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e http://172.16.6.20/
* https://openondemand.yonetim/

* MobaXterm, WinSCP, putty ....required
* https://gaussian.com/gaussianl6/

e Gaussian 16, Revision C.01 TRUBA’da yukliu versiyon.


http://172.16.6.20/
https://openondemand.yonetim/
https://gaussian.com/gaussian16/

Gaussian ve Gaussview yliklemek igin:
module load apps/gaussian/gl6-avx
module load apps/gaussian/gview

Calisacaginiz Klasor:
/arf/scratch/eyildirim

Chk dosyasini fchk yapmak igin:
/arf/sw/apps/gaussian/avx/gl16/formchk xxxx.chk



GAUSSIAN16-GIRIS

Gaussian, Prof John Pople ve Carnegie Mellon Universitesi'ndeki arastirma grubu tarafindan ilk olarak 1970
yilinda Gaussian 70 adiyla yayinlanan genel amacli bir hesaplamali kimya yazilim paketidir.

Gaussian, herhangi bir bilesigin enerjilerini, geometrilerini, titresim frekanslarini, gecis durumlarini, reaksiyon
yollarini, spektrokopik 6zelliklerini hesaplayabilen genel amacl bir ab initio elektronik yapi paketidir.

O zamandan beri glincellenmektedir. Son versiyonu Gaussian 16.

Gaussian Adi, Pople'nin molekiler elektronik yapi hesaplamalarini hizlandirmak igcin Gaussian orbitallerini
kullanmasindan kaynaklanmaktadir.

Gauss, kimyagerler, kimya miuhendisleri, biyokimyacilar, fizikgiler ve malzeme mihendisleri tarafindan kimyasal
ilginin yerlesik ve yeni alanlarindaki arastirmalardakullanilir.



Baslangic Olarak

* Molekuler Koordinatlar (hesaplamaya dahil edilecek tiim atomlar icin
atomik koordinatlar, kartezyen koordinatlar, i¢c koordinatlar (yani z-
matris), vb.)

* Yik (molekiliin/molekiler sistemin genel yik)
* Multiplicity (eslesmemis elektron sayisi)

e Simetri (Nokta Grubu)



Molekiler Yapi

Cogu kimyaci bir bilesigin adini duydugunda ilk aklina gelen sey yapisidir.
Modelleme yapi ile baslar.
Dogru baslangic yapisi 6nemlidir.




GaussView ile neler yapabilirsiniz?
Molekuler Yapilari inceleyebilirsiniz

Fare islemlerini ve/veya hassas konumlandirma ara¢ cubugunu kullanarak herhangi bir ekranda 3B'yi dondirme,
cevirme ve yakinlastirma, uzaklastirma.

Herhangi bir yapisal parametre icin sayisal degeri goriinttleme.
Ayni yapinin birden fazla senkronize veya bagimsiz gériinimund kullanma (6zellestirilebilir)

Birden fazla yapiyi bir topluluk olarak isleme. Goriintiileme bicimleri: wire, tipler, top ve cubuk/bag tiirt, bosluk
doldurma (CPK) stili

Element, NMR shielding icin atom basina etiketleri gorintileyin (mevcut oldugunda)
Sis ozelligiyle derinligi gorsellestirin.
Stereokimya bilgilerini gortntuleyin.

Secim yeteneklerine gére atomlari vurgulama, goériintileme veya gizleme (istege bagh olarak kalici)



GaussView ile neler yapabilirsiniz?

Molekdlleri Olustur/Degistir

Atomlar, fonksiyonel gruplar, halkalar, amino asitler (merkezi parca, amino veya karboksil sonlandiriimis)
ve nikleozitler (merkezi parca, C3'-, C5'-sonlandiriimis, serbest formlar) icin kullanish paletler

Ozel parca kitiiphaneleri

Standart molekil dosya bicimlerini ice aktarabilirsiniz:

* PDB, including ones created by AMBER. Optionally include/discard waters, apply standard residue
bonding on PDB import.

e Gaussian input (.gjf and .com), output (.log), checkpoint (.chk and .fchk), cube (.cub), and frequency
(.gfrq) files

* Sybyl.mol2, .ml2.; include/convert .mol2 lone pairs

 MDL files: .mol, .rxn, .sdf

* Crystallographic Information files: .cif

* Optionally include intermediate structures from optimizations, scans, etc.



GaussView ile neler yapabilirsiniz?
Bag tlirinl/uzunlugunu, bag acilarini, dihedral acilari degistirebilirsiniz.
istege bagli olarak baglanmayi yeniden hesaplayabilirsiniz.
Molekuller yapinin simetrisini artirin veya azaltin; yapiyi belirli bir nokta grubuna sinirlayin
Ayna ters yapi olusturabilirsiniz
Yapiyi secili atom etrafinda ters ¢evirebilirsiniz
Optimizasyonlar sirasinda dondurulmus atomlari/koordinatlari belirtebilirsiniz.
Spektrumlari gorintileyebilirsiniz: IR, Raman, NMR, VCD, ROA, UV-Vis, vb.

QST2/QST3 TS optimizasyonlari icin atom esdegerliklerini ayarlayablirsiniz.



GaussView 6.0.16

Beroom icon Tookkit Window SANANS

Fle Eda Tools Bulder View Calculate Results Windows Help
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https://docs.google.com/document/d/1PoX9J96nbdRMUK1zOGKSwHalZf0ci3n0OQ6s6MVnC6Sk/mobilebasic



Gaussian Input

Asagida Gauss hesaplamasinin farkh bolimleri yer almaktadir

$nprocshared=2 Shared Processors
$chk=water. chkw Checkpoint File

# opt freq b3lyp/sto-3g scrf=(solvent=water) geom=connectivity

Water Molecule Optimization/“
_— Charge & Multiplicity

C -0.26319297 -0.17756711 0.02240362
H 0.69680703 -0.17756711 0.02240362
H -0.58364756 0.72736872 0.02240362

I Z 103 320

- Connectivity
3 Information

Structure

Coordinates

12



Molekiler Yapi

Every atom has three cartesian coordinates, methane:

C -1.69999999 1.55000011 0.00000000
H -1.34334556 0.54119011 0.00000000
H -1.34332715 2.05439830 0.87365150
H -1.34332715 2.05439830 -0.87365150
H -2.76999999 1.55001330 0.00000000

Or, we only describe the internal relationships between the atoms:

distance of this atom
to atom #1 = 1.07 A

1 FI 167 angle between this atom, the atoms to which the
—— ——— <~ distance is defined (#1) and atom #2 = 109.47°
1 1.07 2 109.47 -

1 1.07 2

47 3 120.0>

1 1.07 2 109.47 3 =120.0 dihedral angle between this atom, the atoms to
which distance and angle are defined (#1 & #2)
and atom #3 = 120.0°

ohomom om0



/-Matris

H1HC2A3180.0

0C1.2
HC 1.08
A 120.0

« "C"ilk atom bir karbondur.
e "0O10C" ikinci atom, OC'nin ilk atomuna uzakligi olan bir oksijendir.

e "H1HC2A" Uclincii atom, HC'nin ilk atomuna uzakligi olan ve A'nin ticlinci, birinci ve ikinci atomlari arasinda bir aciya sahip bir
hidrojendir (derece cinsinden).

e "H1HC2A3180.0" Dordiincii atom, HC'nin ilk atomuna uzakligi olan ve A'nin Gglincd, birinci ve ikinci atomlari arasinda bir aciya
sahip bir hidrojendir. Birinci, ikinci, G¢linci ve dérdiinct atomlar arasindaki dihedral aci 180 derecedir (dizlemsel molekdil).



Hesaplanabilecek Ozellikler

* Bircok molekuler 6zellik hesaplanabilir:

* Bag enerjileri ve reaksiyon enerjileri

* Temel, uyarilmis ve gecis durumlarinin yapilari

* Atom vyukleri ve elektrostatik potansiyeller

* Titresim frekanslari (IR ve Raman)

* UV ve IR spektrumlariicin gecis enerjileri ve yogunluklari
* NMR kimyasal kaymalari

* Dipol momentleri, polarize edilebilirlikler ve hiperpolarize
edilebilirlikler

* Reaksiyon yollari ve mekanizmalari



#P HF/6-31G(d) opt=AddRed

test1 HF/6-31G(d) opt formaldehyde # B3LYP/6-31G(d) Opt=ModRedundant
01 test to see how to freeze coordinates
C1 o 1
0212 H 9.0 6.0 0.0
H3 1 r3 2 a3 0 11.8
H4 1 r3 2 a3 3 180.0 H 2 1.2 1 185.0
12F
r2=1.20 2 3 F
r3=1.0 § ; ' o
33=120. Bag uzunlugu sabit tutmak igin
341.60

Bu geometriyi kullan



Komut satin “# .....

 The route line contains (but not limited to) the following information:

* Property to be calculated (Energy, Optimization, Frequency, UV,
NMR, Scan etc.)

* Functional (Theory, like DFT, Hartree Fock etc.)

* Basis Set
* Solvation Information (Solvent to be used)
 Other parameters (SCF tightness, convergence criterion, etc.)

What is a basis set? We ‘ll understand it in the upcoming discussion.

Dr. Muhammad Ali Hashmi .



Lokal Minimum yapilardan kacinmak icin Konformasyonal analiz gerekir

Local
Minimum

Energy

Local
Minimum Local

Minimum

Local
Minimum

https://hprc.tamu.edu/files/training/2020/Summer/Intro_QM_ Lect1.pdf

Elektronik yapi hesaplamalari icin makul
bir baslangic geometrisi gereklidir.

Reasonably good
starting structure! g

Bad starting
structure!

JJ’*’ 7 Will most likely
, fail with an SCF
convergence failure
i‘. or possibly optimize
: to an excited state or
J high energy

structure.



electronic and zero-point Energies=
Sum of electronic and thermal Energies=

Sum of electronic and thermal Enthalpies=
Sum of electronic and thermal Free Energies=

Thermochemistry analysis follows the frequency and normal mode data:

Thermal correction to

Zero-point correction= .023261 (Hartree/Particle)
Energy= .026094
Enthalpy= .027038

Thermal correction to
Thermal correction to

Sum of electronic
Sum of electronic
Sum of electronic
Sum of electronic

Caitlin Williams

and
and
and
and

Gibbs Free Energy= .052698
zero-point Energies=-527.492585 Ey=E, .. +ZPE

thermal Energies= -527.489751 E= Egt Evitt ErortEprans
thermal Enthalpies=-527.488807 H=E+RT
thermal Free Energies=-527.463147 G=H-TS

https://www.researchgate.net/post/How-to-calculate-solvation-energy-using-Gaussian-09

-79.140431
-79.137210
=79.136266
=79.163404



* Bir teori duzeyi secin

. IE;I'elc_)rli duzeyi, Schrodinger denklemini ¢ozmek icin kullanilan Hamiltoniyen'i (H)
elirler

* HF, MP2, MP3, DFT (B3LYP, BP86, vb.), CCSD, vb.

Bir baz seti secin

* Baz seti, dalga fonksiyonunu tanimlamak icin kullanilacak atomik orbitalleri

tanimlamak icin kullanilan fonksiyonlar icin katsayi ve Us kiimesidir. 6-31G(d), SDD,
LANL2DZ, vb.

Kalibrasyon
* deneysel verilere karsi
* kiyaslama hesaplamalarina karsi (CCSD(T), MRCI, vb.)



S=Xm, m, = /2 spin up, alpha  mg = -2 spin down, beta

Number of Spin
unpaired e’ Multiplicity
S=0 1

0 Singlet
1 S=1/2 2 Doublet
2 S=1 3 Triplet
3 S=3/2 4 Quartet
4 S=2 5 Quintet



* Avogadro benzeri yardimci yazilimlar kullanmak



Polarization Functions

= Polarization functions have higher angular momentum

= They allow for anisotropic variations that occur in bonding and help
model the inter-electronic cusp.

QY

= Examples include 6-31G(d) or 6-31G* which include d functions on
the heavy atoms and 6-31G(d,p) or 6-31G** which include d
functions on heavy atoms and p functions on hydrogen atoms.

Dr. Muhammad Ali Hashmi )3



Diffuse Functions

= Diffuse basis functions are additional functions with small
exponents, and are therefore large

* They allow for accurate modelling of systems with weakly bound
electrons, such as

v Anions
v' Excited states

= Aset of diffuse functions usually includes a diffuse s orbital and a set
of diffuse p orbitals with the same exponent

= Examples in include 6-31+G which has diffuse functions on the heavy
atoms and 6-31++G which has diffuse functions on hydrogen atoms
as well.

Dr. Muhammad Ali Hashmi



NH, 3-21G

atom # atoms AO degeneracy basis fxns  primitives total basis fxns total primitives
N 1 Is(core) | 1 3 | 3
2s(val) 1 2 2+1=3 2 3
2p(val) 3 2 2+1=3 § 9
H 3 Is(val) 1 2 2+1=3 6 9

total = 15 24



Farkli Baz Setler;

“ L

Double C 6-31G Def2-SVP cc-pVDZ

Triple C_, 6-311G def2-TZVP cc-pVTZ

Quadruple C Def2-QzZVP cc-pvVQZ



Dogruluk ve Baz Seti

= Hesaplanan 6zelliklerin dogrulugu, baz setinin kalitesine duyarhdir.

= Hidrojen florir molekGlintun bag uzunlugunu ve ayrisma enerjisini
goz onunde bulunduralim:

Basis set Bond Length (A) Dg (kJ/mol)
6-31G(d) 0.9337 491
6-31G(d. p) 0.9213 523
6-31+G(d) 0.9408 915
6-311G(d) 0.9175 484
6-311+G(d. p) 0.9166 551
Expt. 0.917 566




HOMO-LUMO-ESP

Ilkan EA, Goker S,Sarigul H, Yildirirm E, Udum YA, Toppare
L. The impact of [1,2,5]chalcogenazolo[3,4-f]-
benzo[1,2,3]triazole structure on the optoelectronic
properties of conjugated polymers. J Polym Sci.
2020;58:956—968.
https://doi.org/10.1002/p0l.20190275968




Onemli web Siteleri

* https://cccbdb.nist.gov/vibscalejustx.asp

* https://www.basissetexchange.org/

* http://www.theochem.uni-stuttgart.de/pseudopotentials/index.en.html

e Correlation Consistent Basis Sets
http://tyr0.chem.wsu.edu/~kipeters/basis.html

* http://sobereva.com/multiwfn/



https://cccbdb.nist.gov/vibscalejustx.asp
https://www.basissetexchange.org/
http://www.theochem.uni-stuttgart.de/pseudopotentials/index.en.html
http://tyr0.chem.wsu.edu/~kipeters/basis.html
http://sobereva.com/multiwfn/

HF - Hartree Fock (uses RHF for singlets and UHF for others)

RHF - restricted Hartree Fock

UHF - unrestricted Hartree Fock

ROHF - spin-restricted open-shell Hartree Fock

CASSCF - complete active space

DFT- Density Functional Theory (Yogunluk Fonksiyoneli Teorisi)

MP2 - Moller-Plesset second order correlation energy correction

MP3 - Moller-Plesset third order correlation energy correction

MP4 - same as MP4SDTQ

MP4DQ - Moller-Plesset fourth order correlation energy correction with double and quadruple substitutions.
MP4SDQ - Moller-Plesset fourth order correlation energy correction with single, double and quadruple
substitutions.

MP4SDTQ - Moller-Plesset fourth order correlation energy correction with single, double, triple and quadruple
substitutions.

Cl - same as

CIS - configuration interaction with single excitations

CID - configuration interaction with double excitations

CISD - configuration interaction with single and double excitations

QCISD - quadratic configuration interaction with single and double excitations

QCISD(T) - quadratic configuration interaction with single and double excitations and triples contribution to the
energy

CC: Couples Cluster

HF<MP2<CISD<MP4(SDQ)~CCSD<MP4<CCSD(T)



Hartree-Fock and Post-HF (Post-SCF)

H+F > HF
HF/STO-3G 739
HF/6-311++G(3df,3pd) 97.9
MP2/6-311++G(3df,3pd) 144.9
MP3/6-311++G(3df,3pd) 137.9
MP4/6-311++G(3df,3pd) 141.8
QCISD/6-311++G(3df,3pd) 138.8
QCISD(T) /6-311++G(3df,3pd) 140.6

Experimental 141.2



Hesaplama Maaliyeti

Level of Theory ______ Scaling

HF N3 iterative
Density Functional Theory N3 iterative
MP2 N5 non-iterative
MP3, MP4(SDQ) N6 non-iterative
CISD, CCSD, QCISD N©¢ iterative
MP4(SDTQ) N7 non-iterative
MP5 N8 non-iterative
CISDT, CCSDT, QCISDT N8 iterative
MP6 N9 non-iterative
MP7 N'© non-iterative
CISDTQ, CCSDTQ, QCISDTQ N1° iterative

N: baz fonksiyonu sayisi



Yogunluk Fonksiyoneli Sayisi

Fonksiyonel — Bagimsiz degiskeni ayni zamanda bir fonksiyon olan fonksiyona fonksiyonel denir.

E.(p) icin, p temel durumun elektron yogunlugu oldugunda, r elektron sayisini ve potansiyeli belirler. Bu
nedenle, temel durum ozelliklerini de tanimlar.

Teoride, DFT ab initio, varyasyonel, boyut-genisletilmis

Kesin fonksiyonel form bilinmemektedir, bu nedenle, deneysel verilere uymasi icin parametrelendirilmis
yaklasik birfonksiyonel kullanilir.

GUnUmuzde DFT hesaplamalari icin kullanilan fonksiyoneller yaklasik ve parametrelendirilmistir.
Su anda uygulanan DFT ab initio olmayabilir, varyasyonel degil, boyut-genisletilmis

EDFT [p(N]=T[p(N)]+Vye[P(N)]+ Vee[ p(1)]+ AT [p(r) ]+ AVye [ ()]
T[ p(r)] = Kinetic Energy of the non-interacting electrons
V,.[p(r)]
V..[p(]
AT[p(r)]

AV, [ p(r)] = all non-classical corrections to the electron-electron interactions

= nuclei-electron coulombic attraction
= electron-electron coulombic repulsion

correction to the Kinetic Energy due to the interacting nature of all electrons

DH[ (!‘)]
E (X;|‘— 1)~ (xi

E_ = AT[p(r)] +AV,, [p(r)]

dr | %) |+E.. [p()]

|\>a> (xJ




GGA

* Exchange: B (Becke) , PW91 (Perdew and Wang) Long-range and/or dispersion corrected Functionals

e Correlation:, LYP (Lee, Yang, and Parr), P86 WB37XD
(Perdew) , PW91 (Perdew and Wang) Meta-GGA

* Exchange-Correlation together: BLYP, BP86, MO6L
PW91PW91, etc

Hibrit

From the Gaussian on-line manual:

Becke Three Parameter Hybrid Functionals. These functionals have the form devised by Becke in 1993 (gecke93a):
AtExSlatcr+(l -A)*EXHF'*‘B 'AEXBCCkc+ECWN*‘C tAECnon-local

where 4, B, and C are the constants determined by Becke via fitting to the G1 molecule set.

There are several variations of this hybrid functional. B3LYP uses the non-local correlation provided by the LYP
expression, and VWN functional III for local correlation (not functional V). Note that since LYP includes both local and
non-local terms, the correlation functional used is actually:

C*Ec YP+1-Cy*EcY™WN

In other words, VWN is used to provide the excess local correlation required, since LYP contains a local term essentially
equivalent to VWN.



G16'da mevcut fonksiyoneller

DEGISIM FONKSIYONELLERI: Slater, Xa, Becke 88, Perdew-Wang 91, Barone-modifiye PW91, Gill
96,PBE, OPTX, TPSS, revize edilmis TPSS, BRx, PKZB, wPBEh/HSE, PBEh

KORELASYON FONKSIYONELLERI: VWN, VWNS5, LYP, Perdew 81, Perdew 86, Perdew-Wang 91, PBE,
B95,TPSS, revize edilmis TPSS, KCIS, BRC, PKZB, VP86, V5LYPDIGER SAF FONKSIYONELLER: VSXC, HCTH
fonksiyonel ailesi, tHCTH, B97D, M0O6L, SOGGA11, M11L,MN12L, N12, MN15L

HIBRIT YONTEMLER: B3LYP, B3P86, P3PW91, B1 ve varyasyonlari, B98, B97-1, B97-2,
PBE1PBE,HSEh1PBE ve varyasyonlari, O3LYP, TPSSh, tHCTHhyb, BMK, AFD, M05, M052X, M06, MO6HF,
MO062X,M0O8HX, PW6B95, PW6B95D3, M11, SOGGA11X, N12, MN12SX, N12SX, MN15, HISSbPBE,
X3LYP,BHandHLYP; kullanici tarafindan yapilandirilabilir hibrit yontemler

DENEYSEL DAGILIM (Dispersion): PFD, GD2, GD3, GD3BJ  Empiricaldispersion=GD3

DAGILIM DAHIL FONKSIYONELLER: APFD, B97D3, B2PLYPD3UZUN ARALIKLI DUZELTME: LC-wPBE,
CAM-B3LYP, wB97XD ve varyasyonlar, Hirao'nun genel LCd Gzeltmesi



Koopmans Teoremi

Kapali kabuklu bir atom veya molektlden bir elektronu cikarmak icin gereken eneriji, ¢cikarildigi orbital
enerjisinin negatifi ile iyi bir sekilde yaklasik olarak hesaplanir:

lyonlasma Enerijisi = -E(HOMO)

YFT Tanimlayicilari

Elektronik kimyasal potansiyel u, bir sistemin temel durumda cevre ile elektron yogunlugunu
degistirme olasiligi ile iligkilidir.
Elektronik kimyasal potansiyel p'nin, elektron yogunlugu kaybina karsi direncin bir 6lgisi olan

Mulliken elektronegatifliginin negatifi olan ﬁ_ﬂe tanimlanmasi, atomlar ve molekdller igin
elektronegatiflik degerlerini hesaplamanin bir yolunu sunar.

Kimyasal sertlik n, bir molekulin cevre ile elektron yogunlugunu degistirme direnci olarak
dusundulebilir.

Elektrofiliklik w indeksi, bir molekuliin cevreden ek bir miktarda elektron yogunlugu, AN, edindiginde
enerji stabilizasyonunun bir dlcusinu verir.

. ofe . I:':ﬁ_-\. {J.Ll . ) 'l
AN .., bir elektrofilin edinel n= (_J — (_) — T — A= {Epomo — ELvmo)
ﬂh‘ ¥ F} «ﬂ‘llll'l ¥l F)
; 1 . AN =_H
pu=—-y=-14Ll+A) A = ."Il {I + .:"f!.} = U {'rl? max -‘?



Optimized geometries of hexamers of thiophene, selenophene, and tellurophene

Eur. J. Phys. 44 (2023) 025401
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Uyarilmis Durum Yontemleri
* CIS —Yapilandirma Etkilesim Teklileri.

* RPA — Rastgele Faz Yaklasimi. CIS'e benzer ancak uyarilmis durum
enerjilerinin hesaplanmasinda cift uyarimlariicerir.

e CIS(D) — Uyarilmis durum enerjileri icin 2. dereceden Pertirbatifdizeltmeli
Yapilandirma Etkilesim Teklileri.

* Zamana Bagl Yogunluk Fonksiyonel Teorisi (TD-DFT)



Coziicii etkisi
Sorun: Geleneksel kuantum hesaplamalari gaz fazinda gerceklestirilir Cogu reaksiyon kimyasi ¢ozeltide gerceklestirilir

Gaz fazi hesaplamalari, ¢ozeltide meydana gelen bir reaksiyona dahil olan yiiklii ve/veya nétr polar molekdillerin
enerjisini dizgln bir §ek|Ide tanimlamada basarisiz olur.

Olasi Coziimler:
Explicit Solvent - ¢cozictu molekdillerini sisteme dahil edilmesi.
Hesaplama agisindan pahali,
Yakinsama sorunlari,
Yetersiz sayida ¢ozucli molekull dahil edilirse ¢oziicu etkilesimini yanlis olur.

Implicit Solvent - ¢cozlici molekullerinin etkisini kapal bir ¢6ziicii modeli kullanarak tahmin edilmesi.
Toplu polar ¢ozicu etkileri icin makul sonuglar verir.

b) Cozlcl moleklli dogrudan reaksiyon kimyasina dahilse basarisiz olur (yani glicli H-baglanmasi, koordineli,
vb.).

Onsanger Model (scrf=dipole)
PCM — Polarizable Continuum models, scrf=PCM or scrf=IEFPCM
SMD- Truhlar modeli



 Geometri Optimizasyonu ve gazda gerceklestirilen frekans

Zero-point correction= 0.010473 (Hartree/Particle)
Thermal correction to Energy= 0.012833

Thermal correction to Enthalpy= 0.013777

Thermal correction to Gibbs Free Energy= -0.000995 Georr

Sum of electronic and zero-point Energies= -1.122035

Sum of electronic and thermal Energies= -1.119674

Sum of electronic and thermal Enthalpies= -1.118730

Sum of electronic and thermal Free Energies= -1.133503

* Tek nokta PCM hesaplamasi

Error on total polarization charges = 0.00644
SCF Done: E(RB3LYP) = -113.306376503 A.U. after 9 cycles (Esolv)
Convg = 0.7227D-09 -v/T = 2.0112

KE= 1.120524010887D+02 PE=-3.076682289508D+02 EE= ©.113684744058D+01

Geolv = Econy + Georr = -113.306376503 + -0.000995 hartrees



# B3LYP/6-31G(d) opt SCRF (pcm, solvent= generic, read)
01

(0]
H, 1, 0.94
H, 1,0.94, 2,104.5

> Blank line

eps=32.613
epsinf=1.727
vmol=40.45
density= 0.041



C&t%szz//www.youtube.com/playlist?list=PLHBSVxM FOHNPiy5mBpulnvECjppc
X8Zn



Atom Yukleri

Mulliken Population Analysis (MPA)
Natural Population Analysis (NPA)

Lowdin Population Analysis

Atomic Polar Tensors (APT)

Atoms in Molecules (AIM)

Molecular Electrostatic Potential (MEP/ESP)
Merz-Singh-Kollman (MK)

CHELP

CHELPG

Hirshfeld (pop=CM5)



GAUSSIAN DA POLAR KOMUTUNU YAZDIGINIZDA
Output’da
3 dipole moment( x,y,z),

6 polarizability (xx xy yy xz yz zz),

9 hyperpolarizability (xxx XXy Xyy yyy XXz Xyz yyz xzz yzz zzz) degeri verir.

111 | UNPC-HELP-PC | SP |UB3LYP | 6- 311++G(d,p) |IC4H6KL104 (2) |PHYS CHEM A|O02-Fe

b-2014 0| |# B3LYP/6-311++G(d,p) PolarIIPotassiu-

oped Succinic acidl|

0,2|K|C,1,3.49417607|C,2,1. 51138499 1,114.28587096|H,3,1.09397897,2,10
7.97468805,1,-167. 37911545 ,OlH,3,1. 09011973,2,107. 45998019.1.-51.11890
454.0|C.3.1.S3620012 2.113.51187227.1.72.34513644.0IH.6.1.09242595.3.1
10.92190442,2,173. 02176651.0|H.6.1.09676561.3.110.15567726.2.55.576930
98.0](.6.1.50628333 3,113.00654441,2,-64.5553915,0]0,2,1.21404638,1,46
.19702273,9,-151. 83265531 0jo,2,1. 34961099 1,109. 64041533 10,-116. 5349
0572,010,9,1.21706361,6, 13s. 42726853 »16. 90224247 0lo0,9 34637025 6,

112.27093717,3,-165. 96589524 ,OlH,11, 0. 97374735 2,

108. 01954254 1,46. 797

81417,0|H,13,0.97008539,9, 107. 73287734 6,-176. 16149803 Ollversion-IABZ
W-GO9ReVA. OZlState-Z AIHF-—IOS? OSS4228|SZ-O 75019|s2- 1=0. | S2A=0. 75IRH

SD—S 833e- OOQIDi

69. 4800506, 2670. 962727,
206164, -11192,75 079,
e=1.9

[x(c4u6x104)lllc

1.11- 40,
11991 3533078,
7866. 5268512 57‘97968280"_

ole=1. 1933874,0. 1527607 1. 4693226|'

215008 6016153, 625. 0300625, 1048 2
1002' 6504 269|[

52832 | HyperpPolar=105



Bu degerleri kullanarak:

dipole moment y,

2 2 2 \1/2
#:(ﬂx"'.uy‘*',u:) |
the polarizability , <a>

@ ha e
(o) = 22

the anisotropy of the polarizability Aa

( ( f ooy valvar )|
arx i an + a}:\' o a::: + (a:: i a.\’.\’) + a.\j‘ + ax: ki ay:

(- == :

first-order hyperpolarizability B

B= B +B, +B.f+(B,, +B. +Bf + (B + B + B, ]




| R Spektrumu Freq komutu ile

* Gaussian'daki frekans hesaplamalari icin varsayilan olarak hesaplanir.

* Birinci dereceden yaklasim (¢ift harmonik) dolayisiyla yalnizca sifirdan
farkli bir yogunluga sahip temel bantlar (izin verilir).

* Olcekleme faktoriyle (DFT ~ 0,98) dogru frekanslar

2 ) 2

E

IR Intensity o % os J =  Harmonic
dq IR IF

i - Dipole Moment =

e g - Normal Coordinates -
e £ - Energy

Morse

R - Nuclear Coordinates | |
F - External Electric Field 05 10 15 20 25 30




NMR Spektrum NMR komutu ile

* |Igilenilen molekille ayni teori seviyesinde NMR standart molekulini
(yani TMS -Trimetilsilan) hesaplamak gerekir.

52 E % mg == 1/2
NMR Shielding « 3 Il
® E - Er‘]ergy —~ mg=+1/2

e B - External Magnetic Field
e | - Nuclear Magnetic Moment (Nuclear Spin)

é’ZE)

Spin — Spin Coupling ( pen



* Gauge-Independent Atomic Orbital (GIAO) metodu
* SCF, DFT ve MP2 icin calisir.



Significant Enhancement in the Seebeck Coefficient and Thermoelectric Power Factor of
PEDOT:PSS by Surface Energy Filtering

Motivation: Seebeck coefficient (S) of conducting polymers are
much lower than their inorganic counterparts. In this work, we find
that both the S and the power factor of acid and base treated
PEDOT:PSS can be enhanced by coating a layer of Rhodamine 101

highly enhanced o
..o.| [~ decreased S
BA-PEDOT:PSS

slightly decreased o

zwitterion. [~ enhanced S

: . : J RBA-PEDOT:PSS
Results: Increasing conjugation length not only decreases band i
gap and increasing charge carrier density but also enhancing -1 @.@%@

. . . ) — Rh101 layer
stacking of the chains. Charge carriers are forced to be distributed @ H %-
nonhomogeneously along the PEDOT chain by the electric field
induced by Rh101 at the interface. This creates electrostatic traps Self-organisation of PEDOT chains at the Rh 101 interface
and defects that decrease conjugation length. a o» , Pedots  pedots  pedoto
Rh101 disrupts tr-conjugation of the chains by decreasing overlap .w E - - |
of orbitals between neighboring 1-bonds and planarity that resulted b& - " 1
in the increasing band gap and reduced T—TT interactions leads to e .

> 5.31 4.35 4.05

lower amount of nanoscale aggregations of PEDOT chains. Fé.

Energy (eV)
PN

. . . . el
Conclusion: Slight decrease in 0 and enhancement in Slead to ¢ 2m 2» 22 2

'
@
.

|

PF as high as 401.2 yW m K2 which is ascribed to the surface
energy filtering and interfacial dipole moment induced by ¢ i ,
Rhodamine 101 at the surface of PEDOT:PSS films. Lt -

. . Electrostatic potential surface (ESP) for increasing conjugation length,
TE properties and work function of samples (Ouyang Group, NUS). 4 pepoT,, b) PEDOT,, ¢) PEDOT,. Band gap for these structures.

Sample S (nV K1) o (Scm?) PF (LW m1K2)
A-PEDOR:PSS 14.0 3057 59.9 b , ’ ’
RA-PEDOR:PSS 34.5 2294 273.0 "*' ,’
BA-PEDOT:PSS 38.0 2089 301.7 ™
RBA-PEDOT:PSS 47.2 1801 401.2 ESP for PEDOT, under the electric field at a) X- and b) Y-direction.

R: rhodamine interface, A: acid treatment, B: base treatment
J. Mater. Chem. A, 2020, 8, 13600-13609
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No dipole moment

Field komutu ile X direction of 0.005 au

Y direction of 0.005 au




