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OZET

ELEKTRON KORELASYON YONTEMLERI ICIN MOLEKUL iCI
KUME YAKLASIMI

Yavuz Alagoz

Yiiksek Lisans, Kimya Boliimii
Damisman: Prof. Dr. Ugur BOZKAYA
Haziran 2022, 156 sayfa

Molekiil i¢i kiime (Cluster-in-Molecule, CIM) yaklagimi, fragmantasyon temelli bir lokal
korelasyon yontemidir. Lokal korelasyon yoOntemlerinin arkasindaki temel ilke, uzak
lokalize molekiiler orbitaller (Localized Molecular Orbital, LMO) arasindaki etkilesimin
korelasyon enerjisine katkisinin ihmal edilebilir olmasidir. Bu tez calismasinin amaci,
Mgller-Plesset (MP), yiiksek maliyetli tekli ve ikili uyarilmis baglanmis kiime (Coupled
Cluster Singles and Doubles, CCSD) ve pertiirbatif iiglii uyarilmalar1 iceren CCSD [CCSD
with perturbative triples, CCSD(T)] yontemlerine CIM ve yogunluk fit edilmesi (Density
Fitting, DF) yaklasimlarinin uygulanmasiyla, dogrusal-6l¢ekli (linear-scaling), yani sistem
boyutuyla dogrusal maliyet artis1 gosteren CIM-DF-MP2, CIM-DF-MP2.5, CIM-DF-MP3,
CIM-DF-CCSD ve CIM-DF-CCSD(T) yontemlerinin gelistirilmesi ve kimyasal sistemlere

uygulanabilmesi i¢in bilgisayar ortaminda C++ programlama dili ile programlanmasidir.

Anahtar Kelimeler: Elektron korelasyonu, lokal korelasyon, baglanmig kiime teorisi,
Moller-Plesset pertiirbasyon teorisi, molekiil i¢i kiime
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ABSTRACT

CLUSTER-IN-MOLECULE APPROACH FOR ELECTRON
CORRELATION METHODS

Yavuz Alagoz

Master of Science, Department of Chemistry
Supervisor: Prof. Dr. Ugur BOZKAYA
June 2022, 156 pages

The Cluster-in-Molecule approach is a fragmentation-based local correlation method.
Basic principle of local correlation methods is that the contribution of the interaction
between distant localized molecular orbitals (LMOs) to the correlation energy is negligible.
The aim of this thesis study is to develop linear-scaling CIM-DF-MP2, CIM-DF-MP2.5,
CIM-DF-MP3, CIM-DF-CCSD and CIM-DF-CCSD(T) methods by applying CIM and
density-fitting (DF) approaches to the Mgller-Pleset (MP), high cost coupled-cluster
singles and doubles (CCSD) and CCSD with perturbative triples [CCSD(T)] methods, and

programing with C++.

Keywords: Electron correlation, local correlation, coupled cluster theory, Moller-Plesset

perturbation theory, cluster-in-molecule
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1. GIRIS

Hesaplamali bilimlerin 6nemi, gelismekte olan bilgisayar teknolojisi, yeni matematiksel
yaklastirmalar ve teoriler sayesinde giin gectik¢ce artmaktadir. Kimyanin maddeler ve onlarin
etkilesimlerini inceleme ¢abasi kuantum Ol¢eklerine indikge, gereken islemler de bir o kadar
karmasiklasmaktadir. Bu noktada devreye giren hesaplamali kimya alaninda bilisim yoluyla
cOziime ulagmak adina biiyiik ilerlemeler kaydedilmektedir. Tamamen kuantum mekanigi
kullanilarak, hi¢bir ampirik veriden yararlanmadan gelistirilen ab-inito yontemler sayesinde

molekiiler 6zellikler ve tepkime mekanizmalar1 yiiksek hassasiyetle aydinlatilabilmektedir.

1.1. Cok Parcacik Problemi ve Elektron Korelasyonu

Atomlar ve molekiillerden olusan sistemlerin kimyasi, onlar1 olusturan elektronlarin ve
atom cekirdeklerinin fizigine baghdir. Bu fizik, kuantum mekanigi ile hassasiyetle
aciklanabilmektedir. Bu nedenle ana problem kuantum mekanigini elektronlara ve atom
cekirdeklerine dogru bir sekilde uygulayabilmektir [1]. Hidrojen atomu ve Hy iyonu gibi
tek elektronlu sistemler i¢cin Schrodinger Esitliginin tam ¢oziimii yapilabilmektedir (Tezin
geri kalaninda ”Schrodinger esitlidi” ifadesi, “zamandan bagimsiz, rolativistik olmayan
Schrodinger esitligi” i¢in kullanilacaktir). Geri kalan tiim kimyasal sistemlerde ise pratikte
ancak yaklagik ¢oziime ulasmak miimkiindiir. Altta yatan zorluk ise bir¢ok parcacigin ayni

anda birbirleriyle etkilesmesidir. Buna cok parcacik problemi (many-body problem) denir.

Birden fazla elektron i¢eren bir sistem i¢in ilk yaklasik ¢6ziim helyum atomu icin yapilmustir.
Hylleraas helyum i¢in iyonlagma potansiyeli hesaplamis ve sonucun deneysel sonugla 0,01
eV hatayla tuttugunu gostermistir [2]. Bu calisma, kuantum mekaniginin ¢ok parcacikli
sistemlerin fizigini dogru bir sekilde tanimlayabildigini gosteren Onemli bir caligmadir.

Ancak bu yaklasimla {i¢ elektronlu bir atom icin ¢oziime ulagsmak hala pratik degildir.

Kuantum mekaniginde ¢ok parcacik problemini sistematik olarak ¢dzmek i¢in atilan en
onemli adim Hartree tarafindan oOne siiriilen kendi i¢inde uyumlu alan (Self-Consistent
Field, SCF) yaklasimidir. Hartree, bu yaklasimin zamani geldiginde ¢oziime ulagmak

1



icin kullanilacak ilk basamak olmasimi umdugunu sdylemistir [3]. Kuantum mekaniginin
cok elektronlu sistemlere uygulanmasi cabasi yaklasik bir asirdir devam etmekte olup,
Hartree’nin umdugu gibi bu yaklasim iizerine temellenmistir.  Bunun iizerine Fock,
N-elektronlu (N, elektron sayis1) dalga fonksiyonunu Hartree’nin yaklagimi i¢in optimize
ederek coziime bir adim daha yaklagmistir [4]. Hartree-Fock (HF) yontemi olarak anilan bu
yontem, Hartree’ nin self-consistent field teorisine atfen SCF ismini de miras almistir. HF

yontemi, elektronlarin birbirleriyle etkilesimlerini ortalama olarak hesaba katmaktadir.

Elektronlarin birbiriyle etkilesimlerini hesaplamak i¢in ilk girisim Wigner tarafindan
yapilmistir [5]. Ancak Lowdin bunun i¢in genigletilmis bir sema sunmus ve korelasyon
enerjisini tanimlamistir. Lowdin’e gore elektron korelasyonu HF yontemi ile Schrodinger
esitliginin tam ¢Oziimii arasinda yer alan bir ara basamaktir ve korelasyon enerjisi ise
parcaciklarin hareketleri arasindaki korelasyonun ihmalinden kaynaklanan hatadir [6]. Bagka
bir deyisle korelasyon enerjisi Schrodinger esitliginin tam ¢oziimiinden gelen gercek enerji

ile HF yontemiyle hesaplanan enerji arasindaki farktir.

E

Hartree-Fock enerjisi

Hartree-Fock limiti

Koralasyon enerjisi Post-Hartree-Fock yontemler

Rolativistik olmayan Schrodinger
esitliginin tam ¢oziimii

Rolativistik enerji

Sekil 1.1. Schrodinger esitligi igin ¢esitli teorilere dayanan ¢oziimler ve korelasyon enerjisinin
grafiksel gosterimi.



1.2. Lokal Korelasyon

Korelasyon enerjisini hesaplamak i¢in baglica MP, CC ve CI yontemler olmak iizere cesitli
yontemler gelistirilmistir. Ancak bu yontemler tiim sistem iizerine dagilmis kanonik HF
orbitalleri ile calismaktadirlar. Bu, korelasyon enerjisini hesaplamak icin gereken islem
yiikiiniin, sistemin biiyiikliigiiyle iistel olarak artacagi anlamina gelmektedir. Ancak elektron
korelasyonunun lokal oldugu gosterilmistir [7]. Boylece lokalize orbitaller kullanarak

korelasyon hesab1 yapmanin yolu agilmistir.

Dolu ve bos HF orbitallerinin kendi aralarinda {initer doniislimden etkilenmedigi
bilinmektedir [4]. Bu prensipten faydalanarak bir {initer doniisiim ile molekiiler orbitallerin
(MO) atomlarin {iizerine merkezlenmesiyle lokalize molekiiler orbitaller (LMO) elde

edilebilir [8]. Foster ve Boys, uygun bir lokalizasyon prosediirii sunmustur [9].

Pulay, elektron korelasyonunun lokalliginden ve LMO’lardan faydalanarak lokal korelasyon
yontemlerinin Oncii ¢alismasim1 yapmusti.  Bu calismada dolu MO’lar1 Boys prosediirii
ile lokalize etmis, lokalize bog MO’lar1 ise atomik orbitallerin (AO) dolu MO uzayina
yansitilmasi ve [2 normu belirli bir toleransin altinda kalan AO’larin disarida birakilmasiyla
olusturmustur [10]. Bunlara yansitilmis atomik orbital (Projected Atomic Orbital, PAO)
denmektedir. Pulay ve Saebg, PAO’lar1 MP2, MP3 ve MP4(SDQ) ve CEPA yontemlerine
uygulamustir [10-14]. Ozetle bu yaklasimlar dolu uzayr LMO’lar, bos uzay: PAO’lar ile tarif

eden lokal korelasyon yaklagimlaridir.

Forner vd. ise molekiilii alt pargalara ayirarak elektron korelasyonun lokalliginden
faydalanmigtir [15]. Bu yaklasima gore alt parcalardan ve birden fazla alt parcanin
etkilesiminden gelen katkilarin toplanmasiyla tiim sistemin korelasyon enerjisi yaklasik
olarak elde edilebilmektedir. Bu tiir yaklasimda CC veya MP denklemlerini yeniden formiile
etmeye gerek yoktur. Yalnizca LMO bazinda Fock matrisi diyagonal olmadi81 icin bir

doniistim gerekebilmektedir.



1.3. Molekiil i¢i Kiime Yaklasim

Molekiil i¢i kiime (Cluster-in-Molecule, CIM) yaklasimi, elektron korelasyonlarinin lokal
olmas1 Ozelliginden yararlanarak bu hesaplarin diisiik maliyet, yiiksek hiz ve dogrulukla

gerceklestirilmesini saglayan fragmantasyon temelli bir yontemdir.

Molekiil i¢i kiime yaklagimi 2002 yilinda Li vd. tarafindan Onerilmigtir [16]. Bu
yaklasim Forner vd.nin yaklagimina benzer sekilde alt pargalar olusturmaktadir ve alt
parcgalar i¢in bos orbital uzayi, Pulay’in PAO’laryla saglanmaktadir. Basta CCD yontemi
icin uygulanmis olan CIM, daha sonra Li vd. tarafindan MP2, CR-CC(2,3), CCSD ve
CCSD(T) yontemlerine de uygulanmistir [17, 18]. Ayni zamanda CIM algoritmasinda da
gelistirmelerde bulunmuslardir [19-22]. 2010 yilinda DePrince ve Mazziotti CIM-2-RDM
yontemini gelistirmiglerdir [23]. CIM yaklasimi i¢in bog orbital uzayr secimini MP2
hesabindan gelen yogunluk matrisinin elemanlarinin biiyiikliigiine gore eleyerek secen
LNO-CIM ad1 verilen bir yontem de Rolik ve Kallay tarafindan gelistirilmistir [24]. 2014
yilinda Guo vd. gelistirilmis CIM algoritmasiyla CIM-RI-MP2 yontemini sunmuglardir [22].
2018 yilinda Guo vd. CIM ile DLPNO yaklagiminin bir kombinasyonu gelistirmislerdir
[25]. Daha sonra periyodik olarak tekrar eden birimlerden olusan yapilara uygulanmigtir
[26]. CIM ile ilk analitik gradient calismasit CIM-MP2 yontemi i¢in yapilmistir [27]. Son
olarak CIM-DLPNO kombinayonu i¢in uzak ciftlerin korelasyon diizeltmesi yapilmistir [28].

Genel hatlariyla CIM yaklagimi, tiim sistem i¢in HF hesaplamasi gerceklestirildikten
sonra lokalize HF orbitallerinden yararlanarak belirli kiimeler secer. Kiimeler segilirken
orbital yiiklerinden, Fock matrisi elemanlarindan ve atomlar aras1 mesafelerden yararlanilir.
Ardindan her kiime i¢in dolu orbital uzayina ortogonal olacak sekilde bos orbitaller secilir.
Kiimeleri olusturma isleminden sonra korelasyon hesabina gecilir ve boylece her orbital i¢in,
onunla etkilesen orbitallerin katkisiyla enerjiler elde edilir. Kiimelerin enerjilerinin bir araya

getirilmesiyle de tiim sistemin korelasyon enerjisi yaklasik olarak hesaplanmis olur.



1.4. Molekiiler Integraller ve Yogunluk Fit Edilmesi

Molekiiler yap1 hesaplamalar {izerine gelistirilen modern yontemlerde, molekiiler orbitaller
AO’lardan olusturulmaktadir. Enerji, gecis dipol momenti, bag kuvveti gibi tiim fiziksel
ve kimyasal niceliklerin hesaplanmasi, sonunda bu AQO’lar iizerinden cok sayida integralin
hesabina indirgenebilmektedir [29-33]. Bunlara molekiiler integraller denmektedir. HF
dahil tiim ab-inito yontemlerde baslangi¢ noktasi molekiiler integrallerin hesabidir. Ancak
elektronlar arasi itme integrali (Electron Repulsion Integral, ERI) olarak adlandirilan iki
elektron integrallerinin ¢oziimii olduk¢a maliyetlidir [34]. Ayrica tekrar kullanilmak iizere

4-indisli tensorlerde saklanmasi, bellek ve depolama alani sinirlarint da zorlamaktadir.

Molekiiler integrallerin hesabinda maliyeti diisiirmek i¢in cesitli algoritmik tekniklerin yam
sira perdeleme ve faktorizasyon teknikleri uygulanmaktadir [35—40]. Perdeleme teknikleri
degeri sifira yaklasan integralleri bastan dngorerek bunlarin ihmal edilmesi fikrine dayanir.
Faktorizasyon tekniklerinde ise 4-indisli tensorler daha az indisli tensorler cinsinden ifade
edilir. Ayrica faktorizasyon teknikleri yaklasik faktdrizasyon yaparak bu maliyeti daha da

azaltmanin yolarini sunmaktadir.

Yaklagik faktorizasyon tekniklerinden yogunluk fit edilmesi (Density-Fitting, DF) molekiiler
integral hesaplarimin maliyetini 6nemli Olgiide diisiiren modern yaklasimlardan biridir
[41-43]. DF teknigi, bire ¢oziimleme (Resolution of the Identity, RI) teknigi olarak
da bilinmektedir. DF teknigi ile 4-indisli iki elektron integralleri 3-indisli tensorlere
ayristirllir. Boylece ERI’lerin hesaplanmasi ve sonradan kullanmak {izere saklanmasi i¢in
gerekli bellek ve depolama alani gereksinimi biiyiik 6l¢iide azaltilmis olur. DF teknigi ile
yaklagik faktorizasyondan kaynaklanan hatanin oldukc¢a makul oldugu pek cok caligsma ile
gosterilmisgtir [44-50].



1.5. Tez Kapsam

Bu tez kapsaminda CIM yaklagimi detaylariyla incelenmis olup, Prof. Dr. Ugur
Bozkaya ve arastirma grubu tarafindan gelistirilmis olan MacroQC paket programina
entegre edilmistir [S1]. DF teknigi kullanilarak CIM-DF-MP ve CIM-DF-CC yontemler
geligtirilmigtir. Sonuglar: etkileyen parametreler incelenmis, yontemin dogrulugu MacroQC
ve GAMESS (30 SEP 2021 (R2) siirtimii) [52] paket programi ile yapilan hesaplamalarla
karsilastirillarak gosterilmistir.  Ayrica gelistirilen yOntemler icin OpenMP ile coklu
is parcacigr (multithreading) paralelizasyonu, MPI ile coklu islem (multiprocessing)

paralelizasyonu ve OpenMP-MPI hibrit paralelizasyonu yapilmustir.



2. YONTEM

Metnin geri kalaninda aksi belirtilmedigi siirece ¢, 7, k,[,... dolu MQO’lan tarif eden,

a,b,c,d, ... bos MO’lar tarif eden, p, q,r, s, ... genel MO’lan tarif eden ve p, v, A, o, ...

AQ’lar tarif eden indisler olarak kullanilacaktir.

2.1. Yogunluk Fit Edilmesi Teknigi

AO bazinda iki elektron integralleri Mulliken notasyonuyla su sekilde verilir:

ho) = [ [ rue)uen) - na(es)dradrs

Asagidaki gibi yogunluk tanimlarinda bulunursak,

p;w<1') = Xp (r)xu(r)

Pro(r) = XA(r) X0 (T)

bu yogunluklar yardime1 bir baz ile yaklasik olarak ifade edilebilir [53]:

Nauz

pun(r) = > diop(r)

P

ise

(1

2)
3)

“4)

Burada df5’ fit etme katsayilari, {pp(r)} yardimci baz seti ve N, ise yardimci baz

fonksiyon sayisidir. Fit etme katsayilar1 Dunlap vd. yontemi takip edilerek bulunabilir [42].

Naux
dy = > (u|P)I "] pg
P

Burada,

AP = [ [ uleuen) - en(ra)desdrs

(&)

(6)



veE

1
Jrq ://SOP(Fl)T—w@Q(rz)drldrz (7)

Artik Egitlik (1)’deki (pv|Ao) integralini su sekilde yazabiliriz:

N(IU,CC
(] Ao)or = D (| P) I ]pe(Q|A0) ®8)
PQ
Esitlik (8) kiiciik bir diizenleme ile;
Nauz‘
([Ao)pr = Y (| P) 372 po[I™*Igr(R|A0) )
P,Q,R

olarak yazilabilir. Buradan yola ¢ikarak DF faktorii olarak adlandirilan bffy tanimlanabilir:

Nau:c

b2, =D (| P)I™ g (10)
P
Boylece (uv|Ao) integrali soyle yazilabilir:
Nauw
(v Ao)pr = > 23, (11)
Q
AO bazinda antisimetrize edilmis iki elektron integralleri de su sekilde olur:
NG/MCIJ

<MV||/\O->DF = Z (b;?)\blc;za - bgabg)\) (12)

Q

Metnin geri kalani i¢cin DF alt indisleri kullanilmayacak, ancak tiim integraller DF

integralleri olarak ele alinacaktir.



2.2. Ikinci ve Uciincii Dereceden Mgller-Plesset Pertiirbasyon Teorisi

Toplam enerji operatorii Hamiltonian, ikinci kuantlagmis (Second-Quantization) operatorler

ile su sekilde ifade edilir [54-57]:

- 1

_ 5t 4 = 5tat o

H =Y hyp'd+7 Y (pallrs)p'q'sr (13)
p7q p7q7r7s

Burada, h,,, tek elektron Hamiltonian operatdriiniin matris elemant, p' olusturma (creation)

operatorii, § yok etme (annihilation) operatorii, (pq||rs) antisimetrize edilmis iki elektron

integralidir. Hamiltonian operatorii normal siralanmis (normal-ordered) halde yazilirsa [S6—

58];

Hy = (0|H|0) + fy + Wy (14)
fv =" Foa{'d} (15)
p,q
A 1
_ 5tatar
Wy = Z};g;;<pqurs>{p g5} (16)

Burada, fN normal siralanmigs Hamiltonian operatoriiniin bir elektronlu, WN ise iki
elektronlu bilesenidir, f,, Fock operatoriiniin matris elemani, (0| ise referans determinanttir

(Fermi vakum).



Ikinci ve iiciincii dereceden pertiirbasyon enerji diizeltmesi asagidaki gibi yazilabilir [44, 46,

48, 58-60].

AE® = (0(WnT5").[0) (17)

AE® = (0|(WnT$).|0) (18)

Nocc vir

ZZt RAAND (19)

%, ab

NDCC vir

Z Zt atbf 7 (20)

%, ab
Burada AE® ve AE®) ikinci ve iiciincii dereceden enerji diizeltmeleri, Tél) ve T2(2)

b(1) b(2)
?j ve t?j

birinci
ve ikinci dereceden ikili uyarma (doubles excitation) operatorleri, ¢ ise ikili
uyarma katsayilaridir (double excitation amplitudes). Alt indis olarak gosterilen ¢ yalnizca
baglanmis (connected) diyagramlardan gelen katkilarin alinacagini gostermektedir. Ciftli

uyarma katsayilari ise asagidaki esitlikler ile elde edilebilir [44, 46, 58—60].

(@L|(fLTS" + W)J0) =0 1)

(DL (fETS + WaT3D).|0) =0 (22)

Yukarida belirtilen (q)?;’] ikili uyarilmig Slater determinantini, fﬁ, ise fN’in diyagonal
blogunu gostermektedir. Elde edilen ikili uyarma katsayilar1 agik halleriyle su sekilde
yazilabilir [44, 46, 58]:

N’U’LT‘ NOCC
£ D = (ijllab) + P-(ab) Y 157 fre — P_(i) > tin?) fin; (23)
e#b m#j

10



ab(2 a o ae(2 ab(2
0O Dw = P_(ab) Y 5 fo — P_(if) Zt bRy
b m#j
NOCC

+ = Zt (mnl|ig) + = it (abllef)

NOCC vir

' (ab) ZZt (mbllej) (24)

D = fii + fi5 = faa — foo (25)

P_(pq) =1 —"P(pq) (26)

P(pq), p ve q indislerinin yerini degistiren permiitasyon operatoriidiir. MP2, MP2.5 ve MP3
seviyesinde enerjiler soyle verilir [44, 46, 58-60];

Eups = Eret + AE® (27)

1
Erp2s = Eret + AE® + §AE<3> (28)
Eps = Fret + AE® + AE®) (29)

Son olarak enerjiler icin acik ifadeler asagidaki gibi olur [44, 46, 59].

Zt (ij||ab) (30)
zgab
Zt (17]|ab) (31)
z]ab

11



2.3. Tekli ve Ikili Uyarilmis Baglanms Kiime (Coupled-Cluster Singles

and Doubles) Teorisi
CCSD korelasyon enerjisi agagidaki gibi yazilabilir [54, 61].
AE = (0le T Hye™)0) (32)

Burada 7" kiime uyarma operatdrii, (0| referans determinanttir, Hy ise Esitlik (14) ile verilen

normal siralanmis Hamiltonian operatoriidiir. CCSD i¢in T su sekildedir:
T="T+T, (33)

Noce Nuir

Ty=> ) trah (34)
. 1 Noce Nyir .
Ty=- ) ) tha'dlji (35)

i?j a7b

Burada 7} ve T tekli ve ikili uyarma operatorleri, £ ve t%’ tekli ve ikili uyarma katsayilaridir.
a' ve 7 sirasiyla olusturma (creation) ve yok etme (annihilation) operatérleridir. Uyarma

katsayilar1 agsagidaki esitlikler ile elde edilebilir.

(2T HyeT|0) = 0 (36)

(@2~ T HyeT|0) =0 (37)

12



Elde edilen uyarma katsay1 esitlikleri DF yaklasim ile su sekilde ifade edilir [47]:

Nyir Noce Noce Nuir Nauz
t?Da fla+zte ae Zta mz+zztaeFm6+ZthaQi
Q
Nauz Noce Nauz Noir

-3 Z (T9, + 12 )b, + Z szjbge (38)
Q

N”ULT' NOCC
t3 DY = (ijllab) + P_(ab) Y " tef Foe — P_(if) > _ 50 Fonj
NDCC 'U'LT
+ = Z Tal?nWan + = Z 7— Wabef
NOCC vir Nau:l:
+ P_(ij) Z Zt Wonbes + P-(ij)P-(ab) Y (1213 +1209)  (39)
Q

ab __ jab ayb bia

D?:fii_faa (41)

D¢ Esitlik (25) ile, P_(pq) operatorii ise Esitlik (26) ile verilmistir. Burada gosterilmeyen

tiim ara terimler icin EK 1°e bakiniz. Boylece enerji ifadesi asagidaki gibi yazilabilir [47].

NOCC vir NOCC vir

ZZt“fm ZZT (17]|ab) (42)

j ab
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2.4. Pertiirbatif Uclii Uyarilma Diizeltmesi

CCSD enerjisinin iizerine yapilacak pertiirbatif iiclii uyarilma diizeltmesi i¢in enerji

asagidaki esitlikle verilir [50, 62—-64]:

Ery = (O|(T} + THWiTE|0) (43)
TH = % §t (c)eealbtetji (44)

Burada WN, T 1 ve TQ sirastyla Esitlik (16) (34) ve (35) ile verilmigtir. 7' 3[2} ticlii uyarma
operatoriidiir. Daha agik ifadeleri soyledir [50, 64]:

NO(‘(‘ vir

Ej[il] — <O‘TTW T 2] ’0 Z Z abcDabct abc (45)

mk 'ij zgk
zjk a,b,c

NOLL N’UI’I‘
EY = (0|TfwyTP)0) = ZthJbgtc (ab||ij) (46)

z]kabc

NOCC vir

Epn = (07§ f3/ 15710y = ZZ )20 et @7)

zgkabc

Eqy = EY + ES) + Eb), (48)

Burada t(c)%b,g ve t(d)%b,g sirastyla baglanmig ve baglanmamus ticlii uyarma katsayilaridir. t?]b,g

ve D ise;

ti = t(e) + td)y (49)
ijblf_fz'z'—irfjj‘i‘fkk—faa—fbb—fcc (50)

14



seklindedir. Baglanmus iiclii uyarma katsayilar1 asagidaki esitlikle elde edilebilir.

(2| (fAT + WyTy)[0) = 0

ijk

Dtet(c)ete = P(ij k) P(abjc) 3 12 (bel|ch)
— P(ij/R)Pabje) S 12 (mel k)

Baglanmamus li¢lii uyarma katsayilari ise su esitlikle elde edilebilir [50, 64]:
(@EFIWNTI|0) =0, Difee(d1)if = P(ij/k)P(ab/e)[t;{abl|ij)]

ijk ijk

(PTERTI0) =0, DifEH(d2)5c = P(ij/k)Plab/o)[t fi]

ijk ijk j

)l = Hd1)3h + (a2l

ijk ijk

P(pg/r) =1—"P(pr) — P(qr)

(1)

(52)

(53)

(54)

(55)

(56)

Burada ffv, fN’in diyagonal olmayan blogudur. Son olarak pertiirbatif ti¢lii uyarilma

diizeltmesi icin enerji ifadesi su sekilde yazilabilir:
W = t<c)abc V;]I;c — Dabctabc

ijk> i ik Uijk

Nocc Nvir

By = 35 2 > WiV

inj»k a,b,c

Eccspry = Ecesp + Er)
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2.5. Molekiil i(;i Kiime (Cluster-in-Molecule) Yaklasimi

MP2, MP2.5, MP3, CCSD ve CCSD(T) yontemleri i¢in korelasyon enerjileri su sekilde

yazilabilir [18, 19, 21]:

Nocc

corr Z AE

Bir 7 molekiiler orbitalinden gelen bireysel katkilar,

N c

MP2, MP2.5 ve MP3 igin; Z

N'UZT
Zt“b ij||ab)

Nocc vir

CCSDicin;  AE; = ft@fw ZZ (ij]|ab)

NO(‘(‘ vir

(T) katkisi igin; E;, = Z Z WL‘;ZCVJE?

]k a,b,c

seklindedir. Burada ve béliim boyunca MP2 igin ¢} = t?f(l), MP2.5 igin t{? =

;tz]( )) ve MP3 i¢in L‘?f’ = (t?jl-)(l) + tg)(z)) olarak tanimlanmisgtir.

16
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Merkezi i orbitallerinden olusan bir { P} ({ P}, orbital alt sistemleri) segilebilir. Ardindan
her { P} i¢in, 2’inci orbitalin enerjisi agagidaki sekilde yazilabilir [18, 19, 21];
NO(‘(‘

MP2, MP2.5 ve MP3;  AE = Z Z 1 (i ab) (64)
jE{P }a,be{P;}

Nm'r Nocc uw
cospigng  AB = S wfaty S il @9)
ae{P;} JE{P}abG{P}
1 NOC( vir
s PP o

j,k€{P;} a,b,ce{P;}

Tiim sistemin korelasyon enerjisi ise bu orbital alt sistemlerinden gelen katkilarin bir
toplamudir ve tez kapsaminda incelenecek olan Tek Cevreli CIM (Single-Environment CIM,

SECIM) [19] algoritmasi i¢in;

AB; = —Y AE™ (67)

yazilabilir. Burada M, ¢ orbitalinin kag alt kiimede merkezi olarak bulundugunun sayisidir.
Boylece her 7 merkezi orbitali i¢in, birden fazla kiimede bulunuyorsa, hepsinden gelen

katkinin bir ortalamasi1 hesaba katilmig olur.
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2.6. Tek Cevreli CIM (Single-Environment CIM) Algoritmasi

1. HF ¢o6ziimiinden elde edilen ¢ekirdek ve aktif dolu orbitaller ayr1 ayri lokalize edilir.
Lokalizasyon i¢in Boys prosediirii kullanilir [9]. Olusan cekirdek LMO’lar ¢;»,
aktif dolu LMO’lar ¢; olarak adlandirilir. Genel olarak dolu LMO’lar ¢; olarak

adlandirilacaktir.

2. AO alan1 §2(i) olarak adlandirilan, dolu ¢; LMO’lariyla iliskili atomlarin bir listesi
olusturulur. Bunun icin her ¢;’ye ait yogunluk matrisleri olusturulup bununla atomlar
tizerindeki Mulliken orbital yiikleri hesaplanir. Eger ele alinan LMO’nun, bir atom

tizerindeki yiikii 0,15°1 gecerse o atom ele alinan LMO ile eslestirilir.

Df) = CCus (68)

¢ = (D78),, (69)
neA

S = (Xulxv) (70)

Burada D,(fz, ¢; LMO’suna ait yogunluk matrisi, C,; MO doniisiim katsayilari, qg),
A atomu iizerindeki ¢; LMO’sunun Mulliken yiikii ve S, ise Ortisme matrisidir.
Tipik olarak, orbitaller iyi lokalize oldugunda her bir AO alan1 €2(4) bir (¢; ¢ekirdek
veya eslesmemis ¢ift LMO’su ise) veya iki atom igerir. (i) AO alanlari, CIM

hesaplamalarinda kullanilacak son orbital setlerini tanimlamak i¢in 6. adimda

kullanilacaktir.

3. Aktif dolu ¢, LMO’larindan bir merkezi orbital grubu [i}, ..., ] belirlemek icin
hidrojen disindaki her bir atomun ve o atoma komsu hidrojen atomlarinin her bir aktif
dolu LMOQO’sunun Mulliken orbital yiiklerinden yararlanilir. Bir hidrojen olmayan atom
veya onun komsu hidrojen atomlar1 iizerinde, Mulliken orbital yiikii 0,15’ asan ¢y

orbitalleri merkezi LMO grubuna karsilik gelir. Hidrojen olmayan bir A atomu ile bir

18



hidrojen atomu arasindaki mesafe r(H) + r(A) + 0,168 A’dan kiigiikse, o hidrojen
atomu A atomuna bagli olarak tanimlanir, burada r(H) ve r(A) H ve A’in van der
Waals yaricaplaridir.

Cizelge 2.1.de acik zincirli CjoH,4 molekiilii icin secilen merkezi orbital gruplar
[}, ...,i.] biciminde goriilmektedir. ~ HF orbitalleri enerjilerine gore kiigiikten
biliylige numaralandirilmigti.  Bu agsamada # kolonundaki numaralar hidrojen
disindaki atomlar ile iligkilendirilebilir. Ilk 10 orbital karbon atomlarinin cekirdek
orbitalleridir ve merkezi orbitaller aktif dolu orbitallerden olusturuldugu i¢in burada
goriilmemektedir.  BoOlim boyunca verilecek olan oOrnekler bu sistem {izerine
verilecektir. Ornek molekiilde HF orbitalleri Pople baz seti ailesinden 3-21G baz seti

ile elde edilmigtir [65]. Molekiil geometrisi i¢in EK 3’e bakiniz.

Cizelge 2.1. Agik zincirli CjgHp4 molekiilii icin merkezi orbital gruplari.

Merkezi Orbital Gruplar:
[16, 29, 33, 39]
[20, 23, 32, 33]
[12, 19, 32, 34]
[14, 21, 25, 34]
[13, 14, 27, 28]
[13, 15, 36, 40]
[15, 24, 26, 41]
[18, 35, 38, 41]
[11, 22, 30, 35]
[17, 30, 31, 37]

e RN SN AW N = H

[y
(=)

4. Her bir hidrojen olmayan atoma ve onun komsu hidrojen atomlarina bir grup merkezi
LMO ¢; atandiktan sonra, bir esik degeri () yardimiyla her merkezi orbital grubu
[}, ..., ]'ya ¢evre orbitalleri eklenir. Bu da sistemin aktif dolu LMO’larina karsilik

gelen tiim ;' degerleri igin (¢ | f |¢,;/) Fock matris elemanlarina gore belirlenir. ¢;’1n
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cevresi, |(¢y| f |¢j:)| > ¢ olan aktif ¢, LMO’larindan olusur. Burada ¢ uygun sekilde
secilmis bir sayisal kriter ve f ise Fock operatoriidiir. BoOylece merkezi ve cevre
orbitallerden olugan LMO alt kiimeleri elde edilmis olur. Bunlara indirgenebilir LM O
alani denir. Her bir indirgenebilir LMO alan1 belirli bir hidrojen olmayan atoma
ve onun komgu hidrojen atomlarina atanmustir ve [i, ..., 4,] = (4, ..., | ji, -+ J5)
bi¢iminde gosterilebilir. Burada ¢y, ..., ¢y ilgili merkezi LMO’lar ve ¢y, ..., (bj;g ise
karsilik gelen cevre orbitalleridir. Her aktif dolu LMO, en az bir indirgenebilir LMO

alaninda merkezi orbitaldir.

Cizelge 2.2.de acik zincirli C;oH,4 molekiilii icin sec¢ilen merkezi orbital
gruplarina ¢evresel orbitallerin eklenmesiyle olusturulan indirgenebilir LMO alanlar

(45 -6, | 415 -+ J5) bigiminde goriilmektedir.

Cizelge 2.2. Acik zincirli CjoHy4 molekiilii i¢in indirgenebilir LMO alanlari.

# Indirgenebilir LMO Alanlar
rl (16,29, 33,39 | 20, 23, 32, 34)
r2  (20,23,32,33 | 12, 14, 16, 19, 29, 34, 39)
r3  (12,19,32,34 | 13, 14, 16, 20, 21, 23, 25, 33)
rd (14,21,25,34 | 12,13, 15,19, 27, 28, 32, 33)
r5 (13,14,27,28 | 15, 21,25, 32,34, 36, 40, 41)
r6 (13,15,36,40 | 14, 24,26, 27,28, 34, 35, 41)
|
|
|
|

r7 (15,24,26,41 | 13, 14, 18, 30, 35, 36, 38, 40)
r8 (18,35,38,41 | 11, 13,15, 22, 24, 26, 30, 31)
r9 (11,22,30,35 | 15,17, 18, 31, 37, 38, 41)
rl0 (17,30,31,37 | 11,22, 35, 41)

Sekil 2.1.’de acik zincirli C;oH,4 molekiilii i¢in ilk 5 indirgenebilir LMO alani temsili
verilmistir. Indirgenebilir LMO alanin1 belirlerken kullanilan ¢ parametresi bu rnek
icin 0,02 (a.u.) olarak kullamilmistir. Bu parametrenin daha kiiciik tutulmasi, her bir

alan i¢in yesil renkle gosterilen cevresel LMO’larin sayisini artiracaktir.

20



o))

2)

3)

4

(&)

Sekil 2.1. CygHy4 molekiilii i¢in sirali sekilde ilk 5 indirgenebilir LMO alani temsili. Mor renkle
gosterilen LMO’lar merkezi LMO’lar, yesil renkle gosterilenler ise ¢evresel LMO’lardir.
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5. Baz kiiclik indirgenebilir LMO alanlari, daha biiyiik indirgenebilir alanlardan bir
veya daha fazlasinin i¢inde olabilir. Bu durumda, kiiciik indirgenebilir LMO alanlar1
kaldirilir ve bu kiiciik indirgenebilir alanlarin merkezi orbitalleri, onlar1 kapsayan
biiyiik alanlarin hepsinde merkezi yapilir. Bu iglemi, alanlar1 analiz edip tekrarlayarak
en son, 4. adimda elde edilen indirgenebilir LMO alanlarindan, merkezi ve ¢evre
orbitallerinden olusan, en az sayida indirgenemez LMO alanlar: kiimesi elde edilir.
Her bir indirgenemez LMO alaninin bilesimi, (¢, ..., 5 | ji, ..., j.) olarak gosterilebilir.
Burada ¢, ..., ¢, ilgili merkezi orbitallerdir ve ¢y, ..., ¢, ¢evreyl tanimlayan
LMO’lardir. Indirgenemez LMO alam i¢in kisalulmig gésterim (i, ..., #%) dir. Belirli
bir indirgenemez LMO alaninin merkez ve ¢evre orbitalleri, ilgili { P} alt sisteminin
dolu LMO’larin1 tanimlar. 3. adimda belirtilen iizere, birlesmeden sonra da her bir

aktif dolu LMO, en az bir { P} alt sisteminde merkezi olmalidir.

Cizelge 2.2.°de 2 no.u alanin 1 no.lu alani, 10 no.lu alanin ise 9 no.u alani
kapsadig1 goriilmektedir. Cizelge 2.3.’de acik zincirli CoH,4 molekiilii icin birbirini
kapsayan indirgenebilir LMO alanlarinin birlestirilmesiyle olusturulan indirgenemez
LMO alanlart (79, ...,45]| j1, ..., j.) biciminde goriilmektedir. Bu agsamadan itibaren
indirgenemez LMO alanlarinin numaralar1 hidrojen disindaki atomlarla tam olarak
iligkilendirilemez. Bu numaralar sonraki adimlarda genisletilmis veya genisletilmemis

alt sistemlerin numaralari olarak ele alinabilir.
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Cizelge 2.3. Acik zincirli CgHy4 molekiilii icin indirgenemez LMO alanlar1 ve onlar1 olusturulan
indirgenebilir LMO alanlar1.

#

Indirgenemez LMO Alanlar

Bilesimi

il
i2
i3
i4
i5
i6
i7
i8

(16, 20, 23,29, 32,33,39 | 12, 14, 19, 34)

(12,19, 32, 34
(14, 21, 25, 34
(13, 14,27, 28
(13, 15, 36, 40
(15, 24, 26, 41
(18, 35, 38, 41

13, 14, 16, 20, 21, 23, 25, 33)
12,13, 15, 19, 27, 28, 32, 33)
15, 21, 25, 32, 34, 36, 40, 41)
14, 24, 26, 27, 28, 34, 35, 41)
13, 14, 18, 30, 35, 36, 38, 40)
11, 13, 15, 22, 24, 26, 30, 31)

(11,17, 22,30, 31, 35,37 | 15,18, 38, 41)

rl+r2
r3

r4

rS

16

r7

r8
9+r10

Sekil 2.2.’de ag¢ik zincirli CioH,4 molekiilii i¢in Sekil 2.1.’de verilen 1 ve 2 no.lu

indirgenebilir LMO alan1 ve bunlarin birlesmesiyle olusan indirgenemez LMO alani

temsili goriilmektedir.

Sekil 2.2.°de goriilen 1 ve 2 no.lu indirgenebilir LMO

alaninda var olan merkezi orbitallerin, alanlar birlestikten sonra merkezi 6zelliklerini

koruduklarina dikkat edilmelidir.

Genel anlamda ( parametresi kiiciildiikce daha

biiytiik alanlar olusacagindan, indirgenebilir LMO alanlarinin birbirini icerme ihtimali

artmaktadir. Bu, birlesmeler sonucu olusan indirgenemez LMO alanlarinin merkezi

orbital sayilarinin artmasina neden olacaktir.
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Sekil 2.2. Birbirini iceren indirgenebilir LMO alanlarindan indirgenemez LMO alan1 olusturma
temsili. Mor renkle gosterilen LMO’lar merkezi LMO’lar, yesil renkle gosterilenler ise
cevresel LMO’lardur.

6. Bu adimdan itibaren alt sistemler icin genel dolu orbital indisleri kullanilacaktir.
{P;} alt sistemini tanimlayan merkezi spin-orbitallerinin i¢inden belirli bir dolu
spin-orbitalden gelen korelasyon enerji katkisini hesaplamak i¢in, {P;} ile iligkili
uygun bos LMO setinin belirlenmesi gerekmektedir. Bu, 6nce 7-9. adimlarda
izlenerek {P;} ({P;} D {P}) genisletilmig alt sistemine karsilik gelen yansitilmig
dolu LMO’larin ve PAO’larin belirlenmesiyle gerceklestirilir. Ardindan olusturulan
PAOQO’lar ortogonalize edilir, fazlaliklardan temizlenir ve 10 ve 11. adimda anlatildig:
sekilde { P, }’nin AO alanina yansitilir. { P}’ye karsilik gelen AO setinden olugan { P}
alt sisteminin AO alani, Q( P) ile gosterilir ve { P} alt sistemine ait olan tiim dolu LMO

¢;’lerin 2. adimda belirlenen (7) AO alanlarinin birlestirilmesiyle elde edilir.
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Sekil 2.3. Indirgenemez LMO alanindaki LMO’lar ile iliskili atomlar (kirmizi ile isaretlenmis).

{P} alt sistemi ile iligkili tampon atomlar, { P} alt sisteminin herhangi bir atomundan

4,0 A’luk bir mesafe i¢indeki hidrojen olmayan tiim atomlar ve {P} alt sisteminin

ve tamponunun hidrojen olmayan atomlarina bagli tiim hidrojen atomlar1 olarak

tanimlanir.  { P} alt sisteminin atomlarina ve onun tampon atomlarina kargilik

gelen AO’lar, Q(P) olarak adlandirilan genisletilmis alt sistem {P} nin AO alanin
olusturur. Q(P)’daki tiim AO’larin sayist N” ile gosterilir. Tamm itibariyle, Q(P) D
Q(P) dir.

Sekil 2.4. Genisletilmis alt sistem { P} ile iligkili atomlar (kirmizi ile isaretlenmis).

Sekil 2.3.te acik zincirli C;oHy4 molekiilii icin Sekil 2.2.’de ele alinan alt sisteme

ait LMO’larin 2. adimda olusturulan listeye gore iligkili oldugu atomlar (kirmizi ile

isaretlenmis) goriilmektedir. Bu atomlar alt sistemin atomlaridir. Daha sonrasinda bu

atomlar i¢in yukarida belirtilen kurallara gore tampon atomlar eklenerek genisletilmis

alt sistemin atomlar: belirlenir. Sekil 2.4.’de isaretli atomlar ele alinan genisletilmig

alt sistemin atomlaridir. Yukarida da belirtildigi lizere, bu adimda belirlenen atomlarin

AO’lar sirasiyla, ilgili alt sistemin ve genisletilmisg alt sistemin AO alanlari olan Q(P)

ve Q(P)’dur.
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7. Genisletilmis alt sistem { P} ile iligkili dolu LMO’lar sunlari igerir:

(i) {P} atomlariyla iligkili tiim ¢ekirdek LMO’lar,
(ii) {P} alt sisteminin tiim aktif dolu LMO’lar1 ve

(ii1) (1) ve (i1)’de yer alanlar disinda, 2. adimda olusturulan AO alanlar1 hakkindaki
bilgilere dayanarak {P}’ya atanabilen ek dolu LMO’lar. 2. adimda belirlenen
ilgili (i) AO alam tamamen {P}nin AO alanina dahilse, ek dolu LMO ¢;
genisletilmis alt sistem {P}’ye atanir. Ornegin, belirli bir dolu LMO ¢; nin
AO alani iki atomun AO’larini igeriyorsa ve bu iki atomdan biri { P}’de, digeri
{P}nin diginda ise bu ¢; orbitali {P}’ye atanmaz. {P} ile iliskili dolu

LMO’larin sayis1 N, P ile gostertilir.

occ

Sekil 2.5. Genisletilmis alt sistem { P} ile iligkili dolu LMO’lar.

Sekil 2.5.’te acik zincirli C;oH,4 molekiilii icin Sekil 2.4.’de ele alinan genisletilmis alt

sistemin atomlart ile etkilesen LMO’lar goriilmektedir.

8. Her bir genisletilmis alt sistem { P} ile iliskili olan dolu LMO ¢;’ler ve tiim X AO’lari
belirlendikten sonra, Boughton ve Pulay’in yontemi takip edilir [66]. Su ana kadar
tiim sistemin AO’larinin bir dogrusal birlesimi olarak tarif edilen, {P}’ye karsilik
gelen her dolu LMO ¢;, Q(P) AO alani iizerine yansitilir. Boylece genisletilmis alt
sistem { P}’ye atanan tiim dolu LMO’lar, yalnizca bu belirli { P} ile iliskili N kadar
AO’nun dogrusal birlesimiyle tarif edilmis olur. Ortaya cikan ¢; orbitalleri su sekilde

tanimlanir:

NE,
$i= Y Cuixu (71)

HEQ(P)
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burada C,; dogrusal agilim katsayilari, her yeni ¢; € {P} orbitalini orijinal ¢
LMO’suna miimkiin oldugunca benzetmek icin (¢; — ¢;) normunun karesi minimize
edilerek belirlenir. Bu, her ¢ icin Nfo sayida C,,; katsayist, u € Q(P) igin, N(Z sayida
dogrusal denklem sistemi demektir [23, 66, 67].

Z S;wcm Z S;L)\C)\ia 2 € Q(p) (72)
A

veQ(P)

Esitligi biraz daha diizenlersek;

Z " Z SiaCrin  pEQ(P) (73)

veQ(P)
seklinde bir acik ifadeye ulasilir. Bugiine kadar edinilen deneyimler, genisletilmig
alt sistem { P} ye atanmis orijinal ¢; LMO’larmnin, Q(P) AO alanina yansitiimastyla
elde edilmis ¢; LMO’larinin, tam anlamiyla ortogonal olmasa da, ortogonallige cok
yakin oldugunu gostermektedir [17, 18]. Bu nedenle, pratikte CIM hesaplamalarinda
(yeniden normalize edildikten sonra) kesinlikle ortogonallermis gibi giivenle
kullamilabilir. CIM hesaplamalarinda her bir ¢;, Q(P) iizerine yansitildiktan sonra,
simetrik ortogonalizasyon uygulanmis ¢; orbitalleri yerine, yeniden ortogonalize
edilmeden, ham ¢; LMO’lar1 kullanilirsa, CIM korelasyon enerjisinde sadece

milihartree 6lgeginde kiiciik degisimlere yol agmaktadir.

. Saebg ve Pulay’in yontemi takip edilerek, yansitilmig ortonormal veya
ortogonalizasyon tercih edilmezse, yaklasik olarak ortogonal ve normalize edilmig
dolu ¢; LMO’lar1 belirlendikten sonra, y, PAO’lar1 hesaplanarak genisletilmis alt
sistem { P} ile iliskili bos orbitaller olusturulur [11, 12, 68, 69],

%) = 1—2!@ (@l | o) = Z Ryalxa) (74)

neQ(pP
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10.

burada, 7. adimda gosterildigi gibi N2

oce?

{P}’deki dolu LMO’larin sayisidir ve N7, genisletilmis alt sistem {P}™nin Q(P)

o

ilgili ¢ekirdek orbitaller dahil olmak tizere

AO alanindaki tim AO’larmin toplam sayisidir. Genisletilmis alt sistem {P} ile
iligkili bos orbital uzaymi olusturmak i¢in Y, PAO’lar1 kullanilir. Yansitilmis y
atomik fonksiyonlari, ilgili orijinal x, AO’lar1 ile ayn1 atomik merkezlerde lokalizedir
[11, 12, 68, 69]. R, N 5, x N 5) boyutlarinda ', PAO’larim1 tamimlayan R, dogrusal

acilim katsayilar1 matrisi,

R =1-C(CL)is (75)

esitligi ile belirlenebili. ~ Burada 1, N2 x NZ birim matris, C©, NP x

NP boyutlarinda yansitilmis dolu ¢; LMO’larim tanimlayan C,; dogrusal agilim

occ

katsayilar1 matrisidir ve S, genisletilmis AO alan1 Q(F)’deki x, AO’larini igeren

NP x NP boyutlarinda ortiisme matrisi S, = (x,.|x, ) diir.

Esitlik (74) ile tanimlanan Y, PAO’lar1, orijinal y, AQO’lar1 ile ayn1 atomik merkezlerde
lokalizedir ve bu nedenle genisletilmis alt sistem {P} ile iliskili bos LMO’lar1
olusturmak i¢in bir baz olusturabilir. Ancak bu PAO’lar, dogrusal olarak bagimh
olduklarindan ve ortogonal olmadiklarindan CIM hesaplamalarinda kullanilabilmeleri
icin iizerlerinde ek islemler yapilmaldir. Ilgili S 6rtiisme matrisi bir kosegen matris

degildir ve N, P Kkadar ozdegeri sifirdir. Sy = (Xx|Xo )

occ

S = R'SR (76)

ifadesi kullanilarak hesaplanabilir. Burada S, genisletilmis AO alan1 Q(P)’deki

AO’larini igeren NP x NP boyutlarinda ortiisme matrisi S, = (x,.|x, ) diir. Béylece,

o

dogrusal olarak bagimli olan ve ortogonal olmayan Y, PAO’lar seti, ortonormal ve

fazlaliksiz bir Nﬁr = le) — NP sayida bos orbital setine doniistiiriiliir. Artik

occ
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11.

genigletilmis alt sistem { P} ile iligkili bog ¢, LMO’lar belirlenebilir.

NE, NE,
b= Cutr= > (RCY) y, (77)
AeQ(P) peQ(P) Ha

burada bilinmeyen C,,, doniisiim katsayilari, N, £C sayida orbitali elimine edilen Y

PAO’larinin kanonik ortonormalizasyonunu gergeklestirerek belirlenir. Bunu yapmak

icin, S ortiisme matrisi kosegen hale getirilir.
A =U'SU (78)

U doniisiim matrisinde S’nin sifir 6zdegerlerine karsilik gelen N, £C sayida siitunu ve

A’da sifir olan kosegen elemanlar kaldirilir. Artik sifir 6zdegeri olmayan N, 5) x NP

vir

boyutlarinda doniistim matrisi U’ ve NN, P« NE boyutlarinda kosegen A’ matrisi,

C(v) — U/(Al)—1/2 (79)

esitliginde kullanilarak V., P sayida ortonormal set ile ¢, orbitallerini tanmimlayan N, fo X

vir
P
Nvir

boyutlarinda C_‘,m katsay1 matrisi hesaplanir. Elde edilen ¢, orbitalleri ortonormal

oldugu icin asagidaki esitlik saglanmalidir.
(C(U))TSC(U) — (A/)—I/Z(U/)TSU/(A/)—l/Q — (Al>—1/2Al(A/)—1/2 =1 (80)

P P
1’ Nvir X Nvir

boyutlarindaki birim matrisdir. Bu adim ¢, orbitallerinin Boys

Lokalizasyonu kullanilarak lokalize edilmesiyle sonlandirilir.
Bu adima kadar, her bir genisletilmis alt sistem { P} icin iki orbital seti mevcuttur,

(i) NE

sayida ortonormal veya ortagonalize edilmemislerse [bkz. adim 8], yaklasik
olarak ortogonal ve normalize edilmis dolu ¢; LMO’lar1 ve
(i) NG

vir

sayida fazlaliksiz, ortonormal ve lokalize gEa PAO’lar.
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Bu iki set de, {2(P) AO alani, yani {P} alt sistemine karsilik gelen AO’lar1 iceren
bir alt kiimenin dogrusal birlesimleri olarak ifade edilmelidir. Bunun icin her bir
genisletilmis alan {P}’yi tanimlayan ¢; ve ¢, orbitalleri Q(P) AO alanina yansitilir.
Sonug olarak elde edilecek, belirli bir alt sistem {P}’yi tanimlayan dolu ve bos
LMO ¢; ve ¢,’ler, 6. adimda bahsedilen AO alam Q(P) vasitasiyla bu alt sisteme
atanan nispeten kiiciik AO setinin dogrusal birlesimleri olarak ifade edilmis olur. ¢;
orbitallerine benzer sekilde, LMO ¢, lar1 yapmak igin sirastyla (¢; — ¢;) ve (¢q — ¢,)
normlarinin karelerini minimize ederek CIM korelasyon enerji hesaplamalari i¢in son
(137; ve (;3a orbitalleri elde edilir. Burada qu, p = 1 veya a olmak {lizere, karsilik gelen
genisletilmis alt sistem {P} deki LMO ggp’lere miimkiin oldugunca benzetilerek her
bir alt sistem { P}’yi tanimlayan orbitallerdir.

Nao
b= Cupxu (81)
REQ(P)
Burada, p = i ve a sirasiyla dolu ve bos orbitaller, NI, {P} alt sisteminin Q(P)
AO alanindaki AO sayisidir. Dogrusal agilim katsayilari C’Mp, uw € Q(P) igin,
Hqu -

katsayisi, N adet dogrusal denklem sistemi ¢oziilerek bulunur.

2nin minimize edilmesiyle belirlenir. Her p icin N adet C, [ € Q(P)]

Z Z SnCris 1 EQP) (82)

veQ(P AEQ(P

Z Z SinCray 1 E€QP) (83)

veQ(P) \eQ(P

5. adimda anlatildig1 gibi CIM hesaplamalari i¢in dolu LMO ¢;’lerin son kiimesi
belirlenirken yalmzca belirli bir alt sistem {P} ile iligkili aktif dolu orbitallere
odaklanilir. Yani 7. adimda genisletilmis alt sistemleri olusturmak i¢in eklenen
cekirdek ve ek dolu LMO’lar artik dikkate alinmamaktadir. Ancak alt sistemler
icin genel dolu LMO indisleri kullanilmaya devam edilecektir. {P} alt

OCC ’
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sistemi ile iligkili aktif dolu ¢; orbitallerinin sayisii belirtir ve NP < NO}ZC <
N, olacakti. Burada NP, genisletilmis alt sistem {P}’deki dolu orbitallerin
sayisidir ve N, tiim sistemdeki dolu orbitallerin toplam sayisidir.  Ayrica, ¢;
orbitallerine benzer sekilde Esitlik (71), dolu LMO ¢;’leri belirlemek i¢in cok 1yi bir
yaklagimdir. Yine benzer sekilde ¢; orbitalleri ortogonaldir ve bu nedenle yeniden
normalize edildikten sonra kesinlikle ortonormalmis gibi CIM hesaplamalarinda
giivenle kullanilabilir.  ¢; orbitallerinin AO alam1 Q(P) iizerine yansitilmasiyla
elde edilen ¢; orbitalleri simetrik ortagonalizasyon prosediirii kullamlarak yeniden
ortogonalize ve normalize edilir. Ancak bugiine kadar edinilen deneyimler, dolu
gzgi orbitallerinin ek simetrik ortogonalizasyonunun CIM korelasyon enerjilerinde
mikrohartree seviyesinde degisiklikler yaptigim1 gostermektedir [17, 18]. Ancak
durum bos ¢, orbitallerinde farklidir. Genisletilmis alt sistem { P}’ye karsilik gelen
bos ¢, orbitallerinden bazilar1, Q(P) iizerine yansitildiginda 6nemli dlgiide degisir. Bu
nedenle, yalmzca ||¢, — @q|| < 1 kosulunu saglayan Q(P)-yansitilmis ¢, orbitalleri
secilir. Bu, her a i¢in asagidaki esitsizlik ile yapilir. Kosula uymayan a’lar C’,w

matrisinden silinir.

Her a icin; Z clo Z S, C < (84)
HeQ(P) veQ(P)

Burada 1 uygun bir esik degeridir. Bu esikle segilen orbitaller, AO alam1 Q(P)
i¢indeki saglikli orbitallerdir. Genellikle n degeri 0,2 civarinda kullamlir. N7, {P}
alt sistemi ile iligkili ve CIM hesaplamalarinda kullanilacak son bos qga orbitallerinin
sayisini belirtmek iizere, NI < Nf;r < N, olacaktir. Burada NV, P . genigletilmis
alt sistem {P}’deki bos orbitallerin sayisidir ve N,;, biiyiik sistemdeki tiim bog
orbitallerin toplam sayisidir. Dolu ¢; orbitallerine benzer sekilde, Q(P) AO alanina
ortonormal ¢, orbitallerinin yansitilmasiyla elde edilen bos ¢, orbitalleri, cok 1iyi bir
yakinlikta birbirine ve dolu ¢; orbitallerine ortagonaldir. Bu nedenle, ortonormal

bazlar icin gelistirilmis CIM hesaplamalarinda giivenle kullanilabilir. Bugiine kadar

edinilen deneyimler, bos gz~5a orbitallerinin birbirine ve dolu qu orbitallerine kat1 bir
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sekilde ortogonallige zorlayarak bos LMO ¢,’lart secmek icin daha gevsek bir 7
degeri kullanmanin daha iyi oldugunu gostermektedir [18]. ||, — ¢,||>’nin minimize
edilmesi, ||@, — ¢q| < 7’yi saglamayan orbitallerin elimine edilmesi ve kalan ¢,
orbitallerinin ek bir yeniden ortogonalizasyon olmaksizin normalize edilmesiyle elde

edilen bog ve yaklagik olarak ortogonal ¢, orbitallerinin kullanilmas1 yeterlidir.

Tim sistemin orbital katsayilar
g =
2 =
§ 2
£
E - _ =
= Lokalizasyon Lokalizasyon W
N3 3
Orbital alanlarinin .
—_ ve alt sistemlerin  ----- LR CE —
olusturulmasi
Genigletilmis alt
sisteme yansitma ve
normalizasyon
PAO’larin l
R olusturulmasi @j <
p ) | 5]
2" [ Kanonik ortogonalizasyon W
£ | velokalizasyon 3
G @_ Alt sisteme
= pa yansitma
B~
g Alt sisteme yansitma 1
m ~ —
o
. | &
Ayiklama ve normalizasyon ormalizasyon =
~ Y
Cup =
Alt sistemin orbital katsayilari

Sekil 2.6. Alt sistemin orbital katsayilarinin elde edilmesi icin sematik gosterim.
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Son agsama tamamlandiktan sonra alt sistemin atomlarina ait AO’lar, alt sisteme ait dolu ve
bos LMO’lar ile enerji hesabina gecilebilir. Yeni olusan orbitaller kanonik olmayacagindan
MP2 ve CCSD(T) i¢in iteratif ¢oziim gerekecektir. ~Ancak orbitallere yar1 kanonik
yaklastirmasi uygulanarak iteratif olmayan ¢oziimle devam edilebilir. Ayrica yar1 kanonik
yaklagtirmasinin CCSD iterasyonlarinin yakinsamasini hizlandirdig1 da bilinmektedir [18].
Yar1 kanoniklestirme i¢in orbitaller, LMO bazindaki Fock matrisinin dolu ve bos orbitallere
karsilik gelen bloklarinin diyagonal oldugu baza doniistiiriiliir. Bu bazdaki orbitallere yar1
kanonik molekiiler orbital (Semi-Canonical Molecular Orbital, SCMO) denir. SCMO

doniistim matrisi K asagidaki sekilde elde edilebilir.
F = K'LK (85)

Burada LMO bazindaki Fock matrisi alt sistemin orbital katsayilariyla doniistiiriilerek elde

edilir.
Fog = Z éupéquuv (86)
w,vEQ(P)

SCMO orbital katsayilar ise asagidaki esitlikle elde edilebilir. 7, J, K, L, ... dolu SCMO’lar1
tarif eden, A, B,C, D, ... bos SCMO’lar tarif eden ve P,Q, R, S, ... ise genel SCMO’lar1
tarif eden tarif eden indisler olarak kullanilacaktir. SCMO indisleri ile karismamasi i¢in DF

faktorlerinde yardimci baz seti sayisi iizerinden donen indis X ile gosterilecektir.
Cup =Y _ KppChyp (87)
p

Korelasyon hesaplamalarinda kullanilacak iki elektron integralleri de bu orbital katsayilari

ile doniistiiriiliir.

bio= Y. CurCuqby, (88)
w,vEQ(P)
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MP ve CC uyarma katsayilar icin hesaplamalar SCMO bazinda siirdiiriiliir. Ancak enerji

degerleri bulunurken merkezi / SCMO’lar1t LMO bazina cevrilir ve enerji ifadeleri su hali

alir [18, 19, 21]:

Nocc

MP2, MP2.5 ve MP3;  AEF = Z Z tAP (i J|| AB)
Je{P } A,Be{P;}

Nvi'r Noce

CCSDigin;  AE = Y7 tAszJr— > Z

Ae{P;} Je{P}ABe{P}

Nocc

5 . 1 ’U’L’I‘
(T) katkast igin; AEi{Pl} =3 Z Z WiV,

J,Ke{P;} A,B,Ce{P;}

Burada merkezi / SCMO’lar1 LMO bazina s0yle doniistiiriiliir:

AB AB
Ly = E Krityy
i
E KIzTIJ
ABC ABC
Wik = E KWk
T

ABC __ 2 { ABC
‘/1JK KIZ‘/IJK
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DF integralleri ise DF faktorleri cinsinden doniistiirtilebilir.

by =Y Kb (96)
I
N(Z’U,I
(I AB) = Y (b5b55 — bipbia) (97)
X

35



3. HESAPLAMALAR

Boliim boyunca gerceklestirilen biitiin CIM dis1 hesaplamalarda donmus ¢ekirdek (Frozen
Core, FC) yaklagimi kullanilmigtir. CIM hesaplamalar1 SECIM algoritmasi geregi dogal

olarak FC yaklagimina sahiptir.

3.1. CIM-DF-MP2 Siire Karsilastirmalari

CIM-MP2 ve CIM-DF-MP2 yontemlerinin etkinliklerini kargilagtirmak icin bir dizi acik
zincirli alkan goz Onilinde bulundurulmustur. Konvansiyonel CIM-MP2 hesaplamalari
GAMESS (30 SEP 2021 (R2) siiriimii) [52] paket programu ile gerceklestirilmigtir. Toplam
hesap siireleri CIM-MP2 ve CIM-DF-MP2 yontemleri i¢in Sekil 3.1. de sunulmugtur.
Siire hesaplamalari, tek diigiimlii (1 cekirdekli) Intel® Xeon® merkezi igslem birimi (CPU)
E5-2620 v3 @ 2.40 GHz bilgisayarda (bellek ~64 GB) gerceklestirilmistir. G6z Oniine
alinan set icin hesaplamalarda Dunning’in korelasyon uyumlu, polarize, degerlik kabugu iice
yarilmig, cc-pVTZ baz seti kullanilmistir [70]. Biitiin siire hesaplamalarinda SCF enerjileri
icin 1078 tolerans1 kullamlmustir. CIM igin ¢evresel orbital tolerans1 0,002 ve genisletilmis

alt sistem secimi icin 4,0 A kullanilmustir.
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Sekil 3.1. CyHpp4o (n=10-15,20) alkan seti icin CIM-MP2/cc-pVTZ ve CIM-DF-MP2/cc-pVTZ
seviyesinde gerceklestirilen tek nokta enerji hesabina ait toplam hesap siireleri.

CIM-DF-MP2 yonteminin paralelizasyon verimini kargilastirmak icin ayni alkan seti
kullanilmigtir.  Toplam hesap siireleri CIM-DF-MP2 yonteminin farkli paralelizasyon
seviyeleri i¢in Sekil 3.2. de sunulmustur. Siire hesaplamalari, Intel® Xeon® merkezi islem
birimi (CPU) E5-2620 v3 @ 2.40 GHz bilgisayarda (bellek ~64 GB) gerceklestirilmisgtir.
Diigiimlere dagitma islemi MPI paralelizasyonuyla, diigiimlerdeki paralelizasyon ise
OpenMP paralelizasyonlartyla saglanmigtir. Sekil 3.2.°de parantez i¢indeki ilk say1 diigiim

sayisint, ikinci say1 ise ¢ekirdek sayisini gostermektedir.
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Sekil 3.2. C,Hap42 (n=10-15,20) alkan seti icin CIM-DF-MP2/cc-pVTZ seviyesinde gergeklestirilen
tek nokta enerji hesabina ait toplam hesap stireleri.

3.2. CIM-DF-MP Yontemlerinin Dogrulugu

Bu alt baglikta gdz Oniine alinan setler i¢in hesaplamalarda Dunning’in korelasyon uyumlu,
polarize, degerlik kabugu iice yarilmig, cc-pVTZ baz seti kullamilmistir. Ayni sekilde
bu alt bashktaki biitiin karsilastirma hesaplamalarinda SCF enerjileri igin 10~% toleransi
kullanmilmigtir.  Yine bu alt basglikta gerceklestirilen tiim CIM hesaplamalarinda cevresel

orbital tolerans1 0,002 ve genisletilmis alt sistem secimi icin 4,0 Akullanilmustur.
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CIM-DF-MP2 yonteminin dogrulugunu gostermek icin CIM-MP2 yontemi ile korelasyon
enerjisi karsilastirmalari Cizelge 3.1. de verilmistir. Konvansiyonel CIM-MP2 hesaplamalari
GAMESS (30 SEP 2021 (R2) siiriimii) [52] paket programu ile gerceklestirilmistir. Agik
zincirli alkan seti icin CIM-MP2 ve CIM-DF-MP2 korelasyon enerjileri arasindaki farklar ve
ortalama mutlak hata (Mean Absolute Error, MAE) degeri kcal/mol biriminde sunulmustur.
GAMESS programi CIM yontemi ile kiiresel koordinatlarda molekiiler integral hesabina
izin vermedigi icin integraller kiiresel baz seti kullanilarak kartezyen koordinatlarda

hesaplanmugtr.

Cizelge 3.1. CyHapio (n=10-15,20) alkan seti icin CIM-DF-MP2/cc-pVTZ ve CIM-MP2/cc-pVTZ
seviyesinde gerceklestirilen tek nokta enerji hesabina ait korelasyon enerjisi ve hata

degerleri.
Korelasyon Enerjisi (Hartree) Mutlak Hata
CIM-DF-MP2  CIM-MP2 (kcal/mol)
10 —1.774 489 —1.774735 0,15
11 -1.949 676 —1.949951 0,17
12 -2.124 841 -2.125159 0,20
13 -2.300070 -2.300374 0,19
14 2475272 —2.475584 0,20
15 —2.650444 —2.650796 0,22
20 -3.528230 -3.528732 0,31
MAE 0,21

CIM-DF-MP2 yonteminin dogrulugunu gostermek icin DF-MP2 yontemi ile toplam enerji
karsilastirmalar1 Cizelge 3.2.’de verilmistir. Dallanmig ve agik zincirli alkan izomerleri i¢in
CIM-DF-MP2 ve DF-MP2 enerjileri arasindaki farklar ve MAE degeri kcal/mol biriminde,

SECIM algoritmasinin olusturdugu kiime sayilariyla birlikte sunulmustur.
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Cizelge 3.2. Isimleri verilen alkanlar icin CIM-DF-MP2/cc-pVTZ seviyesinde gergeklestirilen tek
nokta enerji hesabina ait enerji ve hata degerleri.

Toplam Enerji (Hartree)

Mutlak Hata Kiime

n* Izomer
CIM-DF-MP2 DF-MP2 (kcal/mol)  Sayisi
2,2,5-Trimetilheptan -393,408 0993 393,409 8522 1,10 3
10 2,2-Dimetiloktan —393,4083073 -393,408 9202 0,38 2
n-Dekan -393,4023645 -393,4027499 0,24 3
2,2,3,4,4-Pentametilhekzan —432,6187255 -432,6204118 1,06 3
11 5-Etil-3,3-dimetilheptan -432,6244807 —-432,6267238 1,41 5
n-Undekan -432,6239689 —432,6244878 0,33 5
3-Etil-2,5,6-trimetil heptan 471,849 1687 —471,8503585 0,75 3
4-Etil-2,3,5-trimetilheptan —471,8417412 —471,8454649 2,34 5
12 2,3,4,5,6-Pentametilheptan 471,847 1043 —471,8502031 1,94 5
5,5-Dietil-2-metilheptan -471,8491127 -471,8515178 1,51 3
n-Dodekan -471,8455719 471,846 2229 0,41 6
5-Etil-3,6-dimetilnonan -511,068 6937 —511,0702090 0,95 4
2,4,8-Trimetildekan -511,0679868 —511,0725611 2,87 6
13 3-Etil-4,7-dimetilnonan -511,0678039 -511,0695513 1,10 4
4-Metil-5-propilnonan —511,0672056 —511,068 4063 0,75 3
n-Tridekan -511,0672108 —511,067 9605 0,47 7
2,3,5,8-Tetrametildekan -550,2899483 550,295 3086 3,36 6
4-Etil-4,5,6-trimetilnonan  -550,283 8717 -550,289 1410 3,31 7
14 5-Metil-6-propildekan -550,2869168 -550,290 1414 2,02 5
7-Etil-3,5-dimetildekan -550,2887493 -550,2930171 2,68 8
n-Tetradekan -550,288 7948 550,289 6978 0,57 8
2,2,4,5,5-Pentametildekan  -589,5159970 -589,520 8206 3,03 8
4,6,8-Trimetildodekan -589,5108676 589,516 8808 3,77 7
B 5-Etil-5-propildekan -589,5116992 -589,515 3460 2,29 4
n-Pentadekan -589,5104156 -589,5114358 0,64 9
MAE 1,57

*n karbon sayisin1 belirtmektedir.
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Benzer bir karsilastirma agik zincirli alkan seti kullamlarak CIM-DF-MP2.5 ve
CIM-DF-MP3 icin gerceklestirilmistir. Cizelde 3.3.de CIM-DF-MP2.5 ve DF-MP2.5
enerjileri arasindaki farklar ve ortalama mutlak hata, Cizelge 3.4.’te ise CIM-DF-MP3 ve

DF-MP3 enerjileri arasindaki farklar ve ortalama mutlak hata gosterilmektedir.

Cizelge 3.3. C Hpp4o (n=10-15,20) alkan seti icin CIM-DF-MP2.5/cc-pVTZ seviyesinde
gerceklestirilen tek nokta enerji hesabina ait enerji ve hata degerleri.

Toplam Enerji (Hartree) Mutlak Hata
CIM-DF-MP2.5 DF-MP2.5 (kcal/mol)
10 —393,4569076  -393,457 2315 0,20
11 —432,6835116  —432,683 9544 0,28
12 -471,9101603  —471,9106739 0,32
13 -511,136 7742 511,137 3956 0,39
14 -550,3633683  -550,364 1173 0,47
15 -589,5900138 589,590 8396 0,52
20 —785,7200189  —785,7214229 0,88
MAE 0,44

Cizelge 3.4. CyHopio (n=10-15,20) alkan seti icin CIM-DF-MP3/cc-pVTZ seviyesinde

gerceklestirilen tek nokta enerji hesabina ait enerji ve hata degerleri.

Toplam Ener;ji (Hartree) Mutlak Hata

! CIM-DF-MP3 DF-MP3 (kcal/mol)

10 -393,5114531 -393,5117131 0,16

11 -432,7430689 —432,7434210 0,22

12 -471,9747205 —471,9751248 0,25

13 -511,2063405 -511,2068308 0,31

14  -550,4379476 -550,4385367 0,37

15 -589,6695958 —589,6702433 0,41

20  -785,8245702 —785,8256509 0,68
MAE 0,34
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3.3. CIM-DF-CC Yontemlerinin Dogrulugu

CIM-DF-CCSD yonteminin dogrulugunu gostermek icin CIM-CCSD yontemi ile korelasyon
enerjisi karsilastirmalar1 Cizelge 3.5.’te verilmistir. CCSD icin pertiirbatif iiclii uyarilma
diizeltmeleri ise CIM-DF-(T) ve CIM-(T) seklinde Cizelge 3.6.°da goriilmektedir.

Kargilagtirmada (H,O), su kiimeleri kullanilmistir.

Cizelge 3.5. (H>0), (n=5-25) su kiimeleri i¢cin CIM-DF-CCSD/6-311G(d,p) ve
CIM-CCSD/6-311G(d,p) seviyesinde gerceklestirilen tek nokta enerji hesabina ait
korelasyon enerjisi ve hata degerleri.

Korelasyon Enerjisi (Hartree) Mutlak Hata

CIM-CCSD CIM-DF-CCSD (kcal/mol)
5 -1,148 106 —1.148 035 0,04
6 —-1,381 625 -1,381479 0,09
7 —-1,611435 1,611 359 0,05
8 —-1,844 658 —1,844 456 0,13
9 -2,074 644 -2,074372 0,17
10 -2,306 035 -2,305817 0,14
11 -2,536 039 -2,535706 0,21
12 -2,770521 -2,770 151 0,23
13 -3,000 957 -3,000 569 0,24
14 -3,232415 -3,231990 0,27
15 3,464 064 3,463 475 0,37
16 -3,696 653 -3,696 057 0,37
17 -3,923 583 -3,924 403 0,51
18 —4,158991 —4,158 342 0,41
19 —4,383 809 —4,382 869 0,59
20 —4,622 805 —4,622 115 0,43
21 —4,852 891 —4,852 042 0,53
22 5,084 952 -5,084 134 0,51
23 -5,314726 -5,313753 0,61
24 5,547 436 -5,546 448 0,62
25 -5,780931 -5,779 831 0,69
MAE 0,34
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Cizelge 3.6. (H,0), (n=5-25) su kiimeleri i¢in CIM-DF-CCSD(T)/6-311G(d,p) ve
CIM-CCSD(T)/6-311G(d,p) seviyesinde gerceklestirilen tek nokta enerji hesabina
ait pertiirbatif iiclii uyarilma korelasyon enerji diizeltmeleri ve hata degerleri.

Korelasyon Enerjisi (Hartree) Mutlak Hata

CIM-(T) CIM-DF-(T) (kcal/mol)
5 0,027 156 —0,027 138 0,01
6 —0,033 425 —0,033309 0,07
7 —-0,038970 —-0,038787 0,12
8 —0,045 046 0,044 979 0,04
9 —-0,050497 -0,050437 0,04
10  -0,056396 -0,056219 0,11
11 -0,062076 —0,061 684 0,25
12 -0,068416 0,068 075 0,21
13 -0,073957 -0,073 636 0,20
14 -0,079814 -0,079436 0,24
15 -0,085462 —0,085 137 0,20
16  -0,091442 0,091 226 0,14
17 0,096 323 0,096 131 0,12
18 -0,103155 -0,102 686 0,29
19 -0,107393 -0,107178 0,13
20 -0,114705 0,114 379 0,20
21  -0,120205 —-0,119 862 0,22
22 -0,126251 -0,125 807 0,28
23 -0,131951 —0,131242 0,44
24 -0,137876 -0,137313 0,35
25 -0,143722 -0,143 149 0,36
MAE 0,19

Konvansiyonel CIM-CCSD ve CIM-CCSD(T) hesaplamalar1t GAMESS (30 SEP 2021 (R2)
siirimii) [52] paket programu ile gerceklestirilmistir. Bu alt bagliktaki biitiin karsilagtirma
hesaplamalarinda Pople baz seti ailesinden 6-311G(d,p) baz seti kullamlmistir. DF
hesaplamalar1 icin yardimci baz seti olarak Dunning baz seti ailesinden cc-pVTZ-JKFIT
ve cc-pVTZ-RI baz setleri kullanilmistir. Ayn1 sekilde bu alt basliktaki biitiin karsilagtirma

hesaplamalarinda SCF enerjileri i¢cin 107® ve CCSD enerjileri i¢in 10~® toleransi
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kullanilmigtir.  Yine bu alt baglikta gerceklestirilen tiim CIM hesaplamalarinda cevresel
orbital tolerans1 0,002 ve genisletilmis alt sistem se¢imi i¢in 4,0 A kullanilmistir. Ele alinan
yapilarin molekiil geometrileri Kaynak [71]’de pentamer, 6A, 7A, 8D,q, 9A, 10Dopp, 11A,
12D,4Dyg, 13A, 14A, 15A, 16DgDgDog, 17cage, 18A, 19cage, 20A, 21A, 22A, 23A, 24A

ve 25A isimleriyle verilmistir.

3.4. Cevresel LMO Seciminde Kullanilan Parametre (’min Etkisi

Bu alt baglikta kullanilan set i¢in okunabilirlik ac¢isindan harf kodlar1 kullanilacaktir. Cizelge
3.7.’de TUPAC adlar1 ve baz fonksiyon sayilar1 (/V,) verilen alkanlardan A, B, C ve D 50
karbonlu, E, F, G ve H 60 karbonlu, K, L, M ve N ise 70 karbonludur.

Cizelge 3.7. Cevresel LMO seciminde kullanilan parametrenin incelenmesinde kullanilan molekiil
seti i¢cin [TUPAC adlar1 ve baz fonksiyon sayilari

Hart IUPAC Ad1 Nyy
Kodu

A n-Pentakontan 1210
B 14-Biitil-13-desil-13-oktiloktakozan 1210
C 9-Ter-biitil-11-heptil-10-heksil-11-oktil-10-pentilikozan 1210
D 8,14-Dietil-9-heptil-13-heksil-10,15-dimetil-11-pentil-12-propiltrikozan 1210
E n-Hekzakontan 1450
F 13-Metil-11,13,15,17-tetraoctilheptakozan 1450
G 12-(2-Etilheksil)-11-heptil-10-heksil-12-nonil-11-oktildokozan 1450
H 11-Desil-10-heptil-12,12-dimetil-11-nonil-10-oktiltetrakozan 1450
K n-Heptakontan 1690
L 16-Desil-16-pentadesil-15-tridesildotriakontan 1690
M 17,17,18-Tridodesil tetratriakontan 1690
N 15-(2,4,4,6,6-Pentametilheptan-2-il)-16-tetradesil-16-tridesilhentriakontan 1690
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CIM alt sistemlerinin olusturulmasini etkileyen basat parametre olan ( parametresinin
etkisini incelemek icin Cizelge 3.7.’de verilen molekiiller géz 6niine alinmistir. Ele alinan
set icin CIM-DF-MP2 yonteminin DF-MP2 yontemine karsi mutlak hatalar1 Cizelge 3.8. de
verilmigtir. Hesaplamalarda Dunning baz seti ailesinden cc-pVTZ baz seti kullanilmistir.
Yardimci baz seti olarak yine Dunning baz set ailesinden cc-pVTZ-JKFIT ve cc-pVTZ-RI
baz setleri kullamlmustir. SCF enerjileri icin 10~® tolerans1 kullanilmistir. Genisletilmis alt

sistem secimi icinse 4,0 A kullamlmistir. Toplam enerji degerleri icin EK 2’e bakiniz.

Cizelge 3.8. Farkli ¢ degerleri icin CIM-DF-MP2/cc-pVTZ enerjilerine karsilik DF-MP2/cc-pVTZ
enerjilerinin mutlak hatalar1 ve ortalama mutlak hatalar

Molekiil Mutlak Hata (kcal/mol)

0,0001 0,0005 0,001 0,002
A 0,28 3,77 3,77 3,67
B 1,13 5,68 7,57 10,82
C 2,01 8,72 14,78 2342
D 1,83 7,85 12,18 21,66
E 0,35 4,63 4,65 448
F 2,13 9,24 13,30 19,54
G 3,07 12,37 18,99 29,32
H 2,03 9,88 13,85 22,88
K 0,43 5,50 5,51 5,37
L 1,59 7,85 9,77 13,59
M 1,62 7,88 9,776 13,55
N 2,09 8,69 13,40 19,96

MAE 1,55 7,67 10,63 15,69
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¢ parametresinin SECIM algoritmasinin olusturdugu alt sistem sayisina ve olusan alt
sistemlerin biiyiikliigiine etkisiyle ilgili bilgiler Cizelge 3.9. ve Cizelge 3.10. verilmistir.
Cizelge 3.9.°da 50 karbonlu A, B, C ve D molekiilleri, Cizelge 3.10.’da 60 karbonlu E, F, G
ve H molekiillerinin, Cizelge 3.11.’de ise 70 karbonlu K, L, M ve N molekiillerinin farkli ¢
degerleri icin, olusan alt sistem sayisi, alt sistemlerin ortalama, maksimum ve minimum baz

fonksiyon sayilar1 goriilmektedir.

Cizelge 3.9. Farkli C5oH;¢, izomerleri i¢in SECIM alt sistemleri detaylari.

Molekiil ¢

0,0001 0,0005 0,001 0,002

Toplam Alt Sistem 40 44 44 44
Ortalama N, 370 275 249 223

A Maksimum Ny 376 280 252 224
Minimum N 325 229 215 201
Toplam Alt Sistem 26 36 36 36
Ortalama Ny 496 336 308 273

b Maksimum Ny 800 612 546 475
Minimum Ny 316 229 215 201
Toplam Alt Sistem 25 30 33 31
Ortalama N, 715 452 400 342

¢ Maksimum N 988 745 670 565
Minimum Ny 414 215 201 201
Toplam Alt Sistem 27 31 32 30
Ortalama N, 672 443 390 341

P Maksimum N 840 667 605 509
Minimum Ny 430 215 215 201
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Cizelge 3.10. Farkli CgoH|2; izomerleri icin SECIM alt sistemleri detaylari.

Molekiil ‘

0,0001 0,0005 0,001 0,002

Toplam Alt Sistem 50 54 54 54
Ortalama N, 371 276 249 223

. Maksimum N ; 376 280 252 224
Minimum Ny 325 229 215 201
Toplam Alt Sistem 36 47 45 44
Ortalama Ny 549 350 315 276

¥ Maksimum N ¢ 763 580 480 409
Minimum Ny 330 206 206 196
Toplam Alt Sistem 40 46 44 41
Ortalama N, 647 425 366 320

¢ Maksimum N 968 775 665 532
Minimum Ny 104 196 172 167
Toplam Alt Sistem 30 42 42 42
Ortalama N, 665 395 349 301

H Maksimum N, 977 736 669 541

Minimum Ny 316 215 215 201
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Cizelge 3.11. Farkli C79H 47 izomerleri icin SECIM alt sistemleri detaylari.

Molekiil ‘

0,0001 0,0005 0,001 0,002

Toplam Alt Sistem 60 64 64 64
Ortalama N, 372 276 250 223

: Maksimum N ¢ 376 280 252 224
Minimum Ny 325 229 215 201
Toplam Alt Sistem 45 55 55 55
Ortalama N, 472 319 289 256

- Maksimum N 851 621 541 480
Minimum Ny 311 229 215 201
Toplam Alt Sistem 45 55 55 55
Ortalama N, 472 319 289 256

M Maksimum N 851 621 541 480
Minimum Ny 316 229 215 201
Toplam Alt Sistem 46 54 54 54
Ortalama N, 523 354 310 272

N Maksimum N, 895 665 570 518

Minimum Ny 311 229 215 201
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4. SONUCLAR VE TARTISMA

Tez kapsaminda CIM yontemi (SECIM), DF teknigi ile MP ve CC yo6tenmlere uygulanarak
CIM-DF-MP2, CIM-DF-MP2.5, CIM-DF-MP3, CIM-DF-CCSD ve CIM-DF-CCSD(T)
yontemleri gelistirilmistir. Yontemler etkin ve paralel sekilde programlanip MacroQC paket
programina entegre edilmistir. Gelistirilen yontemlerin dogrulugu ve etkinligi DF yontemler
icin MacroQC [51] ve konvansiyonel CIM hesaplar1 icin GAMESS [52] paket programlari

ile karsilastirilarak gosterilmistir.

CIM-DF-MP2 yontemi Cy9Hyy molekiilii icin CIM-MP2 yontemi ile karsilastirildi§inda
toplam hesap zamaninda ~9 kat azalma gozlemlenmistir. Bu nedenle, yeni uygulamamizin

geleneksel CIM-MP2 koduna kiyasla daha etkin oldugu sonucuna varilmistir.

Tek diigiim tek ¢ekirdek ve 4 diigiim 6 ¢ekirdek ile yapilan CIM-DF-MP2 hesabinin toplam
stireleri arasinda ~3 kat fark oldugu gozlemlenmistir. Paralelizasyon ile gelen hizlanmanin,
islemci cekirdegi ve diiglim sayisi ile dogru orantili olsa da, birebir katlanarak artmadigi
gozlenmistir. Cok diigiimle gerceklestirilen hesaplamalarda bunun bir nedeni, diigiimlerin
yalnizca MP2 korelasyon enerjisi kisimlarinin paralel caligmasina karsin SCF hesabinin

diigiimler arasinda boliisiilmemesidir. Bunun digindaki sebepler;
* sabit disk ile yapilan okuma yazma iglemlerinin paralel ¢alismaya izin vermemesi,

* paralelize edilemeyecek tekil igslemlerin varligi,

* paralelizasyonun saglanmasi i¢in yapilan haberlesme islemlerinin varligi,

olarak siralanabilir.

Korelasyon enerjisi hesaplarinda hatanin kaynagi CIM alt sistemleri olusturularak molekiiliin
ve orbital uzaymnin parcalar halinde ele alinmasi yaklagimidir. Buna ragmen Cizelge 3.2.’de
degerlendirilen molekiiller i¢in, secilen kiime sayisiyla hata arasinda anlamli bir oranti

goriilmemekle birlikte artis yoniinde oldugu goriilmektedir.

49



Cizelge 3.1., Cizelge 3.5. ve Cizelge 3.6. de goriildiigii gibi DF yaklastirmasindan gelen
hata, pek cok calismayla gosterildigi lizere oldukca kiigiiktiir [44—50]. CIM yaklasiminin

yaninda DF yaklasiminin hatasi thmal edilebilir.

¢ parametresinin SECIM algoritmasinin olusturdugu alt sistem sayisini dolayli olarak
etkiledigi Bolim 2.5. 5. adimda tartistlmistir.  Alt sistemlerin biiyiikliigii ise cevresel
LMO sayisini belirleyen ¢ parametresine dogrudan baghdir. Indirgenebilir LMO alanlarinin
birbirini icerme ihtimalini degistirdigi icinse dolayli olarak bu parametreye baghdir. Alt
sistemlerin biiyiikliigiiniin Ol¢iisii baz fonksiyon sayist olarak diisiiniilebilir ve bu da iyi

bilindigi iizere hesaplardaki hatay1 ve maliyeti belirleyen birincil faktordiir.

Cizelge 3.8.’de goriildiigii lizere ( parametresi hesaplamalarin hatasi lizerinde biiyiik etkiye
sahiptir. ¢ parametresi kiiciildiik¢ce hata 6nemli 6lciide azalmaktadir. ¢ = 0, 0001 alindiginda
ortalama mutlak hata 1,55 kcal/mol’diir. Cizelge 3.8. ve Cizelge 3.2.’de ele alinan setler
tizerinde, acik zincirli yapilarda CIM yaklagiminin daha iyi sonuglar verdigi goriilmektedir.
Ayrica bu iki set dikkatle incelendiginde sistemin biiyiikliigiiyle hatanin artt1g1, daha biiyiik

sistemlerde ¢ parametresini daha kiiciik tutmak gerektigi aciktir.

CIM yaklagimimin uygun sistemler ve parametreler ile korelasyon enerjisi hesaplarinda
yiiksek dogruluk saglayabildigi sonucuna varilmistir. Ele alinan en biiyiik ve dallanmis yap1
olan 15-(2,4,4,6,6-pentametilheptan-2-il)-16-tetradesil-16-tridesilhentriakontan molekiilii
(bkz. Cizelge 3.7.) icin 1690 baz fonksiyon biiyiikliigiindeki hesabi, ortalama 523
baz fonksiyon biiyiikliiglinde 46 alt sisteme bolerek 2,09 kcal/mol hata ile MP2 enerjisi
hesaplanmigtir. DF tekniginin CIM yaklasimina yiiksek bir hata getirmedigi ve ele alinan
durumlarda hatanin 0,50 kcal/mol gibi giivenli bir seviyenin altinda kaldig1 goriilmiistiir.
Dolayisiyla CIM-DF yo6ntemler konvansiyonel CIM yontemlere uygun bir alternatif olarak

degerlendirilebilir.
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EKLER

EK 1 - CCSD Ara Terimler

Bu baglikta yer alan ifadeler i¢in kaynak: U. Bozkaya, C. D. Sherrill, Analytic energy
gradients for the coupled-cluster singles and doubles method with the density-fitting
approximation, The Journal of Chemical Physics 144 (2016) 174103.
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EK 2

— Cevresel

LMO Secimimde kullanilan Parametrenin

Incelenmesinde Kullanilan Set icin Toplam Enerjiler

Cizelge 5.1. Farkli ¢ degerleri icin CIM-DF-MP2/cc-pVTZ enerjilerine karsilik DF-MP2/cc-pVTZ
enerjileri.
CIM-DF-MP2
Molekiil DF-MP2
0,0001 0,0005 0,001 0,002
A —-1960,1898884 —1960,1843308 -1960,1843243 -1960,1844812 -1960,190335
B —1960,1857689 —1960,1785047 —-1960,1754972 -1960,1703198 —-1960,187563
C -1960,1182692 -1960,1075687 —-1960,0979057 -1960,0841402 -1960,121466
D -1960,1434082 -1960,1338265 -1960,1269280 -1960,1118079 —1960,146331
E —2351,9926137 -2351,9858028 —2351,9857621 -2351,9860386 —2351,993178
F —2351,9988495 -2351,9875079 -2351,9810450 -2351,9711012 -2352,002237
G —2351,9414376  -2351,9266070 —2351,9160657 -2351,8996009 —2351,946323
H —2351,9359487 -2351,9234441 -2351,9171053 -2351,9027273 -2351,939182

EK 3 - Hesaplamalarda ve Orneklerde Ele Alinan Yapilarin Molekiil

Geometrileri

n-Dekan (C10H22)

-HoNoNoNoNoNoNoNoNON®

5.767998034560
4.472599985739
3.212932639294
1.910224926783
0.651523451973
-0.651523262139
-1.910224502171
-3.212933676926
-4.472597991977
-5.767999419511
6.644319277378

-0.292223071368
0.542179474234
-0.344666091054
0.477479852987
-0.411017128989
0.411021786924
-0.477475652806
0.344667879718
-0.542181554881
0.292215405325
0.346653090023
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-0.000000934117
-0.000000234497
-0.000000849817
0.000000109928
-0.000000655493
0.000000524429
-0.000000448385
0.000000983787
-0.000000136940
0.000001589769
-0.000001027049
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5.812261314524
5.812260729665
4.456124636983
4.456124481003
3.230289289553
3.230289560472
1.893520588917
1.893520381488
0.668270365491
0.668270668387
-0.668270352721
-0.668270570096
-1.893519236106
-1.893518878558
-3.230291911097
-3.230292226098
-4.456120754713
-4.456120356622
-6.644318553796
-5.812265226368
-5.812265437879

2,2,5-Trimetilheptan (C,oH,,)

2.0576210000
0.6120400000
-0.4812280000
-1.8620560000
-2.4572340000
2.9662680000
2.5731890000
2.1228230000
-2.8364320000
-2.6846170000
0.3418460000
0.6297800000
-0.1737050000
-0.5871170000
-1.7191390000
-3.4189820000
-1.8062320000

-0.927344949402
-0.927344307206
1.186054593589
1.186055952183
-0.989059378561
-0.989060980886
1.121696485797
1.121698285030
-1.055212299456
-1.055214268947
1.055216816462
1.055219011068
-1.121692310096
-1.121694748584
0.989060483021
0.989063135863
-1.186056174377
-1.186058993110
-0.346664413921
0.927335517576
0.927338736724

-0.0485210000
-0.1335020000
0.6219680000
0.6303980000
-0.7762530000
-0.9020500000
1.4033750000
-0.6049050000
1.5370660000
-1.6360380000
-1.2027560000
0.2338940000
1.6730130000
0.2064960000
1.0803000000
-0.6501730000
-1.3277170000
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0.878520227219
-0.878522591682
0.874146780038
-0.874146249280
-0.874794161442
0.874791280477
0.874908980190
-0.874907435929
-0.874895387469
0.874892618521
0.874895422497
-0.874892750678
-0.874909497679
0.874906799020
0.874794523385
-0.874790595329
-0.874147492578
0.874145132928
0.000000510242
0.878524423279
-0.878518897430

0.0048460000
-0.5568820000
0.2101430000
-0.4799770000
-0.7236820000
-0.9009110000
-0.0072530000
1.4398920000
0.2871470000
0.5251340000
-0.6201220000
-1.6004450000
0.3484510000
1.2278930000
-1.4816880000
-1.2531860000
-1.4238820000
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4.0125890000
2.9487350000
2.6421700000
1.9954560000
2.5200840000
3.6259970000
1.7449220000
3.1622240000
1.5291000000
-3.8204960000
-2.4492480000
-2.9982960000
-3.1353690000
-3.3643380000
-1.7422260000

2,2-Dimetiloktan (C;oH,,)

esfaciasiiesiiasiasiiasilasiiasiiasianiiasiicr O NONONONONONONONONQ!

-2.6098300000
-1.2237340000
0.0207080000
1.3288570000
-2.7890430000
-2.7890380000
-3.6916850000
2.5865770000
3.8944250000
5.1444720000
-1.1764230000
-1.1764200000
0.0097090000
0.0097070000
1.3486280000
1.3486210000
-3.8036490000
-2.0753010000
-2.6476050000
-3.8036390000
-2.6476150000
-2.0752860000
-3.6059640000

-0.8758980000
-0.5364030000
-1.9563010000
2.0536530000
1.8373600000
1.4454760000
-1.6405460000
-0.6135350000
0.0006920000
1.5807820000
2.5671580000
1.1829320000
-2.6042320000
-1.1506460000
-1.8527840000

-0.0237760000
0.6740090000
-0.2227870000
0.5777800000
-0.8941430000
-0.8941070000
1.0735520000
-0.2970020000
0.5017940000
-0.3811590000
1.3408230000
1.3408320000
-0.8870530000
-0.8870520000
1.2453360000
1.2453480000
-1.3251830000
-1.7328280000
-0.2998790000
-1.3251620000
-0.2998150000
-1.7327830000
1.7188340000
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-0.5534840000
-1.9413720000
-0.9114200000
0.6686350000
-1.0201940000
0.3185510000
1.4839070000
1.8087520000
2.1428580000
-0.2085860000
0.3537950000
1.3191970000
0.2526130000
1.2444290000
1.0545570000

0.0000010000
-0.0000070000
-0.0000060000
-0.0000070000
-1.2584770000

1.2585020000
-0.0000140000

0.0000040000

0.0000030000
-0.0000010000
-0.8815310000

0.8815090000

0.8825140000
-0.8825270000
-0.8822840000

0.8822630000
-1.2932410000
-1.2867540000
-2.1772680000

1.2932750000

2.1772770000

1.2868080000

0.8903970000



T T T T T T T T T

n-Undekan (C{1Hy4)

TIZTTZTITZTITITITITITITITIITIITIITIIIIZIOQOQOQOOQ0O0OOOOOONO

-3.6059720000
-4.7033010000
2.5679390000
2.5679440000
3.9128950000
3.9128920000
5.1727570000
5.1727980000
6.0670260000

0.0000140000
-1.2831520000
1.2831000000
-2.5667260000
2.5666820000
-3.8495180000
3.8495560000
-5.1337320000
5.1337420000
-6.4087480000
6.4087770000
0.0000150000
0.0000060000
-1.2828910000
-1.2829490000
1.2829350000
1.2827930000
-2.5668520000
-2.5668840000
2.5668410000
2.5668330000
-3.8499480000
-3.8500800000
3.8500150000
3.8500750000
-5.1329060000
-5.1331440000
5.1329730000
5.1330770000

1.7188030000
0.6343860000
-0.9646340000
-0.9646500000
1.1684410000
1.1684410000
-1.0344500000
-1.0343870000
0.2216620000

0.4683870000
-0.3691720000
-0.3692510000

0.4677700000

0.4676910000
-0.3699260000
-0.3699370000

0.4662580000

0.4662770000
-0.3803330000
-0.3802940000

1.1363070000

1.1358900000
-1.0366170000
-1.0371890000
-1.0370180000
-1.0369490000

1.1351940000

1.1358000000

1.1355510000

1.1352910000
-1.0376230000
-1.0380660000
-1.0377510000
-1.0379570000

1.1331760000

1.1331040000

1.1333480000

1.1329760000
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-0.8904470000
-0.0000010000
0.8825170000
-0.8824960000
0.8821190000
-0.8821140000
0.8889260000
-0.8889720000
0.0000420000

0.0001020000
-0.0001500000
-0.0000540000

0.0001180000
-0.0001450000
-0.0001570000

0.0000060000
-0.0000240000
-0.0000650000

0.0001610000

0.0001780000
-0.8820830000

0.8825980000
-0.8826970000

0.8819640000

0.8822420000
-0.8824010000

0.8827190000
-0.8820260000

0.8821300000
-0.8826130000
-0.8828070000

0.8821590000

0.8825720000
-0.8824020000

0.8820710000
-0.8821720000

0.8819120000
-0.8823230000



enfjenfijanfianijaniian

-7.3135340000
-6.4557120000
-6.4559620000
6.4557400000
6.4560040000
7.3135860000

2,2,3,4,4-Pentametilhekzan (C,;;H,4)

T T T T ITITITITIIITIIIIIIII D TIOROOONOOOOOOOOONO

0.4408130000
-1.0637700000
1.6329010000
-1.5053960000
0.5437090000
-1.9791160000
-1.2791930000
2.9379010000
1.8206090000
1.5292530000
-2.9861630000
0.6563850000
-1.2572040000
-0.9030480000
0.1093640000
1.5869850000
0.0254240000
-1.6075870000
-2.9976140000
-2.0599910000
-2.3544240000
-0.8398870000
-0.8478950000
2.6919230000
0.9507890000
2.0091390000
3.7997160000
2.8911160000
3.1507300000
2.4611120000
1.4019660000
0.7063830000

0.2488310000
-1.0328600000
-1.0321540000
-1.0324080000
-1.0325370000

0.2488470000

0.7224920000
0.2110780000
-0.2814620000
-0.5544790000
1.9653920000
1.4459870000
-0.6704360000
0.3646250000
-0.5508300000
-1.6460350000
-0.9482640000
1.0759570000
0.0561410000
-1.4726660000
1.7858670000
2.2725820000
2.8314980000
2.0809400000
1.1310740000
2.0720690000
-0.7973360000
-0.1943180000
-1.6741680000
-1.2095120000
-1.0514230000
0.3713550000
-0.2894940000
0.5116720000
1.3407850000
-2.2126440000
-1.5343160000
-2.2660910000
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-0.0002230000
-0.8885380000
0.8893610000
0.8891780000
-0.8887080000
0.0002640000

0.2936100000
0.3906500000
-0.0267840000
-0.8868210000
-0.6210260000
0.5945040000
1.6452360000
0.5034690000
-1.5373100000
0.6854060000
-0.9769860000
1.3192720000
-1.7720730000
-0.9729930000
-1.6174730000
-0.7754270000
-0.1885180000
1.4163490000
0.8670800000
-0.3062750000
1.8469060000
2.5376710000
1.5540350000
-1.6906220000
-1.9858460000
-2.1070650000
0.2921040000
1.5954000000
0.0428540000
0.5208270000
1.7728770000
0.3028420000



H
H
H

-3.3019960000
-3.1685170000
-3.6521500000

5-Etil-3,3-dimetilheptan (C;;Hyy)

ITIZTIZTIT T T ITITITITIIITIIIIIIIOIODIOTTOTITITOOOOOOO0O0O0OAN

-1.4825260000
-0.0372640000
1.0982820000
-1.9757570000
1.9311660000
1.9651160000
-1.5355500000
-2.3734340000
-3.3810200000
2.9712090000
2.7821620000
0.2258090000
-0.0857840000
0.6355950000
-1.9254930000
-1.2590560000
1.2401910000
2.4294020000
2.6496090000
1.2962200000
-2.3707870000
-3.4184020000
-2.0129890000
-0.9606360000
-2.5713170000
-1.1273370000
-4.1596210000
-3.6229060000
-3.4696530000
2.5043070000
3.5357840000
2.1437330000
3.3210720000
3.7586720000
3.4692850000

-1.5790110000
-1.5256630000
-0.0717010000

0.0367140000
-0.4841530000
0.0202440000
-0.5054920000
1.1308140000
-1.1480830000
1.5762150000
-0.5138130000
-0.0896980000
1.8019240000
-1.9021880000
-0.2504000000
-1.5863710000
0.4753280000
-1.6092470000
-0.1990360000
1.9025390000
0.7193820000
-0.7698800000
-1.8608090000
-1.6168960000
-0.1805310000
-0.1707110000
2.0325120000
1.9423630000
1.9587850000
-0.4057330000
-0.5517720000
1.0010020000
2.2149730000
-1.2554580000
-2.3126970000
-2.7486940000
1.1017610000
2.6346930000

68

-0.1303810000
-1.8980390000
-1.0071930000

0.4279860000
0.6858390000
-0.2473380000
-0.9415050000
0.4295860000
-0.7763010000
0.4664110000
1.5598870000
-1.3912980000
-0.4725010000
0.2793910000
1.7331250000
0.6364640000
-1.1423330000
-0.9042800000
-1.7230300000
0.8075240000
1.3261860000
-1.5554510000
-1.2911660000
1.5696930000
1.4590050000
2.5439250000
-0.3556060000
0.3875200000
1.4163970000
-0.6785450000
-2.3622550000
-1.5202310000
-1.3836070000
0.7578400000
1.0795310000
-0.1766180000
-0.7953200000
0.0502920000



n-Dodekan (Ci2Hy)

T IT T T T I I ITIIIIIIIIIOOI DT TOOOO0OO0O0O0O0000AN

0.6344400000
-0.6344390000
1.9317360000
-1.9317330000
3.2006390000
-3.2006370000
4.4979600000
-4.4979570000
5.7671960000
-5.7671920000
7.0570380000
-7.0570500000
0.6231720000
0.6231240000
-0.6231310000
-0.6231630000
1.9428930000
1.9429760000
-1.9429310000
-1.9429400000
3.1892470000
3.1891770000
-3.1892530000
-3.1891550000
4.5100910000
4.5102220000
-4.5102260000
-4.5100970000
5.7547300000
5.7547240000
-5.7547960000
-5.7546310000
7.1159760000
7.1156200000
7.9505080000
-7.1158800000
-7.9504980000
-7.1157650000

0.4295360000
-0.4295240000
-0.3860020000

0.3860150000

0.4730120000
-0.4730010000
-0.3420520000

0.3420580000

0.5166870000
-0.5166930000
-0.3070950000

0.3070660000

1.0971310000

1.0972310000
-1.0972320000
-1.0971080000
-1.0536150000
-1.0536540000

1.0537500000

1.0535420000

1.1406620000

1.1406700000
-1.1407180000
-1.1405890000
-1.0099070000
-1.0098080000

1.0097740000

1.0099510000

1.1833110000

1.1836160000
-1.1835450000
-1.1833870000
-0.9579030000
-0.9587550000

0.3380580000

0.9581560000
-0.3381150000

0.9584390000

69

0.0001310000
0.0000980000
0.0000570000
0.0001790000
0.0000160000
0.0000570000
-0.0000350000
0.0000520000
-0.0001880000
-0.0001230000
-0.0000360000
-0.0001730000
0.8824840000
-0.8821490000
0.8823630000
-0.8822660000
-0.8822880000
0.8823710000
-0.8820750000
0.8825880000
0.8823760000
-0.8823390000
0.8823670000
-0.8823530000
-0.8824880000
0.8824920000
0.8826060000
-0.8823740000
-0.8824150000
0.8818100000
0.8819320000
-0.8822970000
0.8892090000
-0.8886850000
-0.0005270000
-0.8892180000
-0.0000150000
0.8886760000



3-Etil-2,5,6-trimetilheptan (C,Hy)

T IT T T T I I I IIIIIIIOI OO DT TOOOO0OO0O0O0O0O000AN

1.2252110000
-0.1125690000
-1.3780700000

2.4276790000
-2.6228090000

1.4814220000
-1.5987080000

2.3883720000

2.5775630000
-3.8201730000
-3.0390120000

2.5414590000

1.1328170000
-0.1189010000
-0.1694940000
-1.2087950000

3.3394190000
-2.3226890000

0.5330860000

17554420000
-1.8047790000
-2.4391140000
-0.7054620000

2.6174550000

3.5077850000

1.7432480000

3.2812890000

2.3559090000

1.5071350000
-4.2335270000
-4.6355390000
-3.5408920000
-3.3929740000
-3.8658510000
-2.2116630000

2.2733870000

2.6437350000

3.5367870000

0.2842800000
-0.3332350000
0.2952570000
-0.6965700000
0.1294790000
1.6294600000
-0.2225390000
-1.7967960000
-1.3117040000
0.9603070000
-1.3311930000
2.5231510000
0.5094860000
-1.4160700000
-0.2393660000
1.3864480000
-0.1037280000
0.5414960000
2.1927440000
1.4366740000
-1.3059000000
0.2847110000
-0.0555640000
-0.5450040000
-1.8996540000
-1.9926300000
-2.4406670000
-1.3675920000
-2.4508600000
0.5740540000
0.9412360000
2.0148590000
-1.8075060000
-1.3858000000
-1.9409170000
2.7638800000
3.4761100000
2.0501790000

70

0.1810000000
-0.2912530000
0.3375480000
0.0511490000
-0.5805400000
-0.5348700000
1.7679790000
1.1226170000
-1.3494030000
-0.0966230000
-0.8122440000
0.1168150000
1.2606050000
-0.0820140000
-1.3907330000
0.4073920000
0.2450060000
-1.5630340000
-0.5774300000
-1.5881510000
1.7789240000
2.2669890000
2.3906890000
-2.1396710000
-1.4154480000
-1.5865400000
1.0600130000
2.1377980000
1.0095730000
0.8501920000
-0.8385260000
0.0658910000
0.1174310000
-1.5395500000
-1.2083490000
1.1600290000
-0.4274750000
0.1333400000



4-Etil-2,3,5-trimetilheptan (C,Hy)

T IT T T T I I I IIIIIIIOI OO DT TOOOO0OO0O0O0O0O000AN

0.1827770000
-1.2612900000
1.2886900000
-1.8286840000
0.5791640000
2.3504730000
-1.4169700000
1.9505820000
-1.7338970000
-3.2912320000
-0.2532670000
3.4099400000
0.1409320000
-1.9093980000
0.8030110000
-1.2369860000
0.5442540000
1.6356930000
1.8296990000
2.8525070000
-0.9630140000
-2.4760770000
-0.9465320000
2.5901410000
2.5906220000
1.2125890000
-3.6873280000
-3.4076060000
-3.9325390000
-2.2250510000
-0.6966380000
-2.2396340000
-0.2375810000
-1.3081740000
0.1435260000
2.9436760000
4.0612780000
4.0609130000

0.5502030000
0.3052460000
-0.3604560000
-1.1095180000
2.0453340000
-0.7274700000
0.6342400000
0.2112650000
-1.4656860000
-1.2564050000
2.9304410000
-1.7371570000
0.2675460000
1.0120930000
-1.3098310000
-1.8569550000
2.4623760000
2.1198380000
-1.1385820000
0.1943460000
-0.1419610000
0.7133580000
1.5953400000
1.0795090000
-0.5444240000
0.5322750000
-2.2455030000
-1.1567970000
-0.4945280000
-2.4326280000
-1.5514930000
-0.7062560000
2.5464440000
2.9972780000
3.9585020000
-2.6592190000
-2.0255710000
-1.3353890000

71

-0.2819870000
0.2635630000
0.3480720000

-0.0660720000

-0.2857620000

-0.7142820000
1.7592250000
1.6156020000

-1.5587260000
0.3895060000

-1.2202800000

-0.2614890000

-1.3469750000

-0.2881480000
0.6382820000
0.4963870000
0.7351830000

-0.5962220000

-1.5972770000

-1.0637920000
2.3978960000
2.0448670000
2.0154270000
1.3849540000
2.0969090000
2.3634150000
0.1072700000
1.4782910000

-0.0888010000

-1.7552970000

-1.9144270000

-2.1813410000

-2.2550140000

-0.9092890000

-1.2424370000
0.1274830000

-1.1025860000
0.5310250000



2,3,4,5,6-Pentametilheptan (C;,Ha)

T IT T T T I I I IIIIIIIOI OO DT TOOOO0OO0O0O0O0O000AN

0.0307800000
-1.4538990000
1.0588120000
-1.9127320000
2.4905840000
0.4287020000
-2.4013520000
1.0962910000
-3.2689790000
-1.9359040000
2.4990310000
3.4112280000
0.0671540000
-1.5395130000
0.7163740000
-1.1829290000
2.9310820000
0.2640540000
-0.1503010000
1.4906470000
-3.4568730000
-2.2563310000
-2.2430160000
0.0869620000
1.5644040000
1.6675280000
-3.4902610000
-3.2760530000
-4.1022500000
-0.9574000000
-2.2094200000
-2.6769380000
3.5341140000
1.9956470000
2.0022370000
3.5554870000
3.0019150000
4.4082970000

0.8267340000
0.5502930000
-0.1981650000
-0.9241340000
-0.0582510000
2.2777820000
1.5465900000
-0.1770340000
-1.2090510000
-1.3686350000
-0.0035510000
-1.2011800000
0.7262470000
0.7398540000
-1.2017070000
-1.5640180000
0.8854530000
2.5092480000
3.0051090000
2.4669290000
1.3043600000
1.5502000000
2.5749420000
-0.2371440000
0.7466540000
-1.0245590000
-2.2889350000
-0.8870510000
-0.6996610000
-1.2448240000
-2.4339990000
-0.7990050000
0.0017560000
-0.8870560000
0.8931910000
-1.2156460000
-2.1829460000
-1.1057840000

72

-0.1391040000
0.2657590000
0.4361690000
0.0576590000

-0.1651780000
0.1941570000

-0.4311520000
1.9755780000
0.7240480000

-1.4132140000

-1.7014960000
0.2973690000

-1.2369550000
1.3523040000
0.1269800000
0.5811590000
0.2077060000
1.2601360000

-0.3926280000

-0.0237740000

-0.2365970000

-1.5248890000

-0.0761210000
2.4105800000
2.3556360000
2.3815680000
0.7038450000
1.7788060000
0.2128260000

-1.9042940000

-1.4911940000

-1.9987210000

-2.0802820000

-2.1331670000

-2.1005040000
1.3875190000

-0.0009050000

-0.1626080000



5,5-Dietil-2-metilheptan (C;;Hy)

T IT T T T I I I IIIIIIIOI OO DT TOOOO0OO0O0O0O0O000AN

-1.1244160000
0.2892820000
-2.1412200000
-1.2611310000
-1.3931610000
1.4980440000
2.8557070000
-1.3103000000
-1.0498970000
-3.6295460000
3.9671390000
3.2228030000
0.3919270000
0.3254550000
-0.6902050000
-2.3922170000
-0.5535300000
-2.2616120000
-1.8893180000
-1.9733130000
1.3725470000
1.5478500000
2.7759090000
-3.8743350000
-4.2419630000
-3.9631700000
-1.7713180000
-1.1774710000
-0.0388110000
-1.5261700000
-2.0364130000
-0.3096000000
4.9376420000
3.7438110000
4.0892230000
4.2002070000
2.4823770000
3.2926710000

0.0225160000
0.0062200000
-0.1869200000
-1.0982500000
1.3666760000
0.1751030000
0.2727580000
2.6509340000
-2.5432560000
-0.2095410000
0.6527920000
-1.0158850000
-0.9371900000
0.8008070000
1.4473860000
1.3099620000
-0.8823790000
-1.0166870000
-1.1299030000
0.6015750000
1.0889210000
-0.6620130000
1.0874120000
-1.0203580000
-0.3683960000
0.7366470000
-2.8424660000
-3.2387450000
-2.7085800000
3.5291260000
2.6598980000
2.8026030000
0.7665550000
1.6022360000
-0.1243010000
-0.9168040000
-1.2747280000
-1.8694470000

73

-0.0950020000
0.5549930000
1.0635390000

-1.1642220000

-0.8289030000

-0.3756050000
0.3506810000
0.0031920000

-0.6995080000
0.6979740000

-0.6371530000
1.0999790000
1.1166280000
1.3216280000

-1.6759700000

-1.2944970000

-1.9833640000

-1.6233240000
1.5787950000
1.8176400000

-0.9818410000

-1.0963480000
1.0971100000

-0.0070870000
1.6005720000
0.2420630000
0.0779200000

-1.5451000000

-0.2938870000

-0.6270240000
0.8321670000
0.4392110000

-0.1265580000

-1.1513430000

-1.4124950000
1.6005150000
1.8727680000
0.4020300000



n-Tridekan (Cy3Hyg)

T IT T T T I T I IIIIIIIIIDI O OIOD T T TOOOOOO0O0O0O0O0O0O0AN

0.0000020000
1.2834260000
-1.2834140000
2.5663450000
-2.5663490000
3.8502040000
-3.8502090000
5.1327860000
-5.1327750000
6.4172890000
-6.4172960000
7.6919890000
-7.6919990000
0.0000070000
-0.0000200000
1.2836300000
1.2835800000
-1.2836230000
-1.2835460000
2.5658480000
2.5659410000
-2.5658230000
-2.5659570000
3.8504960000
3.8506600000
-3.8506630000
-3.8505130000
5.1331350000
5.1329730000
-5.1329170000
-5.1331570000
6.4166950000
6.4169280000
-6.4168980000
-6.4167510000
77388080000
8.5970290000
7.7389530000
-7.7386650000
-7.7391180000

-0.3753760000
0.4618300000
0.4618500000

-0.3761300000

-0.3760950000
0.4603820000
0.4604050000

-0.3776810000

-0.3776730000
0.4580710000
0.4580540000

-0.3889450000

-0.3889610000

-1.0430580000

-1.0432180000
1.1296470000
1.1294670000
1.1296100000
1.1295390000

-1.0439750000

-1.0437800000

-1.0438990000

-1.0437880000
1.1280810000
1.1281630000
1.1282040000
1.1281010000

-1.0455820000

-1.0456270000

-1.0457150000

-1.0454970000
1.1249830000
1.1249460000
1.1251300000
1.1247760000

-1.0414550000
0.2398670000

-1.0408360000

-1.0415580000

-1.0407660000

74

0.0003000000
0.0001920000
0.0002280000
0.0002250000
0.0001960000
0.0000630000
0.0000410000
-0.0000290000
-0.0000280000
-0.0001670000
-0.0003120000
-0.0003660000
-0.0002480000
0.8826560000
-0.8819370000
0.8824480000
-0.8822020000
0.8825280000
-0.8821260000
-0.8820140000
0.8826110000
-0.8820750000
0.8825520000
-0.8823320000
0.8823980000
0.8823600000
-0.8823570000
0.8824690000
-0.8824980000
-0.8824210000
0.8825320000
-0.8822700000
0.8819600000
0.8816670000
-0.8825580000
0.8883560000
-0.0000740000
-0.8895300000
-0.8889140000
0.8889710000



H

-8.5970390000

5-Etil-3,6-dimetilnonan (C;3H,g)

T IZT T T ITITIITIIIIIIIIIIOIOD DD T TOOOOOOOOOOOAOA

0.0626530000
-1.0871840000
0.8763660000
1.8816030000
-0.4265970000
-2.2955450000
-1.5139810000
3.1343100000
-3.2277450000
2.2498310000
0.6728860000
4.0419580000
-4.3979470000
0.7417350000
-0.6674160000
1.4351670000
0.1709750000
1.3916490000
-1.2266760000
-0.8892200000
-1.9372940000
-2.8819260000
-1.9296960000
-2.2844940000
-0.6577630000
3.7139930000
2.8215910000
-2.6419880000
-3.6239780000
2.9639580000
1.3570370000
2.7091680000
1.1027120000
1.5015870000
0.2780830000
3.4945620000
4.8997650000

0.2398510000

0.9106180000
0.1107480000
0.0287190000
-0.9500080000
2.2056530000
-0.1452610000
0.7718590000
-0.2127340000
-1.2725550000
-2.0622860000
3.2512280000
-1.0435040000
-1.5127270000
1.2237910000
-0.8791660000
0.6703260000
-0.5441910000
-1.4269930000
2.6651450000
1.9551740000
-0.3956300000
0.7856770000
1.7802990000
0.1834600000
0.8748820000
0.1485950000
0.6924170000
-2.2045560000
-1.0482540000
-2.7832960000
-2.6281740000
-1.6379240000
3.5779690000
2.8635700000
4.1456950000
-1.3976070000
-0.4486210000

75

-0.0007620000

0.0770680000
0.7617210000
-0.8979500000
-0.2515000000
-0.6098210000
-0.1646220000
2.0821270000
0.2645900000
0.2988240000
-1.2442380000
-0.8240250000
1.1770910000
-0.6586640000
0.8921260000
1.0217850000
-1.6025970000
-1.5256070000
0.6195160000
-0.0048920000
-1.5815250000
-1.1791650000
-0.2744910000
1.9156630000
2.6042380000
2.7689270000
-0.6063060000
0.8133540000
0.4048450000
1.3047110000
-0.8167140000
-1.5570000000
-2.1547430000
0.1383010000
-1.4390180000
-1.3326840000
2.0676760000
1.5306720000



enjijanianiien

4.4484820000
-5.0260590000
-5.0459980000
-4.0415960000

2,4,8-Trimetildekan (Cy3Has)

ITIZTTZTIZTITITITITIITIITIIIIIIIOD DT T OROOOOOOOOOOOOAN

1.3423310000
0.1446260000
-1.0974560000
2.0027460000
-1.8270850000
-3.1650030000
3.1233110000
2.3464810000
-3.0363430000
-4.2471540000
2.6294400000
3.7570580000
-2.0915920000
0.9619620000
-0.1677350000
0.4991460000
-1.7880420000
-0.8204690000
1.2254490000
2.4090960000
-1.1556130000
-2.0286220000
-3.5136900000
3.9147660000
27617730000
3.1922340000
1.8635220000
-2.7220950000
-4.0446790000
-4.3667110000
-5.2238390000
-4.0098620000
1.8202610000
2.2403240000

-1.9305150000
-0.6107920000
-2.3326990000
-1.7770730000

-1.2626570000
-1.9204020000
-1.0430670000
-0.1845950000
-0.6351720000
0.1207640000
0.6647750000
-2.3434900000
1.4589260000
-0.7578150000
1.4928810000
1.5762120000
2.4792640000
-0.7798440000
-2.8062590000
-2.3109960000
-1.6102140000
-0.1443530000
0.5095430000
-0.6847940000
-0.0209120000
-1.5465310000
0.3644720000
-0.0164610000
-2.8658340000
-1.9265050000
-3.1020260000
1.2663380000
1.9046630000
-1.7117210000
-0.2462830000
-0.9963270000
2.1803900000
0.8615900000

76

0.6650120000
-0.7575860000
-0.3089220000
-1.6691920000

0.2549930000
-0.4662130000
-0.7047840000
-0.6285860000

0.5841710000

0.4056990000

0.0056080000

0.6824890000
-0.3499890000
-0.2399630000

1.2000950000
-1.0547240000

0.2913450000

1.1728280000

0.1169990000
-1.4383570000
-1.3522990000
-1.2827400000
-0.9972520000
-1.5287130000

1.2078670000

1.1778400000

1.4282000000

0.3690520000
-0.1977630000

1.2511680000

1.3201210000
-1.3921340000
-0.4243820000

0.3001640000
-0.2359250000
-1.2903940000

0.8942890000

2.0146090000
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3.4438960000
3.0147570000
4.1569590000
4.5856690000
-2.3760570000
-2.1151620000
-1.0454000000

3-Etil-4,7-dimetilnonan (C,3Hg)

ZITTIZITIZTITTITIITITIZIITZTITIZI T ITIZI T TOOOOOOO0OOOOOOOO

-0.9925530000
-2.1987030000
0.3543880000
1.5881240000
2.9123220000
-3.4979050000
-2.4273860000
-1.0631760000
3.3540990000
3.9970620000
-3.2124610000
-3.5168130000
4.5789180000
-1.0424370000
-1.9402150000
0.4612110000
0.3218350000
1.3982050000
1.7268620000
2.7396130000
-3.6903380000
-4.3478780000
-1.4549380000
-2.9506700000
-0.8824970000
-0.3105460000
-2.0467050000
2.5152410000
3.5506100000
4.9399760000
3.6714210000

2.1064570000
2.2856230000
0.9928500000
2.1681850000
2.6858510000
3.4371370000
2.1322270000

-0.6481460000
0.1534710000
-0.0423580000
-0.8883160000
-0.4219080000
-0.6821120000
1.5026700000
-0.8269120000
0.9586740000
-1.4886520000
2.5278700000
-1.8063060000
1.5571370000
-1.6572510000
0.3879880000
0.9692360000
0.0945380000
-1.9294280000
-0.9314860000
-0.3244760000
-1.1029110000
-0.0092590000
1.9491630000
1.3243860000
0.1235050000
-1.5483190000
-1.2046560000
1.6673350000
0.8773780000
-1.2300670000
-2.4665410000

77

1.6194690000
-1.4617960000
-1.9005460000
-0.6323900000

1.3376680000
-0.2532850000

0.2968650000

0.3741040000
-0.2016890000
-0.0759540000

0.2701500000
-0.3705290000
-0.2367540000

0.5170890000

1.8999760000

0.1550590000
-0.1604560000
-0.3084720000
-1.2774490000
-0.5443570000
-0.0751170000
-1.2531740000

0.3533890000
-1.1729010000
-0.0510140000

1.3659490000
-1.4613180000

0.7669380000
-0.4411080000

0.7850610000

1.4739820000

2.4294270000

2.2531240000

2.2216060000

0.0517020000

1.2415620000
-0.6662030000
-0.5514240000
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4.2182930000
-2.7273330000
-3.3724780000
-4.4804210000
-2.6810560000
-4.2140420000
-3.3530600000

5.4868630000

4.7916630000

4.4173330000

4-Metil-5-propilnonan (C;3Hyg)

esfaciiasiiasiiasiiasiiasiasiiasiiasiiasiiasfasiafa-HoNONONoNONONONO RO NONONONQ!

0.0407450000
1.5142100000
-0.9826820000
-0.1670680000
1.8901020000
-2.4120340000
1.8652600000
0.4224780000
1.9746560000
-2.5833570000
0.1869660000
2.4112300000
-4.0245110000
-0.1565170000
2.1599500000
-0.6353350000
-1.0165890000
0.2475580000
-1.2495770000
2.8735090000
1.1803920000
-2.7588610000
-3.0932520000
1.5911530000
1.3567430000
2.9491020000
1.5070540000
-0.0218820000

-1.6180880000
-2.5551540000
-1.4080050000
-2.3412800000
2.7753720000
2.1611140000
3.4662360000
0.9532860000
2.5707710000
1.6359410000

0.4735660000
0.1250310000
-0.0997160000
1.9927400000
-1.3397260000
-0.2787130000
0.4596350000
2.5739860000
-1.6978470000
-1.4403310000
4.0801470000
-3.1455230000
-1.6007760000
0.0032910000
0.7544080000
-1.0800070000
0.5596060000
2.5360990000
2.2118090000
-1.5488050000
-2.0244500000
0.6570210000
-0.4452660000
1.4918440000
-0.2157250000
0.3530270000
2.3719440000
2.0498930000

78

0.9140130000
-1.1017130000
-2.2965140000
-1.2641750000
-1.2434150000
-0.5868490000

0.2523270000
-0.3873900000
-0.1676090000
-1.6334550000

0.3428790000
0.7147380000
1.3513560000
0.1500370000
0.4019260000
0.8103930000
2.1743150000
-1.1415400000
-1.0869480000
-0.1771990000
-1.2814000000
-1.3272400000
-0.6676670000
-0.6365700000
0.0752980000
1.7221800000
2.2363830000
1.0196130000
0.1574060000
0.8621680000
0.9033200000
0.3340450000
1.6646370000
2.4446470000
2.8819790000
2.3435980000
-1.1909700000
-2.0080910000
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0.9993000000
2.6850830000
-1.9176410000
-2.2528190000
0.6537840000
-0.8901700000
0.6078680000
1.7020670000
3.4035410000
2.4716060000
-4.1240260000
-4.7157900000
-4.3722300000

n-Tetradekan (C;4Hz,)

asiiasianiiasiiasiiasiicsiianiiosiianiic o NONoNONoNONONONONONONONONO!

-0.6468660000
0.6468640000
-1.9195350000
1.9195480000
-3.2131980000
3.2132050000
-4.4859420000
4.4859370000
-5.7795760000
5.7795640000
-7.0527080000
7.0527070000
-8.3387810000
8.3387810000
-0.6551670000
-0.6552560000
0.6551490000
0.6552850000
-1.9111910000
-1.9111800000
1.9111280000
1.9112550000
-3.2214800000
-3.2213790000
3.2213730000

-1.5300720000
-1.0116070000
-1.2987550000
-2.3777510000

4.6370130000

4.3203590000

4.4706160000
-3.8580680000
-3.3433640000
-3.3773400000
-2.4479070000
-1.7785240000
-0.6941230000

-0.4106050000
0.4106060000
0.4428320000

-0.4428360000

-0.3784510000
0.3784460000
0.4748730000

-0.4748760000

-0.3460210000
0.3460310000
0.5069330000

-0.5069240000

-0.3227280000
0.3227240000

-1.0782720000

-1.0783380000
1.0782820000
1.0783230000
1.1105090000
1.1105470000

-1.1105480000

-1.1105070000

-1.0461530000

-1.0461160000
1.0461120000

79

-1.5764990000
-1.5843310000
-1.0473040000

0.3078370000
-0.4508890000
-1.2729060000
-2.2221510000
-0.8720450000
-0.8867700000
-2.4029450000
-1.3655320000

0.1740200000
-1.1920330000

0.0003630000
0.0002710000
0.0003690000
0.0002060000
0.0003010000
0.0000960000
0.0002130000
0.0000250000
-0.0000760000
-0.0001670000
-0.0002360000
-0.0001210000
-0.0006170000
-0.0004640000
0.8826920000
-0.8819170000
-0.8820520000
0.8825610000
0.8826940000
-0.8819290000
-0.8820910000
0.8825380000
0.8826100000
-0.8820390000
-0.8822430000
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3.2214940000
-4.4776320000
-4.4773720000

4.4774160000

4.4775860000
-5.7889280000
-5.7885930000

5.7888000000

5.7887020000
-7.0430530000
-7.0434500000

7.0433490000

7.0431440000
-8.3947460000
-8.3943620000
-9.2351990000

8.3947690000

8.3943630000

9.2351760000

2,3,5,8-Tetrametildekan (C,4H3()

=siissiioriiesiicsloNoNoNONONONONONONONONONONS!

0.6583960000
1.6454830000
2.0975320000
-0.6526110000
2.9054090000
-1.4957920000
-2.8731840000
0.3906190000
2.8636820000
-3.7060390000
4.1853960000
2.0414700000
-2.7470120000
-5.1664510000
1.1518370000
1.1942680000
2.5389200000
1.1903320000
-0.4099300000

1.0461490000
1.1424990000
1.1426480000
-1.1426360000
-1.1425190000
-1.0139740000
-1.0137920000
1.0140080000
1.0137700000
1.1738660000
1.1736690000
-1.1735610000
-1.1739460000
-0.9743560000
-0.9741060000
0.3183200000
0.9735690000
0.9748770000
-0.3183550000

1.8791720000
0.7800450000
-0.2332810000
1.3381420000
-1.4289550000
0.4220470000
0.0316790000
2.8530100000
0.4491830000
-0.6965720000
-1.0202670000
-2.3466380000
-0.7995860000
-0.9661710000
2.4655640000
0.2379090000
1.2832460000
-0.6848320000
0.8119930000

80

0.8824080000
0.8826250000
-0.8820880000
-0.8822840000
0.8824270000
0.8823360000
-0.8826330000
0.8822280000
-0.8827450000
-0.8822680000
0.8819480000
0.8821350000
-0.8820880000
0.8882230000
-0.8896610000
-0.0007270000
-0.8898690000
0.8880160000
0.0002150000

-0.0122700000
-0.4665680000
0.6055520000
0.6074080000
0.0182690000
-0.2917320000
0.2837960000
-1.1707730000
1.7497150000
-0.7906080000
-0.7277560000
-0.8594460000
1.5690180000
-0.4162690000
0.7839310000
-1.3152860000
-0.8782520000
1.0479820000
1.5457290000
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-1.2695360000
3.2186050000
-0.9356910000
-1.6619770000
-3.4069020000
-0.0564950000
-0.2959400000
1.3271160000
3.7413320000
3.2231620000
2.2300790000
-3.2067200000
-3.6834910000
4.7688670000
4.8391410000
3.9597140000
1.1318220000
1.7252630000
2.6017550000
-2.2186380000
-3.7319120000
-2.1869310000
-5.2584710000
-5.7121900000
-5.6887760000

4-Etil-4,5,6-trimetilnonan (C;4H3()

oHONONONONONONONONONO NGNS

-1.3471320000
-0.0700990000
1.2365630000
-1.1097480000
-1.7067760000
-2.5399830000
0.1926740000
2.1593370000
-2.3112270000
2.0180010000
-1.9763310000
3.1510040000
-1.9271200000

2.2059580000
-2.0298870000
-0.5041460000

0.9194010000

0.9702320000

2.3445720000

3.6602520000

3.3222850000

1.0056150000
-0.2918280000

1.1664600000
-1.6515090000
-0.0919940000
-1.9127860000
-0.3805370000
-0.4744730000
-2.6734970000
-1.8494200000
-3.2509510000
-1.7493500000
-1.0492590000
-0.2638150000
-1.6549400000
-1.4193970000
-0.0317180000

-0.3883590000
-1.1541730000
-0.9555190000
1.1485840000
-0.8467470000
-0.7176610000
-0.9667490000
0.1897010000
2.0542360000
-2.2804100000
-2.3396240000
0.6852820000
3.5372180000

81

0.9070640000
0.8933420000
-0.5182440000
-1.2631510000
0.5360100000
-2.0415410000
-0.8660280000
-1.5146040000
1.3792490000
2.4828690000
2.2942930000
-1.0432140000
-1.7151710000
-1.0081050000
-0.1139780000
-1.6592410000
-0.3285760000
-1.7916200000
-1.1491620000
1.3699980000
1.9930660000
2.3508030000
0.4387480000
-1.2597050000
-0.1472380000

0.1519160000
0.6783900000
-0.1650590000
0.1330910000
-1.2941040000
1.0797870000
2.1850830000
0.3146870000
-0.1818770000
-0.2322820000
-1.5189030000
-0.7472260000
-0.1884920000
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4.0610630000
-0.3300880000
0.9353010000
-0.7129400000
-0.3148960000
-2.6076060000
-0.9135040000
-2.4638570000
-2.6031810000
-3.4954540000
0.3447100000
-0.6352530000
1.0973010000
1.5595520000
2.7234800000
-2.7452120000
-3.1115660000
1.4212360000
2.9505080000
2.2928900000
-1.0853300000
-2.7803340000
-2.2923280000
3.7739080000
2.5863510000
-1.1572420000
-1.5179240000
-2.7964330000
3.4734020000
4.7518080000
4.6713420000

5-Metil-6-propildekan (C,4H3()

oHONONONONONS!

0.9221080000
-0.4565890000
2.1082250000
1.1731910000
-1.6266940000
-0.6439030000
2.1180180000

1.8053180000
-2.2200800000
-0.7110170000

1.4573460000

1.3737660000
-0.2909040000
-0.5209990000
-0.1965800000
-1.7970060000
-0.4182180000

0.0864530000
-1.3567540000
-1.5167760000

1.0521630000
-0.1406510000

1.7932310000

1.8942090000
-3.0752850000
-2.1793690000
-2.6316810000
-2.9629180000
-2.7193260000
-2.5141160000
-0.1518180000

1.0436750000

3.7494080000

3.8500460000

4.1786910000

2.6753490000

2.1553280000

1.4672520000

-0.3705690000
0.0374470000
0.3856220000

-1.8960480000

-0.4108180000

-0.4264650000
1.9184980000

82

-0.2368000000
0.5618280000
-1.1978820000
1.1160600000
-0.5995580000
-1.6034240000
-1.9885410000
2.0466570000
1.2919650000
0.6211740000
2.4676590000
2.7942260000
2.4894570000
0.6447410000
1.2061750000
-1.1623410000
0.5604880000
-0.7084880000
-0.8094970000
0.7775250000
-1.3440280000
-0.8680230000
-2.5604160000
-1.1084740000
-1.6281510000
-0.9501400000
0.7875780000
-0.4061220000
0.1030810000
-1.0210110000
0.6182160000

0.1403650000
0.7404180000
0.7833390000
0.1786110000
-0.1617420000
2.1940920000
0.6597830000
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-2.9760720000
2.1884780000
2.1997600000

-4.0897500000
2.4098420000
2.3248320000

-5.4350740000
0.8842260000

-0.4802820000
2.1639630000
3.0440900000
0.2239190000
1.5092140000

-1.3645150000

-1.7470970000
1.2328270000
2.9881010000

-1.5697830000
0.1854080000

-0.7040110000

-3.2931470000

-2.8592930000
3.1567330000
1.8370810000
1.3083700000
3.0653890000

-3.7823000000

-4.2060520000
1.4676070000
2.8000080000
3.1307320000
3.2298520000
2.3836710000
1.4587300000

-5.7878080000

-5.3604360000

-6.2134200000

0.2497480000
-2.4067880000
2.4566480000
-0.1627740000
-3.9194930000
3.9811900000
0.5004770000
-0.0819470000
1.1426460000
0.1185770000
0.0041820000
-2.4331070000
-2.1901600000
-0.1878050000
-1.5085240000
2.3522490000
2.2987370000
-0.0190790000
-0.0975220000
-1.5256580000
0.0058100000
1.3501260000
-1.8924490000
-2.1392540000
2.1442000000
1.9953560000
0.0826410000
-1.2621700000
-4.4714360000
-4.2154510000
-4.2641490000
4.3288650000
4.3440590000
4.4724610000
0.2444410000
1.6001840000
0.1841300000
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0.1479910000
-0.8530940000
-0.7744230000
-0.8214490000
-0.7734170000
-0.8329860000
-0.5175150000
-0.9267690000

0.7428720000

1.8537480000

0.3384520000

0.0102520000

1.1904500000
-1.2126970000
-0.1072840000

1.1597450000

1.2261310000

2.6287300000

2.8399640000

2.2630570000

1.1778740000

0.1190160000
-0.7229200000
-1.8668140000
-1.3469840000
-1.2859740000
-1.8549720000
-0.7947520000
-0.9331640000

0.2155100000
-1.5324700000
-0.3058630000
-1.8719340000
-0.3571390000

0.4962930000
-0.5715060000
-1.2306840000



7-Etil-3,5-dimetildekan (C4H3()
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-0.4473520000
1.8840070000
1.0237890000

-1.2909380000

-2.6695110000
2.3083730000
3.1170480000

-1.0311040000

-2.5301510000
2.7966860000

-3.5401710000
2.8122050000

-3.8188330000
1.6945680000

-0.4652560000
1.2729550000
1.0268010000
1.5173500000

-0.7169650000

-1.4337660000

-3.1774040000
3.1038810000
1.4644750000
3.6268340000
3.8429850000

-0.9755970000

-2.0874800000

-0.4739340000

-2.1413520000

-1.7610630000
3.6015530000
3.2630570000

-3.6803590000

-4.5400570000

-3.0672670000
2.3554450000
3.7317560000
2.1167390000

-4.2224340000

-4.6077100000

-0.9506270000
-0.2823220000
-1.3379510000
-1.0433610000
-0.3479870000
0.8386240000
-0.9304610000
-1.8338630000
1.1872420000
2.1488490000
-0.8758130000
-1.7483870000
1.9630680000
2.9674860000
0.0945620000
0.1676750000
-2.2846220000
-1.5695270000
-0.6308370000
-2.1157300000
-0.6060950000
0.4366470000
1.0809890000
-1.5683950000
-0.1430810000
-2.9013070000
-1.5997000000
-1.7071750000
1.4728460000
1.5055280000
1.9391420000
2.7675080000
-1.9665180000
-0.4148250000
-0.6690460000
-1.1180860000
-2.1856600000
-2.5801980000
1.7052810000
1.7553730000
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1.0263870000
0.0292470000
0.7591690000
-0.2633150000
-0.2434700000
1.0048440000
-0.6364910000
2.1395390000
-0.2952290000
0.3641200000
-1.3933850000
-1.8950400000
-0.0043650000
-0.3165450000
1.3849660000
-0.7751140000
0.1899660000
1.7212980000
-1.1129770000
-0.4938950000
0.7054230000
1.6599240000
1.6756810000
0.1102970000
-0.9021790000
1.8612830000
2.3458220000
3.0822380000
-1.2913910000
0.4293790000
-0.3628710000
1.1511790000
-1.3174310000
-1.4032680000
-2.3700060000
-2.6773480000
-2.3169750000
-1.6955700000
0.9900100000
-0.7451540000



enjijanianiien

-3.6378120000
0.8929490000
1.2270740000
2.0929040000

n-Pentadekan (C;sHs3,)

e=faciasiiasiiasicsiiasiiasiiasfiasifasiiasilasiianflasiasfiasfasiic-HoNoNONO RO RO N NONO NN NoNONO N

0.0000030000
1.2831850000
-1.2831800000
2.5668810000
-2.5668890000
3.8495350000
-3.8495430000
5.1336920000
-5.1336850000
6.4159760000
-6.4159720000
7.7007610000
-7.7007650000
8.9751750000
-8.9751730000
-0.0000020000
0.0000050000
1.2829760000
1.2829670000
-1.2829810000
-1.2829520000
2.5672710000
2.5672790000
-2.5672620000
-2.5673000000
3.8488660000
3.8488490000
-3.8488940000
-3.8488370000
5.1343420000
5.1342410000
-5.1342600000
-5.1343090000
6.4159280000

3.0501680000
3.2255820000
24215180000
3.9110010000

0.4577640000
-0.3798470000
-0.3798460000

0.4569660000

0.4569550000
-0.3814250000
-0.3814360000

0.4546490000

0.4546540000
-0.3838770000
-0.3838690000

0.4514470000

0.4514490000
-0.3959970000
-0.3960010000

1.1254950000

1.1254570000
-1.0476180000
-1.0475820000
-1.0475720000
-1.0476230000

1.1246820000

1.1246740000

1.1246540000

1.1246820000
-1.0491330000
-1.0491830000
-1.0491470000
-1.0491880000

1.1223500000

1.1224050000

1.1223570000

1.1224100000
-1.0518100000
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-0.0164920000

0.3971040000
-1.1525470000
-0.7241520000

0.0000950000
0.0001160000
0.0001040000
0.0001050000
0.0000620000
0.0001100000
0.0000430000
0.0000670000
-0.0000190000
-0.0000320000
-0.0000380000
-0.0001740000
-0.0001220000
-0.0001650000
-0.0001190000
0.8824090000
-0.8822470000
-0.8821700000
0.8824280000
0.8824260000
-0.8821790000
0.8824360000
-0.8822310000
-0.8822820000
0.8823850000
0.8824520000
-0.8821960000
0.8823820000
-0.8822640000
0.8824590000
-0.8822870000
-0.8824100000
0.8823320000
-0.8825070000



ZTITZTTZTTTTTTTTTTT

6.4160990000
-6.4159750000
-6.4160480000

7.7005670000

7.7004680000
-7.7005490000
-7.7004950000

9.0216360000

9.8804290000

9.0220460000
-9.0217910000
-9.0218900000
-9.8804240000

2,2,4,5,5-Pentametildekan (C;5H3,)

asiiasianiiasiicsiiasiiasiianiios oo NoNONoNONoNONONONONONONONO N

0.0023240000
0.8434390000
2.3754170000
3.1703970000
-1.5136780000
0.4455990000
0.1837640000
0.5533740000
-2.2139320000
4.6625670000
2.7343370000
3.0022550000
-3.7070040000
-4.4332430000
-5.9208680000
0.5092830000
2.5759640000
2.8364800000
-2.0330250000
-1.6682260000
-0.1393630000
1.5082030000
0.2906190000
-0.0514150000
1.2125840000

-1.0517740000
-1.0518210000
-1.0517480000
1.1183970000
1.1182630000
1.1183720000
1.1182880000
-1.0485150000
0.2325150000
-1.0479010000
-1.0482900000
-1.0481310000
0.2325170000

1.4258860000
0.2626400000
0.3999150000
-0.8753960000
1.2789990000
2.8053350000
1.4180770000
0.0824250000
-0.0174430000
-0.4924840000
-1.3656120000
-2.0227310000
-0.0255710000
-1.3070760000
-1.3081670000
-0.6592390000
1.1486710000
0.8087700000
2.1279210000
1.4233530000
3.6063730000
3.0058560000
2.8985610000
0.4357660000
1.6720110000
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0.8824710000
-0.8824980000
0.8824790000
0.8819000000
-0.8823450000
0.8819710000
-0.8822780000
-0.8888990000
-0.0005910000
0.8889960000
-0.8890120000
0.8888850000
-0.0002240000

-0.1497620000
0.4990690000
0.2661810000

-0.1421570000
0.1708650000
0.3814190000

-1.6832300000
2.0011710000

-0.2568880000

-0.2030250000

-1.5365150000
0.8716550000
0.0936050000

-0.3284140000
0.0314700000

-0.0079760000

-0.5159450000
1.1832650000

-0.3110300000
1.2541620000

-0.1003740000
0.1739560000
1.4679850000

-2.1220350000

-1.9804100000
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-0.4807530000
1.1790940000
-0.4944250000
0.7762430000
-1.7325820000
-2.1025170000
5.2802750000
5.0290910000
4.8362870000
1.6726300000
3.3243170000
2.8810050000
3.6212240000
1.9596570000
3.3177550000
-3.8272930000
-4.1993900000
-4.3173500000
-3.9390280000
-6.4505960000
-6.4140530000
-6.0691790000

4,6,8-Trimetildodekan (C;5H3,)

-NoNoNoNoNoNONONONONONONONONONQ

1.1168940000
-0.0845260000
1.8214340000
-1.2720100000
3.0205620000
-1.9844420000
2.6903910000
2.0808520000
-2.2398400000
-3.0658870000
3.6533200000
1.6202620000
-3.6745740000
1.3963890000
-4.7528230000
0.7374430000

2.1627850000
-0.7155870000
-0.1873820000

1.0017350000
-0.8892540000
-0.1686390000
-1.3500790000
-0.1582860000

0.3270240000
-1.6588810000
-2.2459260000
-0.5829620000
-2.8875440000
-2.3729530000
-1.7167230000

0.1191510000

0.8447040000
-1.4482980000
-2.1770960000
-0.4700020000
-2.2413770000
-1.2052300000

-1.3944560000
-2.3020370000
-0.8751370000
-1.6834560000
0.0785450000
-0.5872410000
1.3559750000
-2.1610170000
-2.7993000000
0.1959590000
0.4055930000
2.2841480000
1.3378390000
3.5378300000
2.1198360000
-0.5281110000
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-2.1525530000
2.4259380000
2.2009250000
2.5677520000
0.2212790000

-1.3451410000

-0.5178820000
0.7820530000

-0.9204460000

-1.5577230000

-1.8419490000

-2.2992060000
0.5788480000
0.9319680000
1.8830720000
1.1842670000

-0.3806610000

-1.4190630000
0.1424580000

-0.4530190000

-0.2852950000
1.1201230000

-0.7082960000
-0.3618960000
0.5617550000
0.4067500000
0.3686770000
-0.4110020000
-0.4364390000
-1.6274930000
0.8313370000
0.3432450000
1.7308650000
0.1548360000
-0.4793550000
-0.6954540000
0.2740680000
-1.2786360000
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0.2961650000
-0.4763520000
1.0804910000
2.1727430000
-0.8845330000
3.7892450000
-2.4275750000
-1.2357300000
3.6262740000
2.3843090000
2.5188430000
1.5557530000
2.9124100000
-1.7192920000
-3.0706550000
-2.6769120000
-2.6325790000
-3.8768130000
4.0045870000
4.5191110000
2.9349210000
0.6643520000
1.9070570000
-4.1016780000
-2.8708240000
1.0749350000
2.3223480000
0.6228740000
-5.5896700000
-5.1690200000
-4.3482290000

5-Etil-5-propildekan (CysH3;)

oHONONONONONS!

-0.8439130000

0.5264700000
-1.4520880000
-0.6901720000
-1.7668290000

1.6469200000
-1.7272710000

-3.1611830000
-2.7323850000
-0.3746500000
-1.7510570000
-1.2141860000
-0.4601070000
-1.0481780000
0.1357420000
1.9327340000
1.0728140000
-3.0293320000
-2.5427210000
-1.5319260000
-3.5701740000
-2.4187880000
-3.2984340000
0.6106230000
-0.4823360000
-0.5109580000
1.0794870000
0.8937980000
1.7402160000
2.5867040000
0.9257150000
2.0286050000
3.2763190000
4.1316360000
4.1906910000
1.4645090000
2.9328700000
2.5735880000

-0.6485140000
-0.2231570000
0.4887520000
-1.8807080000
-0.9817880000
0.1572830000
1.8387380000

88

0.2218500000
-1.3028900000
1.2089240000
1.1404800000
1.3303570000
-0.2145200000
-1.3154850000
-0.7798110000
-0.5592390000
-1.4598390000
-1.1038110000
-2.5184290000
-1.9809850000
1.4229090000
1.4448950000
-0.0518260000
1.2737420000
0.6630760000
2.2328360000
1.6196980000
2.4108030000
0.2558800000
1.1772910000
-1.4124810000
-0.7952220000
-1.7183110000
-0.7845580000
-0.2595200000
0.5707430000
-0.3425680000
1.1950640000

0.2190370000
0.8187480000
-0.6510260000
-0.7176240000
1.4263770000
-0.1575420000
0.0234070000
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-0.0852740000
-3.2004310000
2.9398000000
-2.3194680000
-0.0184940000
4.0758190000
-2.5996620000
5.3620530000
0.8897720000
0.3554490000
-2.3952840000
-0.7836480000
-1.6845890000
-0.0855500000
-1.2763820000
-1.8048870000
1.3205930000
1.8693140000
-2.4219230000
-0.7960610000
-0.6764680000
0.9310740000
-3.2329060000
-3.7679370000
-3.7471740000
3.2773390000
2.7289680000
-3.2545810000
-1.6282740000
0.5944360000
-1.0228250000
0.4218470000
3.7388990000
4.2867880000
-3.3162770000
-3.0234380000
-1.6770700000
5.7450080000
6.1578350000
5.1931910000

-3.1605140000
-1.4253150000
0.5701500000
2.8723280000
-4.2979560000
0.9540340000
4.2260050000
1.3648750000
-1.0396210000
0.6270640000
0.1206630000
0.6589560000
-2.1250190000
-1.5811850000
-1.7656710000
-0.0981600000
0.9876620000
-0.6879930000
1.7083530000
2.2492100000
-3.4939360000
-2.9600700000
-2.3474690000
-0.6540280000
-1.6298000000
-0.2566440000
1.4204990000
2.4716940000
3.0112730000
-4.0158720000
-4.5592010000
-5.2094360000
1.7805790000
0.1038560000
4.1262530000
4.9455210000
4.6701460000
0.5466940000
1.6336170000
2.2367750000
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-0.1257140000
1.1159050000
0.5567010000

-0.9432990000

-1.1496820000

-0.3972640000

-0.2866770000
0.3232260000
1.4680080000
1.5026790000

-1.0927750000

-1.5134740000

-1.1322170000

-1.5924300000
2.0288830000
2.0867470000

-0.8091320000

-0.8330780000
0.8725510000
0.4534910000
0.7447930000
0.2556520000
0.5133900000
0.5707770000
2.0509470000
1.2104840000
1.2329910000

-1.3767650000

-1.7951960000

-2.0229900000

-1.5249230000

-0.7139790000

-1.0501740000

-1.0723170000
0.5465400000

-1.0058920000
0.1249320000
0.9570640000

-0.3902440000
0.9782070000



n-ikozan (CyHy)
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12.048005000
12.101492000
12.101488000
12.944502000
10.777984000
10.774717000
10.774721000
9.513710000
9.519306000
9.519310000
8.240647000
8.236553000
8.236549000
6.977591000
6.981767000
6.981770000
5.704173000
5.700159000
5.700154000
4.441242000
4.445339000
4.445341000
3.167807000
3.163763000
3.163759000
1.904891000
1.908968000
1.908969000
0.631456000
0.627394000
0.627392000
-0.631456000
-0.627393000
-0.627394000
-1.904891000
-1.908968000
-1.908968000
-3.167807000
-3.163760000
-3.163763000

0.351271000
0.998192000
0.998168000
-0.278614000
-0.496240000
-1.164107000
-1.164085000
0.374605000
1.043016000
1.043037000
-0.482083000
-1.149977000
-1.149996000
0.389745000
1.057737000
1.057753000
-0.466861000
-1.134817000
-1.134831000
0.405140000
1.073109000
1.073118000
-0.451447000
-1.119412000
-1.119419000
0.420576000
1.088546000
1.088549000
-0.436012000
-1.103981000
-1.103982000
0.436015000
1.103987000
1.103983000
-0.420573000
-1.088547000
-1.088541000
0.451450000
1.119423000
1.119414000
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-0.000017000
0.882945000
-0.882997000
-0.000011000
-0.000003000
-0.883587000
0.883599000
-0.000011000
-0.882288000
0.882249000
0.000002000
0.882874000
-0.882857000
-0.000005000
-0.882822000
0.882801000
0.000005000
0.882844000
-0.882823000
0.000002000
-0.882836000
0.882833000
0.000008000
0.882850000
-0.882828000
0.000008000
-0.882832000
0.882845000
0.000009000
0.882849000
-0.882830000
0.000011000
-0.882828000
0.882852000
0.000008000
0.882845000
-0.882833000
0.000011000
-0.882825000
0.882853000



-4.441242000
-4.445340000
-4.445338000
-5.704173000
-5.700156000
-5.700160000
-6.977591000
-6.981770000
-6.981766000
-8.240647000
-8.236549000
-8.236555000
-9.513709000
-9.519309000
-9.519304000
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n-Pentakontan (C50H102)

C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

-10.777984000
-10.774717000
-10.774723000
-12.048004000
-12.101492000
-12.944502000
-12.101485000

-0.632437
-1.895566
-3.160407
-4.423502
-5.688422
-6.951399
-8.216457
-9.479342
-10.744554
-12.007304
-13.272596
-14.535358
-15.800487
-17.063485
-18.328337
-19.591600

-0.405137000
-1.073117000
-1.073106000
0.466863000
1.134832000
1.134819000
-0.389745000
-1.057752000
-1.057737000
0.482082000
1.149994000
1.149977000
-0.374607000
-1.043037000
-1.043020000
0.496236000
1.164101000
1.164083000
-0.351276000
-0.998194000
0.278607000
-0.998176000

-0.433307
0.435842
-0.430821
0.438353
-0.428184
0.441181
-0.425167
0.444354
-0.421779
0.447973
-0.418013
0.451716
-0.414508
0.454842
-0.411794
0.457176
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0.000004000
0.882835000
-0.882835000
0.000008000
-0.882821000
0.882847000
-0.000002000
0.882804000
-0.882819000
0.000002000
-0.882857000
0.882874000
-0.000010000
0.882252000
-0.882285000
-0.000006000
-0.883592000
0.883594000
-0.000019000
0.882945000
-0.000016000
-0.882997000

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
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-20.856161
-22.119780
-23.383912
-24.647980
-25.911728
-27.176103
-28.439712
-29.703358
-30.963341
0.632437
1.895566
3.160407
4.423502
5.688422
6.951399
8.216457
9.479342
10.744554
12.007304
13.272596
14.535358
15.800487
17.063485
18.328337
19.591600
20.856161
22.119780
23.383912
24.647980
25911728
27.176103
28.439712
29.703358
30.963341
-0.633102
-0.633102
-1.894937
-1.894937
-3.161059
-3.161059
-4.422821
-4.422821

-0.409874
0.458565
-0.409140
0.458614
-0.409683
0.457670
-0.410725
0.457076
-0.403628
0.433307
-0.435842
0.430821
-0.438353
0.428184
-0.441181
0.425167
-0.444354
0.421779
-0.447973
0.418013
-0.451716
0.414508
-0.454842
0.411794
-0.457176
0.409874
-0.458565
0.409140
-0.458614
0.409683
-0.457670
0.410725
-0.457076
0.403628
-1.083022
-1.083022
1.085572
1.085572
-1.080538
-1.080538
1.088072
1.088072

92

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
-0.000000
-0.000000
-0.000000
-0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.903030
-0.903030
0.903024
-0.903024
-0.903030
0.903030
0.903028
-0.903028



T T T I TIT T I T I I I I I I I I I T T T T T T T T T T T TTITITIT I

-5.689148

-5.689148

-6.950604

-6.950604

-8.217254

-8.217254

-9.478470

-9.478470
-10.745478
-10.745478
-12.006355
-12.006355
-13.273554
-13.273554
-14.534474
-14.534474
-15.801278
-15.801278
-17.062800
-17.062800
-18.328931
-18.328931
-19.591113
-19.591113
-20.856530
-20.856530
-22.119580
-22.119580
-23.383945
-23.383945
-24.648100
-24.648100
-25.911478
-25.911478
-27.176412
-27.176412
-28.439782
-28.439782
-29.712068
-29.712068
-30.992111
-31.860432

-1.077900
-1.077900
1.090912
1.090912
-1.074879
-1.074879
1.094080
1.094080
-1.071503
-1.071503
1.097692
1.097692
-1.067738
-1.067738
1.101435
1.101435
-1.064237
-1.064237
1.104549
1.104549
-1.061533
-1.061533
1.106882
1.106882
-1.059608
-1.059608
1.108276
1.108276
-1.058875
-1.058875
1.108320
1.108320
-1.059421
-1.059421
1.107394
1.107394
-1.060411
-1.060411
1.106910
1.106910
-1.045717
0.250740

93

-0.903032
0.903032
0.903022

-0.903022

-0.903031
0.903031
0.903020

-0.903020

-0.903029
0.903029
0.903026

-0.903026

-0.903024
0.903024
0.903028

-0.903028

-0.903020
0.903020
0.903035

-0.903035

-0.903024
0.903024
0.903032

-0.903032

-0.903021
0.903021
0.903033

-0.903033

-0.903019
0.903019
0.903036

-0.903036

-0.903020
0.903020
0.903031

-0.903031

-0.903093
0.903093
0.902216

-0.902216
0.906079
0.000000



T T T I TIT T I T I I I I I I I I I T T T T T T T T T T T TTITITIT I

-30.992111
0.633102
0.633102
1.894937
1.894937
3.161059
3.161059
4.422821
4.422821
5.689148
5.689148
6.950604
6.950604
8.217254
8.217254
9.478470
9.478470

10.745478
10.745478
12.006355
12.006355
13.273554
13.273554
14.534474
14.534474
15.801278
15.801278
17.062800
17.062800
18.328931
18.328931
19.591113
19.591113
20.856530
20.856530
22.119580
22.119580
23.383945
23.383945
24.648100
24.648100
25.911478

-1.045717
1.083022
1.083022

-1.085572

-1.085572
1.080538
1.080538

-1.088072

-1.088072
1.077900
1.077900

-1.090912

-1.090912
1.074879
1.074879

-1.094080

-1.094080
1.071503
1.071503

-1.097692

-1.097692
1.067738
1.067738

-1.101435

-1.101435
1.064237
1.064237

-1.104549

-1.104549
1.061533
1.061533

-1.106882

-1.106882
1.059608
1.059608

-1.108276

-1.108276
1.058875
1.058875

-1.108320

-1.108320
1.059421

94

-0.906079
-0.903030
0.903030
0.903024
-0.903024
-0.903030
0.903030
0.903028
-0.903028
-0.903032
0.903032
0.903022
-0.903022
-0.903031
0.903031
0.903020
-0.903020
-0.903029
0.903029
0.903026
-0.903026
-0.903024
0.903024
0.903028
-0.903028
-0.903020
0.903020
0.903035
-0.903035
-0.903024
0.903024
0.903032
-0.903032
-0.903021
0.903021
0.903033
-0.903033
-0.903019
0.903019
0.903036
-0.903036
-0.903020
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25.911478
27.176412
27.176412
28.439782
28.439782
29.712068
29.712068
30.992111
31.860432
30.992111

1.059421
-1.107394
-1.107394

1.060411

1.060411
-1.106910
-1.106910

1.045717
-0.250740

1.045717

14-Biitil-13-desil-13-oktiloktakozan (CsoH;(;)

oNoNoNoNoNoNoNoNoNoNONoNO RO NONoNoNoNoNoNoNoNoNoNONONONQ!

-1.543991
-2.483168
-2.502600
-3.654549
-3.658340
-4.813278
-4.817224
-5.972365
-5.979532
-1.819662
-0.871700
-1.447064
-0.477202
-1.052910
-0.082609
-0.657766

0.312615
-0.262927

0.700067
-1.943073
-3.447308
-3.667500
-5.158380
-5.377457
-6.868336
-7.088326
-8.579371
-8.799866

0.040754
-0.819989
-2.345805
-3.009020
-4.527487
-5.187804
-6.706001
-7.365597
-8.876949

1.542778

2.612534

4.021226

5.089864

6.497347

7.565474

8.973285
10.041389
11.448615
12.514654
-0.182629
-0.106927
-0.321641
-0.260312
-0.475650
-0.415144
-0.630479
-0.569795
-0.784787

95

0.903020
0.903031
-0.903031
-0.903093
0.903093
0.902216
-0.902216
0.906079
0.000000
-0.906079

-2.239472
-3.170951
-2.921219
-3.687085
-3.473276
-4.235292
-4.021538
-4.783398
-4.573333
-2.639981
-2.072426
-2.270218
-1.751707
-1.946656
-1.428537
-1.623813
-1.105865
-1.301703
-0.787340
-0.729745
-0.380301

1.123071

1.476977

2.979024

3.331780

4.833788

5.185987

6.688017
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-10.290879
-10.510797
-11.993750
-0.024849
0.515055
1.034225
1.645858
2.146309
1.001543
2.352138
3.274124
4.626157
5.548346
6.901274
7.824196
9.177364
10.100355
11.453511
12.376243
13.729314
14.651025
15.998881
-3.522939
-2.209313
-1.553398
-2.620810
-4.621636
-3.548467
-2.693229
-3.761925
-5.778434
-4.709774
-3.852282
-4.920662
-6.940919
-5.873691
-5.031018
-6.102779
-6.824979
-1.820704
-2.856404
-0.698292

-0.723484
-0.938421
-0.877393
-0.412119
-0.071380
-1.312875
-0.930935
-2.164224

0.018373
-0.712350
-0.363920
-1.075123
-0.725505
-1.434594
-1.083526
-1.792180
-1.440586
-2.149335
-1.797946
-2.506818
-2.155357
-2.859164
-0.433468
-0.666225
-2.799670
-2.574010
-2.587583
-2.790295
-4.951549
-4.745638
-4.763878
-4.969499
-7.130231
-6.924496
-6.949072
-7.154340
-9.322342
-9.116195
-9.326377

1.659399

1.809173

2.454426

96

7.040017
8.541787
8.896070
-2.476730
-3.906713
-4.651862
-6.004605
-6.750688
-1.374722
-1.491606
-0.315894
-0.447038
0.726810
0.594226
1.767160
1.634472
2.807218
2.674840
3.847892
3.715884
4.889264
4.761605
-3.094043
-4.235616
-3.272305
-1.843355
-3.333801
-4.772729
-3.828695
-2.387314
-3.879783
-5.321219
-4.377311
-2.935615
-4.430160
-5.870593
-4.942165
-3.495528
-5.135661
-3.743942
-2.353037
-0.989274
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H
H

0.093040
-1.639096
-2.411413
-0.284720
0.487570
-1.245602
-2.017370
0.109846
0.881964
-0.850287
-1.622286
0.504987
1.277254
-0.454433
-1.225962
0.888793
1.663726
0.257459
-1.565983
-1.434088
-3.861180
-4.014413
-3.261555
-3.122876
-5.565251
-5.703784
-4.970272
-4.832841
-7.275458
-7.412805
-6.681368
-6.543906
-8.986307
-9.123700
-8.393354
-8.255301
-10.697555
-10.835692
-10.110336

-9.971564
-12.122015
-12.413504

2.561512
4.192409
4.105444
4.917756
5.008123
6.669204
6.579448
7.393614
7.482995
9.145081
9.055844
9.870075
9.959061
11.628512
11.539616
12.372784
12.462006
13.521188
-1.173914
0.569019
0.884342
-0.889857
-1.315072
0.464394
0.732952
-1.046617
-1.468760
0.310966
0.577937
-1.201705
-1.623614
0.156070
0.423260
-1.356437
-1.778024
0.001643
0.269784
-1.509975
-1.931585
-0.153615
-1.036189
0.116138

97

-2.618573
-3.352633
-1.721932
-0.669604
-2.299559
-3.028747
-1.398322
-0.346394
-1.976626
-2.705956
-1.075639
-0.023592
-1.653916
-2.382130
-0.753395
0.298176
-1.337501
-0.942129
-0.396792
-0.094496
-0.653280
-0.923756
1.416274
1.691517
1.184656
0.909615
3.271466
3.546656
3.039120
2.763902
5.126467
5.401714
4.892987
4.618090
6.980985
7.255983
6.747282
6.472319
8.841141
9.115953
9.987536
8.629999
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-12.553005
-0.032713
-0.259333

1.323644
1.800538
0.188421
0.883310
2.499054
2.929450
1.306741
2.583185
1.202712
0.609920
2.180662
2.859654
3.438052
2.789200
4.462181
5.111988
5.710723
5.063574
6.739031
7.385443
7.986134
7.340176
9.015505
9.661251
10.262300
9.616366
11.291560
11.937648
12.538336
11.891979
13.567502
14.214083
14.820445
14.174369
16.643729
15.859824
16.508737

-1.669398
-1.515523

0.384965

0.689037
-1.833877
-2.014442
-0.417390
-0.235654
-2.682665
-2.865837
-1.857761

1.103612
-0.220860
-1.811138
-0.418181

0.736137
-0.670847
-2.175168
-0.769028

0.374777
-1.033103
-2.534913
-1.127794

0.016843
-1.390487
-2.892561
-1.485449
-0.340213
-1.747126
-3.249702
-1.842582
-0.697589
-2.104533
-3.607233
-2.200010
-1.056775
-2.462587
-2.586373
-3.961310
-2.549465

98

8.353802
-2.372756
-4.548475
-3.845064
-4.040357
-4.819763
-6.629979
-5.846798
-6.157365
-6.943025
-7.724411
-1.407065
-0.367510
-1.504896
-2.434528
-0.290908

0.637057
-0.471366
-1.399879

0.751803

1.679681

0.570310
-0.359224

1.791102

2.720623

1.610867

0.680865

2.830684

3.760835

2.651114

1.721366

3.871531

4.801364

3.692181

2.762717

4.917146

5.845700

5.623420

4.756950

3.824470



9-Ter-biitil-11-heptil-10-heksil-11-oktil-10-pentilikozan (CsoH;(;)

oNoNoNoNoNoNoNoNoNoNONoNoNoNONoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNONoNONONONONS!

-1.166446
-2.310099
0.098722
-1.043295
-1.470946
-3.005859
-3.932264
-5.405469
-6.315441
-7.787180
-8.697185
10.168619
11.077639
-0.418747
0.771372
1.857349
3.137708
3.844960
5.133907
5.835744
7.123864
7.825724
9.113268
9.814972
0.140601
0.207943
-0.509948
-0.466839
-1.191857
-1.148649
-1.874974
-1.833287
1.562592
2.446618
3.644732
4.483251
5.681311
6.519187
7.713028
-1.172977

-0.446781
-0.882665
-1.050445
1.093387
-0.800308
-1.175505
0.058000
-0.357610
0.868672
0.452729
1.678962
1.262628
2.480595
-1.600322
-0.607754
-0.163735
0.519587
1.332295
1.968779
2.785318
3.423720
4.240618
4.879022
5.692780
0.721527
2.086015
3.181354
4.524866
5.614980
6.957845
8.047294
9.385823
-1.300749
-2.541008
-2.611650
-3.870127
-3.936020
-5.193903
-5.263152
-2.329062

99

-2.622454
-3.600801
-3.282596
-2.818287
-1.024858
-0.827918
-0.718411
-0.618165
-0.482099
-0.375866
-0.238888
-0.132490
0.003794
-0.006486
0.651513
-0.403183
0.145911
-0.946507
-0.413834
-1.505115
-0.972320
-2.063522
-1.530117
-2.613521
1.310781
0.576994
1.379954
0.641501
1.439065
0.700604
1.497668
0.766277
1.859682
1.583634
2.543546
2.288739
3.242958
2.987198
3.934950
1.217776
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-1.933340
-2.829796
-3.564485
-4.462115
0.211893
-0.767861
-0.014063
-0.990494
-0.238163
-1.207066
-2.455308
-3.274775
-2.072882
0.229008
1.034125
0.012828
-1.840203
-0.057356
-1.118084
-1.458482
-3.370989
-3.242702
-3.658550
-3.809122
-5.688260
-5.543548
-6.028304
-6.181821
-8.074417
-7.920352
-8.409988
-8.564311
-10.464027
-10.309877
-12.134702
-10.819643
-10.974440
1.385187
2.244263
2.920561
3.841185
4.088644

-1.519370
-2.434793
-1.638167
-2.544801
-2.848210
-3.834159
-4.861999
-5.793821
-6.822049
-7.750485
-1.981271
-0.385569
-0.607341
-0.646105
-0.789636
-2.140573
1.646239
1.469118
1.379353
0.187227
-1.870486
-1.758603
0.637623
0.732269
-0.927129
-1.016216
1.440327
1.526156
-0.118829
-0.204985
2.250523
2.336789
0.693543
0.607641
2.148968
3.054148
3.140422
0.518610
-1.019618
1.181027
-0.260718
0.663390

100

2.301716
3.148333
4.233116
5.069812
-0.769964
-1.457844
-2.317253
-3.044990
-3.897138
-4.623374
-3.609778
-3.390081
-4.652645
-4.311319
-2.784923
-3.428029
-2.281669
-2.491446
-3.890616
-0.562866
-1.603628
0.060121
0.190338
-1.586224
-1.530854
0.267865
0.428100
-1.369490
-1.286043
0.511458
0.671340
-1.126172
-1.040915
0.754869
0.078650
0.919522
-0.883937
-1.124544
-0.973923
1.007937
0.505921
-1.801365
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3.163891
4.888061
5.818490
6.081978
5.150449
6.877363
7.809203
8.072737
7.140485
8.873611
9.804943
10.088752
9.153358
10.741936
-0.922603
0.574151
1.248847
-0.284129
-1.571208
-0.020444
0.592928
-0.952180
-2.251718
-0.707212
-0.088853
-1.632562
-2.936620
-1.394766
-2.330140
-2.366095
-0.781883
2.221708
0.893099
1.847740
2.829241
4.286544
3.273474
3.847845
4.849908
6.317311
5.314989
5.890780

2.133915
2.634616
1.168674
2.119393
3.584686
4.089454
2.624415
3.574972
5.039939
5.549168
4.085486
5.040226
6.510162
6.142184
0.585177
0.911031
2417886
2.022361
2.887479
3.291680
4.825444
4.413382
5.314151
5.726484
7.259289
6.846154
7.754676
8.166728
9.300337
10.153718
9.714279
-0.539543
-1.545112
-3.458135
-2.548002
-1.714226
-2.621519
-4.771713
-3.860838
-3.034818
-3.945190
-6.099408

101

-1.308356
0.442836
-0.054995
-2.361563
-1.864329
-0.115775
-0.613094
-2.920004
-2.422974
-0.675818
-1.172000
-3.469851
-2.971629
-2.199104
1.511935
2.316949
0.416652
-0.400923
1.539486
2.372688
0.486112
-0.353438
1.593502
2.434187
0.546874
-0.294907
1.651451
2.493408
-0.223629
1.365790
0.622212
2.327331
2.703343
1.760244
0.544437
2.406054
3.592290
2433411
1.238435
3.097924
4.293367
3.133938
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8,14-Dietil-9-heptil-13-heksil-10,15-dimetil-11-pentil-12-propiltrikozan (CsoHy;)

C
C
C
C
C
C
C
C
C
C

6.891766
8.300017
8.372099
7.366823
-1.877515
-0.465354
-1.219713
-2.577229
-3.579242
-2.205317
-2.825782
-4.190816
-5.228076
-3.856894
-4.979359
0.984281
0.764214
-1.339422
-1.493178
0.619481
0.652062
-1.619551
-1.655382
0.389676
0.426678
-0.635078
-1.830352
-1.867735

4.922036
5.889881
4.657592
5.578055
7.081217
7.920321
9.418874
10.256673
11.754731
12.592059

-5.189758
-6.182436
-4.380623
-5.294118
-3.086443
-2.982294
-1.029952
-0.738432
-2.928546
-3.221373
-1.146200
-0.850309
-3.028814
-3.328446
-1.942037
-2.569876
-3.487038
-4.413084
-3.295269
-4.342962
-5.465526
-6.325333
-5.188982
-6.297636
-7.432668
-8.482584
-8.306884
-7.166576

-2.134565
-3.253632
-1.072994
0.164561
-0.147809
1.134033
0.817890
2.099091
1.782382
3.055218
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1.939563
3.726797
3.790528
4.990066
0.836975
1.765498
2.993155
1.855731
2.490802
3.626807
4.902846
3.760183
4.427039
5.573464
5.845744
-1.488430
-0.070011
-0.705811
-2.086661
-3.067835
-1.661785
-2.297100
-3.700718
-4.650255
-3.247943
-5.231500
-3.891242
-5.299149

-1.191328
-0.783170
-0.065477
-0.330417
-0.226664
-0.314512
-0.240630
-0.325663
-0.252720
-0.337118
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3.097410
2271013
0.666871
-0.147583
-1.742264
-2.671639
-4.175939
-5.104520
-6.348576
-7.172748
-8.418027
-9.240805
10.486886
11.309238
12.550925
-4.792920
-2.103708
-1.283548
-2.128909
-2.603569
-3.049968
-3.469153
-3.910695
-4.325267
0.411074
1.044290
1.644273
0.190120
0.521183
-0.132405
0.196037
-0.457767
2.792829
2.802581
2.707242
2.381617
2.190754
1.854467
1.659961
1.323853
5.325371
3.987869

-0.742559
-1.789893
-1.821426
-1.153730
-1.336505
-0.281457
-0.171781
0.282489
1.049529
1.557035
2.315296
2.822257
3.579271
4.085150
4.838596
-1.391246
1.187340
1.597908
-2.855178
-3.317157
-4.783788
-5.256624
-6.723969
-7.197693
-1.646620
-0.505321
-1.019407
-1.381146
-2.409608
-2.018236
-3.038759
-2.654970
-3.244707
0.691865
1.786932
3.147988
4.221668
5.578316
6.651111
8.002991
-1.641583
-2.610129
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0.041674
0.930369
0.774868
1.982255
2.012154
1.249482
1.770383
0.605611
1.085386
-0.104465
0.370241
-0.820101
-0.345891
-1.536569
-1.068717
2.477391
1.285540
0.061906
1.860276
0.468874
0.497735
-0.899659
-0.874835
-2.264797
3.372766
4.186941
5.492215
-0.637012
-1.737805
-3.068167
-4.163475
-5.487470
0.889271
0.595329
-0.485303
0.143312
-0.933920
-0.304373
-1.381765
-0.759104
-2.102836
-1.544582
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5.368525
6.297285
6.738243
4.976524
5.380369
5.385776
7.289572
7.382795
7.700130
7.647639
9.638067
9.694284
10.037023
9.982278
11.982546
12.037257
13.670169
12.401893
12.346969
2.728667
2.526275
0.363726
0.050229
-2.013888
-2.735386
-4.200234
-4.546923
-5.415862
-6.989614
-6.030111
-6.545603
-7.484996
-9.046788
-8.105542
-8.612488
-9.552254
-11.115302
-10.175724
-10.688568
-11.626627
-13.125392
-13.202371

-4.035863
-3.738921
-2.873827
-1.469375
0.566881
0.965224
-0.652321
-0.817844
1.652272
1.812290
0.297811
0.142183
2.619440
2774713
1.265137
1.110061
2.795240
3.579248
3.735048
-0.766231
-1.478562
-2.884260
-0.079523
-1.085526
-0.592953
0.613730
0.951301
-0.602793
0.389159
1.917209
2.234408
0.691971
1.638609
3.180014
3.499745
1.957468
2.901971
4.444523
4.766423
3.225015
5.192245
4.171554
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-0.198293
-1.695141
-0.181377
0.921885
-1.346541
0.406706
0.742243
-1.059343
-1.274001
0.524044
0.718049
-1.080376
-1.284126
0.514520
0.704837
-1.092077
-0.281862
-1.298010
0.506589
-0.998768
1.958501
0.833282
1.930634
3.060575
0.191802
2.560650
-0.085951
0.007925
1.705289
1.704004
-0.725325
-0.730394
0.990188
0.996497
-1.439655
-1.446813
0.273802
0.280349
-2.158661
-2.165697
-1.950697
-0.464757
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-12.260338
-4.238709
-5.822216
-4.868952
-2.930348
-1.541125
-1.273466
-0.235712
-1.712329
-1.275400
-2.888960
-3.450171
-1.780988
-2.211476
-3.908213
-4.309386
-2.611583
-3.074571
-4.771769
-4.639274
-5.177669
-3.473184
-0.379814

1.129469
1.843998
0.265616
0.859298
2.446463
2.082827
-0.896346
0.600094
1.615481
0.162897
-1.235873
0.234941
1.297241
-0.169418
-0.202533
-1.562552
-0.091055
2.688337
3.832216

5.719598
-1.627577
-1.162043
-2.267181

1.931001

1.381261

2.705593

1.288834

1.184529
-3.496475
-3.138177
-2.701327
-3.231009
-5.417248
-4.893746
-4.625497
-5.142658
-7.361133
-6.844805
-8.261656
-6.592392
-7.110452
-2.102060
-2.483147
-0.006474

0.252761
-1.496283
-1.758557
-0.171300
-1.244676
-0.399834
-2.479085
-3.418425
-1.966619
-1.014261
-3.092523
-4.044372
-3.409946
-2.619970
-1.662291
-3.690702
-3.316040
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-0.457593
3.407300
2.817879
1.806010
1.317241
2222793

-0.025412
0.175444

-0.874863
2.163011
2.610364
0.107413

-0.255843
0.862987
1.196882

-1.264898

-1.599617

-0.512544

-0.181815

-2.216606

-2.640451

-2.972269
4.007305
3.260408
3.599980
4.421732
6.116971
5.281898
6.059016

-0.638040

-0.920415

-1.886129

-1.441561

-2.935022

-3.376062

-4.308033

-3.860521

-6.260633

-5.376251

-5.825388

-0.118083
1.255059
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n-Hekzakontan (CgoHy22)
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2.213818
1.830259
3.510851
3.650075
1.908117
1.450661
3.213147
3.124470
1.363581
0.921134
2.681045
2.590483
0.832669
1.188856
0.382310
2.147562

-0.433783
0.434408
-0.433234
0.434842
-0.432936
0.435004
-0.432899
0.434941
-0.433028
0.434735
-0.433367
0.434237
-0.434013
0.433501
-0.434736
0.432899
-0.435147
0.432722
-0.435048
0.433140
-0.434273
0.434291

-3.882955
0.702970
0.965749
1.880565
1.520732
3.067957
3.445702
4.313333
3.917508
5.484877
5.883969
6.753053
6.353353
8.758537
7.934727
8.336272

0.632114
1.895928
3.160104
4.423987
5.688073
6.952046
8.216051
9.480096
10.744048
12.008145
13.272003
14.536195
15.799957
17.064204
18.327980
19.592149
20.856048
22.120057
23.384143
24.647930
25.912263
27.175787
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1.590112
1.103644
1.403396
-1.051769
-1.209437
0.746445
0.819565
-1.531671
-1.612988
0.293973
0.374581
-1.981840
-2.062442
-1.561529
-0.173496
-0.092388

-0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
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-0.432720
0.436313
-0.430178
0.439384
-0.426621
0.443239
-0.422977
0.439385
0.433783
-0.434408
0.433234
-0.434842
0.432936
-0.435004
0.432899
-0.434941
0.433028
-0.434735
0.433367
-0.434237
0.434013
-0.433501
0.434736
-0.432899
0.435147
-0.432722
0.435048
-0.433140
0.434273
-0.434291
0.432720
-0.436313
0.430178
-0.439384
0.426621
-0.443239
0.422977
-0.439385
-1.083506
-1.083506
1.084133
1.084133

28.440398
29.703605
30.968565
32.231433
33.496745
34.759350
36.024089
37.282956
-0.632114
-1.895928
-3.160104
-4.423987
-5.688073
-6.952046
-8.216051
-9.480096
-10.744048
-12.008145
-13.272003
-14.536195
-15.799957
-17.064204
-18.327980
-19.592149
-20.856048
-22.120057
-23.384143
-24.647930
-25.912263
-27.175787
-28.440398
-29.703605
-30.968565
-32.231433
-33.496745
-34.759350
-36.024089
-37.282956
0.632273
0.632273
1.895796
1.895796
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0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
-0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.903025
-0.903025
0.903025
-0.903025
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-1.082962
-1.082962
1.084562
1.084562
-1.082663
-1.082663
1.084725
1.084725
-1.082629
-1.082629
1.084657
1.084657
-1.082759
-1.082759
1.084457
1.084457
-1.083089
-1.083089
1.083962
1.083962
-1.083737
-1.083737
1.083223
1.083223
-1.084456
-1.084456
1.082630
1.082630
-1.084859
-1.084859
1.082459
1.082459
-1.084755
-1.084755
1.082882
1.082882
-1.083976
-1.083976
1.084033
1.084033
-1.082428
-1.082428

3.160214

3.160214

4.423911

4.423911

5.688114

5.688114

6.952034

6.952034

8.216031

8.216031

9.480132

9.480132
10.744001
10.744001
12.008233
12.008233
13.271882
13.271882
14.536360
14.536360
15.799772
15.799772
17.064382
17.064382
18.327833
18.327833
19.592248
19.592248
20.856008
20.856008
22.120031
22.120031
23.384258
23.384258
24.647720
24.647720
25.912575
25.912575
27.175375
27.175375
28.440924
28.440924
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-0.903023
0.903023
0.903028

-0.903028

-0.903023
0.903023
0.903027

-0.903027

-0.903023
0.903023
0.903028

-0.903028

-0.903020
0.903020
0.903027

-0.903027

-0.903028
0.903028
0.903024

-0.903024

-0.903022
0.903022
0.903028

-0.903028

-0.903028
0.903028
0.903020

-0.903020

-0.903032
0.903032
0.903018

-0.903018

-0.903034
0.903034
0.903013

-0.903013

-0.903035
0.903035
0.903015

-0.903015

-0.903035
0.903035
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1.086050
1.086050
-1.079887
-1.079887
1.089121
1.089121
-1.076339
-1.076339
1.092940
1.092940
-1.072801
-1.072801
1.081529
1.081529
-0.213746
1.083506
1.083506
-1.084133
-1.084133
1.082962
1.082962
-1.084562
-1.084562
1.082663
1.082663
-1.084725
-1.084725
1.082629
1.082629
-1.084657
-1.084657
1.082759
1.082759
-1.084457
-1.084457
1.083089
1.083089
-1.083962
-1.083962
1.083737
1.083737
-1.083223

29.702947
29.702947
30.969346
30.969346
32.230510
32.230510
33.497781
33.497781
34.758627
34.758627
36.033635
36.033635
37.310858
37.310858
38.180953
-0.632273
-0.632273
-1.895796
-1.895796
-3.160214
-3.160214
-4.423911
-4.423911
-5.688114
-5.688114
-6.952034
-6.952034
-8.216031
-8.216031
-9.480132
-9.480132
-10.744001
-10.744001
-12.008233
-12.008233
-13.271882
-13.271882
-14.536360
-14.536360
-15.799772
-15.799772
-17.064382

109

0.903020
-0.903020
-0.903036

0.903036

0.903018
-0.903018
-0.903037

0.903037

0.903080
-0.903080
-0.902217

0.902217

0.906068
-0.906068

0.000000
-0.903025

0.903025

0.903025
-0.903025
-0.903023

0.903023

0.903028
-0.903028
-0.903023

0.903023

0.903027
-0.903027
-0.903023

0.903023

0.903028
-0.903028
-0.903020

0.903020

0.903027
-0.903027
-0.903028

0.903028

0.903024
-0.903024
-0.903022

0.903022

0.903028
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13-Metil-11,13,15,17-tetraoctilheptakozan (CgHi2,)
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-1.083223
1.084456
1.084456

-1.082630

-1.082630
1.084859
1.084859

-1.082459

-1.082459
1.084755
1.084755

-1.082882

-1.082882
1.083976
1.083976

-1.084033

-1.084033
1.082428
1.082428

-1.086050

-1.086050
1.079887
1.079887

-1.089121

-1.089121
1.076339
1.076339

-1.092940

-1.092940
1.072801
1.072801

-1.081529

-1.081529
0.213746

0.853046
0.023507
1.616665
2.613691

-17.064382
-18.327833
-18.327833
-19.592248
-19.592248
-20.856008
-20.856008
-22.120031
-22.120031
-23.384258
-23.384258
-24.647720
-24.647720
-25.912575
-25.912575
-27.175375
-27.175375
-28.440924
-28.440924
-29.702947
-29.702947
-30.969346
-30.969346
-32.230510
-32.230510
-33.497781
-33.497781
-34.758627
-34.758627
-36.033635
-36.033635
-37.310858
-37.310858
-38.180953

0.003166
-0.621725
1.247820
1.928198
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-0.903028
-0.903028
0.903028
0.903020
-0.903020
-0.903032
0.903032
0.903018
-0.903018
-0.903034
0.903034
0.903013
-0.903013
-0.903035
0.903035
0.903015
-0.903015
-0.903035
0.903035
0.903020
-0.903020
-0.903036
0.903036
0.903018
-0.903018
-0.903037
0.903037
0.903080
-0.903080
-0.902217
0.902217
0.906068
-0.906068
0.000000

-0.080193
1.068717
0.488568

-0.475592
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2.779665
3.483204
3.578332
4.073093
4.187989
4.571027
1.846650
2.848209
2.377968
2.566894
1.892456
2.101972
1.423909
1.632984
0.954449
1.160255
4.292336
5.343884
6.761232
7.810998
9.228013
10.277971
11.695036
12.745142
14.161575
15.209738
-0.133830
-1.132616
-0.690010
-1.088479
-0.540827
-0.654892
-0.085942
-0.059974
0.493297
0.555481
-2.582541
-3.316042
-3.714449
-4.797286
-5.123581
-6.195883

3.417948
4.194251
5.683827
6.516265
7.996667
8.851400
-1.073590
-1.722654
-3.134585
-4.250307
-5.549420
-6.670326
-7.967446
-9.088360
-10.384771
-11.503009
-1.718245
-2.170687
-2.029609
-2.490311
-2.348546
-2.809239
-2.667642
-3.127336
-2.985811
-3.442253
0.385018
1.570522
2.835800
4.146754
5.351857
6.648436
7.831650
9.107852
10.289463
11.554782
1.193129
0.241030
0.933613
2.021385
2.622968
3.712812
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-0.129957
-1.247911
-0.888981
-2.076047
-1.692764
-2.896690
-0.648143
0.365744
0.822489
-0.224206
0.233017
-0.792031
-0.335510
-1.360424
-0.903534
-1.921141
-0.201471
0.825057
0.257299
1.275388
0.707369
1.725287
1.157122
2.175300
1.606450
2.617086
-1.248859
-0.995794
-1.782243
-1.087439
-1.866592
-1.058969
-1.852610
-1.004930
-1.810147
-0.960104
-1.412840
-0.426565
0.910883
0.787150
2.159632
2.043211



T TITIZI T TITIZITZT T I I I I ITIIIZIITIIZITITI DT TIIDT T OOO0OOOO0OOO0OOOOAO

-6.519819
-7.591724
-7.915157
-8.982147
-4.511936
-5.237042
-6.267955
-7.006546
-8.035953
-8.774354
-9.803738
10.542259
11.570962
12.308637
-0.725911
-0.513364
0.665939
0.876543
2.176853
3.603142
2.293101
1.781693
3.357923
4.503807
2.903712
2.575691
4.273325
5.067521
3.356167
3.217684
4.960362
5.548080
3.793109
4.656188
1.247268
2.409277
2.884023
2.923650
1.306195
2.136496
3.650274
2.320095

4.315202
5.405206
6.007104
7.092205
-0.433709
-1.476055
-2.256906
-3.280881
-4.063226
-5.087060
-5.869735
-6.893422
-7.675766
-8.695388
0.092365
-1.529507
-0.904202
1.987925
0.973512
1.433500
1.815856
3.879427
3.511348
3.782060
4.078205
6.058823
5.807970
6.141575
6.408191
8.360323
8.118158
8.521165
8.775013
9.913943
-1.873282
-0.616327
-1.101239
-3.418249
-3.086457
-3.944292
-4.447814
-5.860762

112

3.415364
3.299001
4.671210
4.559644
-1.146647
-0.279661
-1.103675
-0.233649
-1.057606
-0.187312
-1.011143
-0.140851
-0.965229
-0.102340
1.462686
0.719688
1.927705
0.850739
1.406459
-0.391677
-1.528427
0.030008
0.815467
-1.405932
-2.190388
-0.585271
-0.029432
-2.404521
-2.920034
-1.290750
-0.902354
-3.309313
-3.686158
-2.585652
-1.132492
-1.490552
1.281510
1.748348
1.104931
-1.200399
-0.368119
1.211714



eojjenjijesiesiasiasianianianiicsiiesiiosiiosfiasiiasiiasfiasiiasiasilanfianfianfianfanfasfiasiiasianfianilaniasiiosiiosiiosiiosfiasiiasiiasiiasiianifaniian

0.802132
1.676251
3.191945
1.849684
0.333935
1.207302
2.722902
1.377675
-0.136436
0.658840
0.723024
2.243453
4.352594
4.548269
5.253545
5.174113
6.849492
6.948304
7.721658
7.625386
9.317058
9.413726
10.188933
10.092187
11.784224
11.880601
12.656456
12.559815
14.258936
14.355434
15.150950
15.053690
16.223396
0.445845
-0.707769
-1.143537
0.407149
-1.105832
-2.194754
-0.671142
0.531490
-1.101712

-5.371414
-6.357586
-6.851103
-8.280151
-7.786643
-8.775804
-9.269696
-10.705486
-10.212033
-12.427229
-11.217746
-11.713508
-2.349054
-0.683152
-1.549859
-3.233230
-2.643916
-0.965243
-1.876580
-3.555042
-2.962236
-1.283839
-2.195434
-3.873898
-3.282007
-1.603109
-2.512755
-4.191878
-3.600719
-1.923154
-2.825578
-4.510448
-3.328834
0.581193
-0.531445
1.826849
2.851674
2.815449
4.222847
4.151762
5.183294
5.454076

113

0.363834
-1.771093
-0.921932

0.643545
-0.205520
-2.339591
-1.490273

0.073392
-0.775092
-1.564259
-2.901723
-2.049422
-1.114100
-0.511376

1.743428

1.098808
-0.665998
-0.006748

2.198934

1.539048
-0.216244

0.443716

2.648818

1.989088

0.233964

0.892640

3.098388

2.440003

0.685162

1.342734

3.539225

2.879187

2.178219
-2.176896
-1.509342

0.075714
-1.896107
-2.814312
-1.016640
-0.056801
-2.109720
-2.821588



eojjenjijesiesiasiasianianianiicsiiesiiosiiosfiasiiasiiasfiasiiasiasilanfianfianfianfanfasfiasiiasianfianilaniasiiosiiosiiosiiosfiasiiasiiasiiasiianifaniian

-1.722367
-0.087623

0.949759
-0.711068
-1.091623

0.580499

1.516449
-0.157602

0.954924
-0.459400

1.224973
-3.193741
-2.530746
-2.614051
-4.062327
-2.820106
-4.445556
-5.726267
-5.488498
-4.200154
-5.831474
-7.120217
-6.884313
-5.595336
-7.227304
-8.516379
-8.283389
-6.995953
-8.628577
-9.921493
-9.195188
-5.235032
-4.123761
-4.493959
-5.764561
-7.003621
-5.751368
-6.270076
-7.525275
-8.772303
-7.517429
-8.037906

6.843097
6.535868
7.594173
7.998913
9.345134
8.940372
10.052067
10.479182
12.392607
11.828707
11.400212
2.106419
0.721534
-0.577171
0.157801
1.379537
2.836301
1.587386
1.819009
3.062281
4.516470
3.274178
3.511721
4.753704
6.208903
4.966901
5.209790
6.450928
7.914976
6.668556
7.508937
0.332836
-0.952454
-2.185676
-0.966758
-1.545769
-2.786334
-3.990299
-2.752323
-3.353658
-4.592010
-5.796438

114

-0.814982
-0.108510
-2.181315
-2.757354
-0.663125
-0.110731
-2.174559
-2.691358
-1.569563
-0.600904
-0.087164
-1.556506
-2.419634
-0.163479
1.625695
1.388279
0.121731
0.362087
2.836483
2.597867
1.365705
1.606409
4.092985
3.852036
2.621543
2.862466
5.353166
5.112174
3.902284
4.144625
5.566579
-1.498945
-2.051410
0.146205
0.554786
-1.540426
-1.934544
0.204467
0.596516
-1.495673
-1.887734
0.250901



esjijesfjasiasianianijaniiosiiasfiias

12-(2-Etilheksil)-11-heptil-10-heksil-12-nonil-11-oktildokozan (Cg Hy22)
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-9.292927
-10.540130

-9.285121

-9.806092
-11.061357
-12.312455
-11.058543
-11.591944
-12.851321
-13.045262

-2.930599
-3.279775
-2.821245
-1.427330
-0.934761
-1.628006
-1.033292
0.429539
1.141213
2.562124
3.266738
4.689159
5.394302
6.816704
7.520938
8.937027
-1.927883
-2.786079
-3.645208
-4.494741
-5.353785
-6.202514
-1.618335
-0.372115
-0.490002
0.849704
0.713375
2.075266

-4.558234
-5.160359
-6.398698
-7.602947
-6.364625
-6.973075
-8.210535
-9.426360
-8.183640
-9.245580

2.383416
3.664213
1.131783
1.174857
0.307307
0.820959
2.254906
2.313125
3.632295
3.672915
4.984433
5.022507
6.333650
6.372463
7.683582
7.726387
3.032146
4.156516
4.844288
5.963805
6.650022
7.763257
-0.268596
-0.528074
-1.886474
-2.341827
-3.729027
-4.276075

115

0.642768
-1.449472
-1.841110

0.297668

0.688951
-1.404289
-1.794574

0.329072

0.720882
-0.724949

3.922842

3.154392

2.998585

2.249763

0.980371
-0.468660
-1.013343
-1.598684
-1.238940
-1.815001
-1.449679
-2.020378
-1.653716
-2.224583
-1.857282
-2.424019
-2.063077
-1.446773
-2.515021
-1.901821
-2.969778
-2.362617
-1.627235
-2.502271
-3.220295
-3.809136
-4.450956
-4.890998
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1.928546
3.285329
-3.185334
-4.143811
-5.599175
-6.526495
-7.967580
-8.884395
10.319649
0.632720
1.460467
2.926527
3.756648
5.217414
6.048906
7.509802
8.341623
9.802031
10.633360
-1.141659
-0.163301
-0.786298
0.221975
-0.448167
0.570977
-0.106389
0.916810
0.244992
-3.035160
-4.428996
-4.791072
-6.171323
-1.983792
-3.731157
-4.216821
-3.437982
-2.467639
-3.679602
-1.219923
-0.737223
-1.015193
1.085603

-5.669495
-6.242307
1.082952
-0.086193
0.401685
-0.713331
-0.211589
-1.319974
-0.824051
0.550415
0.177950
-0.105131
-0.406824
-0.694984
-0.997546
-1.285386
-1.588155
-1.875840
-2.177438
-1.243121
-2.262873
-3.654309
-4.615350
-5.916768
-6.849658
-8.112812
-9.042270
10.293652
-0.171708
-0.271258
-1.724551
-1.814343
2.535118
2.259237
3.524970
4.493580
3.968244
1.205923
2.226338
0.982328
2.894729
1.494659

116

-5.513454
-5.911199
-0.240334
0.111469
0.193296
0.694334
0.835065
1.364729
1.513096
0.974675
2.238921
1.880000
3.133079
2767712
4.019732
3.653940
4.905759
4.539259
5.782753
1.279979
0.635195
0.461496
-0.187081
-0.638475
-1.305044
-1.847334
-2.510262
-3.067456
3.819460
4.476678
4.811225
5.455809
4.485774
4.676655
2.574170
3.875706
2.464732
2.331401
1.985023
3.090188
-0.108334
-1.309327



eojjenjijesiesiasiasianianianiicsiiesiiosiiosfiasiiasiiasfiasiiasiasilanfianfianfianfanfasfiasiiasianfianilaniasiiosiiosiiosiiosfiasiiasiiasiiasiianifaniian

0.417072
0.560218
1.196915
3.147197
2.513294
2.683936
3.312301
5.271359
4.643818
4.811825
5.439772
7.399470
6.771498
6.945612
7.573336
8.911559
9.421193
9.541993
-1.304453
-2.525641
-3.455142
-2.111169
-2.985079
-4.314791
-5.156941
-3.825699
-4.698424
-6.026873
-6.812396
-6.886303
-5.551968
-1.950253
-2.413664
-0.300109
0.557669
-0.833475
-1.248783
1.191632
1.607136
0.262806
0.037278
2.528942

2.235923
4.491708
3.738553
2.817350
3.576743
5.840517
5.081271
4.165818
4.926218
7.190362
6.429544
5.515880
6.277004
8.544600
7.784074
7.653310
8.685201
6.889416
3.554616
2.342477
3.773781
4.908659
5.272747
4.091281
5.5356717
6.715995
7.085372
5.904013
8.241458
7.349901
8.536253
-1.231531
-0.023355
0.250406
-0.516863
-2.666173
-1.808522
-1.608174
-2.388427
-4.434092
-3.660078
-3.583905

117

-2.706157
-1.638080
-0.133939
-1.410509
-2.922122
-1.855928
-0.342337
-1.614442
-3.127745
-2.059160
-0.546300
-1.819226
-3.332060
-2.262272
-0.751153
-3.532216
-2.142532
-2.014660
-2.821661
-2.691056
-0.656090
-0.981795
-3.301222
-2.986470
-1.116943
-1.428295
-3.755473
-3.446008
-3.157804
-1.590811
-1.900709
-1.202716
-2.365716
-3.287616
-1.916087
-2.506818
-4.029861
-4.571637
-2.995456
-3.717691
-5.331498
-5.634214



eojjenjijesiesiasiasianianianiicsiiesiiosiiosfiasiiasiiasfiasiiasiasilanfianfianfianfanfasfiasiiasianfianilaniasiiosiiosiiosiiosfiasiiasiiasiiasiianifaniian

2.747940
1.449086
1.283171
3.778658
3.938954
3.146421
-3.310678
-3.646420
-4.092857
-3.912600
-5.661793
-5.935121
-6.498180
-6.169505
-7.990096
-8.336384
-8.872439
-8.519822
-10.362792
-10.717409
-10.959270
1.081713
0.828492
1.449845
1.047449
2.974934
3.353137
3.714867
3.326632
5.258960
5.646897
6.007232
5.619433
7.551403
7.939193
8.300383
7.912552
9.851473
10.238886
10.621627
10.232333
11.683995

-4.338809
-6.358522
-5.609748
-5.583494
-6.340676
-7.247866
1.926946
1.457520
-0.884677
-0.527667
1.266516
0.737596
-1.564181
-1.073840
0.649785
0.131351
-2.183240
-1.666252
0.023375
-0.493776
-1.646592
0.002195
1.629921
1.032456
-0.699549
-0.978120
0.780098
0.465973
-1.290241
-1.567665
0.188390
-0.125036
-1.881103
-2.157804
-0.401783
-0.715759
-2.471884
-2.749550
-0.995094
-1.308573
-3.070512
-2.381511

118

-4.006985
-4.784568
-6.416831
-6.657248
-5.018320
-6.361246
0.453237
-1.168163
-0.656945
1.086756
0.890139
-0.812432
-0.021560
1.684561
1.538881
-0.156828
0.664062
2.356691
2.230115
0.529851
1.896832
0.134783
0.846500
2.951302
2.771142
1.192167
1.357989
3.821502
3.654872
2.078970
2.245370
4.708629
4.541734
2.964894
3.131926
5.594877
5.427852
3.853291
4.019830
6.474865
6.307810
5.486970



esjijasianiianijaniianiasiiesiiesiiosiiosfiasfiasfiasiiasiiasiiaciiasifasiianfianfianfanfasfianfianfanian

11-Desil-10-heptil-12,12-dimetil-11-nonil-10-oktiltetrakozan (CgH;»,)
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-1.030691
-2.154566
0.164268
0.748617
-1.098682
-1.686563
0.684620
1.029543
-0.899532
-1.256261
1.068886
1.346948
-0.606394
-0.877909
1.426785
1.683957
1.009184
-0.253342
-0.507988
-2.967120
-2.245314
-4.441426
-5.201547
-4.794925
-4.035411
-6.405250
-6.195145
-6.946416

0.639406
1.381263
0.572974
1.311599
0.500803
1.236980
0.424918
1.161009
0.348374
1.078186

-1.418591
-1.565429
-1.932474
-2.365860
-4.053230
-3.569554
-4.129419
-4.843808
-6.426313
-5.677826
-6.315452
-7.135628
-8.650537
-7.823434
-8.508678
-9.347003
10.947389
10.859806
10.017386
-1.032940
-0.276168

0.314056

0.140401
-2.335800
-2.146702
-2.874863
-1.230960
-1.422989

-0.670046
0.582727
1.303546
2.549220
3.268730
4.517044
5.238540
6.486980
7.208179
8.451013

119

2.367396
1.024752
-0.353235
1.259337
1.451255
-0.186250
-1.074354
0.542831
0.241081
-1.364941
-2.144208
-0.561092
-1.011670
-2.594849
-3.341709
-1.765365
-3.538189
-2.251868
-3.836095
3.139096
4.594941
5.420501
3.790268
3.882159
5.509003
5.686959
6.400807
4.762410

1.067887
1.623047
2.716431
3.220419
4.304414
4.804685
5.886720
6.386987
7.468359
7.969468
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0.575702
2.084670
3.258197
4.672789
5.732486
7.127436
8.184449
9.579036
10.636333
12.030144
13.085483
2483176
3.108252
3.271603
3.912751
4.072456
4.713149
4.872121
5.509734
2.185357
2.323836
3.043829
3.121069
3.845756
3.922825
4.643496
-0.658905
-2.101791
-3.334080
-4.620406
-5.853028
-7.133837
-8.367860
-9.648460
10.883142
12.163767
13.398684
14.678604
15.910180
-0.681430
-0.607155
0.161976

-0.977315
-1.444010
-0.549031
-0.767839
-0.003654
-0.184709

0.577345

0.398281

1.160082

0.981963

1.738327
-2.960491
-3.314903
-4.834643
-5.190287
-6.707634
-7.062972
-8.580203
-8.937865
-1.341183

0.033840
-0.106744

1.239918

1.096998

2.443276

2.305336
-2.091060
-1.443932
-2.372437
-1.642353
-2.531892
-1.798011
-2.684163
-1.948995
-2.833767
-2.098153
-2.982198
-2.245970
-3.122422
-2.750026
-3.235090

0.373417

120

-0.504734
-1.114564
-0.542824
-1.144639
-0.339726
-0.950057
-0.142413
-0.753795
0.053926
-0.558780
0.242794
-0.772793
0.605005
0.757962
2.105087
2.255358
3.602140
3.752225
5.091582
-2.722366
-3.442919
-4.794440
-5.524721
-6.868085
-7.597005
-8.934874
-0.711297
-0.549600
-0.702463
-0.287761
-0.489283
-0.074903
-0.281033
0.131832
-0.076868
0.335251
0.125034
0.536944
0.328565
-2.123788
0.359609
-1.243613
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-0.775851
-1.595785
-2.507388
-3.329245
-4.244465
-5.068558
-5.983682
-6.805893
1.030179
-0.389804
2.328994
1.641434
-0.418333
0.405871
2.298788
1.482667
-0.486820
0.330268
2.223982
1.408881
-0.562026
0.252832
2.147789
1.333324
-0.638167
0.174728
1.242272
0.467075
2.058310
3.034905
3.356964
4.946767
4.713731
5.474299
5.739828
7.384927
7.122695
7.925855
8.190265
9.837508
9.573076
10.377615

1.420370
2.198062
3.230644
4.001706
5.029754
5.799659
6.826974
7.595330
-1.531257
-0.616196
0.265678
1.306863
1.607696
0.604281
2.249259
3.244049
3.566721
2.575183
4.219130
5.209422
5.536394
4.546244
6.189304
7.179386
7.512672
6.522902
9.165157
8.951574
8.171166
0.525291
-0.735575
-1.840714
-0.406243
1.078373
-0.378194
-1.266880
0.191651
1.659239
0.199972
-0.683644
0.775871
2.241954
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-0.568287
-1.609654
-0.935359
-1.974528
-1.299156
-2.337732
-1.661697
-2.692205
1.618244
1.457391
2.106177
0.833194
2.318243
3.565418
3.636249
2.368554
3.887829
5.157322
5.222616
3.951049
5.468560
6.740370
6.805693
5.533437
7.055578
8.326614
7.134509
8.749820
8.411204
-0.653008
0.536655
-1.155876
-2.190284
-0.326542
0.707782
-0.964367
-1.996952
-0.126747
0.904089
-0.769772
-1.800230
0.070842
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10.643339
12.297161
12.031832
12.855495
13.122411
14.082396
1.670289
3.248372
4.115013
2.503756
2.274032
3911128
4.911954
3.273564
3.073184
4.711623
5.712660
4.074198
3.876098
5.512890
6.518989
4.875214
5.611906
3.074301
1.372974
1.321268
2.876396
4.075371
2.495283
2.091697
3.666500
4.875589
3.300678
2.896525
4.469883
5.682051
4.101888
4.684248
-2.203491
-2.247616
-3.452406
-3.229671

0.781705
-0.097280
1.362015
2.825091
1.359332
1.591560
-3.660422
-3.317854
-2.860397
-2.956933
-5.321873
-5.221533
-4.706450
-4.804555
-7.191411
-7.093641
-6.579639
-6.676789
-9.070033
-8.973080
-8.480816
-8.578007
10.040620
-1.920381
-1.860395
0.447001
0.777856
-0.487781
-0.838747
1.622955
1.971982
0.714785
0.364889
2.830125
3.179375
1.943443
1.593157
3.293976
-0.997659
-0.653538
-2.678108
-3.280278

122

1.100084
-0.576103
-1.603732

0.254769

1.286391
-0.223680
-0.976312
-1.492282

0.702953

1.447933

0.688420
-0.065953

2.176229

2.929864

2.184384

1.430702

3.673089

4.426925

3.686137

2.932822

5.172820

5.929421

5.171921
-3.048139
-3.235632
-3.667785
-2.839690
-4.627574
-5.427671
-5.701337
-4.888930
-6.691891
-7.504115
-7.779824
-6.968308
-8.778259
-9.593326
-9.438760

0.455289
-1.307848
-1.763027
-0.073880
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-4.550845
-4.731212
-5.926261
-5.743875
-7.062394
-7.240275
-8.438642
-8.262201
-9.578372
-9.752901
10.952824
10.779048
12.094543
12.267245
13.468115
13.295727
14.618178
14.789981
16.008411
15.835979
16.819842

0.193978
-1.496681
-0.846754
-1.131653
-1.091630

0.397725

1.061781
-0.271008
-1.458604
-0.168648
-0.900911
-2.221042
-3.197258
-1.886105
-2.640145
-3.948820
-4.932273
-3.625033
-4.381066
-5.688071
-6.676462

-1.352202
-0.717574
-2.822267
-3.455583
-1.510358
-0.872383
-2.972360
-3.609351
-1.662280
-1.022831
-3.120737
-3.759741
-1.812076
-1.171605
-3.268321
-3.908691
-1.960254
-1.319949
-3.401736
-4.044746
-2.564033
-3.365248
-3.492873
-1.994986
-2.938042
-4.166780
-3.514729
0.968300
0.099620
0.985966
2.173042
2.716853
1.495004
2.709268
3.945974
4.525065
3.285504
4.505928
5.746649
6.323930
5.082790
6.309522

123

0.783951
-0.896582
-1.560651

0.120951

0.997361
-0.682818
-1.353197

0.327611

1.204439
-0.475565
-1.149434

0.530854

1.408092
-0.271731
-0.947802

0.732211

1.609826
-0.068399
-0.742146

0.943292

0.634645
-2.362448
-2.216873
-2.919438

1.293372
-0.002598

0.689658
-1.456630
-2.224463

0.176526
-0.025763
-2.306608
-2.200879
-0.235290
-0.352341
-2.673656
-2.558361
-0.599013
-0.716072
-3.037837
-2.920815
-0.962645
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-5.370870
-7.457727
-6.136501
-7.447562

-0.632323

-1.895772

-3.160349

-4.423894

-5.688357

-6.952004

-8.216388

-9.480095
-10.744453
-12.008145
-13.272567
-14.536146
-15.800694
-17.064115
-18.328819
-19.592078
-20.856909
-22.120079
-23.384924
-24.648129
-25.912880
-27.176222
-28.440769
-29.704336
-30.968607
-32.232467
-33.496420
-34.760597
-36.024211
-37.288723
-38.552044
-39.816841
-41.079967
-42.344149

7.549555
8.330245
8.143335
6.897843

-0.433492
0.435262
-0.431824
0.436769
-0.430490
0.437949
-0.429437
0.438913
-0.428515
0.439857
-0.427473
0.441061
-0.426069
0.442695
-0.424194
0.444812
-0.421872
0.447262
-0.419395
0.449684
-0.417107
0.451760
-0.415320
0.453201
-0.414281
0.453805
-0.414138
0.453476
-0.414961
0.452158
-0.416735
0.450001
-0.419085
0.447935

124

-1.079712
-2.174533
-3.389124
-3.271742

0.000000
0.000000
-0.000000
-0.000000
-0.000000
-0.000000
-0.000000
0.000000
0.000000
0.000000
0.000000
-0.000000
0.000000
-0.000000
-0.000000
-0.000001
-0.000001
-0.000000
0.000000
0.000001
0.000001
0.000001
0.000001
0.000001
0.000000
-0.000000
-0.000000
0.000000
-0.000000
-0.000000
0.000000
0.000000
0.000000
0.000000
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-43.603556
0.632323
1.895772
3.160349
4.423894
5.688357
6.952004
8.216388
9.480095

10.744453
12.008145
13.272567
14.536146
15.800694
17.064115
18.328819
19.592078
20.856909
22.120079
23.384924
24.648129
25.912880
27.176222
28.440769
29.704336
30.968607
32.232467
33.496420
34.760597
36.024211
37.288723
38.552044
39.816841
41.079967
42.344149
43.603556
-0.632772
-0.632772
-1.895350
-1.895350
-3.160737
-3.160737

-0.413624
0.433492
-0.435262
0.431824
-0.436769
0.430490
-0.437949
0.429437
-0.438913
0.428515
-0.439857
0.427473
-0.441061
0.426069
-0.442695
0.424194
-0.444812
0.421872
-0.447262
0.419395
-0.449684
0.417107
-0.451760
0.415320
-0.453201
0.414281
-0.453805
0.414138
-0.453476
0.414961
-0.452158
0.416735
-0.450001
0.419085
-0.447935
0.413624
-1.083220
-1.083220
1.084989
1.084989
-1.081555
-1.081555
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-0.000000
0.000001
0.000001
0.000001
0.000001
0.000000

-0.000000

-0.000000

-0.000000

-0.000000
0.000000
0.000000

-0.000000

-0.000000

-0.000000
0.000000
0.000000
0.000000

-0.000000

-0.000000

-0.000001

-0.000001

-0.000000

-0.000000
0.000000
0.000000
0.000000
0.000000

-0.000000

-0.000000

-0.000000

-0.000000

-0.000000

-0.000000

-0.000000

-0.000000
0.903019

-0.903019
0.903019

-0.903019

-0.903017
0.903018
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-4.423556

-4.423556

-5.688667

-5.688667

-6.951732

-6.951732

-8.216641

-8.216641

-9.479856

-9.479856
-10.744709
-10.744709
-12.007877
-12.007877
-13.272881
-13.272881
-14.535784
-14.535784
-15.801118
-15.801118
-17.063637
-17.063637
-18.329362
-18.329362
-19.591494
-19.591494
-20.857536
-20.857536
-22.119452
-22.119452
-23.385540
-23.385540
-24.647552
-24.647552
-25.913405
-25.913405
-27.175772
-27.175772
-28.441138
-28.441138
-29.704076
-29.704076

1.086494
1.086494
-1.080222
-1.080223
1.087675
1.087675
-1.079167
-1.079167
1.088640
1.088640
-1.078241
-1.078241
1.089593
1.089593
-1.077197
-1.077197
1.090795
1.090795
-1.075790
-1.075790
1.092431
1.092431
-1.073916
-1.073916
1.094542
1.094542
-1.071598
-1.071599
1.096990
1.096990
-1.069124
-1.069124
1.099405
1.099406
-1.066844
-1.066843
1.101471
1.101472
-1.065061
-1.065060
1.102909
1.102910
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0.903023
-0.903023
-0.903017

0.903017

0.903022
-0.903022
-0.903020

0.903020

0.903020
-0.903020
-0.903022

0.903022

0.903020
-0.903020
-0.903025

0.903025

0.903018
-0.903018
-0.903026

0.903026

0.903019
-0.903019
-0.903028

0.903028

0.903021
-0.903020
-0.903022

0.903022

0.903025
-0.903025
-0.903025

0.903025

0.903027
-0.903027
-0.903020

0.903019

0.903030
-0.903031
-0.903013

0.903012

0.903034
-0.903035
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-30.968765
-30.968764
-32.232431
-32.232431
-33.496339
-33.496339
-34.760807
-34.760807
-36.023876
-36.023876
-37.289169
-37.289169
-38.551483
-38.551483
-39.817486
-39.817486
-41.079651
-41.079651
-42.353281
-42.353281
-43.631875
-44.501123
-43.631875
0.632772
0.632772
1.895350
1.895350
3.160737
3.160737
4.423556
4.423556
5.688667
5.688667
6.951732
6.951732
8.216641
8.216641
9.479856
9.479856
10.744709
10.744709
12.007877

-1.064026
-1.064025
1.103511
1.103511
-1.063880
-1.063880
1.103183
1.103183
-1.064699
-1.064699
1.101870
1.101870
-1.066474
-1.066474
1.099721
1.099721
-1.068786
-1.068786
1.097768
1.097768
-1.055744
0.240099
-1.055744
1.083220
1.083220
-1.084989
-1.084990
1.081555
1.081554
-1.086494
-1.086494
1.080223
1.080223
-1.087675
-1.087675
1.079167
1.079167
-1.088640
-1.088640
1.078241
1.078241
-1.089593
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-0.903017
0.903016
0.903038

-0.903038

-0.903014
0.903015
0.903036

-0.903036

-0.903015
0.903015
0.903033

-0.903033

-0.903016
0.903016
0.903037

-0.903037

-0.903078
0.903078
0.902213

-0.902214
0.906074

-0.000000

-0.906074

-0.903019
0.903018
0.903019

-0.903020

-0.903018
0.903017
0.903022

-0.903023

-0.903017
0.903017
0.903022

-0.903022

-0.903020
0.903020
0.903020

-0.903020

-0.903022
0.903022
0.903020
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12.007877
13.272881
13.272881
14.535784
14.535784
15.801118
15.801118
17.063637
17.063637
18.329362
18.329362
19.591494
19.591494
20.857536
20.857536
22.119452
22.119452
23.385540
23.385540
24.647552
24.647552
25.913405
25.913405
27.175772
27.175772
28.441138
28.441138
29.704076
29.704076
30.968765
30.968765
32.232431
32.232431
33.496339
33.496339
34.760806
34.760807
36.023876
36.023876
37.289169
37.289169
38.551483

-1.089593
1.077197
1.077197

-1.090795

-1.090795
1.075790
1.075790

-1.092431

-1.092431
1.073916
1.073916

-1.094542

-1.094542
1.071599
1.071599

-1.096990

-1.096990
1.069123
1.069124

-1.099406

-1.099405
1.066844
1.066844

-1.101471

-1.101471
1.065060
1.065061

-1.102909

-1.102909
1.064026
1.064025

-1.103511

-1.103511
1.063880
1.063880

-1.103183

-1.103183
1.064699
1.064699

-1.101870

-1.101870
1.066474
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-0.903020
-0.903025
0.903025
0.903018
-0.903018
-0.903026
0.903026
0.903019
-0.903019
-0.903028
0.903028
0.903020
-0.903021
-0.903022
0.903022
0.903025
-0.903025
-0.903025
0.903025
0.903027
-0.903027
-0.903019
0.903019
0.903031
-0.903031
-0.903013
0.903013
0.903034
-0.903034
-0.903017
0.903016
0.903037
-0.903038
-0.903015
0.903014
0.903036
-0.903036
-0.903015
0.903015
0.903033
-0.903033
-0.903016
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38.551483
39.817486
39.817486
41.079651
41.079651
42.353281
42.353281
43.631875
43.631875
44.501123

1.066474
-1.099721
-1.099721

1.068786

1.068786
-1.097768
-1.097768

1.055744

1.055744
-0.240099

0.903016
0.903037
-0.903037
-0.903078
0.903078
0.902213
-0.902214
-0.906074
0.906074
-0.000000

16-Desil-16-pentadesil-15-tridesildotriakontan (C,;oH4,)
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-0.584260
-1.092930
-1.368458
-1.883552
-2.164630
-2.683837
-2.966960
-3.487760
-3.770843
-4.289985
-0.276742
-1.622874
-1.444758
-2.634460
-2.381423
-3.571680
-3.318838
-4.508089
-4.255784
-5.444151
-5.192355
-6.380160
-6.128712
-7.316182
-7.064219
-8.243990
-2.806987
-4.059190

-2.758141
-3.858109
-5.161315
-6.253806
-7.553731
-8.644320
-9.944088
11.034040
12.333230
13.420403
-1.347791
-0.738494
0.620795
0.956071
2.251877
2.589844
3.883892
4.219242
5.512873
5.845953
7.139311
7.470808
8.764046
9.094864
10.387873
10.720409
-0.610753
-1.392488
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-1.743725
-0.783316
-1.544186
-0.599436
-1.361995
-0.417642
-1.180057
-0.235851
-0.998630
-0.062185
-1.096747
-0.476431
0.267272
1.185818
1.966564
2.872095
3.654454
4.562214
5.345587
6.255384
7.039390
7.950541
8.734927
9.646674
10.430599
11.339419
-1.504374
-1.072880
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-5.246225
-6.481935
-7.668160
-8.902557
-10.088112
-11.321787
-12.506917
-13.740173
-14.925144
-16.157518
-17.339158
0.802480
2.064870
3.175169
4.411425
5.523141
6.758353
7.870693
9.104874
10.217250
11.450579
12.562800
13.795540
14.907687
16.139995
17.251566
18.479646
0.283100
1.225539
1.488331
2.4552717
2.714796
3.682272
3.942129
4.909981
5.169951
6.138038
6.397995
7.366398
7.626124
8.594706
8.855574

-1.093171
-1.901061
-1.604632
-2.416037
-2.121746
-2.935248
-2.641904
-3.456703
-3.163640
-3.979127
-3.690201
-1.547863
-2.339792
-2.202237
-3.018804
-2.876014
-3.693929
-3.552083
-4.371696
-4.231200
-5.052254
-4.913013
-5.735116
-5.596706
-6.419470
-6.280808
-7.098902
-0.421042

0.735759

1.673990

2.798522

3.736649

4.860515

5.798431

6.922152

7.859795

8.983418

9.920992
11.044445
11.982193
13.104834
14.040556
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-1.996337
-1.582899
-2.507783
-2.097165
-3.023797
-2.615006
-3.542536
-3.134948
-4.062697
-3.655112
-4.576318
0.037072
-0.377570
0.672049
0.277200
1.323216
0.928207
1.973833
1.578985
2.624783
2.230236
3.276390
2.882145
3.928536
3.534497
4.580952
4.192443
-2.249912
-1.843206
-3.028282
-2.638403
-3.822882
-3.433430
-4.618174
-4.229108
-5.414077
-5.025264
-6.210308
-5.821672
-7.006563
-6.617410
-7.794167
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0.331999
-1.305784
-0.342141
-2.028392
-2.128874
-0.430638
-1.123047
-2.819926
-2.923355
-1.228005
-1.924822
-3.619777
-3.725264
-2.030837
-2.729569
-4.423979
-4.530735
-2.838145
-3.537389
-5.237212
-4.485643
-1.929655
-0.547661
-1.331931
-3.557520
-2.793247
-1.467765
-2.215414
-4.485661
-3.738265
-2.403816
-3.154549
-5.423122
-4.672409
-3.339733
-4.093517
-6.360233
-5.606346
-4.275582
-5.031557
-7.296943
-6.540912

-3.146412
-2.664001
-4.065607
-3.546160
-4.972117
-5.508523
-6.446778
-5.905215
-7.359833
-7.904134
-8.838910
-8.293023
-9.749190
-10.296039
-11.229355
-10.682259
-12.146430
-12.693304
-13.644640
-13.095494
-14.347441
-1.446372
0.607395
1.442937
1.082257
0.122739
2.134464
3.086268
2.709453
1.754145
3.765185
4.719972
4.338147
3.382685
5.394686
6.349898
5.964168
5.008646
7.021596
7.976939
7.588516
6.632997

131

-2.238035
-2.577312
0.005269
-0.284427
-2.333947
-2.031481
0.189208
-0.110129
-2.152163
-1.849359
0.372063
0.070453
-1.970381
-1.667307
0.554501
0.251401
-1.788588
-1.485225
0.723564
0.418733
-0.641223
0.321531
0.911371
-0.470917
0.581570
1.905096
2.590220
1.249755
2.249221
3.587265
4.275929
2.939220
3.940776
5.276911
5.965652
4.630991
5.635372
6.969676
7.658476
6.325172
7.331466
8.664571



eojijecfijesiesijasiasicnianianijcsiiesiiosiiosfiasiiasiiasfiasiiasiiasilanfianfianfanfanfanfianiiasianfianiianiasiiasiiosiosficsfiasiiasiiasiiasiiasiiasiian

-5.211631
-5.968602
-8.233424
-7.476334
-6.150433
-6.906935
-8.033487
-9.166852
-8.407029
-3.087444
-2.535123
-3.843276
-4.332686
-5.484413
-4.971824
-6.243307
-6.757313
-7.908807
-7.391317
-8.661085
-9.180504
-10.330766
-9.809376
-11.078731
-11.601131
-12.750683
-12.227081
-13.496281
-14.020227
-15.169723
-14.645243
-15.921572
-16.445632
-17.085927
-18.215156
-17.612244
1.146057
0.340393
1.820175
2.446731
3.460200
2.796451

8.646569

9.602019

9.212569

8.257093
10.276380
11.230950
11.659600
10.862230

9.903667

0.455892
-0.943645
2.4797T7
-1.125641
-0.007565
-1.350620
-2.986776
-1.642331
-0.519510
-1.860705
-3.501059
-2.158887
-1.037054
-2.377254
-4.019885
-2.679282
-1.557465
-2.896816
-4.541131
-3.201731
-2.079360
-3.418309
-5.064670
-3.727039
-3.957880
-4.293537
-2.614485
-0.570354
-2.057898
-3.416908
-1.979619
-1.131188
-2.557964

132

9.353612

8.020945

9.028228
10.360925
11.054241

9.722898
11.893116
10.737505
12.074566
-1.646383
-2.521704
-1.112055
-0.029491
-1.949218
-3.043262
-1.627578
-0.536556
-2.461056
-3.554395
-2.142304
-1.051122
-2.977413
-4.070042
-2.660707
-1.569043
-3.496025
-4.588630
-3.181342
-2.088922
-4.015979
-5.108867
-3.702984
-2.611177
-5.624320
-4.257595
-4.527888

0.422967

0.909463
-0.483278
-1.355188

0.768178

1.655695



eojijecfijesiesijasiasicnianianijcsiiesiiosiiosfiasiiasiiasfiasiiasiiasilanfianfianfanfanfanfianiiasianfianiianiasiiasiiosiosficsfiasiiasiiasiiasiiasiiasiian

4.129815
4.786304
5.805872
5.147956
6.475314
7.133357
8.154720
7.495433
8.820448
9.480453
10.502533
9.841389
11.164950
11.826824
12.849028
12.186305
13.509066
14.172271
15.194589
14.530836
15.853310
16.517192
17.546393
16.882756
19.266263
18.217588
18.883986
0.853138
-0.557547
0.804664
2.199660
1.922466
0.526009
2.021223
3.418745
3.148164
1.751450
3.248763
4.645485
4.375314
2.978923
4.476759

-4.090996
-2.664691
-1.804037
-3.229063
-4.765802
-3.340798
-2.480412
-3.904261
-5.443210
-4.019167
-3.159867
-4.582903
-6.123437
-4.700124
-3.841954
-5.264535
-6.806069
-5.383341
-4.525835
-5.948088
-7.490438
-6.068150
-5.212888
-6.633343
-6.979216
-8.175727
-6.749290
-1.036845
0.007819
1.328893
0.324757
1.090760
2.119096
3.381181
2.355340
3.153772
4.180432
5.443509
4.416663
5.215290
6.242435
7.505437

133

0.183989
-0.708557
1.415574
2.309206
0.835519
-0.057835
2.065698
2.960109
1.486400
0.592949
2.716700
3.611003
2.137545
1.244311
3.368584
4.262431
2.789455
1.896281
4.020906
4.914503
3.442267
2.548618
4.675699
5.568907
4.966961
4.115847
3.218602
-2.980022
-2.830718
-1.012095
-1.505161
-3.870276
-3.364989
-1.795932
-2.302361
-4.665523
-4.158464
-2.590938
-3.097539
-5.460729
-4.953877
-3.386678



enjijesfjesfiesijasiiasiiasianiianijaniiasiiesiiosiiosiiasiiian

5.873130
5.602975
4.206819
5.705026
7.101162
6.830751
5.434888
6.933784
8.329589
8.058687
6.663114
8.167253
9.561431
9.307278
7.907251
9.558931

6.478137
7.276413
8.303920
9.566833
8.539274
9.337515
10.365299
11.627825
10.600115
11.399059
12.427083
13.694553
12.667607
13.479989
14.511439
14.841561

17,17,18-Tridodesiltetratriakontan (C;oH4;)

oNoNoNoNoNONONONONONONONONONONONONONONONONQ!

0.966696
1.375700
1.399696
1.845079
1.866579
2.313189
2.335758
2.783168
2.806610
3.254104
3.277999
3.722388
0.668570
1.622860
3.123289
3.991455
5.475424
6.342269
7.826723
8.693457
10.178285
11.044709

0.452873
-1.038609
-1.611364
-3.078726
-3.650990
-5.117704
-5.690314
-7.156834
-7.729489
-9.195940
-9.767696
11.227453

1.137260

0.568596

0.904757

0.046938

0.404456
-0.461909
-0.107644
-0.977295
-0.624722
-1.496786

134

-3.893265
-6.256548
-5.749823
-4.182814
-4.689522
-7.052849
-6.545883
-4.978983
-5.486336
-7.849477
-7.341747
-5.777244
-6.284790
-8.640227
-8.130377
-7.483277

2.875962
2.867114
4.290142
4.286830
5.708931
5.705086
7.127180
7.123121
8.545244
8.541090
9.963201
9.963110
1.481362
0.360680
0.530122
-0.399248
-0.254438
-1.175529
-1.028619
-1.946913
-1.799312
-2.715646



oNoNoNoNoNoNONONONONONONONONONoNoNoNoNoNoNoNoNoNoNoNoNONoNONONONONONONONONONONONONY!

12.529777
13.395835
14.881060
15.746953
17.232183
18.097173
19.576290
-0.863457
-1.272385
-2.590527
-2.911999
-4.230977
-4.551929
-5.869801
-6.190891
-7.507296
-7.828117
-9.143118
-9.463904
10.778200
11.099166
12.412832
12.733380
14.039996
-1.899346
-2.814266
-3.928121
-4.816819
-5.930129
-6.816782
-7.929924
-8.815726
-9.928692
-10.813856
-11.926357
-12.809122

0.966575

0.798943

1.090438

0.915946

1.200367

1.021210

-1.145210
-2.018929
-1.667860
-2.542911
-2.191822
-3.067743
-2.721150
0.929873
-0.549953
-0.666492
-2.130872
-2.246907
-3.710471
-3.825960
-5.289415
-5.404431
-6.867805
-6.982587
-8.445964
-8.560574
-10.023942
-10.138386
-11.601648
-11.719598
1.573271
2.606944
3.068928
4.123662
4.586973
5.644077
6.108030
7.166209
7.630492
8.689437
9.153047
10.207798
2.681571
3.555254
5.028442
5.903069
7.375969
8.250933

135

-2.568015
-3.483139
-3.335797
-4.249856
-4.103052
-5.016541
-4.873551
1.059367
0.784921
-0.002795
-0.326859
-1.099973
-1.424912
-2.199943
-2.525523
-3.303167
-3.629461
-4.409505
-4.735885
-5.517157
-5.843491
-6.625758
-6.951344
-7.730591
2.053431
1.375434
2.322666
1.653055
2.599769
1.931095
2.877915
2.209709
3.156654
2.488918
3.436179
2.775428
1.649578
0.384833
0.697791
-0.549576
-0.233341
-1.479550



aojjecijesfiesiasiasiianianiianiianiiasiiesiiosiiosiiosiiasfiasiiasiiasfiasiiasiiaciianfianfanfianfaniiasifiasfanianfianfianianiic OO NONONON!

1.303583
1.122751
1.404648
1.223071
1.504706
1.324832
0.091405
1.793248
0.684307
2.392032
2.100907
0.381676
1.144043
2.863422
2.566983
0.848069
1.612503
3.331422
3.036112
1.317434
2.082528
3.801256
3.507251
1.788533
2.553199
4.272096
3.980043
2.262562
3.730450
3.021544
4.746441
1.542086
1.292676
3.303747
3.444015
3.848659
3.673422
5.622702
5.789934
6.193156
6.028950
7.976582

9.724351
10.599489
12.073054
12.948342
14.421440
15.295930

0.565803

0.993167
-1.645322
-1.146419
-1.015291
-1.538756
-3.674408
-3.153108
-3.054802
-3.577694
-5.713872
-5.190891
-5.093851
-5.617629
-7.753335
-7.229505
-7.132959
-7.656920
-9.792796
-9.268822
-9.178352
-9.701185
11.613605
11.844162
11.319100
-0.532632

0.934855

1.971951

0.736954
-1.027396

0.209962

1.476656

0.247639
-1.534149
-0.303846

0.963868

136

-1.163198
-2.409122
-2.092744
-3.338397
-3.021270
-4.258721
3.546149
3.387921
2.255908
2434131
4.915102
4.732754
3.661232
3.845170
6.334693
6.150352
5.079599
5.262979
7.7152747
7.569138
6.497911
6.680602
9.170439
8.987809
7.916467
8.098316
10.592619
10.411340
11.004160
9.360970
9.542396
0.304413
-0.635101
0.285554
1.579035
-0.148102
-1.452716
-0.511831
0.801091
-0.919218
-2.231195
-1.287443



eojijecfijesiesijasiasicnianianijcsiiesiiosiiosfiasiiasiiasfiasiiasiiasilanfianfianfanfanfanfianiiasianfianiianiasiiasiiosiosficsfiasiiasiiasiiasiiasiiasiian

8.139205

8.542542

8.381584
10.329692
10.489727
10.892731
10.733483
12.682081
12.840788
13.243274
13.084799
15.033809
15.191892
15.594325
15.435905
17.385219
17.543459
17.952265
17.793942
19.752926
19.911902
20.176732
-0.970935
-0.504378
-1.391757
-3.427775
-2.506414
-2.089131
-2.988720
-5.054949
-4.154156
-3.727451
-4.630130
-6.694377
-5.791398
-5.365425
-6.271235
-8.332932
-7.426915
-7.001634
-7.910302
-9.969703

-0.263361
-2.048770
-0.821127

0.446201
-0.779168
-2.567672
-1.342188
-0.074697
-1.298683
-3.089393
-1.865532
-0.597697
-1.820263
-3.613035
-2.390846
-1.121934
-2.343471
-4.138948
-2.918829
-1.660616
-2.885895
-3.370084

1.428520
-1.070528
-1.092794
-0.244237
-0.093292
-2.562633
-2.708504
-1.816834
-1.668052
-4.141092
-4.288872
-3.395498
-3.247216
-5.720441
-5.867787
-4.973781
-4.825648
-7.298978
-7.446192
-6.551406

137

0.027657
-1.688480
-3.003295
-2.059662
-0.742547
-2.455406
-3.772450
-2.829537
-1.510982
-3.221538
-4.540174
-3.598496
-2.278561
-3.986875
-5.307089
-4.366825
-3.045806
-4.755989
-6.075898
-5.153099
-3.827459
-5.545356

0.073593

0.185785

1.746540

0.591993
-0.952206
-0.938397

0.620798
-0.488635
-2.046870
-2.035159
-0.477846
-1.589715
-3.146786
-3.134146
-1.578621
-2.694507
-4.249822
-4.236594
-2.682729
-3.802516



eojijecfijesiesijasiasicnianianijcsiiesiiosiiosfiasiiasiiasfiasiiasiiasilanfianfianfanfanfanfianiiasianfianiianiasiiasiiosiosficsfiasiiasiiasiiasiiasiiasiian

-9.060780
-8.636908
-9.547132
-11.605212
-10.694816
-10.271824
-11.183355
-13.240392
-12.328639
-11.911658
-12.823178
-14.245840
-14.883434
-13.967929
-2.535746
-1.421346
-2.211746
-3.270990
-4.551051
-3.473869
-4.193947
-5.271216
-6.554300
-5.475445
-6.192302
-7.271616
-8.554952
-7.475044
-8.190571
-9.270783
-10.554292
-9.473642
-10.188480
-11.269196
-12.558510
-11.478535
-13.604056
-12.205264
-13.289767
0.351232
2.007360
1.492691

-6.404175
-8.877391
-9.024212
-8.129013
-7.982389
10.455784
10.601962
-9.706519
-9.560835
-12.039351
-12.184621
-12.788138
-11.311449
-11.165850
0.787861
2.062201
3.489356
2.168425
2.193993
3.500495
4.998360
3.691838
3.712755
5.016846
6.518026
5.214254
5.234257
6.537015
8.039838
6.737207
6.756992
8.058851
9.563196
8.261353
8.285243
9.585212
10.523723
11.098337
9.792821
3.118959
2.820365
3.223195

138

-5.356217
-5.342144
-3.789154
-4.911021
-6.463912
-6.448995
-4.896696
-6.020535
-7.572865
-7.559249
-6.008772
-7.951543
-7.133839
-8.690935
2.516754
2.920707
1.077675
0.462285
2.612400
3.241915
1.362092
0.733993
2.889152
3.519593
1.641506
1.011328
3.166805
3.798057
1.920640
1.289667
3.445162
4.077013
2.200624
1.568553
3.725420
4.357620
3.483413
2.499045
1.863915
2.458493
2.013115
-0.413369



T TT T T T T T T T T T T T T

15-(2,4,4,6,6-Pentametilheptan-2-il)-16-tetradesil-16-tridesilhentriakontan (C;0H4;)

oHoNoNONONONONONO RO NONONONONON!

-0.229972
0.394598
2.133303
1.613732

-0.126141
0.504136
2.243181
1.718050

-0.021361
0.607347
2.346451
1.819094
0.079921
0.708617
2.447635
1.919327
0.180113
0.809737
2.547244
1.534889
2.027117
0.282143

-2.538142
-2.984545
-4.434819
-3.082582
-3.619122
-3.810597
-3.898389
-2.522046
-4.343233
-4.939809
-4.975566
-2.580587
-1.968698
-0.644023
-0.631848

0.529838

3.484397
5.380177
5.125905
5.555508
5.802838
7.722342
7.477140
7.905314
8.148524
10.069566
9.827007
10.254459
10.496516
12.417917
12.176128
12.603985
12.845439
14.773871
14.532727
16.354939
14.980502
15.222549

-1.969358
-2.209968
-1.672916
-3.777456
-4.951814
-6.199820
-7.701953
-8.257537
-8.534774
-7.940755
-4.616937
-5.266702
-1.453159
-2.288946
-3.056650
-4.054981

139

-0.012052
1.491428
1.072555

-1.343204

-0.926062
0.562221
0.140658

-2.274882

-1.853958

-0.367149

-0.789730

-3.205150

-2.782641

-1.296363

-1.719695

-4.134831

-3.711643

-2.228061

-2.651007

-3.999215

-5.059586

-4.634892

-3.922999
-2.469157
-2.306377
-2.121467
-3.057480
-2.091946
-2.566528
-3.009323
-1.337232
-3.676754
-3.717036
-4.157351
-1.428696
-1.205908

0.131428

0.185273



oNoNoNoNoNoNONOoNONONONONONoNONoNONoNoNoNoNoNoNoNoNoNoNONoNoNoNONoNONONONONONONONONY!

0.544195
1.700379
1.713016
2.869493
2.882088
4.039738
4.052567
5.210804
5.224152
6.382753
6.399846
-1.557370
-0.943903
-0.665132
0.630528
0.887792
2.190370
2.452867
3.758262
4.022838
5.329336
5.594839
6.901868
7.167455
8.474682
8.739364
10.039715
-0.518553
0.904825
1.814916
3.212417
4.121945
5.517525
6.427164
7.821942
8.731452
10.125735
11.035068
12.428652
13.336668
-2.771640
-3.859745

-4.810970
-5.816381
-6.574177
-7.579475
-8.336583
-9.340519
-10.096779
-11.100053
-11.855454
-12.857808
-13.611204
0.124442
0.569748
2.083131
2.311467
3.806082
4.027856
5.522095
5.742693
7.236819
7.456662
8.950707
9.170197
10.664204
10.883590
12.377393
12.599850
0.305401
0.836036
0.684173
1.252421
1.100617
1.671755
1.522890
2.096252
1.948891
2.523708
2.377413
2.952702
2.809386
1.078461
1.177865
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1.518624
1.568641
2.901357
2.952421
4.285623
4.338066
5.671782
5.725000
7.059148
7.112044
8.438874
-1.562552
-0.160653
0.068481
0.861345
1.086476
1.863946
2.084807
2.858170
3.077979
3.849770
4.069267
4.840278
5.060204
5.830800
6.050782
6.817588
-2.764539
-2.471217
-3.698858
-3.421875
-4.646540
-4.369173
-5.594368
-5.317344
-6.542888
-6.266193
-7.491952
-7.214654
-8.432579
-1.861590
-0.765739
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-5.098449
-6.184218
-7.420877
-8.506979
-9.744717
10.830828
12.068897
13.155090
14.393376
15.479625
16.717364
17.800912
-2.494813
-1.541540
-3.260885
-5.167957
-4.771966
-4.582836
-2.097281
-3.649298
-2.986402
-4.721018
-1.725628
-2.543999
-2.231402
-5.345415
-4.407325
-3.621548
-4.610326
-5.090595
-5.920703
-4.897397
-5.350826
-5.747548
-1.619917
-2.957230
-2.370854
-2.525197
-0.431817

0.267892
-0.529602
-1.587157

1.926183

1.996969

2.745842

2.814650

3.561705

3.630557

4.377044

4.445690

5.191792

5.260310

6.006134

6.076398
-0.889215
-2.417025
-2.374402
-2.235313
-1.744467
-0.660211
-4.161748
-3.831496
-6.184957
-5.987050
-7.963308
-9.368101
-7.924683
-8.211591
-9.617257
-8.417398
-7.526834
-9.030072
-7.502748
-3.771257
-5.446596
-4.403168
-5.600454
-6.036252
-4.402538
-1.508305
-2.953012
-1.669625
-2.326190
-3.600890
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-1.277081
-0.196784
-0.706915

0.373056
-0.137544

0.942505

0.431770

1.511787

1.000924

2.080803

1.569284

2.641366
-4.153805
-4.111644
-4.651705
-2.894525
-1.252076
-2.687044
-1.839444
-1.163939
-1.342881
-1.486536
-2.292641
-3.055274
-4.021770
-0.980398
-1.583561
-0.499512
-4.648624
-3.839965
-3.393294
-4.422075
-4.337147
-2.947767
-3.710708
-4.854577
-4.804559
-0.468044
-2.068106
-1.210236

0.963520

0.284608
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0.424332
1.490723
0.652449
-0.419355
1.592138
2.664176
1.820407
0.749212
2.761932
3.833254
2.988106
1.918813
3.933526
5.002935
4.158047
3.089601
5.105016
6.173735
5.329683
4.261570
6.281644
7.348969
6.525559
5.453911
7.247712
-1.634111
-0.022697
-0.612453
-1.496569
0.552269
1.488157
0.956136
0.038878
2.121996
3.037981
2.518520
1.606994
3.692359
4.603645
4.087731
3.178172
5.264319

-4.784313
-3.508768
-4.083042
-5.352770
-6.543209
-5.274994
-5.847292
-7.115729
-8.306678
-7.037968
-7.609165
-8.879119
-10.068359
-8.797955
-9.368749
-10.639811
-11.828559
-10.557092
-11.127087
-12.399079
-13.592004
-12.320990
-12.901392
-14.178031
-14.328144
0.252437
0.004284
2.650667
2.529631
1.797296
1.876142
4.319440
4.244368
3.516472
3.586212
6.033618
5.963598
5.231867
5.299866
7.747808
7.679555
6.945914
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-0.648273
0.059386
2.352866
1.644414
0.733361
1.443819
3.736650
3.025626
2.117432
2.827803
5.120627
4.409559
3.503466
4.213644
6.506319
5.795935
4.890913
5.600206
7.893418
7.183917
6.283135
6.991163
9.284128
8.573033
8.448314
0.650957
0.065864

-0.877373
0.651805
1.844721
0.303836
0.101850
1.656264
2.849532
1.294504
1.099085
2.656774
3.844226
2.286448
2.091941
3.650782
4.835931
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6.173807
5.659348
4.750723
6.837511
7.745946
7.231586
6.323548
8.410902
9.318847
8.808129
7.901000
10.898689
10.204602
9.987699
-0.367564
-0.943311
0.867292
1.373985
1.904530
1.363316
3.126262
3.663957
4.210570
3.669495
5.428371
5.970457
6.517662
5.973479
7.731145
8.276008
8.823110
8.276872
10.033940
10.580615
11.127479
10.580370
12.344504
12.891262
14.336709
13.458262
12.909202
-2.398224

7.013378
9.461572
9.393903
8.659059
8.727138
11.175443
11.107207
10.372332
10.441150
12.894713
12.825939
12.182708
13.688418
12.113293
-0.663032
0.961000
1.913378
0.283825
-0.393208
1.222137
2.330105
0.714208
0.022875
1.637601
2.749021
1.133736
0.445560
2.059779
3.173347
1.558875
0.871745
2.485515
3.600693
1.986689
1.300464
2.914388
4.030361
2.417882
3.233647
1.737883
3.357320
2.110603
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3.277074
3.083141
4.642528
5.826281
4.266837
4.074228
5.633955
6.816808
5.256953
5.068940
6.627247
6.249921
6.961853
7.814908
-3.272539
-3.556694
-2.226735
-1.633766
-3.961477
-4.561593
-3.159484
-2.559265
-4.907667
-5.509392
-4.106133
-3.507199
-5.856580
-6.456642
-5.054220
-4.455573
-6.805477
-7.404859
-6.002933
-5.404618
-7.755199
-8.353681
-6.954000
-6.356563
-8.202600
-8.699364
-9.299255
-2.022505
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-3.202839
-4.148599
-3.472397
-4.804465
-5.509277
-6.475656
-5.780043
-7.129822
-7.824652
-8.796832
-8.103619
-9.454927
-10.148041
-11.120291
-10.427629
-11.779506
-12.472007
-13.444259
-12.752074
-14.104281
-14.796355
-15.768991
-15.077044
-16.436466
-17.127708
-18.682950
-18.118487
-17.424191

0.850623
0.181872
1.734169
2.957533
1.412142
0.964718
2.520249
3.778081
2.222357
1.782293
3.339147
4.594016
3.037020
2.598227
4.155566
5.409426
3.852078
3.413297
4.970896
6.224233
4.666622
4.227960
5.785789
7.040634
5.484299
6.620904
5.053649
6.616547
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-2.850446
-0.391001
0.107764
-1.572633
-2.172098
0.098636
0.697855
-1.002433
-1.601653
0.669437
1.267371
-0.434097
-1.031769
1.239327
1.836589
0.135062
-0.462388
1.808692
2.405845
0.704102
0.106821
2377758
2.974925
1.273885
0.677281
2.243251
2.936695
3.536023
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