How to use GO0O3

User name IP

Double click the “CYGWin” igon on desktop,
and key in Yusr/X11R6/bin/startxwin.bat

It will open 4 X-term window] then key 1n

ssh —Y —1 tigp01 pcfc2.sinica.edu.tw
Key 1n passwd “obc&789”

Key 1n “gv &” to open GaussView

password




Some Useful Website

Technical Support Information

http://www.gaussian.com/tech top level.htm



Pull-down menu options:

1) File:

¥~ Gauss¥iew 2.00 _




2) Edit:
T -




3) View:

b GaussView 3.09 - ol x|
File Edit “iew | Caleulate  Fesults  ‘Windows  Help |
[ G v view FE(MePg/8 W B Dh X9 2 d =

1B R 9 center 8| @ Dfi|lFHE Ao

= Curre Gulletey benzene |

F Hydrogens

= Dummies
Lahels

= Symbols

¥ Bonds

Synchronize

LCartesian Axes

gg Dizplay Farmat...

4) Calculate:

¥ Gaunss¥iew 3.00 _|O) =

File  Edit  Miew Qa]-:ulatel Resultz  Windows  Help
[E[T% § Bowen. crsmw [/ SEAS@ (kD L K[5  [BI
|% a ﬁ f @ Current Jobs...  Ctrl+d @ Ii} |§ E A o

l»  Current Fragment: henzene |




5) Results:

¥~ Gauss¥iew 3.09 -

6) Windows:

¥~ Gauss¥iew 2.00 _




7) Help:

£~ GaussView 3.09

v GanssView Help

Advanced Building Features

Setting up and Running Gaussian Jobs

Special Considerations for Various Gaussian Job Types
Wiewing Gaussian Results

Gaussview Preferences

Gauzsliew is a graphical user
interface designed to help wou
prepare input for submission to
Gattssian and to examing
graphically the output that
Gaursian produces . Saussliew is
not integrated with the
computational module of Gaussin,
hut rather is a front—endmack -end
processor to aid in the use of
Gaurstan. Ganssliew provides
three main benefits to Saussian
USEFS.

First, through its advanced
visualization facility, Gavssliew
allows you to rapidly sketch in even
wery large molecules, then rotate,
translate and zoom in an these
molecules through simple mouse
operations. It can also import
standard molecule file formats such
as PDE files.




Stepl : Coarse Optimization

Open new file — File — New — Create MolGroup

G1:M1:¥1 - Hew




Create Molecule : CN-PPV

Double Click at Ring Fragment —

Select Benzene —Click at new window

BEE




Create Molecule : CN-PPV

Double Click at R-Group Fragment —

Select vinyl —Click at H atom




Rotate the molecule

Rotate the molecule using left button




Modify Dihedral Angle

Click Modify dihedral — Select atoms




Coplanrity

Fixed atom1

- Rutate groups

L
Rufate group '
Potate atam




Coplanrity

Rotate atom4 — select Rotate group

otate group

- |Rotate atam ‘.
-30.02367 Fixed

G1-M1:¥1 - New




Coplanrity

Key 1n the angle — Click OK




Add CN group




Add Benzene




Rotate Benzene
Atom4 — Select Groups




Key 1n the angle

G1:M1:¥1 - New




Mechanics Minimization

Double click R-Group Fragment — Select n-butyl
— Click at new window

G1:M1:¥] - New




Modify dihedral angle

Click modify dihedral angle — Select atoms —
Key in the angle — Click OK




Minimization
Click Calculate — Select Gaussian —
Click Job Type — Select Opt + Freq

G1:M1:¥1 - Ganssian Calculation Setup




Method

Click Method — Select Ground State —
Select Mechanics — Select Force Field

G1:M1:¥1 - Ganssian Calculation Setap

Hartree-Faock
DFT...

rMPZ
kP4
QCISD
CCsD
CASSCF
Compound...
Custom...




Submit the job
Click Submit — Save the job

Method: | Gangsian Calculation




Save the job

File type *.com

gian Colculation Setup

GI1:MI1:Y1 - New

Save Ganssian Input File

: [=3/homesmyk/pentacenss il IE

& ] Ch-B-2 1CL4-5CZ-4 [_JCLE-SeCH [JCM2-2 _JCN4
[C1C4-6-2 [)CL2-pentacens [JCL4-SCH  [JCN10 ICMN2-3 ]CM4-2
[Och-6  [EICL4-0c2-4 ]CL4-SeCH [JCHZ ICMz-4 []CH4-4

Write in Cartesian form




Run the Job

G1:M1:¥1

fhome/mykipenta CH-FPY .com

Run Ganssian

Shomedmyk/pentacens/CN-PPY com




Finish Optimization




Check output *.log from startxwin

Type vi *.log — Enter
Check Optimization : Press Esc — type :/Optimization — Enter
Then press Page Up to find the final Geometry

myk on jockol: fhome/myk/pentacene




myk on jockol: home/mykfpentacene
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Final geometry




Dipole moment

Press Esc — type :/Dipole — Enter

¥k on jockol: fhome/mykfpentacene
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Energy

Press Esc — type :/HF=— Enter

fhomefmykfpentacene




Different Force Field

potential energy

UFF 4.81

Dreiding 3.05 2 3 ]

Amber 3.01 t I
S

1 Hartree = 627.50956 kcal/mol

1cal=4.18 ] Torsion Angle
nitial Final
UFF 179.45
I 160° Dreiding 179.89
J Amber 179.75
: ¥ ¢ F & 3 @ UFF 70.98°
80 5 8 £ 8 5 g [110° Dreiding 67.86°
D8 Sy Amber 67.84°

conformer potentials of butane about central C-C bond



Exercises:

1) Build molecule 1 and manipulate to different stereocisomers.

3) Build molecule 3 and optimize with molecular mechanics using UFF,
amber and Dreiding force-fields.




4) Conformational Search:

Build a butane molecule (CH;-CH,-CH,-CH,), use the Redundant
Coordinator editor to specify the dihedral angle C1-C2-C3-C4, do
Relaxed Redundant coord Scan using aml1, run job, and determine
which is the most stable geometry.

5) Build a water dimer, and try to manipulate them at different binding
orientations.



Semi-empirical Optimization

Select Group State — Select Semi-empirical — Select Method

G1:M1:¥1 - Gaunssian Calcunlation Setup




8,5,

Different Method

Torsion Angle

o
Final (initial 160°) Final (initial 110" or 0°)
AM1 180° AM1 74.69
PM3 180° PM3 75
PM3MM 180 PM3MM 75
MNDO 180° MNDO 71.96
MINDO/3 180° MINDO/3 71.66
INDO 180° INDO 59.85°
CNDO 180° CNDO 60.11°

» Starting from different geometries get different results

2.95 KJ/mol

2.19 KJ/mol
2.19 KJ/mol
-2.42 KJ/mol

2.76 KJ/mol

-3.93 KJ/mol
-3.80 KJ/mol



Benzene Dimer

AMI1 INDO
43.78 Kcal/mol B ~))
4.1 . L S
Y Wip W W51 Face to face & -57418 Kcal/mol

3 <X

2 >

@ Q

< — Y -57213 Kcal/mol
4.5 Face to ~

28-S edge )8 DB

43.77 Kcal/mol

» INDO optimization is poor; cannot calculate benzene dimer



E (kcal/mol)

—o—  GCSD(T) (Model Il)

E (kcalimol)

—O0—  CCSD(T) (Model Il)

5 6 7

E (kcal/mol)

.
L e, el ]

———l--
—— MP2

—o—  GCSD(T) (Model II)

Distance (A) Distance (A) Dist . A ?
i istance
Figure 3. The HF, MP2, and CCSD(T) interaction energies of the benzene Figure 5. The HF, MP2, and CCSD(T) interaction energies of the benzene . ) {_ ) )
dimer A. The HF and MP2 interaction energies were calculated with the dimer C. The HF and MP2 interaction energies were calculated with the Figure 4. The HF, MP2, and CCSD(T) interaction energies of the benzene
aug(d.p)-6-311G** basis set. The CCSD(T) interaction energy was calcu- aug(d.p)-6-311G** basis set. The CCSD(T) interaction energy was calcu- dimer B. The HF and MP2 interaction energies were calculated with the
lated by the AIMI Model II. See text. lated by the AIMI Model II. See text. The angle # was fixed at 63°. The aug(d,p)-6-311G** basis set. The CCSD(T) interaction energy was calcu-

angle @ is 63° when B, = 18 Aand R, = 35 A, lated by the AIMI Model II. See text.

» Edge-to-face and shift-stack are better than parallel stack.

» HF cannot locate the minimum.

» For VDW complex, methods with the consideration of electron
correlation are needed.

J. AM. CHEM. SOC. 2002, 104, 124



Coordinate: Cartesian vs Z-matrix

r2

'

rl

Cartesian 7 -matrix
O 0.0000 0.0000 -0.1108 @)
H 0.0000 -0.7840 0.4432 H 1 rl
H 0.0000 0.7849 0.4432 H 1 r2 2 al
Variables:
r1=0.96
r2=0.96 3N-6=3

al=109.5 R



Z-matrix for more than 3 atoms

1 rl
1 r2
1 r3
4 r4

al

a2 2 di
a3 3 d2
a4 3 d3

T TOITTO
PR WN

9 4 15

Variables:
r1=1.0698
r2=1.0698
r3=1.3552

a2=120.3 3N-6=12

d1=180.0
d2=0.0
d3=180.0



Impose Symmetry on Molecule

'd

C, no symmetry C,, symmetry
O O

H 1 rl H 1 rl

H 1 r2 2 al H 1 rl1 2 al
Variables: Variables:
r1=0.960 r1=0.960
r2=0.961 al=109.5

al=109.5



Optimization and Frequency

Click Calculate — Select Gaussian

&+ Ganss¥iew 3.00

G1:M1:¥1 - New




Job Type

Job type — Opt + freq — Noraman

.. Modife Bond [Select &tom 1

» Calculation of Raman spectrum is time-consuming: normally skip



Methods

Select Method — Basis set — Charge — Spin

¥= GaussView 3.09 G1-M1-¥1 - Gaussian Calpulation Setnp =13

Spin multiplicity (2S+1):

Singlet: 1 (S=0)
Doublet: 2 (S= %)
Triplet: 3 (S=1)
Quartet: 4 (S=1.5)




Link

G1:M1:¥1 - Ganssian Calculation Setap

penprocshared=4 .
%Chk_genzenBCh\

# of CPU




General

=

Click General — Select Additional print

» QC is used only when SCF convergence is difficult to achieve.



Submit the job
Click Submit — Save the job

Method: | Gangsian Calculation




Save the job

File type *.com

gian Colculation Setup

GI1:MI1:Y1 - New

Save Ganssian Input File

: [=3/homesmyk/pentacenss il IE

& ] Ch-B-2 1CL4-5CZ-4 [_JCLE-SeCH [JCM2-2 _JCN4
[C1C4-6-2 [)CL2-pentacens [JCL4-SCH  [JCN10 ICMN2-3 ]CM4-2
[Och-6  [EICL4-0c2-4 ]CL4-SeCH [JCHZ ICMz-4 []CH4-4

Write in Cartesian form




Run the Job

G1:M1:¥1

fhome/mykipenta CH-FPY .com

Run Ganssian

Shomedmyk/pentacens/CN-PPY com




2= GanssYiew 3.09

Fanssian Job

| M)/ Modify Bond [Select Atom 1/



Again : Job type — Method — Link — General
Method (DFT) — Exchange-Correlation (B3LYP) — Basis set

GanssYiew 3.00

G1:M1:¥1 - Ganssian Calculation Setnp

File Edit View Calculate | Results  Windows

— — — _—I = = Title: Title Card Required

| Lo () PR 3 A Gaussian.. Cirl+G -|_| Keywords: # opt freq b3lyp/6-31+g geom=connectivity
|q§ o= [ @ ¢l Current Johs. Ctrled Chargeult: 01

Job Type | Methaod | Titie |I1'nkD | General | Guess | NBO | FEC |32Jatmn |
o rultilayer ONIOM kodel

| petautspin  CBaLvR D ¢
| BN

_ 1=
Charge: IEI_ Spin:  Singlet jl 3

Methad: Ground State

] Uuse sparse matrices

Additional Keywords: | Update |

Submit. | Cancel |  Edgit. |  Betan | Demauts |  Hep |

A

| Modify Bond Select Atom 1 4




Input File XXX.com of Gaussian

\\. shin on jockol: fhomefshin

Title Card Required

—

H
H
H
H
H
H

"benzene, con” 20L, T9EC




Partial Optimization: How to Constrain Coordinates

; Gauss¥iew 3.09

File Edit View Calculate Besults Windows Help

[Lom A< /e[ mrE-saa@xb . X[  [zJraRsF[T 1]
IEEEIELEL

[Redundant. Coordinate Editor

Iz

ﬁ G2:M1 - Redundant Coordinate Editor

148 x| o] 9

ﬁ G2:M1:V1 - /homefshinfw2.1og - |D|ﬂ

! [
e

Status | Coordinate B
One can constrain bond lengths, angles
and dihedral angles in this window!

=l

Ok | Cancel Help

fIA[ Modify Bond [Select Atom 1




Constrain Bond Length

ﬁ G2:M1 - Redundant Coordinate Editor
_ =] ] o]
G2:M1:¥1 - /homelshin/w2.1 - O X -I
& M- J—lJ Status | Coordinate B

3 .ﬂ.dd Bond (2, 5)

Coordinate ISetEalue |

Eond j Coordinate: |2 |5

Cartesian Coordinate

Angle
Cihedral

B : - Linear Eend
fIA[ Modify Bond [Select Atom 1 B OLtor_Plane Bend

Unidentified Ok I Cancel Help y




Freeze Atom Positions

B G2:M1:V1 - Momelshin/w2.log _|of x|

@

fIA[ Modify Bond [Select Atom 1

E G1:M1 - Redundant Coordinate Editor
g %) &
Status | Coordinate =|
B Freeze Cartesian (1)
B Freeze Cartesian (2)
3 Add Cartesian (3)

Coordinate ISetMaIue |
Cartesian Coordinate j Coordinate: |3

Add |
Add

Activate

§Freeze Coordinate
Build Coordinate

Kill Coordinate
Remove Coordinate Ok | Cancel Help

—- Derivative
Hessian
Scan Coordinate

(]




Check output *.log from startxwin

Type vi *.log — Enter
Check Optimization : Press Esc — type :/Optimization — Enter
Then press Page Up to find the final Geometry

7 myk on jockol: home/mykipentacene/CH2
0100 0. 00001 5
D101
D10z _

0103 3

D104 0. 00002 0. | 0- 00002 ,~0: 00001 0. 00001

Ttem

III! MName Definition




Final geometry

Remember to search upward from the string “Optimization completed”

¥k on jockol: fhomefmykfpentacene

£

4]
1
1
1
o]
1
1
4]
1
1
1
1
1




Check Frequency and Polarizability

All positive Press Esc — type :/Frequencies— Enter

N m]rk on jm:kul : fhome/mykfpentacene/CN2

=cond derdvatives, UseDBF=F,
25 Tll i Fl FDair, PRISM(SEDEY,

oo I“[]HI TI TCe const '1.'[11'.'-‘- IIuL[I ‘11n~

Frequencies >-
Fed, mAasses —




Dipole moment and total charge

Press Esc — type :/Dipole — Enter

k om jockol : fhomefmyk/pentacene/CN4-2

=t nlm nle nje s ot o g N oy R | ay]

S ==

il
H
il
H
y




Mulliken charge

Press Esc — type :/Mulliken — Enter

myk on jockol: fhome/mykfpentacene/CHA-2

jmefmefmefmelesie sty
|

=====

jmi g g

1
1
1
1
14
11_
1
1
1
1




Thermochemistry

Press Esc — type :/Thermo — Enter

. _myk on jockol: ."hume!myk!pentacene!ﬂl“ -2

Stom 1 : rumber
2 1'"'1'“ 1¢ number
: O T llll]:"-'l

11_11utn.:1

1C number
¢ number
' nunber




Zero-point energy

Press Page Down

entropy
E,=E..1tZPE
vk on jockol: fhome/mykipentacene/CN4-2
E=E,+E;+ 500,65 4600.66 460245 460
Erot + Etransl ) (Hartres/Particle)
H=E +RT
G=H-TS

» Zero-point energy and other thermodynamic quantities (enthalpy,
entropy, free energy) are obtained through frequency calculation.



Energy

Press Esc — type :/HF=— Enter

ome/mykfpentacene

» This is the total electronic energy reported in the literature.



Check HOMO

Using GaussView — File — Open *.chk




Check HOMO

Press Molecular Orbital Editor —

Select Visualize — Press Update

Gansz¥ie (g Lic]

Eile Edit “iew Calculate Results Windows Help

fmamiAEdre Mg/ ESRA D VX ¢ ad=ARLZF ]S

i~ Current Surface: _IJ

@lpha MO [ (MO = 21) ; Isovalue = 0.02 )

Charge;_Jo n: Singlet /|

Wisualize

alculation | Diagram |
lsovalue: [0.02 Cube Grid:
Add Type:  HOMO _"| Add List: [21a

Current List 214

] Modify Bond Select Atom 1|

| cancel| Herp| 7




IR Spectrum

Click File to open *.chk — Click Result —
Select Vibration — Click Spectrum

faussYiew 3.00 G1:M1:¥1 - Display YibrationsY ibrational Spectra

it View Qall:ula indows  Help Infrared Spectrum
A8 o) bR 1 | o Summary. | | 2@l '™
4 B | ol ]iH 5 %harges._. 100 —
Surfaces.. _
brations... 3 0
X
il 2 gy
Scan E —
IRC... 7
Trajectory... a0 H\
Dplinizatian .. 7
T B -0 - g Uk
5l Wiew File.. ERRARARas A aA AL RAn Rl RAAAR AR A LA A RIn L ARh R Rin  ARAA LRARan SanRR
i s -0 500 1000 1500 2000 2500 3000 3500
Frequency
wy Vibmtions [ [O]X; (G1:M1:¥1 - Mome/myk/pentacene/test chk. = O]
# 5 Freg Infrared
Z 490.34 i}
3 TOR.B35 17.04539
4 77352 BA5TH
2 g3r7.109 GE.9069
4] 949.5967 9.94219
g 1075 .66 26261
g 112428 1.4547
9 114536 06071
10 116017 i} i

Opscamant [ L[

_| Show Displacement Vectars 4 B0 | [Read COnly [Read Only A
| Show Dipole Derivative Unit Vector

glosel .ancell §tar1-g -Sgectrum\! %lp !




Total density
Select Surface — Click Cube Actions — Select New Cube
— Select Total Density — Click OK

File Edit View Calculate Eesultslﬁindnws Help

o ial=< sway. [/ SESQKDL XK  |(adxaRLF][T ]
o a5 Chaties.. -
HEa S5 |5=:1i G1:M1:¥1 - Surfaces and Cubes M=
Wibrations... Cubes Available: 2 Cube Actions... YT
BMR Mew Cube ,rl 3
Scan,. Load Cube [——
IRC: Surfaces Available: Save Cube i |
Trajeotary... Remove Cube jl
M Isovalue for new surfaces = IEI.EIIZIIZI4 _| Add views for new surfaces
5 Wiew File...
ansel ﬂelpl
4
G1:M1:¥1 - Generate Cubes
Kind: Total Density o
kolecular Orbital
Density Matrix:  SCHFEEIETIIEA N

&lpha Density
Beta Density
Spin Density

Grid:  Coarse _l"l F ESF Faoints _fl

Current Density

5‘ C Ok : | Shie_lding Densitg:' Lan |

| Use full density m

51| [Modify Dihedral [Select Atom 1 4




Mapping the MEP

Click Surface Actions — Select New Mapped
Surface — Select ESP — Click OK

MEH

“Pa/sEd SB[ @A x[ser i Rms#E] U8

G1:M1:¥1 - Surfaces and Cubes =13

Cubes Available: Cube Actions.. ¢ |

Electron density from Total SCF Density {npts = 55,5340 ; res = 0.333335,0.333; _r|

‘Surfaces Available: 1 ]

lsovalue for new surfaces = |u.uuu4uu _Qixddv

ol Show Surface
Read Only Read Cnl ] | [ |

| y | Y =13 (_:jusel Hgml Hitle: Surface

o Remove Sufface
Llze an existing cube *

“* Gendyate values only at surface points
—

Kind: ESF

Molecular Crhital

. _ Total Density
Density Matrix SCF 0 o015 pensity

1i=

Beta Density

o L il L

Ok i
5 = Current Density P
Shielding Density

77| [Read Only [Read Only A




Remove MEP Mapping

|0.000400 ]

G1:M1:-Y1 - Mhomefmyk/pentacene/test chk




HOMO Mapping

Click Surface Actions — Select New Mapped
Surface — Select Molecular Orbital — Click OK

Eile Edit Miesw Calculate RBesults Win

¥ ECITON den
e [

om Tota S0V
|1.1?Be—2

dows  Help

Hresdoa)

iollaR S #] 08

[ 5 P [

@B X

i1 | [Read Only Read Only A

Cubes Available:

G1:M1:¥1 - Surfaces and Cubes =]

Cube Actions... |

Elactron density fram Total SCF Density (npts = 55,5340 ; res = 0.333333,0.3332 _r|

‘Surfaces Available: 1

N’BW.- Surface

: S ¢ Mew Mapped Surface )
lsovalue for new surfaces = |D.DDD4DD L Add T— i
2 Show Surface
m -QID‘SEI ]'-_JEinI Hide Surface

Use an existing cube

“* (jenerate values only at surface points

Remove Suface

_——
Kind:

Orhitals: — 4
Al —-'FI IZ-I &lpha Density Al —"l
21 Oce 41 Wirt Beta Density

Spin Density

)| |
————2| Currant Density i
- Shielding Density

J

81| [Read Only Read Only 4




Basis Set Superposition Error (BSSE)

AEying = Efif (AsB) — E4:(A) — EN(B)

For finite basis sets calculations, the monomer energies in AeB are artificially lowered

A and B

Counterpoise correction for BSSE

AECPBIND — Eli;)b (A i B)AoB _ EIE—IIF (A)A o EEF(B)B

+ [EEIF (A)AOB Ean (A)A B] [EI]?IF(B)AOB Ean(B)AoB]
BSSE correction for A BSSE correction for B




How to Setup Counterpoise Correction in GO3

¢ shin on jockol: fhomefshin
fp hf/=sto-3z counterpolse=2 scf=tight

BESE correction for water dimer

01




Counterpoise Calculation Results

""\. shin on jockcl: homefshin

06:hi 2006, MalMen= 6291456 cpu:

You don’ © 11-1 e to suffer to ]:u— —j__]_:-u"u'~"|'
|'_[| |:|_|—' o i [ :|_E 2noys 1 :”TT"']_:L'[L- T O

Job cpu time: 0 daye 0 hours "0 minutes 0,6 seconds,

Fl%ﬁ lengths (MBytes): RWE= 17 Int= (0 DZE= () Chik=

Yormal termination of Gausslan 03 at Fri May 19 12:% 'ﬂﬂﬁi_l_ _
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