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What i1s Computational Chemistry?

*Is the application of computer based models to the
simulation of chemical processes and the
computation of chemical properties.

-too unstable molecules to be studied experimentally
-Properties which are not experimentally observable
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Computational Chemistry

The field of Chemistry that focuses on
= Theoretical Aspects and
<= Computer program

SQuantum
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Gaussian and Gaussview

Gaussian (www.gaussian.com):

« computational chemistry software package

» performs molecular mechanics, ab initio, density functional theory,
and semi-empirical molecular orbital calculations

 calculates a wide range of properties
» performs geometry optimizations and frequency calculations

Gaussview (www.gaussian.com):

« graphical user interface for Gaussian

 can build molecules, set-up input files, submit Gaussian
calculations, and visualize results
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Gaussian Input File

the Gaussian iﬂDUt file has the foIIowinq form (http://www.gaussian.com/g ur/m input.htm).

1. Link 0 Commands: -set up memory limits, etc. Line starts with %. Optional.

2. Route Section: -specifies the details of the calculation
-can be multiple lines with max. 80 characters
-each line in Route Section must start with #

3. Blank Line: -tells program Route Section is done

4. Title

5. Blank Line: -tells program Title is done

6. Charge and Multiplicity

7. Molecular Geometry: -provide the atomic coordinates
-Cartesian or Z-matrix format

8. Blank Line: -tells program the input file is done
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Gaussian Input File

example input for water

%chk=h2o0_scan.chk

wmemn=6HY link 0 commands

wnproc=1

# hf/3-21g opt <«— route line

Title

a1 < charge and multiplicity

0 8.8 0.8 9.8

H 1.8 8.8 9.8

H 6.8 1.8 B.8 geometry in cartesian coordinates
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Output

e gaussian output files will usually end with .log or .out
e contains a lot of information — contents depend on type of calculation

e units are usually Hartree for energy and Angstrom for distance
(but not always)

1 Hartree = 627.51 kcal/mol
1 Angstrom = 1.0 x 1010 m

Things to look for in the output:

 molecular structure — look for aline saying “Input
orientation:”
 molecular energy — look for aline saying “ SCF

Done:” : L : : :
convergence in optimization — look for a line saying “Maximum

Force”
summary of arigid scan — look for aline saying “Summary of the

potential surface scan”

summary of a relaxed scan — look for a line saying “Summary of
Optimized Potential Surface Scan”

frequency information — look for a line saying “Harmonic
frequencies”
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Gaussview

e graphical user interface to Gaussian
* builds molecules

e sets up input files

e submits calculations

e visualizes output
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File Edit View Calculate Results Windows Help
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} Current Fragment;

current fragment

structure window

Build Select Placement ¢

* shows molecule for
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Gaussview — Builder

Open the builder menu by selecting: View — Builder

[ structure window
ORF<l add atom/fragment/ring [@ewiie

~¥ |Y current fragment

change bonds/angles

add delete atoms

<«—quick structure cleanup

Build Select Placement .:

 use builder toolbar to select atoms/fragments to add to molecule
« add fragments by clicking in structure window

 run a quick structure cleanup to get a structure with
reasonable bond lengths/angles

» can modify structure by selecting appropriate tool in builder
toolbar and applying tool in structure window
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Open the builder menu by selecting: View — Builder

L structure window
ORF<B add atom/fragment/ring @ei

~¥ |Y current fragment

change bonds/angles

add delete atoms

<«—quick structure cleanup

Build Select Placement .-

 use builder toolbar to select atoms/fragments to add to molecule
« add fragments by clicking in structure window

 run a quick structure cleanup to get a structure with
reasonable bond lengths/angles

» can modify structure by selecting appropriate tool in builder
toolbar and applying tool in structure window
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Gaussview — Calculation Setup

Set up a Gaussian input file by: Calculate — Gaussian...

current route line #1) G1:M1:V1 - Gaussian Calculation Setup
for calculation | Title:
m’ # hi/3-21g geom=connectivity
Charge/Mutt.: 01
) __-lﬁb;}‘ﬁrﬂ"—'—h‘lﬁmu GiE Gk O aeneral W Solvation
menus to SpeCIfy <.~ ........................ -l __—
various job options Energy (]
keywords not
accessible with
gaussview menus
ﬁddniunzm‘ Update
submit a Gaussian »submi.. || Cancel || Edt. || Betan || Defaks ||  Heb
calculation T
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Set up a Gaussian input file by: Calculate — Gaussian...

Job Type

click on job type
in drop-down list
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P2 G1:M1:V1 - Gaussian Calculation Setup

Title:
Keywards: # hf F3-21g geom=connectivity
Charge/Muk.: 01
Job Type Method Title Link; 0 Feneral Guess MNBO FBC Solvation
Enengy [v]
Energy A
Optimization
Frequency
Cpt+Freqg
IRC =
Scan
Stability
NMR
BOMD
ADMF v
Additional Keywands: Update
Submit... | | Cancel | | Edit... | | Betain | | Defaults | | Help
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Set up a Gaussian input file by: Calculate -» Gaussian...

#1] G1:M1:V1 - Gaussian Calculation Setup
Title:
Keywords: H# =can hf £3-21g geom=—connectivity
Job Type Charge/Mut: 01
Job Type | Method | Title || Link 0 | General || Guess || NBO | FPEC | Solvation
- Scan [»]
some keywords - =
. . iigi o
require you specify < o :
additional options Relaxed (Z-matrix) ;
Relaed (Redundant Coord)
N—
Additional Keywards: Update
Submit .. | | Cancel | | Edit. . | | Fetain | | Diefaults | | Help
14
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Set up a Gaussian input file by: Calculate — Gaussian...

¥ G1:M1:V1 - Gaussian Calculation Setup
Title:
MEth Od Keywords: # scan hf /3-21g geom=connectivity
Charge/Mult.: 01
specify the method Job Type | Method | Tile | Lik 0 | General | Guess | NBO | PBC | Solvation
used to calculate
the ener gy Multilayer ONIOM Model
Method: folnd Statel| v | Hartree-Fock [ | Default Spin~ [w]
specify the basis BassSet: M321G [s]|  [s]| [+
set Charg}v Spin: inglet [+
set the charge and
- - - /
multiplicity
Additional Keywords: Update
Submit... | | Cancel | | Edit... | | Betain | | LDiefaults | | Help
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E G1:M1:V1 - Gaussian Calculation Setup

Title:
Keywaords: # scan hf/3-21g geom=connectivity
Charge/Mut.: 01

Job Type || Method " Title " Link 0 | General | Guess " MNEQ | PEC |S|:|Iuati|:|n

[ ]:Use Quadretically Convergent SCF: [] Addttional Print
General lse Modified Redundant Coordinates Write Connectivity

click here to set the || ) 1970 Simmety

symmetry to C1

Additional Keywords: Update

Submit... || Cancel || Edit... || Hetain || [efaults || Help
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Set up a Gaussian input file by: Calculate —» Gaussian...

Submit - .
T G1:M1:V1 - Gaussian Calculation Setup

o click submit to run the T
- calculation -, Keywords: f opt=z-matrix hf /3-21g geom=connectivity

] Run Gaussian Charge/Mut.: 01

Submit the following file to Gaussian? JobType | Method | Tile | Lk 0 || General | Guess | NBO | PEC | Solvation

CAGOIW \my_jobs methanal gjf|

Scan (w]
| || cancel |
Relaxed {Z-matrix) (w]
 sometimes additional Additional user input is required!
input is required
E Gaussian Calculation
@ Scan requires additional input, You must add
scanning variable data to the Gaussian job file.
Consult your Gaussian Reference Manual.
oK
e notification when Additional Keywords: Update
finished )

Gaussian 03 » Submit... ‘ | Cancel | | Edit... | ‘ Retain | ‘ Defaults ‘ ‘ Help

Gaussian job has completed

Do you want to dose the Gaussian window?

sene3095@gmail.com, or 17

.................................

L. AEs Mo sene3095@yahoo.com




Gaussview — Results

You can analyze the results with: Results — Option (depends on type of job)

67 G1:M1:V1 - Calculation Summary 7 G1:M41:V1 - Scan Plot

Title Card Required 1-D Scan of Total Energy
File Type log 76.9 —
Calculation Type FREQ > 77 -
Calculation Method RHF g = 7713
Basis Set 121G c 2 772
E(RHF) 11439801919 aw. — - 4
RMS Gradient Norm 0.00007469  au. E L 774
Imaginary Freq 0 .
Dipole Moment 21227 Debye 7.6
Point Group c1

0 5 0 15 20 25 30 35 40 45

Job cpu time: Odays 0hours 0 minutes 11.0 seconds.
Scan Step Number

Ok
%7 G1:M1:V1 - Display Vibrations &3
| # / Freq Irrflared | Raman Depolar-P l Depolar-U 'A:
i i 360,694 172728 60799 0.75 0.8571 T
2 1090.36 55.0305 7.4934 0.2913 D.4512
3 115273 15.0775 7.0726 0.5664 07232
4 125378 0.924 52184 0.75 0.8571
5 1480.79 30 4862 6.3543 0.7291 0.8434
& 163729 49074 6.5274 07111 0.8311
7 1685.37 3.1547 262657 0.75 0.8571
8 165791 33291 24 2007 07494 0.8568
5 3179.44 40,8531 111.586 0.0795 0.1479
10 3218.86 85.0498 622213 0.75 0.8571 .
11 TR 17 24 NAIE 71 QLT n R34 n ooy )
Frames # Cycle: — j
Displacement: : j

[] Show Displacement Vectors
[[] Show Dipole Denvative Unit Vector
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1. Geometry Optimization

Geometry Optimization;

* minimize the energy of a molecule by iteratively modifying its structure
 provides the energetically-preferred structure of a molecule

 the located structure will correspond to the local minimum nearest on
the potential energy surface to the input structure

* suitable for determining the structures and energies of reactants and
products

This example:

« optimize the geometry of (CH,),CO
starting from a structure built with
gaussview using standard bond
lengths and angles

» geometry provided in Z-matrix format

» calculation performed at hf/3-21G
level of theory (more on this in
future lectures)
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Geometry Optimization — Input

# opt hfs3-21g nosymm €«— ¢ keyword ‘opt’ requests a geometry optimization to a
minimum energy structure

Title Card Required

0.’ » ‘hf/3-21G’ specifies level of theory for the calculation
N1 Bl L an * ‘nosymm’ tells the program to set the initial symmetry to C1
H 1 B3 3 A2 2 D1 e geometry optimizations sometimes change the
[ H 1 BLha L A3 = D2 .

0 5 BS 1 A4 &4 D3 symmetry of the system, causing the

[ H = BaG 1 AS i DL : H

W > B?7 5 Ae 1 po calculation to fail

H i B& L nar 1 D ..

H 7 B9 5 A8 1 D7 * the minimum energy structure may not have

B 1. 07000000 the same symmetry as the initial structure

B2 1870000848

B3 1878000088

BL 1.54008080

BS 1430080080

B 1.54008080

BF 187000088

B8 1_87000084

BO 1.8700800800

A1 109 47120255

Az 109 47121820

A3 189 _L7F121829

AL 128_409000004a

A 128.0980080080

AG 109 47122063

Ar 189 _ 47122063

ne 189 _4L7122063

D1 1280_800080086 8

DzZ —128.800803407

D3 180080000080

D —188.0080008808

D5 166 . 536243246
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Geometry Optimization — Output

In a geometry optimization we may want to determine;

e a stationary point corresponding to a minimum energy structure

— need to monitor whether the convergence criteria are met

first step:
Item
Maximum Force
RH3 Force
Maximum Displacement
RHS Displacement

intermediate step:

Item

Maximum Force
RHS Force
Maximum Displacement
RMS Displacement

final step:

Item

Maximum Force

Force

Maximum Displacement

Displacement

Ualue
8.196228
8.833395
8.253814
8.852569

Ualue

B.801162
8.0006252
B.268013
B.096764

Ualue

B.40080858
A.4008818
A.88155),
A.08088561

T T T T T TN J T T T T T,

Threshold

d.0808458
A.800308
#.8818088
A.881208

B.080884589
f.08008300
B.80818488
B.8812489

Converged?
HO
HO
HO
HO

Threshold Converged?

HO
YES
HO
HO

Threshold Converged?

g.8084508
A.48083008
g.8818008
A.88120808

YES
YES
YES
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» a stationary point corresponding to a minimum energy structure
— need to monitor whether the convergence criteria are met

» energy of the optimized structure

— energy statement in step where convergence criteria are met
— last energy statement in the output file

SCF Done:CE(RHF) = -190.887221224

Convg
$%%)

.l after 9 cycles
-U/T = 2.8819
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2. Frequency Calculation

Freqguency Calculation:

« calculate the normal modes and associated vibrational frequencies
for the input structure

used to characterize stationary points as minima or transition states
used to calculate zero-point vibrational energies

used to calculate thermal corrections to the potential energy

used to simulate IR/Raman spectra

This example:

« perform a frequency calculation of (CH,),CO

» geometry provided in Z-matrix format
— geometry obtained through a
previous optimization

« calculation performed at hf/3-21G
level of theory
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Frequency Calculation - Input

# freq hE3-21g

Title

a 1

C

H 1 B1

H 1 B2 2 A1

H 1 B3 3 n2 2

C 1 BELX 4 A3 3

1] c BS 1 AL L

C L= BG 1 ns il

H 7 B7F L= AG 1

H 7 BES L= A7 1

H 7 B2 L= ne 1
B1 1-870089888
B2 1-870089888
B3 1-870089888
B4 15404898888
BS 1.438908888
BbS 1.54808888
BF 1.87008888
BESB 1.87008888
B2 1.87008888
A1 189 47128255
n2 189 _4F 121829
n3 189 _4F 121829
AL 128.8000000008
ns 128.8000000008
AG 109 _4F122063
A7 109 _4F122063
ne 109 _4F122063
D1 120.0000006 8
D2 —128_.0808883487
D3 180009898888
D& —180._.4d40494898888
D% 166 . 53628326
DG L6 _S3628326
D7 —F3.L463F56T L

11/9/2009

D1
D2
D3
D
DS
DG
D7

\

<+— keyword ‘freq’ requests a frequency

calculation

* ‘hf/3-21G’ specifies level of theory for the calculation

» coordinates in Z-matrix format, but frequency calculations
can also be performed with cartesian coordinates

» structure must correspond to a stationary point
» recall, frequency calculations in harmonic approximation
are only valid at stationary points
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Frequency Calculation - Output

In a frequency calculation we may want to determine:

 normal modes and vibrational frequencies

Harmonic frequencies (cm=x-1), IR intensities (KHM/Hole), Raman scattering
activities {A==4/AMU), depolarization ratios for plane and unpolarized
incident light, reduced masses {AHU), force constants {mDyne/A),

and normal coordi

atec -

1 9 73 | — mode
f A f ..
Frequencies -- | 85.8357 160.7480 ues.9oup | €—— frequencies in
Red. masses —— 10197 1.1162 2. 2117 cml
Frc consts —- a.8a44 a.e17a a.2147
IR Inten — 0.0008 0.0462 1.1897
Raman fActiv —- 0.8519 0.0007 0.2617
Depolar (P) —- 0.7500 0.7493 0.2558
nP!'Il'ﬂFlI" il | —— A_RC7F1 A_BSAGTF A _LAFL
Atom AN bt vy 2 X y bt vy 2
1 6 6.80 ©0.00 9.02 0.00 ©0.00 0.04 8.16 ©0.10 ©.08
2 1 6.80 ©0.80 -8.35 0.00 ©0.00 9.41 -@.86 ©0.39 ©0.009
3 1 8.16 ©8.32 8.25 -8.17 -8.31 -08.19 8.36 ©0.12 8.01
¥y 1 -8.16 -8.32 8.25 8.17 ©8.31 -8.19 8.36 0.12 -8.01 <
5 6 6.00 ©0.00 ©.00 0.00 ©0.00 0.02 6.80 -0.13 ©.08 l1prn1alrncuje
6 8 6.00 ©0.00 ©.00 0.00 ©0.00 -0.087 6.80 -0.13 ©.08 displacement
7 6 6.80 ©0.00 -9.02 0.00 ©0.00 0.04 -@.16 ©8.10 ©.0809 S
g 1 6.80 ©0.80 9.35 0.00 ©0.00 9.41 6.86 ©0.39 ©.00
9 1 .16 -08.32 -8.25 8.17 -8.31 -8.19 -8.36 B8.12 8.M
108 1 -8.16 B8.32 -8.25 -8.17  8.31 -08.19 -8.36 B8.12 -8.M
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Frequency Calculation - Output

In a frequency calculation we may want to determine:

Zero-point vibrational energy

Zero-point correction=

 normal modes and vibrational frequencies

e zero-point vibrational energies

236875 .8 {(Joules/Hol})

56.42347 {(Kcal/Hol)

» thermal corrections to the potential energy

Thermal correction to
Thermal correction to
Thermal correction to

sum of
Sum of
sum of
Sum of

11/9/2009

electronic
electronic
electronic
electronic

and
and
and
and

Enerqgy=

Enthalpy=

Gibbs Free Energy=
zero-point Energies=
thermal Energies=
thermal Enthalpies=
thermal Free Energies=
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8.889917 {(Hartree/Particle)
8.0895829
A.0895973
B.862198
-1908.797305%
-198.792192
-1908.791248
-198.825623
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L_ab activities

Optimize the following g molecules and report the properties
according to the chart given below;

Angle- Angle Angle- Bond Bond length | Change in
VSEPR after experime | length after Gibbs free
predicted optimizati | ntal ’cleanup’ | Optimizatio | energy (AG)
(i.e. 109.5¢, (oOn optimizat | N
<109.5° ion (A) (A)

H,O 104.5°

NH, 107.3°

CH, 109.5°
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The End
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