 25,158 80,4432 1,1859264  4428,4259 -19,5436477
72a 149,919 81,1653 125,7317406  4570,6468 -19,6166126
72b 135,877 80,8735 111,776697 4509,9223 -19,5903807
73 27,025 80,5328 3,0262256  4427,5635 -19,5712109
73a 150,116 86,1713 124,4369526  4673,9165 -21,0051309
73b 137,631 80,5874 113,6159548 4479,0318 -19,5360134
71M 23,708 84,625 -1,51025 5003,0592 -20,2151908
71aM 140,813 84,6733 115,5803566 5074,6621 -20,1579813
71bM 138,849 83,9182 113,8413764 5025,7787 -19,9818449
72M 26,121 88,9474  -0,3853252 5530,196 -20,9761292
72aM 152,407 89,573  125,714246 5663,6798 -21,0290742
72bM 137,649 88,9371 111,1457442 5563,0569 -20,9401989
73M 29,106 89,2257 2,5167414 5507,9274 -21,0813312
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AH¢ AS AGy

PM3 (kcal/mol) (cal/molK) (kcal/mol) AH (cal/mol) AG(kcal/mol)
73aM 153,213 87,8061 127,0467822 5562,7679 -20,6034499
73bM 140,503 88,9838 113,9858276 5557,9822 -20,9591902
SERI 8

81 11,732 85,5114 -13,7503972 5060,7387 -20,4216585
8la 126,599 86,4905 100,824831 5203,5043 -20,5706647
81b 128,1 85,6656 102,5716512 5130,6824 -20,3976664
82 17,656 84,9522  -7,6597556 5027,2983 -20,2884573
82a 140,629 85,42 115,17384 5182,3544 -20,2728056
82b 128,173 85,32 102,74764 5106,5712 -20,3187888
83 15,695 88,538 -10,689324 5423,6075 -20,9607165
83a 140,548 86,6511 114,7259722 5401,1779 -20,4208499
83b 126,533 87,2271 100,5393242 5427,294 -20,5663818
81M 14,731 93,9141 -13,2554018 6058,8998  -21,927502
81aM 130,09 90,0598 103,2521796 5723,0788 -21,1147416
81bM 132,176 98,0217 102,9655334 6662,599 -22,5478676
82M 19,798 89,7853  -6,9580194 5646,0054  -21,110014
82aM 143,678 90,4982 116,7095364 5840,7538 -21,1277098
82bM 131,038 90,3677 104,1084254 5747,4073 -21,1821673
83M 16,527 92,6247 -11,0751606 6206,0511 -21,3961095
83aM 142,665 92,3944 115,1314688 6246,0845 -21,2874467
83bM 128,094 94,8087 99,8410074 6483,6024 -21,7693902
AM1 AHg AS AGy AH (cal/mol) AG(kcal/mol)

(kcal/mol) (cal/molK) (kcal/mol)

SERI 1

H,O -59,248 45,097  -72,686906 2369,356 -11,06955
H;0" 50,579 48,331 36,176362 2375,013  -12,027625
11 59,307 63,394 40,415588 2850,973  -16,040439
11a 166,845 65,462 147,337324  2964,1544  -16,543521
11b 166,857 65,4604 147,3498008 2963,9722 -16,543227
12 67,219 64,955 47,86241  2885,0695 -16,4715205
12a 179,996 64,8379 160,6743058 3105,2349 -16,2164593
12b 166,849 65,457 147,342814  2963,1886  -16,5429974
13 67,238 64,9517 47,8823934  2883,9616 -16,471645
13a 180,012 64,9632 160,6529664  3126,3375 -16,2326961
13b 166,87 65,4648 147,3614896 2964,8892  -16,5436212
11M 65,047 70,1983  44,1279066  3417,0715 -17,5020219
11aM 173,598 70,5511 152,5737722  3502,0175 -17,5222103
11bM 173,591 75,3136 151,1475472  4036,4452  -18,4070076
12M 73,82 74,9646  51,4805492  3933,2103  -18,4062405
12aM 187,395 71,5951 166,0596602  3645,3861  -17,6899537



46

AM1 AHg AS AGy AH (cal/mol) AG(kcal/mol)
(kcal/mol) (cal/molK) (kcal/mol)

12bM 174,141 70,6272 153,0940944  3504,5942  -17,5423114
13M 73,58 69,8465 52,765743  3368,9188  -17,4453382
13aM 186,997 71,4237 165,7127374  3636,3881  -17,6478745
13bM 173,883 70,5119 152,8704538  3487,8522 -17,524694
SERI 2

21 51,21 72,9668 29,4658936  3823,8146  -17,9202918
21a 159,24 70,5948 138,2027496  3520,4098 -17,5168406
21b 158,944 73,6762 136,9884924  3941,5254  -18,0139822
22 59,489 76,7065 36,630463  3967,3482  -18,8911888
22a 172,319 75,314  149,875428  4155,1386  -18,2884334
22b 158,92 76,5109 136,1197518  4040,7935  -18,7594547
23 59,291 76,252 36,567904  3977,5446  -18,7455514
23a 172,306 71,8502 150,8946404  3738,6158 -17,6727438
23b 159,277 76,386 136,513972  4043,7746  -18,7192534
21M 57,054 78,455 33,67441  4421,4749 -18,9581151
21aM 165,98 82,1507 141,4990914  4689,8767 -19,7910319
21bM 165,741 91,5233 138,4670566  5199,0897  -22,0748537
22M 66,067 83,4152 41,2092704  4958,4994  -19,8992302
22aM 179,721 76,8217 156,8281334  4252,9613  -18,6399053
22bM 166,271 75,4463 143,7880026 4058,012  -18,4249854
23M 65,987 78,8826  42,4799852 4440,559 -19,0664558
23aM 179,546 77,3022 156,5099444  4305,9367 -18,7301189
23bM 166,535 80,7115 142,482973 4602,866 -19,449161
SERI 3

31 45,357 80,5219 21,3614738  4623,9195 -19,3716067
3la 153,532 76,1571 130,8371842  4191,9332  -18,5028826
31b 152,946 81,9087 128,5372074 4740,4351 -19,6683575
32 53,682 81,6085 29,362667 4650,96 -19,668373
32a 166,559 81,573 142,250246  4840,4506 -19,4683034
32b 152,923 76,5041 130,1247782  4218,2381  -18,5799837
33 53,498 75,9234  30,8728268  4128,6235 -18,4965497
33a 166,454 83,6116 141,5377432  4944,5907 -19,9716661
33b 153,69 76,0441 131,0288582  4179,4335  -18,4817083
31M 51,215 86,338 25,486276 52159316 -20,5127924
31aM 160,318 88,143 134,051386  5376,7077 -20,8899063
31bM 159,787 86,4474 134,0256748 5332,739  -20,4285862
32M 60,216 84,9819 34,8913938 5166,1126 -20,1584936
32aM 173,896 82,3961 149,3419622  4946,4356  -19,6076022
32bM 160,287 81,3624 136,0410048 4786,3315 -19,4596637
33M 60,202 80,9984 36,0644768  4698,0384 -19,4394848
33aM 173,727 81,6811 149,3860322 4723,0874 -19,6178804
33bM 160,937 85,7933 135,3705966  5298,9986  -20,2674048
SERI 4

41 43,103 73,3403  21,2475906  3938,6299 -17,9167795
41a 151,353 84,6575 126,125065 5106,14  -20,121795
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AM1 AHg AGy AH (cal/mol) AG(kcal/mol)
(kcal/mol) (cal/molK) (kcal/mol)
41b 151,382 86,1026 125,7234252 5128,782  -20,5297928
42 51,599 79,5817 27,8836534  4494,1572  -19,2211894
42a 164,619 81,5364 140,3211528  4856,3677 -19,4414795
42b 151,348 79,5928 127,6293456  4554,3973  -19,1642571
43 51,621 84,632 26,400664  5031,1187  -20,1892173
43a 164,671 82,3445 140,132339  4858,4396 -19,6802214
43b 151,368 82,2722 126,8508844  4981,5322  -19,5355834
41M 49,171 86,8158 23,2998916  5460,0406 -20,4110678
41aM 158,267 88,6819 131,8397938  5662,7568 -20,7644494
41bM 158,248 88,8088 131,7829776  5657,6799  -20,8073425
42M 58,291 97,7785 29,153007 6184,2874  -22,9537056
42aM 171,919 86,8937 146,0246774  5388,0918  -20,5062308
42bM 158,692 93,6038 130,7980676  6138,4371  -21,7554953
43M 58,317 92,3166 30,8066532  6027,4597 -21,4828871
43aM 171,972 87,2206 145,9802612  5400,3137 -20,5914251
43bM 158,717 87,5654 132,6225108  5584,9919  -20,5094973
SERI 5
51 31,402 85,1378 6,0309356  5445,1803  -19,9258841
51a 139,647 86,8817 113,7562534  5555,6104 -20,3351362
51b 139,69 97,4021 110,6641742  6560,1054 -22,4657204
52 40,024 99,1576  10,4750352  6539,9149  -23,0090499
52a 153,091 87,7024 126,9556848  5697,2461  -20,4380691
52b 139,77 86,6088 113,9605776  5496,0001 -20,3134223
53 40,014 93,7621 12,0728942  5990,1548 -21,950951
53a 153,082 94,7012 124,8610424  6261,8208 -21,9591368
53b 139,803 93,5439 111,9269178 6104,2848 -21,7717974
51IM 37,553 101,97 7,16594  7049,6452  -23,3374148
51aM 146,703 102,4751 116,1654202 7201,78  -23,3357998
51bM 146,666 108,4041 114,3615782  7741,7535 -24,5626683
52M 46,666 94,998 18,356596 6486,557  -21,822847
52aM 160,39 103,9201 129,4218102 7364,953  -23,6032368
52bM 147,112 102,7108 116,5041816  7187,2077  -23,4206107
53M 46,659 101,4074 16,4395948  7011,2532  -23,208152
53aM 160,365 103,0134 129,6670068  7357,9269  -23,3400663
53bM 147,144 107,1137 115,2241174  7682,3875  -24,2374951
SERI 6
61 84,528 84,9555 59,211261  5046,1924  -20,2705466
6la 195,004 85,9092 169,4030584  5221,6446  -20,379297
61b 193,704 85,6329 168,1853958 5168,3798 -20,3502244
62 92,443 85,1027 67,0823954  5072,8996  -20,287705
62a 207,281 86,8049 181,4131398 5376,978  -20,4908822
62b 193,665 85,6909 168,1291118 5176,9232  -20,358965
63 92,974 85,2329  67,5745958  5094,9827  -20,3044215
63a 207,294 86,9077 181,3955054  5391,5293  -20,5069653
63b 195,03 85,7694 169,4707188  5198,3781  -20,3609031
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AM1 AHg AS AGy AH (cal/mol) AG(kcal/mol)
(kcal/mol) (cal/molK) (kcal/mol)
61M 90,83 97,5711 61,7538122  6590,6583  -22,4855295
61aM 203,628 92,3044 176,1212888 6139,7818  -21,3669294
61bM 202,875 92,1346 175,4188892  6094,0833  -21,3620275
62M 99,059 93,5894 71,1693588  6135,6964  -21,7539448
62aM 214,679 98,1317 185,4357534  6515,3822  -22,7278644
62bM 201,12 90,4724 174,1592248  5779,6387 -21,1811365
63M 102,645 91,0532 75,5111464  5912,4993  -21,2213543
63aM 216,934 93,1507 189,1750914  6226,5259 -21,5323827
63bM 204,852 91,8563 177,4788226  6065,1309 -21,3080465
SERI 7
71 69,087 79,163 45,496426  4239,9926  -19,3505814
71a 192,586 75,5118 170,0834836  3880,7545 -18,6217619
71b 186,528 81,3835 162,275717  4406,2389  -19,8460441
72 74,509 79,1955 50,908741  4233,6692 -19,3665898
72a 202,506 81,4059 178,2470418  4497,5056 -19,7614526
72b 186,488 80,5189 162,4933678  4380,1339 -19,6144983
73 79,116 79,6894  55,3685588  4273,2347  -19,4742065
73a 202,575 75,7088 180,0137776 3934,063 -18,6271594
73b 192,708 80,6932 168,6614264 4399,909 -19,6466646
71M 75,197 87,4487 49,1372874  5286,3112  -20,7734014
71aM 193,383 87,6711 167,2570122  5359,0656  -20,7669222
71bM 199,183 88,9611 172,6725922  5463,6515 -21,0467563
72M 81,507 83,5601 56,6060902  4811,2968  -20,089613
72aM 210,508 88,0867 184,2581634  5471,3269  -20,7785097
72bM 194,214 85,5312 168,7257024 4978,163  -20,5101346
73M 85,868 87,0086 59,9394372 52499749  -20,6785879
73aM 209,749 84,5879 184,5418058  5007,4387  -20,1997555
73bM 199,471 83,1532 174,6913464  4869,1651 -19,9104885
SERI 8
81 60,989 84,2833 35,8725766  4853,7989  -20,2626245
8la 179,042 84,4218 153,8843036 49529316  -20,2047648
81b 184,823 89,4527 158,1660954  5476,8211  -21,1800835
82 71,428 84,1476 46,3520152  4836,3604 -20,2396244
82a 194,932 84,6492 169,7065384  5024,5583  -20,2009033
82b 184,797 85,1536 159,4212272  4974,0441  -20,4017287
83 66,715 85,5862 41,2103124  5123,3743  -20,3813133
83a 194,857 86,1335 169,189217 5107,4281 -20,5603549
83b 178,853 83,645 153,92679  4880,9843  -20,0452257
81M 67,766 91,4472 40,5147344 5829,997 -21,4212686
81aM 186,771 91,1229 159,6163758 5893,9736 -21,2606506
81bM 191,863 92,6038 164,2670676  5988,2707 -21,6076617
82M 78,225 91,5968 50,9291536  5822,9361 -21,4729103
82aM 202,163 95,8491 173,5999682 6182,3141 -22,3807177
82bM 191,649 93,1606 163,8871412  6016,0825 -21,7457763
83M 73,806 94,0113  45,7906326  6209,6114  -21,805756
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AM1 AHg AS AGy AH (cal/mol) AG(kcal/mol)
(kcal/mol) (cal/molK) (kcal/mol)

83aM 202,639 91,7372 175,3013144  5769,6227 -21,5680629

83bM 186,527 98,5935 157,146137  6190,2357  -23,1906273

Cizelge 5.2. Calismalarda kullanilan molekiillerin AM1, PM3, PM5 parametreleri ile
hesaplanan AGy bagl pK, degerleri ve deneysel degerler ile karsilastiriimasi

AH; AS AGy deneysel
AMI1 (kcal/mol) (cal/molK) (kcal/mol) teorik pK, pK,
SERI 1
H,O -59,248 45,097  -72,686906
H;0" 50,579 48,331 36,176362
11 59,307 63,394 40,415588 2,45
11a 166,845 65,462  147,337324 1,423828102
11b 166,857 65,4604 147,3498008 1,414678205
12 67,219 64,955 47,86241
12a 179,996 64,8379 160,6743058 -2,895737606
12b 166,849 65,457  147,342814 6,880950425
13 67,238 64,9517  47,8823934
13a 180,012 64,9632 160,6529664 -2,865433412
13b 166,87 65,4648 147,3614896 6,881909504
11M 65,047 70,1983  44,1279066
11aM 173,598 70,5511 152,5737722 0,306103256
11bM 173,591 75,3136  151,1475472 1,352029481
12M 73,82 74,9646  51,4805492
12aM 187,395 71,5951 166,0596602 -4,191729979
12bM 174,141 70,6272 153,0940944 5,316605163
13M 73,58 69,8465 52,765743
13aM 186,997 71,4237 165,7127374 -2,994812555
13bM 173,883 70,5119 152,8704538  6,42311323
SERI 2
21 51,21 72,9668  29,4658936 3,23
21a 159,24 70,5948 138,2027496 0,092704605
21b 158,944 73,6762 136,9884924 0,983183632
22 59,489 76,7065 36,630463
22a 172,319 75,314 149,875428 -3,213330155
22b 158,92 76,5109 136,1197518 6,874434732
23 59,291 76,252 36,567904
23a 172,306 71,8502  150,8946404 -4,006650337



50

AHg AS AGy deneysel
AM1 (kcal/mol) (cal/molK) (kcal/mol) teorik pK, pK,
23b 159,277 76,386  136,513972 6,539454385
21M 57,054 78,455 33,67441
21aM 165,98 82,1507 141,4990914 0,761650484
21bM 165,741 91,5233 138,4670566 2,985201965
22M 66,067 83,4152  41,2092704
22aM 179,721 76,8217 156,8281334 -4,954235113
22bM 166,271 75,4463 143,7880026 4,608782488
23M 65,987 78,8826  42,4799852
23aM 179,546 77,3022 156,5099444 -3,78900792
23bM 166,535 80,7115  142,482973 6,497712086
SERI 3
31 45,357 80,5219  21,3614738 3,15
3la 153,532 76,1571 130,8371842 -0,449136404
31b 152,946 81,9087 128,5372074 1,237558228
32 53,682 81,6085 29,362667
32a 166,559 81,573  142,250246  -2,9512401
32b 152,923 76,5041 130,1247782 5,941006747
33 53,498 75,9234  30,8728268
33a 166,454 83,6116 141,5377432 -1,32124406
33b 153,69 76,0441 131,0288582 6,385477119
31M 51,215 86,338 25,486276
31aM 160,318 88,143  134,051386 0,218655031
31bM 159,787 86,4474 134,0256748 0,237510414
32M 60,216 84,9819  34,8913938
32aM 173,896 82,3961 149,3419622 -4,097462892
32bM 160,287 81,3624 136,0410048 5,656832649
33M 60,202 80,9984  36,0644768
33aM 173,727 81,6811 149,3860322 -3,269497947
33bM 160,937 85,7933 135,3705966 7,008762247
SERI 4
41 43,103 73,3403  21,2475906 3,79
41a 151,353 84,6575  126,125065 2,922993253
41b 151,382 86,1026 125,7234252 3,217536961
42 51,599 79,5817  27,8836534
42a 164,619 81,5364 140,3211528 -2,621172925
42b 151,348 79,5928 127,6293456 6,686400557
43 51,621 84,632 26,400664
43a 164,671 82,3445  140,132339 -3,57026034
43b 151,368 82,2722 126,8508844 6,169732766
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AHg AS AGy deneysel
AM1 (kcal/mol) (cal/molK) (kcal/mol) teorik pK, pK,
41M 49,171 86,8158  23,2998916
41aM 158,267 88,6819 131,8397938 0,237141244
41bM 158,248 88,8088 131,7829776 0,278807568
42M 58,291 97,7785 29,153007
42aM 171,919 86,8937 146,0246774 -5,87298504
42bM 158,692 93,6038 130,7980676 5,293493253
43M 58,317 92,3166  30,8066532
43aM 171,972 87,2206 145,9802612 -4,627706072
43bM 158,717 87,5654 132,6225108  5,16823878
SERI 5
51 31,402 85,1378 6,0309356 3,75
51a 139,647 86,8817 113,7562534 0,834519067
51b 139,69 97,4021 110,6641742 3,102104283
52 40,024 99,1576  10,4750352
52a 153,091 87,7024 126,9556848 -5,586228806
52b 139,77 86,6088 113,9605776 3,943770607
53 40,014 93,7621  12,0728942
53a 153,082 94,7012 124,8610424 -2,878322235
53b 139,803 93,5439 111,9269178 6,606955412
51M 37,553 101,97 7,16594
51aM 146,703 102,4751 116,1654202 -0,09989161
51bM 146,666 108,4041 114,3615782 1,222961132
52M 46,666 94,998 18,356596
52aM 160,39 103,9201 129,4218102 -1,614803608
52bM 147,112 102,7108 116,5041816  7,85837665
53M 46,659 101,4074  16,4395948
53aM 160,365 103,0134 129,6670068 -3,200457612
53bM 147,144 107,1137 115,2241174 7,391277061
SERI 6
61 84,528 84,9555 59,211261 2,04
6la 195,004 85,9092 169,4030584 -0,974280874
61b 193,704 85,6329 168,1853958 -0,081304488
62 92,443 85,1027  67,0823954
62a 207,281 86,8049 181,4131398 -4,009589616
62b 193,665 85,6909 168,1291118 5,732290701
63 92,974 85,2329  67,5745958
63a 207,294 86,9077 181,3955054 -3,635700792
63b 195,03 85,7694 169,4707188 5,109375917
61M 90,83 97,5711  61,7538122
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AHg AS AGy deneysel
AM1 (kcal/mol) (cal/molK) (kcal/mol) teorik pK, pK,
61aM 203,628 92,3044 176,1212888 -4,036527281
61bM 202,875 92,1346 175,4188892 -3,521420505
62M 99,059 93,5894  71,1693588
62aM 214,679 98,1317 185,4357534 -2,749228073
62bM 201,12 90,4724 174,1592248 4,307276327
63M 102,645 91,0532  75,5111464
63aM 216,934 93,1507 189,1750914 -3,520590349
63bM 204,852 91,8563 177,4788226 5,056902171
SERI 7
71 69,087 79,163 45,496426 -3,65
71a 192,586 75,5118 170,0834836 -11,53108654
71b 186,528 81,3835  162,275717 -5,80523834
72 74,509 79,1955 50,908741
72a 202,506 81,4059 178,2470418 -13,54871869
72b 186,488 80,5189 162,4933678 -1,995716339
73 79,116 79,6894  55,3685588
73a 202,575 75,7088 180,0137776 -11,57373922
73b 192,708 80,6932 168,6614264 -3,248459666
71M 75,197 87,4487  49,1372874
71aM 193,383 87,6711 167,2570122 -6,78824934
71bM 199,183 88,9611 172,6725922 -10,75978058
72M 81,507 83,5601  56,6060902
72aM 210,508 88,0867 184,2581634 -13,77882458
72bM 194,214 85,5312 168,7257024 -2,388049428
73M 85,868 87,0086  59,9394372
73aM 209,749 84,5879 184,5418058 -11,5423149
73bM 199,471 83,1532 174,6913464 -4,318452039
SERI 8
81 60,989 84,2833  35,8725766 -2,89
8la 179,042 84,4218 153,8843036 -6,709048841
81b 184,823 89,4527 158,1660954 -9,84911323
82 71,428 84,1476  46,3520152
82a 194,932 84,6492 169,7065384 -10,62720387
82b 184,797 85,1536 159,4212272 -3,084441185
83 66,715 85,5862  41,2103124
83a 194,857 86,1335 169,189217 -14,01850733
83b 178,853 83,645 153,92679 -2,825762394
81M 67,766 91,4472  40,5147344
81aM 186,771 91,1229 159,6163758 -7,508340716



53

AHg AS AGy deneysel
AM1 (kcal/mol) (cal/molK) (kcal/mol) teorik pK, pK,
81bM 191,863 92,6038 164,2670676 -10,91893899
82M 78,225 91,5968  50,9291536
82aM 202,163 95,8491 173,5999682 -10,12580419
82bM 191,649 93,1606 163,8871412 -3,00287445
83M 73,806 94,0113  45,7906326
83aM 202,639 91,7372 175,3013144 -15,14184057
83bM 186,527 98,5935  157,146137 -1,827688765
AH; AS AGy deneysel
PM3 (kcal/mol) (cal/molK) (kcal/mol) teorik pK, pK.
SERI 1
H,O -58,031 45,001 -71,441
H;0* 67,348 46,005 53,638
11 36,3 63,7736  17,2954672 2,45
11a 143,075 65,7132 123,4924664 13,84716984
11b 143,062 65,6908 123,4861416 13,85180815
12 40,482 65,217 21,047334
12a 156,114 64,8791 136,7800282 6,854140364
12b 143,119 65,7034 123,5393868 16,56420299
13 40,46 65,1998  21,0304596
13a 156,084 64,7088 136,8007776 6,826548841
13b 143,058 65,6674 123,4891148 16,58869522
11M 36,564 70,6615 15,506873
11aM 144,27 70,8284 123,1631368 12,77701393
11bM 144,268 71,0169 123,1049638 12,81967527
12M 40,908 70,8167  19,8046234
12aM 157,27 71,9235  135,836797 6,63451628
12bM 144,308 71,1217 123,1137334 15,96501173
13M 40,71 75,7196  18,1455592
13aM 157,022 74,6463 134,7774026  6,1947467
13bM 144,14 71,157  122,935214 14,87924993
SERI 2
21 26,621 70,3696 5,6508592 3,23
21a 133,488 77,4935  110,394937 14,91267395
21b 133,41 70,8894 112,2849588 13,526621
22 31,115 70,4717 10,1144334
22a 146,373 71,5583 125,0486266 7,439723379
22b 133,552 70,8216 112,4471632 16,68104297
23 30,924 70,4907 99177714



AH; AS AG¢ deneysel
PM3 (kcal/mol) (cal/molK) (kcal/mol) teorik pK, pK,
23a 146,484 71,468  125,186536 7,194364476
23b 133,53 70,8505  112,416551 16,55926987
2IM 26,942 80,5546 2,9367292
21aM 134,636 80,7048 110,5859696 12,78216456
21bM 134,585 81,5286 110,2894772 12,99959812
22M 31,493 75,9678 8,8545956
22aM 147,526 86,9197 121,6239294 9,027329275
22bM 134,753 76,2281 112,0370262 16,05791244
23M 31,245 79,9686 7,4143572
23aM 147,429 81,5927 123,1143754 6,878103403
23bM 134,584 82,3569 110,0416438 16,46502889
SERI 3
31 23,01 76,63 0,17426 3,15
3la 130,024 82,3009 105,4983318 14,48733368
31b 129,853 77,3645  106,798379 13,53394031
32 27,518 76,9688 4,5812976
32a 142,848 77,4153 119,7782406 7,247035054
32b 129,926 77,6227 106,7944354 16,76874611
33 27,518 76,9811 4,5776322
33a 143,024 78,3036 119,6895272 7,309405251
33b 130,167 76,5829 107,3452958 16,36208302
31M 23,287 87,0887  -2,6654326
31aM 131,209 86,5915  105,404733 12,47347785
31bM 130,918 87,5113 104,8396326 12,88789586
32M 27,927 90,0806 1,0829812
32aM 143,917 82,8197 119,2367294 5,078653417
32bM 131,135 82,2366 106,6284932 14,32493987
33M 27,737 82,3627 3,1929154
33aM 143,827 91,5104 116,5569008 8,591239806
33bM 131,116 87,7874 104,9553548 17,09926709
SERI 4
41 16,96 74,0955 -5,120459 3,79
41a 123,886 75,98 101,24396 13,72439205
41b 123,836 75,9606 101,1997412 13,75682004
42 21,508 80,0533 -2,3478834
42a 136,733 76,8615  113,828273 6,528926078
42b 123,935 76,0448 101,2736496 15,73589542
43 21,556 75,6684  -0,9931832
43a 136,755 89,0134 110,2290068 10,16193165
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AH; AS AG¢ deneysel
PM3 (kcal/mol) (cal/molK) (kcal/mol) teorik pK, pK,
43b 123,906 76,0579 101,2407458 16,75349883
41M 17,507 91,5959  -9,7885782
41aM 125,179 88,2818  98,8710236 12,04121311
41bM 125,162 91,0864  98,0182528 12,66659504
42M 21,803 85,5325 -3,685685
42aM 137,58 99,0502 108,0630404 9,775795395
42bM 124,978 85,2209  99,5821718 15,99526489
43M 21,864 90,4082  -5,0776436
43aM 137,703 86,8318 111,8271236 5,994597243
43bM 124,981 84,7201  99,7344102 14,86282356
SERI 5
51 9,82 86,3676 -15,9175448 3,75
51a 116,841 87,9297  90,6379494 13,5842665
51b 116,831 87,6303 90,7171706 13,5261694
52 14,643 87,4265  -11,410097
52a 129,806 94,9915  101,498533 8,925176005
52b 116,956 88,0782  90,7086964 16,83793385
53 14,577 87,9629 -11,6359442
53a 129,774 91,0512 102,6407424 7,921907744
53b 116,947 87,8076  90,7803352 16,61977163
5IM 10,373 102,5255  -20,179599
51aM 118,223 101,6513  87,9309126 12,44389
51bM 118,217 102,5136  87,6679472 12,63673643
52M 14,825 104,2016 -16,2270768
52aM 130,517 104,4879  99,3796058 6,946551335
52bM 117,966 93,2281  90,1840262 13,6901562
53M 14,807 99,1387 -14,7363326
53aM 130,561 99,7698 100,8295996 6,976435758
53bM 117,9 100,7751  87,8690202 16,48111411
SERI 6
61 60,951 86,4484  35,1893768 2,04
6la 169,279 91,8543 141,9064186 13,4657951
61b 168,701 87,0652 142,7555704 12,84306718
62 65,353 86,3065 39,633663
62a 181,687 87,3998 155,6418596 6,652099883
62b 168,795 86,9045  142,897459 15,99824289
63 65,39 86,4307  39,6336514
63a 181,713 87,6558 155,5915716 6,688970226
63b 169,453 87,0064 143,4982728 15,55762584
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AH; AS AG¢ deneysel
PM3 (kcal/mol) (cal/molK) (kcal/mol) teorik pK, pK,
61M 61,086 97,389 32,064078
61aM 170,329 98,1041 141,0939782 11,76965371
61bM 169,595 97,9218 140,4143036 12,26809504
62M 65,837 93,999 37,825298
62aM 182,885 98,868  153,422336 6,95362423
62bM 170,101 92,2643 142,6062386 14,88564051
63M 65,413 97,8941  36,2405582
63aM 182,286 98,9009 152,8135318 6,237919038
63bM 170,012 97,8835  140,842717 15,01675066
SERI 7
71 21,459 80,6787  -2,5832526 -3,65
71a 137,496 82,0839 113,0349978 6,938068055
71b 135,931 80,6872 111,8862144 7,780531681
72 25,158 80,4432 1,1859264
72a 149,919 81,1653 125,7317406 0,391013347
72b 135,877 80,8735 111,776697 10,62498489
73 27,025 80,5328 3,0262256
73a 150,116 86,1713 124,4369526 2,690138604
73b 137,631 80,5874 113,6159548 10,62574861
71M 23,708 84,625 -1,51025
71aM 140,813 84,6733 115,5803566 5,858311382
71bM 138,849 83,9182 113,8413764 7,133597536
72M 26,121 88,9474  -0,3853252
72aM 152,407 89,573  125,714246 0,748438838
72bM 137,649 88,9371 111,1457442 9,935414051
73M 29,106 89,2257 2,5167414
73aM 153,213 87,8061 127,0467822 0,402580815
73bM 140,503 88,9838 113,9858276 9,98086961
SERI 8
81 11,732 85,5114 -13,7503972 -2,89
8la 126,599 86,4905 100,824831 7,702971399
81b 128,1 85,6656 102,5716512 6,421935758
82 17,656 84,9522  -7,6597556
82a 140,629 85,42 115,17384 1,646673805
82b 128,173 85,32 102,74764 10,75946348
83 15,695 88,538  -10,689324
83a 140,548 86,6511 114,7259722 -0,24662379
83b 126,533 87,2271 100,5393242 10,15719551
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AH; AG¢ deneysel

PM3 (kcal/mol) (cal/molK) (kcal/mol) teorik pK, pK,
81M 14,731 93,9141 -13,2554018
81aM 130,09 90,0598 103,2521796 6,285874597
81bM 132,176 98,0217 102,9655334 6,496087416
82M 19,798 89,7853 -6,9580194
82aM 143,678 90,4982 116,7095364 1,035086682
82bM 131,038 90,3677 104,1084254 10,27614784
83M 16,527 92,6247 -11,0751606
83aM 142,665 92,3944  115,1314688 0,826950279
83bM 128,094 94,8087  99,8410074 10,38635377

AHy AS AG¢ deneysel
PM5 (kcal/mol) (cal/molK) (kcal/mol) teorik pK, pK,
SERI 1
H,O -59,475 44,987 -72,881
H;0" 46,392 45,880 32,720
11 31,197 63,8474  12,1704748 2,45
11a 140,964 66,0918 121,2686436 -2,564658844
11b 140,973 66,0838 121,2800276 -2,573007334
12 37,719 65,3352  18,2491104
12a 152,323 66,6654 132,4567108 -6,311675271
12b 140,966 66,1166 121,2632532 1,897079202
13 37,692 65,3365 18,221723
13a 152,312 66,6275  132,457005 -6,331975653
13b 140,975 66,0897 121,2802694 1,864515694
11M 36,568 70,7472  15,4853344
11aM 147,122 71,47 125,82394 -3,474336756
11bM 147,172 71,1868 125,9583336 -3,572894691
12M 43,208 71,0345 22,039719
12aM 158,398 72,6414 136,7508628 -6,680950279
12bM 146,893 71,4085  125,613267 1,486837782
13M 43,138 75,5127  20,6352154
13aM 158,094 71,9684 136,6474168 -7,635084629
13bM 146,865 71,3566 125,6007332 0,466032708
SERI 2
21 23,035 70,5396 2,0141992 3,23
21a 133,223 75,4332 110,7439064 -2,294446465
21b 132,815 71,3462 111,5538324 -2,888408038



AH; AS AGy deneysel
PM5 (kcal/mol) (cal/molK) (kcal/mol) teorik pK, pK,
22 29,646 70,6094 8,6043988
22a 144,375 72,4933  122,7719966 -6,282339249
22b 132,838 76,125 110,15275 2,972021707
23 29,571 70,7497 8,4875894
23a 144,406 77,7508 121,2362616 -5,24176606
23b 133,387 71,4443 112,0965986 1,460832209
2IM 28,118 80,2692 4,1977784
21aM 139,064 80,6873 115,0191846 -3,828399971
21bM 138,692 76,1957 115,9856814 -4,537183192
22M 35,169 76,2169  12,4563638
22aM 150,516 82,5195  125,925189 -5,769892344
22bM 138,747 76,2514 116,0240828 1,491112496
23M 34,7 80,1008  10,8299616
23aM 149,833 83,0356 125,0883912 -6,348951012
23bM 138,867 80,033  115,017166 1,036811088
SERI 3
31 18,588 76,584 -4,234032 3,15
3la 128,766 82,689  104,124678 -2,022374597
31b 128,219 77,3917 105,1562734 -2,778898064
32 25,165 76,9935 2,220937
32a 139,925 78,3507 116,5764914 -6,420177765
32b 128,233 77,5805  105,114011 1,985865356
33 25,336 76,8369 2,4386038
33a 140,124 78,4119 116,7572538 -6,393113816
33b 129,141 77,2965  106,106643 1,417542388
31M 23,723 87,0379  -2,2142942
31aM 134,669 88,0748 108,4227096 -3,693167938
31bM 134,162 88,1219 107,9016738 -3,311064828
32M 30,693 82,5264 6,1001328
32aM 145,885 93,2404 118,0993608 -4,692158991
32bM 134,157 89,9004 107,3666808 3,178682898
33M 30,483 92,9377 2,7875654
33aM 145,506 84,7546 120,2491292 -8,697978733
33bM 134,648 87,5971 108,5440642 -0,114035494
SERI 4
41 14,822 81,2795 -9,399291 3,79
41a 125,074 83,0414 100,3276628 -3,025780141
41b 125,116 89,2361  98,5236422 -1,702796421
42 21,319 76,0177  -1,3342746



59

AH; AS AGy deneysel
PM5 (kcal/mol) (cal/molK) (kcal/mol) teorik pK, pK,
42a 136,283 82,9005 111,578651 -5,362221766
42b 125,069 82,0315 100,623613 2,671687005
43 21,496 81,6576  -2,8379648
43a 136,38 85,7758 110,8188116 -5,907726899
43b 125,151 76,7852 102,2690104 0,362294515
41M 19,97 86,9962  -5,9548676
41aM 130,817 90,8153 103,7540406 -3,012546348
41bM 130,864 85,7338 105,3153276 -4,157520681
42M 26,597 81,0492 2,4443384
42aM 141,724 84,1682 116,6418764 -6,304295981
42bM 130,621 81,2987 106,3939874 1,211023027
43M 26,618 84,4358 1,4561316
43aM 141,765 86,7799 115,9045898 -6,488309035
43bM 130,606 90,4928 103,6391456 2,506589909
SERI 5
51 5,987 99,3822 -23,6288956 3,75
51a 116,03 88,4137  89,6827174 -5,654600323
51b 116,081 93,2436  88,2944072 -4,636479026
52 12,822 92,8835  -14,857283
52a 127,606 96,0842  98,9729084 -6,034901291
52b 116,314 88,6428  89,8984456 0,619882224
53 12,819 87,7867 -13,3414366
53a 127,604 94,0808  99,5679216 -5,359605603
53b 116,387 88,5889  89,9875078 1,666218539
5IM 11,34 107,8621 -20,8029058
51aM 122,068 104,612 90,893624 -4,470174391
51bM 122,127 99,7511  92,4011722 -5,57573922
52M 18,055 108,4769 -14,2711162
52aM 133,119 108,8872 100,6706144 -6,850051775
52bM 121,859 99,9028  92,0879656 -0,555941478
53M 18,028 105,2742 -13,3437116
53aM 132,993 103,0139 102,2948578 -7,361080522
53bM 121,863 102,4422  91,3352244 0,676198299
SERI 6
61 54,562 86,7216  28,7189632 2,04
6la 167,43 87,8063 141,2637226 -5,092226019
61b 165,518 87,3394 139,4908588 -3,792091229
62 60,276 86,6927  34,4415754
62a 177,212 88,7827 150,7547554 -7,855808155
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AH; AS AGy deneysel
PM5 (kcal/mol) (cal/molK) (kcal/mol) teorik pK, pK,
62b 165,547 88,4666 139,1839532 0,629673071
63 61,223 86,8006  35,3564212
63a 177,235 88,5372 150,8509144 -7,255421825
63b 167,609 87,479  141,540258 -0,427425051
61M 59,163 99,4758  29,5192116
61aM 175,964 92,3151 148,4541002 -9,778445732
61bM 173,962 91,9075  146,573565 -8,399349809
62M 65,848 99,0922  36,3185244
62aM 182,213 97,6652 153,1087704 -8,205665884
62bM 171,49 92,2803 143,9904706 -1,51873438
63M 68,819 94,4585 40,670367
63aM 181,85 98,7645  152,418179 -4,507782341
63bM 175,466 96,5399 146,6971098 -0,312219713
SERI 7
71 34,661 80,5631 10,6531962 -3,65
71a 157,676 84,4176 132,5195552 -11,92824802
71b 152,814 83,1492 128,0355384 -8,639881344
72 37,566 80,3124  13,6329048
72a 165,645 83,7823 140,6778746 -15,72599721
72b 152,767 82,4846 128,1865892 -6,565476973
73 42,375 80,6701  18,3353102
73a 165,716 84,4097 140,5619094 -12,19243121
73b 157,691 82,3275  133,157405 -6,762316515
71M 40,159 89,4333  13,5078766
71aM 163,567 83,6023 138,6535146 -14,33311675
71bM 158,82 85,2498 133,4155596 -10,49184732
72M 43,014 88,0827  16,7653554
72aM 172,127 84,1906 147,0382012 -18,0931694
72bM 158,689 90,1632 131,8203664 -6,933126283
73M 47,397 86,8406  21,5185012
73aM 171,228 89,6248 144,5198096 -12,76056644
73bM 162,936 90,8645  135,858379 -6,408681285
SERI 8
81 26,403 89,6713  -0,3190474 -2,89
8la 145,325 88,0425 119,088335 -10,12495043
81b 149,595 91,9636 122,1898472 -12,39945336
82 34,239 84,9906 8,9118012
82a 157,802 87,9701 131,5869102 -12,52134717
82b 149,51 85,6128 123,9973856 -6,955547375
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AH; AS AGy deneysel

PM5 (kcal/mol) (cal/molK) (kcal/mol) teorik pK, pK,
83 29,484 88,9298 2,9829196

83a 157,749 91,9732 130,3409864 -15,9556078
83b 145,256 87,0411 119,3177522 -7,871687152
81M 33,32 96,0298 4,7031196

81aM 151,184 92,9403 123,4877906 -9,668283221
81bM 155,408 88,0198 129,1780996 -13,84128777
82M 39,259 89,3782  12,6242964

82aM 163,402 92,7083 135,7749266 -12,87007202
82bM 154,46 88,7567 128,0105034 -7,176009827
83M 34,619 96,4307 5,8826514

83aM 163,508 96,6666 134,7013532 -17,0267687
83bM 150,785 99,5131 121,1300962 -7,074248167

Cizelge 5.3. Calismalarda kullanilan molekiillerin AM1, PM3, PMS5, parametreleri ile

hesaplanan AG bagli pK, degerleri ve deneysel pK, degerlerinin karsilagtiriimasi

AMI1 AH (cal/mol) AG(kcal/mol) teorik pK, deneysel pK,
SERI 1

H,O 2369,356 -11,06955

H;0" 2375,013  -12,027625

11 2850,973  -16,040439 2,45
11a 2964,1544 -16,5435216 -0,333669991
11b 2963,9722  -16,543227 -0,333886037
12 2885,0695 -16,4715205

12a 3105,2349 -16,2164593 -0,889656938
12b 2963,1886 -16,5429974 -0,650189278
13 2883,9616  -16,471645

13a 3126,3375 -16,2326961 -0,877840936
13b 2964,8892 -16,5436212 -0,649823115
11M 3417,0715  -17,5020219

11aM 3502,0175 -17,5222103 -0,687801848
116M 4036,4452 -18,4070076 -0,038933192
12M 3933,2103  -18,4062405

12aM 3645,3861 -17,6899537 -1,227898064
12bM 3504,5942  -17,5423114 -1,336171971
13M 3368,9188 -17,4453382

13aM 3636,3881 -17,6478745 -0,554076489



AMI1 AH (cal/mol) AG(kcal/mol) teorik pK, deneysel pK,
13bM 3487,8522  -17,524694 -0,644411264
SERI 2

21 3823,8146 -17,9202918 3,23
2la 3520,4098 -17,5168406 -0,998479173
21b 3941,5254 -18,0139822 -0,633898944
22 3967,3482 -18,8911888

22a 4155,1386 -18,2884334 -1,144639484
22b 4040,7935 -18,7594547 -0,799214652
23 3977,5446  -18,7455514

23a 3738,6158 -17,6727438 -1,489353623
23b 4043,7746  -18,7192534 -0,721892784
21M 4421,4749 -18,9581151

21aM 4689,8767 -19,7910319 -0,091785128
21bM 5199,0897 -22,0748537 1,583062188
22M 4958,4994  -19,8992302

22aM 4252,9613 -18,6399053 -1,626136624
22bM 4058,012  -18,4249854 -1,783748753
23M 4440,559 -19,0664558

23aM 4305,9367 -18,7301189 -0,949260707
23bM 4602,866  -19,449161 -0,421949105
SERI 3

31 4623,9195 -19,3716067 3,15
3la 4191,9332  -18,5028826 -1,339688398
31b 4740,4351 -19,6683575 -0,484984013
32 4650,96  -19,668373

32a 4840,4506 -19,4683034 -0,849328689
32b 4218,2381 -18,5799837 -1,500780507
33 4128,6235 -18,4965497

33a 4944,5907 -19,9716661 0,379173805
33b 4179,4335 -18,4817083 -0,713491053
3IM 5215,9316 -20,5127924

31aM 5376,7077 -20,8899063 -0,426049501
31bM 5332,739  -20,4285862 -0,76435993
32M 5166,1126 -20,1584936

32aM 4946,4356  -19,6076022 -1,106604869
32bM 4786,3315 -19,4596637 -1,215095996
33M 4698,0384  -19,4394848

33aM 4723,0874 -19,6178804 -0,571780141
33bM 5298,9986 -20,2674048 -0,095449545

SERI 4
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AMI1 AH (cal/mol) AG(kcal/mol) teorik pK, deneysel pK,
41 3938,6299 -17,9167795 3,79
41a 5106,14  -20,121795 0,914447419
41b 5128,782  -20,5297928 1,213653784
42 4494,1572  -19,2211894

42a 4856,3677 -19,4414795 -0,541056688
42b 4554,3973  -19,1642571 -0,744358536
43 5031,1187 -20,1892173

43a 4858,4396 -19,6802214 -1,075880683
43b 4981,5322 -19,5355834 -1,181951379
41M 5460,0406 -20,4110678

41aM 5662,7568 -20,7644494 -0,443453652
41bM 5657,6799 -20,8073425 -0,411997873
42M 6184,2874 -22,9537056

42aM 5388,0918 -20,5062308 -2,497469786
42bM 6138,4371 -21,7554953 -1,581318055
43M 6027,4597 -21,4828871

43aM 5400,3137 -20,5914251 -1,356363303
43bM 5584,9919 -20,5094973 -1,416445292
SERI 5

51 5445,1803 -19,9258841 3,75
Sla 5555,6104 -20,3351362 -0,402480859
51b 6560,1054 -22,4657204  1,15998922
52 6539,9149  -23,0090499

52a 5697,2461 -20,4380691 -2,588043268
52b 5496,0001 -20,3134223 -2,679453359
53 5990,1548  -21,950951

53a 6261,8208 -21,9591368 -0,696603989
53b 6104,2848 -21,7717974 -0,83398988
51IM 7049,6452  -23,3374148

51aM 7201,78  -23,3357998 -0,703791434
51bM 7741,7535 -24,5626683 0,195936125
52M 6486,557  -21,822847

52aM 7364,953 -23,6032368 0,603046935
52bM 7187,2077 -23,4206107 0,469117556
53M 7011,2532  -23,208152

53aM 7357,9269 -23,3400663 -0,605867336
53bM 7682,3875 -24,2374951 0,052264667
SERI 6

61 5046,1924  -20,2705466 2,04
6la 5221,6446  -20,379297 -0,622854649
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AMI1 AH (cal/mol) AG(kcal/mol) teorik pK, deneysel pK,
61b 5168,3798 -20,3502244 -0,644175125
62 5072,8996  -20,287705

62a 5376,978 -20,4908822 -0,553606483
62b 5176,9232  -20,358965 -0,650348343
63 5094,9827 -20,3044215

63a 5391,5293 -20,5069653 -0,554070989
63b 5198,3781 -20,3609031 -0,661186125
61M 6590,6583  -22,4855295

61aM 6139,7818 -21,3669294 -1,522935685
61bM 6094,0833 -21,3620275 -1,526530507
62M 6135,6964 -21,7539448

62aM 6515,3822 -22,7278644 0,011619683
62bM 5779,6387 -21,1811365 -1,122677691
63M 5912,4993  -21,2213543

63aM 6226,5259 -21,5323827 -0,474513494
63bM 6065,1309 -21,3080465 -0,639031094
SERI 7

71 4239,9926 -19,3505814 -3,65
Tla 3880,7545 -18,6217619 -1,237088956
71b 4406,2389  -19,8460441 -0,339258067
72 4233,6692 -19,3665898

T2a 4497,5056 -19,7614526 -0,413033294
72b 4380,1339 -19,6144983 -0,520802655
73 4273,2347  -19,4742065

73a 3934,063 -18,6271594 -1,323791508
73b 4399,909 -19,6466646 -0,576134424
71IM 5286,3112 -20,7734014

71aM 5359,0656 -20,7669222 -0,70735861
716M 5463,6515 -21,0467563 -0,502141464
72M 4811,2968  -20,089613

72aM 5471,3269 -20,7785097 -0,197402684
72bM 4978,163 -20,5101346 -0,394216339
73M 5249,9749 -20,6785879

73aM 5007,4387 -20,1997555 -1,053760194
73bM 4869,1651 -19,9104885 -1,265894984
SERI 8

81 4853,7989  -20,2626245 -2,89
8la 4952,9316 -20,2047648 -0,745038648
81b 5476,8211 -21,1800835 -0,029785861
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AMI1 AH (cal/mol) AG(kcal/mol) teorik pK, deneysel pK,
82 4836,3604 -20,2396244

82a 5024,5583 -20,2009033  -0,7310033
82b 4974,0441 -20,4017287 -0,583727413
83 5123,3743 -20,3813133

83a 5107,4281 -20,5603549 -0,571306395
83b 4880,9843 -20,0452257 -0,949077882
81M 5829,997 -21,4212686

81aM 5893,9736 -21,2606506 -0,820396744
81bM 5988,2707 -21,6076617 -0,565915151
82M 5822,9361 -21,4729103

82aM 6182,3141 -22,3807177 -0,03686389
82bM 6016,0825 -21,7457763 -0,5025
83M 6209,6114  -21,805756

83aM 5769,6227 -21,5680629 -0,876919991
83bM 6190,2357 -23,1906273 0,3129923
PM3 AH (cal/mol) AG(kcal/mol) teorik pK, deneysel pK,
SERI 1

H,O 2369,930  -11,040

H;0" 53,638 2374,638

11 2938,8686 -16,0656642 2,45
I1a 3023,9994 -16,5585342 0,145841889
11b 3019,6584 -16,5562  0,144130097
12 2951,8467 -16,4828193

12a 3131,121  -16,2028508 -0,420921458
12b 3023,1853 -16,5564279 -0,16162467
13 2948,3069 -16,4812335

13a 3096,6692 -16,1865532 -0,431710399
13b 3015,0599 -16,5538253 -0,162370343
11M 3533,7542  -17,5233728

11aM 3580,2634 -17,5265998 -0,21323922
116M 3599,1345 -17,5639017 -0,185883764
12M 3558,5674 -17,5448092

12aM 3745,2535 -17,6879495 -0,110633397
12bM 3621,958 -17,5723086 -0,195438985
13M 4082,3356 -18,4821052

13aM 4149,2548 -18,0953426 -0,49923922
13bM 3625,3792  -17,5794068 -0,877602229
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PM3 AH (cal/mol) AG(kcal/mol) teorik pK, deneysel pK,
SERI 2

21 3494,8243  -17,4753165 3,23
2la 4142,3094 -18,9507536 0,866410311
21b 3583,6291 -17,5414121 -0,16713435
22 3517,2357 -17,4833309

22a 3708,1882 -17,6161852 -0,118176665
22b 3569,5579 -17,5352789 -0,177509534
23 3520,1944 -17,4860342

23a 3689,8569 -17,6076071 -0,126449912
23b 3576,5456  -17,5369034 -0,178300675
21M 4642,5811 -19,3626897

21aM 4726,0158 -19,3240146 -0,243968246
21bM 4740,4899 -19,5550329 -0,074550308
22M 4152,859 -18,4855454

22aM 5354,4457 -20,5476249  1,29662621
22bM 4218,0629 -18,4979109 -0,206537474
23M 4641,9001 -19,1887427

23aM 4876,6328 -19,4379918 -0,032818202
23bM 4771,4795 -19,7708767 0,211303901
SERI 3

31 4247,821  -18,587919 3,15
31a 4849,7202  -19,675948 0,582303461
31b 4369,6395 -18,6849815 -0,144424685
32 4286,4516 -18,6502508

32a 4420,8973 -18,6488621 -0,216624157
32b 4395,2851 -18,7362795 -0,152516354
33 4291,7771  -18,6485907

33a 4505,7405 -18,8287323 -0,083498387
33b 4275,8249 -18,5458793 -0,290929451
31M 5418,7222 -20,5337104

31aM 5468,9978 -20,3352692 -0,361133177
31bM 5498,4423 -20,5799251 -0,181714066
32M 5488,4008  -21,355618

32aM 5069,4745 -19,6107961 -1,495175931
32bM 4957,1547 -19,5493521 -1,540236066
33M 4937,7478  -19,6063368

33aM 5757,5754 -21,5125238 1,182301995
33bM 5558,9526 -20,6016926 0,514341302
SERI 4

41 4082,6186 -17,9978404 3,79
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PM3 AH (cal/mol) AG(kcal/mol) teorik pK, deneysel pK,
41a 4173,5433 -18,4684967 0,129551408
41b 4167,6132 -18,4686456 0,129660604
42 4632,2648 -19,2236186

42a 4337,174  -18,567553 -0,696733353
42b 4186,2473  -18,4751031 -0,764531754
43 4119,9854 -18,4291978

43a 5415,2442  -21,110749 1,750917571
43b 4185,998 -18,4792562 -0,178895277
41M 5763,5101 -21,5320681

41aM 5749,6909 -20,5582855 -0,929732033
41bM 5854,9502  -21,288797 -0,394009314
42M 5294,2256  -20,1944594

42aM 6614,0714 -22,9028882 1,770628337
42bM 5324,9967 -20,0708315 -0,306268627
43M 5771,3516  -21,170292

43aM 5521,8488 -20,3540276 -0,814215606
43bM 5292,9605 -19,9536293 -1,107848856
SERI 5

51 5644,5087 -20,0930361 3,75
S5la 5716,6669 -20,4863837  0,07285685
51b 5679,3235 -20,4345059 0,034812115
52 5614,2969 -20,4388001

52a 6225,8505 -22,0816165 0,989158404
52b 5705,8009 -20,5415027 -0,140288501
53 5667,5724 -20,5453718

53a 6070,8484 -21,0624092 0,163565122
53b 5680,6955 -20,4859693 -0,259168744
51M 7306,6104 -23,2459886

51aM 7336,7549 -22,9553325 -0,42875924
51bM 7349,1031 -23,1999497 -0,24936851
52M 7395,2077 -23,6568691

52aM 7588,299  -23,5490952 -0,29464205
52bM 6375,2359 -21,4067379 -1,865745967
53M 6896,4892 -22,6468434

53aM 7107,7469  -22,6236535 -0,23261213
53bM 6952,0532 -23,0789266 0,101263714
SERI 6

61 5284,6529 -20,4769703 2,04
6la 5907,8907 -21,4646907  0,50874186
61b 5386,4012 -20,5590284 -0,155428205
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PM3 AH (cal/mol) AG(kcal/mol) teorik pK, deneysel pK,
62 5274,9284  -20,4444086

62a 5476,1351 -20,5690053 -0,1242324
62b 5367,5767 -20,5299643 -0,15286323
63 5296,6365 -20,4597121

63a 5506,2721 -20,6151563 -0,101610296
63b 5392,3538 -20,5623734 -0,140318789
61M 6695,2802 -22,3266418

61aM 6812,9215 -22,4221003 -0,145600983
61bM 6787,4396 -22,3932568 -0,166753447
62M 6326,5688 -21,6851332

62aM 6747,8971 -22,7147669 0,539479099
62bM 6065,8389 -21,4289225 -0,403498607
63M 6752,4087 -22,4200331

63aM 6953,2502  -22,519218 -0,142868216
63bM 6791,5854 -22,3776976 -0,246652611
SERI 7

71 44243693 -19,6178833 -3,65
71a 4551,2482  -19,909754 -0,001561528
71b 4516,3141 -19,5284715 -0,281176151
72 4428,4259 -19,5436477

72a 4570,6468 -19,6166126 -0,162096729
72b 4509,9223  -19,5903807 -0,181333969
73 4427,5635 -19,5712109

73a 4673,9165 -21,0051309 0,835963626
73b 4479,0318 -19,5360134 -0,241417938
71M 5003,0592 -20,2151908

71aM 5074,6621 -20,1579813 -0,257560502
716M 5025,7787 -19,9818449 -0,386730639
2M 5530,196 -20,9761292

72aM 5663,6798 -21,0290742 -0,176778381
72bM 5563,0569 -20,9401989 -0,241955339
73M 5507,9274 -21,0813312

73aM 5562,7679 -20,6034499 -0,566061382
73bM 5557,9822 -20,9591902 -0,305178205
SERI 8

81 5060,7387 -20,4216585 -2,89
8la 5203,5043 -20,5706647 -0,106331622
81b 5130,6824 -20,3976664 -0,233200425
82 5027,2983  -20,2884573
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PM3 AH (cal/mol) AG(kcal/mol) teorik pK, deneysel pK,
82a 5182,3544 -20,2728056 -0,227083969
82b 5106,5712  -20,3187888 -0,193362056
83 5423,6075 -20,9607165

83a 5401,1779  -20,4208499 -0,61151848
83b 5427,294 -20,5663818 -0,504792241
8IM 6058,8998  -21,927502

81aM 5723,0788 -21,1147416 -0,811645937
81bM 6662,599 -22,5478676 0,239341156
82M 5646,0054 -21,110014

82aM 5840,7538 -21,1277098 -0,202628483
82bM 5747,4073 -21,1821673 -0,162691918
&3M 6206,0511 -21,3961095

83aM 6246,0845 -21,2874467 -0,295293928
83bM 6483,6024 -21,7693902 0,05814073
PMS5 AH (cal/mol)  AG(kcal/mol) teorik pK, deneysel pK,
SERI 1

H,O 2371,632 -11,034

H;0" 2381,021 -11,291

11 2945,4126  -16,0811126 2,45
11a 3095,6174  -16,599739  0,191864476
11b 3094,0772  -16,5988952 0,191245673
12 2965,7298  -16,5041598

12a 3198,7176  -16,6675716 -0,068633177
12b 3101,9075  -16,6008393 -0,117571502
13 2965,4954  -16,5047816

13a 3191,5769  -16,6634181 -0,072135157
13b 3095,3451  -16,5993855 -0,119093649
11M 3532,3428  -17,5503228

11aM 3674,8547  -17,6232053 -0,135023101
116M 3643,5267  -17,5701397 -0,173938912
12M 3568,9518  -17,5993292

12aM 3826,5433  -17,8205939 -0,026206586
12bM 3667,3901  -17,6123429 -0,178928058
13M 4069,3637  -18,4334209

13aM 3757,0334  -17,6895498 -0,733991713
13bM 3662,2209  -17,6020459 -0,798162951

SERI 2
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PM5 AH (cal/mol)  AG(kcal/mol) teorik pK, deneysel pK,
21 3528,0864  -17,4927144 3,23
2la 4203,6693  -18,2754243 0,385530874

21b 3677,0513  -17,5841163 -0,121441845

22 3543,0564  -17,4985448

22a 3875,0495  -17,7279539 -0,020233866

22b 4222,5759  -18,4626741 0,518575315

23 3567,8368  -17,5155738

23a 4395,0719  -18,7746665 0,734887577

23b 3693,1778  -17,5972236 -0,128593576

2IM 4636,1725  -19,2840491

21aM 4800,3132  -19,2445022 -0,217473526

21bM 4239,2021  -18,4671165 -0,787571575

22M 4176,9308  -18,5357054

22aM 5138,8671  -19,4519439 0,483454459

22bM 4257,982  -18,4649352 -0,240371223

23M 4668,7202  -19,2013182

23aM 5023,477  -19,7211318 0,192735113

23bM 4767,1907  -19,0826433 -0,275502273

SERI 3

31 4264,2981  -18,5577339 3,15
3la 4972,3552 -19,6689668 0,626454165

31b 4418,9836 -18,643743 -0,125396671

32 4313,8352  -18,6302278

32a 4592,9349  -18,7555737 -0,096548915

32b 4446,7874  -18,6722016 -0,157690085

33 4310,6504  -18,5867458

33a 4590,7095  -18,7760367 -0,049654664

33b 4422,0975  -18,6122595 -0,169761147

31M 5418,873  -20,5184212

31aM 5624,3753  -20,6219151 -0,112574142

31bM 5598,836  -20,6614902 -0,083551628

32M 4952,8771  -19,6399901

32aM 5799,2139  -21,9864253 1,532293341

32bM 5585,1008  -21,2052184 0,959393004

33M 6003,6929  -21,6917417

33aM 5292,5815  -19,9642893 -1,455303901

33bM 5590,3459  -20,5135899 -1,052472719

SERI 4

41 5051,7788  -19,1695122 3,79
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PM5 AH (cal/mol)  AG(kcal/mol) teorik pK, deneysel pK,
41a 5198,4917  -19,5478455 0,088980126
41b 5419,8632  -21,1724946 1,280421238
42 4191,7016 -18,461573

42a 5061,7536  -19,6425954 0,677634497
42b 4839,9966  -19,6053904 0,650350103
43 4730,786  -19,6031788

43a 5474,4106  -20,0867778 0,166177031
43b 4331,6029  -18,5503867 -0,960539821
41M 5620,0688  -20,3047988

41aM 5939,6964 -21,123263 0,411751393
41bM 5411,9507  -20,1367217 -0,31173152
42M 4781,4148  -19,3712468

42aM 5205,6864  -19,8764372 0,182011147
42bM 4888,8403  -19,3381723 -0,212726973
43M 5212,3817  -19,9494867

43aM 5603,3547  -20,2570555 0,037084776
43bM 5977,7833  -20,9890711 0,573910531
SERI 5

51 6775,3724  -22,8405232 3,75
51a 5871,5393  -20,4757433 -1,922689865
51b 6354,1891  -21,4324037 -1,221120197
52 6228,202 -21,451081

52a 6802,2378  -21,8308538 0,090035788
52b 5855,8931  -20,5596613 -0,842196905
53 5701,396  -20,4590406

53a 6525,5898  -21,5104886 0,582610736
53b 5850,9165  -20,5485757 -0,122810868
5IM 7817,5618 -24,325344

51aM 7557,8575  -23,6165185 -0,708290921
51bM 7019,6586  -22,7061692 -1,375898211
52M 7981,977  -24,3441392

52aM 8062,0194  -24,3863662  -0,1575044
52bM 7012,9157  -22,7581187 -1,351584409
53M 7482,7399  -23,8889717

53aM 7388,3534  -23,3097888 -0,613217146
53bM 7093,9125  -23,4338631 -0,522226899
SERI 6

61 5356,6809  -20,4863559 2,04
6la 5561,8773  -20,6044001 -0,101903637
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PM5 AH (cal/mol)  AG(kcal/mol) teorik pK, deneysel pK,
61b 5490,3994  -20,5367418 -0,151521047
62 5357,224  -20,4772006

62a 5713,6269  -20,7436177 0,006906057
62b 5601,9488 -20,761098 0,019725286
63 5383,2667  -20,4833121

63a 5686,234  -20,6978516 -0,03113853
63b 5519,4369  -20,5493051 -0,140075535
61M 6919,4504 -22,724338

61aM 6177,3188 -21,332581  -1,20912071
61bM 6109,8234  -21,2786116 -1,248699325
62M 6563,0944  -22,9663812

62aM 6819,8534  -22,2843762 -0,68862203
62bM 6140,8207  -21,3587087 -1,367462966
63M 6416,4665  -21,7321665

63aM 6884,2544  -22,5475666 0,409504327
63bM 6667,6336  -22,1012566 0,082201599
SERI 7

71 4454,6838 -19,55312 -3,65
71a 4655,4747  -20,5009701 0,506636917
71b 4635,8631  -20,1425985 0,243824069
72 4446,0567  -19,4870385

72a 4690,0486  -20,2770768 0,390905177
72b 4619,8432  -19,9605676 0,158792241
73 4468,5609  -19,5711289

73a 4740,8513  -20,4132393 0,429092402
73b 4602,8763  -19,9307187 0,075234526
71M 5535,2791  -21,1158443

71aM 5050,4284 -19,863057 -1,107206879
71bM 5151,3049  -20,2531355 -0,821141684
72M 5433,1803  -20,8154643

72aM 5102,9807  -19,9858181 -0,796895131
72bM 5646,9842  -21,2216494 0,109405324
73M 5375,0865  -20,5034123

73aM 5717,9283  -20,9902621 0,168561015
73bM 5669,205 -21,408416 0,475215386
SERI 8

81 5582,8365  -21,1392109 -2,89
8la 5347,888 -20,888777 -0,372128117
81b 5777,4057  -21,6277471 0,169797741

72



PM5 AH (cal/mol)  AG(kcal/mol) teorik pK, deneysel pK,
82 5072,5303  -20,2546685

82a 5349,9915  -20,8650983 0,259188765
82b 5225,7944 -20,28682 -0,164893297
83 5519,4123  -20,9816681

83a 5828,7899  -21,5792237 0,249747433
83b 5271,869  -20,6663788 -0,419690012
81M 6173,4194 -22,443461

81aM 6247,7535  -21,4484559 -0,918161558
81bM 5579,4133  -20,6504871 -1,503354283
82M 5651,5677  -20,9831359

82aM 6040,3459  -21,5867275 0,254173951
82bM 5723,0053  -20,7264913 -0,376682752
83M 6506,205  -22,2301436

83aM 6423,4892  -22,3831576 -0,076258434
83bM 6851,2559  -22,8036479 0,232109343

73
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Sekil 5.2. AM1 parametresi ile AGs

degerine bagl olarak hesaplanan teorik pK,

degerlerinin deneysel degerler ile karsilastirilmasi
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Sekil 5.3. PM3 parametresi ile AG;

degerine bagli olarak hesaplanan teorik pK,

degerlerinin deneysel degerler ile karsilastirilmasi
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Sekil 5.4. PMS parametresi ile AG¢ degerine bagl olarak hesaplanan pK, degerleri ile

deneysel degerler ile karsilastirilmast

g deneysei

34 .

2 ¥ fenil //

1 A _bpimoal p
Leftniagg o

s
1,5 -1 -5 0.5

% metil,nitro 3 4

4 nitro

1 1,5 2 leorik

Sekil 5.5. AM1 parametresi ile AG degerine bagli olarak hesaplanan pK, degerleri ile

deneysel degerlerin karsilastirilmasi
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Sekil 5.6. PM3 parametresi ile AG degerine bagli olarak hesaplanan pK, degerlerinin
deneysel degerler ile karsilastirilmasi

5}
dgeneyse y=2,604x+ 0,796
s | . R*=0,856
a - /
& dietil @ dimetil
s | f/mél & etil
+ 1.2 4-Fazol
2 yfem\
1
r T T T & ! ! ! ‘
2 -1,5 -1 /Bé 0,5 1 L5 2 teeri
S0
/ =]
& metil,nitro -3
& nitro
-4
-5

Sekil 5.7. PM5 parametresi ile AG degerine bagli olarak hesaplanan pK, degerlerinin
deneysel degerler ile karsilastirilmasi
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6. SONUC

Bu c¢alismada 1,2,4-triazol ve tiirevlerinin asit-baz davranislart incelenmistir.
Deneysel pK, verileri ile AM1, PM3 ve PMS5 parametreleri ile bulunan teorik pK,

verileri karsilastinlip yorumlanmaya calisilmistir.

6.1. Asitlik-Bazhik

1,2,4-triazol tiirevlerine siibstitiientler eklendiginde su siralama goriilmektedir.
-(CH3)2 < -(C2Hs), < -(CH3) < -(CyHs) < 1,2,4- triazol < -(Cg¢Hs) < 3(CH3),5(NO,) < -
(NO,)

Mezomerik ve indiiktif elektron iten gruplar molekiiliin asitligini azaltip
bazikligini arttirmaktadirlar. Elektron c¢eken bir gurup molekiile baglandiginda ise
asitlik artmakta baziklik azalmaktadir. Calisilan guruplarda -NO, grubu elektron ¢ekici
bir gruptur. - CHj3  -C,Hs gibi gruplar elektron itici olarak davranmaktadir. Elektron
itici gruplarin molekiile baglanmasi durumunda molekiiliin asitliginin azaldig, elektron
cekici grubun baglanmasi durumunda ise molekiiliin asitliginin arttigr gozlenmektedir.
Bu calismada her bir molekiil yari-deneysel yontemlerden AM1, PM3 ve PMS5

molekiiler orbital yontemleri kullanilarak pK, degerleri hesaplanmistir.

Deneysel :-(CH;), < -(C,H;), <-(CH3) <-(C;Hs) < -H < -(CeHs)<-3(CH3)-5(NO,)<-(NO3)

pK,: 3,79 3,75 3,23 3,15 2,45 2,04 -2,89 -3,65

PM5: -(CHj;); <-(CyHs);< -(CH3) < -(CHs) <-H <-(CeHs) < -3(CH3)-5S(NO»)< -(NO,)

pK, : 1,9 2,97 3,17 2,67 1,67 0,63 -6,4 -6,95

PM3 : -(CH;); < -(C;Hs),< -(CH;) < -(C,Hs) < -H < -(C¢Hs) <-3(CH3)-5(NO,) < -(NO,)

pK, : 6,19 6,87 5,07 5,99 6,94 6,23 -0,74 -0,83

AM1: -(CHj); < -(CHs);< -(CH3) < -(CHs) < -H < -(CHs) <-3(CH3)-5(NO;) < -(NOy)

pK, : 142 2,99 1,24 322 3,94 4,31 -3,25 -2,
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Siralama incelendiginde —NOjz  grubunun asitligi arttirdigr goriilmektedir.
Deneysel sonuglara en yakin pK, degerlerine PM5 yontemi ile yapilan hesaplamalarda
ulagilmistir. PM5 yontemi ile yapilan hesaplamalar sonucu y= 0,703x+1,513; R*= 0,958

olarak bulunmustur.

Herbir siibstititient ayr1 ayn incelendiginde -(CH;),, -(CH;) ve -(CgHs) baglandigi
durumlarda PM5 yonteminin daha yakin sonug¢ verdigi goriilmektedir. AM1 yOntemi ise
-(C,Hs),, -(C2Hs), -H, 3-(CHs3)-5-(NO,) ve 3-(NO,) bagh oldugu durumlarda deneysele en

yakin sonucu vermistir.

Termodinamik parametreler (AG ve AH) kullanilarak hesaplanan pK, degerleri
deneysel pK, degerlerinden farkli sonuclar vermistir. Termokinetik parametreler (AGs ve
AHg) kullanilarak hesaplanan pK, degerleri deneysel sonuglara daha yakin sonuglar

vermistir.
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