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properties
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SPARTAN program - Molecular vibrations

Calculations of S Spartan "06 - test:M001
m0|eCUIar File  Edit Model Geometry Build BEEEN Display  Search
Calculations. ..
VlbratlonS D‘D’N‘.“‘H| V . Surfaces E| "?"‘AZ"‘?\‘ 1_-‘

‘ Subirnit

Calculations

Calzulate) |Energ_l,l j at |I3r.:.un.:| ﬂ state [ Dual Basiz
ith | Density Functional ~ « ||B3LYP = | |E-314G ~| I Pseudopotential
\\
Start from; |Initié¢\ j gEOmeEkny,
Subject to: | [ \ [ v Syrarmetry Tatal Charge: |Meutral El:
Compute: | Lz v IR [ MMR Multiplicity: | Singlst 3:

Print: | I Orhitals & Energies | Thermodynamics | Wibrational Modes | Atamic Charges

Options: | [ Converge

Global Calculations: [+ 0k, Cancel Subrit |
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SPARTAN program - Molecular vibrations

S Spartan “06 - test:M001

DlSpIaylng d File Edit M™odel Geomebry Buld Setup BEESERS Search
character of a De2esiE v+ 2 | 2
particular e

vibration

Spectra

Spreadshest
Plaks...
Similarities. ..

Speckra E]

R | vis | MR |

Frequency | Type | Inten... | S 0500 A

Oz A 10.65
¥ R EAR R 26.37 Steps: |11
(1314933 A 25.43 Make List |
Clas2475 & £.19
[ze0409 & 295 IR Spectrum:
63367 7357, |_Draw Calculated |

< | % Draw Experimental |

Page 2



SPARTAN program - Molecular vibrations

Movie showing a RS R g
Strechlng File Edit Model Geometry Buld Setup  Display  Search

vibration along RIS [V F1:¢%[% & DL |
the O-H bond
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SPARTAN program - Molecular vibrations

Displaying the
spectrum

Spectra

R | Uvis | MMR |

S Spartan 06 - test:M001
File Edit Model Geometry Buld Setup BEESERN Search

D2 E Vv +

Frequency | Type

[ 90.45

] 264.95
3229
] 389.02
] 42383

—ee e

<

&

R S S = =

| Inte}\.. ~ Ii
1.60
077
335 |
27 86
2383 IR Spectm:
1985  [_Draw Caleulated |
- “F » B Drraw Experimental |

Qukput ‘ ‘?"£|\?\‘ -.1:‘

Properties
Surfaces

Specktra

Spreadsheet ’
Flats, ..
Similarities. .
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SPARTAN program - Molecular vibrations

S Spartan “06 - test:M001
File Edit Model Geometry Build Setup  Display  Search

Theoretical IR

spectrum siefo (2 - , |
obtained from D\B\I\H\ VP 5l Bl DL £
the calculations 1_'53[(?0 SPECtrféROO c00

pejeInoTed g
[
<
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SPARTAN program - NMR shielding

S Spartan “06 - test:M001
File Edit M™odel Geomebry Build BSEENN Display  Search

Calculations. . .
D‘Dﬁ".“|ﬂ ’v . SrFau:s

Subrnit

NMR shielding
calculations

E| LN+

Calculations

N\
Calculate: |Energ_l,l ﬂ at |I3r|:|un|:| ﬂ zhate [ Dual Basis

with | Density FL)\.:tinna ~|lear ~| 314G | Pseudopotential

\
N\
Start Franm; | Iritial k_| aeormnekry.

Subject ta: | M \ W Symmetry Tatal Charge: [Meutral =]
Compute: | Uvivie | IR N v MMR Fultiplicity: |Singlet El:

Print: | [ Orbitals & Energies | Thermodynamics | Yibrational Modes [ Atomic Charges

Options: | [ Converge

Global Calculations: [v k. Cancel Subirmit |
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SPARTAN program - NMR shielding

Setting up NMR

S Spartan " 06 - test:M001

CaICUIatlonS File Edit Maodel Geometry Build Setup BEESEES Search
O H o ]| DL £
- \ P
SeE v+ D2 £
Surfaces

Spectra

Spreadshest
Plats. ..
Similarities, ..

5] Uiz MMR

H Spectrurm:

| Diraw Calculated |

Diraw Expermental |

EC Spectuum:

Drraw Calculated |

Diraw Experimental |
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SPARTAN program - NMR shielding

Calculated NMR S Spartan “06 - test:M001
SpeCtrum Of the File Edit Model Geometry Buld Setup  Display  Search

13C shieldings D‘D‘I‘E‘ ’* +

\'f
P

t || DL +|

n{)

Calculated

L&)

25 150 75 0
t3C Spectrum
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SPARTAN program - NMR shielding

Calculated NMR

shieldings

M test:\M001

| Cutpat \

El

S Spartan “06 - test:M001
File Edit M™odel Geomebry Buld  Setup BEEsER

El=2 S

\I
L
<

vV +

Properties
Surfaces

| D|L2D 4]

NME =hifts

tom

(s o= ol o e o g s = =

oD
'_\.'_'-
[ ]

H1=
H13Z

(prm)

Isotropic

25901
B5ZE
1122
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7477
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6747

253,
33.
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29,
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32,
31.
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40,
-Ba,
194,
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27,
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SPARTAN program - Internal rotation

Internal I’Otation S Spartan " 06 - acetic-acid:M001

of the -CH3

w1,
PN

BSeE v 4+

File Edit Model Geometry Build Setup Display  Search

o[%| £]| DL #]

group along the
C-C bond
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SPARTAN program - Internal rotation

Define the angle

to constrain

AL +||o] @[bla # S 0]~
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SPARTAN program - Internal rotation

Define the angle
to constrain

Constraining Constraint(C3,C2,C1,H4) = |o.00° a
the angle
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SPARTAN program - Internal rotation

S Spartan " 06 - acetic-acid.M001:Molecule001

Search

File Edit Model Geometry Build Setup BEEsES
| e, ’i | Sukpuk

Surfaces

Define the
reaction profile

Spectra

Spreadshest
Plats, ..
Similarities,

Constraint Properties

Walug: |0.00° P to [180.00° Steps: |10

Attached bo;
C3
C2

v Diynarnic

Label: |I:|:|n1 ﬂ
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SPARTAN program - Internal rotation

Define the S Spartan 06 - acetic-acid:M001
COﬂStraIned File Edit Model Geometry Build BN Display  Search
. F N Calculations. .. ¢
calculations of the | BISBE V| "t ¢ DL
energy profile | Submit

Calculations

AN
Calculate: | [T e i a |Ground o« | state

with |Hartree-Fock j |E-3'I|3“ j [ Pieudopotential
Subject ta: | W Constraintz [ [ Symmetmy Total Charge: [Meutral  —
Compute: | UvAvis T IR [~ MMR Multiplicity: | Singlst E|:

Print: | [ Orbital: & Energies | Thermaodpnamics | Vibrational Modes | Atomic Charges

O phions: | [ Converge

Global Calculations: [+ k. Cancel Subrnit |
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SPARTAN program - Internal rotation

DL + O] dvlfala "o [3] ] D]

After calculations,
allign the
calculated results
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SPARTAN program - Internal rotation

Allign the
calculated results

Aligr by ||structure 'l
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SPARTAN program - Internal rotation

Dispaying the
spreadsheet of
calculated results

S Spartan "06 - acetic-acid:M001
File Edit Model Geometry Build Setup NefEslER

D [V + | DL

Properties

Search

Surfaces
Spectra

Spreadsheet
Plats, ..
Similarities. ..

M acetic-acid.M001:Molecule001 =13
L

MoleculeO010]
MoleculeO0O20
MoleculeO0D30O
MoleculeO04]

MoleculeO0O5] IN

MoleculeO0a0 b

sdd. | Delete| Sont |
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SPARTAN program - Internal rotation

Adding the
relative energies A R IS e s

File Edit Model Geometry Build Setup  Displav  Search

to the
- - LY
spreadsheet DS/l [V +)>io[%] ] DL +
d 010 e ]
Label -
Copy Chrl+C —
Paste ~
MoleculeOOD2Z] AEr
5
MoleculeO03[] DDE:E!tE! clecte ED|UmnSlSummaries Linear Regression
Molecule0O04[]
MoleculeO050] Properties E;Tnila =
MoleculeONal] \Qan 0
rel. E
x| Add. | Delete| Sont | rel. Eaq
E HORMO w
L _......_ —
Initz

Energy: |keal/maol +|  Lengthi |A -
| k. | Cancel | |
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SPARTAN program - Internal rotation

Adding the %) & | @l e o e[

constrained angle
to the

spreadsheet

Page 10



SPARTAN program - Internal rotation

Add | ng the M acetic-acid.M001:Molecule001

constrained angle
to the

[ ]
MoleculeO020]

rel.

E

-0.7=2953057¢6

(kcal/mol) |Constra®™

(=13

2

spreadsheet Molecule D3] ~2.35966578 4
MoTesule 004 ~3.45109165 €

MoleculeOUSH] ~ -3.10449277 B

_—

0|

x HHHHHHH

b

>

Constraint(Con1) = |0.00°

[fixl| add. | Delete| sont | \

a[[7]
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SPARTAN program - Internal rotation

S Spartan "06 - acetic-acid.M001:Molecule001

File Edit Model Geometry Build Setup BMESEES Search

Displaying | B\cS|pS(E V| 4+ | DL (2|6

the plot of e

calculated spectra

energy . Spreadshest

profile M acetic-acid.M001:Molec uleOOREET NI ['_|E|ﬁ|

rel. E (kecal/mol) |[Constraint (Conl)

MoleculeldO 1] 0.000000000 O.000000000
MoleculeO020] -0.729530576 20.0000000
Moleculel03[0] -2.35968978 40. 0000000
MoleculelOD4] -3.45109185 g0. 0000000
MoleculelO5] —-3.10449277 g0.0000000
MoleculeO0A[] -1.31221754 100. 000000
Moleculed07] -0.0Z248358458 120. 000000
MoleculeldO8] -0.6360238664 140. 000000
MoleculeldD9] —-2.33430582 160. 000000
Molecule0l100] —-3.474660%2 180. 000000 2
£ >
bdd. | Delete| sort |
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SPARTAN program - Internal rotation

S Spartan "06 - acetic-acid.M001:Molecule001
. e File Edit Model Geomebry Buld Setup  Displawy  Search
Defining the x

and they axis | IS BB V| +[>i%/%

Q| A

I
wle
PN

g DL s

B acetic-acid.MOO1:Molecule001 M=

r___i;bel rel. E
[ ]
MoleculeDD2JN\_  -0.729530576
Molecule DD TS
MoleculeOO4
Molecule005 Kme'mzpm
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Ml ac] e NN Constraint[Con) LI P olecule

|| Moleoul rel. E fkeal/mal]
el E Mkealmal Constraint[Conl]

@ Add... E Constraint{Conl]

[~ Properties | O I Cancel
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SPARTAN program - Internal rotation

S Spartan " 06 - acetic-acid.M001:Molecule001
File Edit Maodel Geometry Build Setup  Display  Search

The calculated | RSl v +

I
e
P

@ ‘Q!:’
ol 7

£ | LM +¢

energy as a
function of the
constrained
angle

0 60 120 180
Angle (degree)
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SPARTAN program - Internal rotation

Moving through
the calculated
results

» al v
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WebMO Interface

CCR Home
Page

2 WebMO - The Center for Computational Research - Microsoft Internet Explorer

File Edit  Miew Fawaorites  Tools  Help

eﬁack - > \ﬂ @ ;‘] /‘_\J Search w:-l:(’ Favorites .Edj [__\a'r

P

(1

-

dddress |@ hikkps e, cor, buffalo, edujdisplay WEE Miebio
\GDL‘JSIE Cl+ v Goo ) e B v ©9 Bookmarksw 5 94 blocked
ACCounts
CENTER FOR 'C‘ &pplication Software F
University at Buff . ..ring it
Getting Started
N About CCR | | Services | | Hardware Resources 55

Freguerntly Asked Questions

Machine Status

My Stats

Dashboard = CCR Web = WekMO

O ey e

Fequest Help

CCR User Links

Storage Resaources

, WebMO
User Overview

Tralhing/Courses

Machine Status « WebMO iz 2

Webh Portals

ar

MyStats (UBMoD) packages.

e This wehb portal provides access to GAMESS, GAl
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WebMO Interface

21 WebMO Login - Microsoft Internet Explorer

UB user ID and File Edit Miew Favaorites  Tools  Help

password @ Back - x_/] \ﬂ @ : ;\] /._J Search iﬁ‘\?’ Faviotites 63 [_\
Address |@ https: ffwebrno, cor, buffalo. edu)~awebmofogi-binglogin. cgi
Google G- v Goog) ey B« 99 Bookmarksw &

WebMO Login

Version: 5.0.008e
Center For Computational Research

Username |

| Passworil |
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WebMO Interface

Creating a new
job

‘2 WebMO Job Manager - Microsoft Internet Explorer

File  Edit Wiew Faworibes  Tools  Help

@Eﬂack - > @ @ 5;\] ;wj Search “f::{’ Favarites Q

address |@ hkkps: | webrno, cor, buffalo, eduf-webmofcgi-bing jobrmgr ., coi
Google (G~ v Goog) e B~ f% Bookmar

WebMO Job Manager

Status

# mfrein
mwehmn
&) 12:00:00
(=) unlimited
i 3233 jobs

€ ¢ NewJob v | 2] Refresh | =) Download =
7\

Create Mew Job Showe all

Irmport Job
ILGE Name Description

Foliders

"ods INbox
g‘ Trash

Manage folders
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WebMO Interface

‘2 Build Molecule - Microsoft Internet Explorer

Building a
molecule

File  Edit ‘Wiew Fawaorites  Tools  Help

. = il T
eﬁack il > \ﬂ @ _l\] j.JSEarch ::H Faworites 'E‘j'. <]~ g

Lddress |§| htkps: j fwebrnio, cor, buffalo, eduj~webro)cgi-bingbuild_maolecule, coi
'C-DLJE]E [ v | Go ¢ & 6 E‘ - ﬁ Bookmatksw= %

w U TITariayel

Build molecule

W

BuNd a new molecule
usingXhe MebhO

aditar, N import an
existing lecule
from a file.

Additionally, Wu can

to 3 variety of file
formats.

« Choose engine
« Job options
« Suhmitjob

QEditnr help i
Wiewy Minde - Rotate (drag = rotate XY ctrl-drag = rotate 5

-q- [ Cpen Editar H Close Editor H Impoart
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WebMO Interface

Building a
molecule

«« WebMO Editor
File Edit Tools View FBuild Adjust Clean-Up Help

BLEEER

15 N4l
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WebMO Interface

Adding
hydrogen atoms

« = WebMO Editor

Build Adjust

Clean-Up | Help
Add Hydrogens
Hyhridization
Geometry

Mechanics

Comprehensive
Comprehensive - Mechanics

O Selection Only

H FERNE N EERE
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WebMO Interface

Status «

_ o
® mifrein g F|n|Sh|ng the

ﬂwehmn
& 12:00:00 molecule

.@ unlirmited A
o 3227 jobs

Progress
g oy

* ok manager
+ Build molecule

Build a new molacule
uszing the WMebh0
aditor, arimport an
existing molecule
from a file.
Additionally, wou can
export the malecule
to a wariety of file
formats.

« Choose endine
« ok options
« Submitjob

uEditnrhelp i
Yiewy Mode - Rotate (drag = rotate XY, ctrl-drag = rotate 5

-q [ Open Editar H Close Editor H Irmport Molecule ] ﬁ-—
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WebMO Interface

Chosing a

program Choose Computational Engine

Status E Engine Description

E rrifrein

Progress

¢ Jloh manager
= Huild molecule
* Choose engine

Choose the desired

computational engine

from those installed.

¢ oh options
« Suhbmitjob

C) Gamess Ab initio and semi-empirical calculations
O Gaussian Ab initio and semi-empirical calculations
C}Mopac Semi-empirical calculations

) NWChem Ab initio calculations

 achem Ab initio calculations

O Tinker Maolecular mechanics calculations

Select Queue

< >
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WebMO Interface

Computational
details

Configure QChem Job Options

Status «
E rfrein

ﬂwehmn
& 12:00:00
(=) unlimited
g 3173 jobs

Progress

e Jlob manager
« Build maolecule
& Choose engine
+ Job options

Caonfigure options for
the zelected job and
computational
engine.

« Submitjob

QHeIp

Jok Options
T~

Job Hame
Calculation
Exchange
Correlation
Basis Set
Charge
Multiplicity
Unrestricted

| Advanced Preview Motes
(C2HG |
|Genmetrj,r Cptimization V|

| Hartree-Fock V|

| Mone V|
| co-pyTE V|
o |

O
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WebMO Interface

Submiting a job

WebMO Job Manager

Status % MNewdob + | 2| Refresh | =) Dqwnload v | % Move To = | @) Delete | % Utilities = |

T mifrein Shaw all + Show all A Shaw all v [ Showall w

afwehmo

@ 12:00:00 Il MNumber Name Description Date Status

(%) unlimited oo

Geormetry Optimization - . 0.0

8, 3165 jobs [] 947 i 2HE ACherm 21 420081333 ot
Folders

‘ol INbox

¥ Trash

Page 10



WebMO Interface

Downloading
the output

WebMO Job Manager

Status € 4 MewJob ~ | 2| Rékesh | =) Download v | % Move To » | &) Delete | % Utiliti
£ mirein Show all Job Archive Showall  ~ 0 Showall w
% webmo Spreadshest
& 12:00:00 B Number MName Descripfic Date Status

unlirnited
@ } Ta1 C3IHE  Geometry QOptimization - QChem 21172008 14:00 Complete
% 3002 jobs

EldErs File Download f'5__<|

‘ol INbox Do you want to zave this file?

- Mame: archive?dl tar
=

Type: Unknown File Type
Fram: webmo, cor,buffalo, edu

Save ][ Cancel J
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AVOGADRO program - Introduction

Program
main
window

"= ®Aypgadro
File  Edit ‘Wiew Buld Select  Extensions

Settings

Help

e EOpen BSave chose L&JQuit

Tools 5 X
¥ [E |k [&][8] 0
Diraw

Element: |Carbon (&) w

Bond Crder: [Single W

Adjust Hydrogens

\ Fragrent Library...

Display Tvpes [

] Axes A
Ball and Stick,

[JForee
[ Hydragen Band

[]Label
Orbitals bt

Setkings...

[ Add H Duplicate ” Remove ]

View 1

Messages
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AVOGADRO program - Molecular Builder

Select an > =Ayogadro

atom File Edit “iew Build 3Zelect Extensions 3Setktings  Help

\ | New /s Open B Save 0 Close EHJ Cuit
Tools 2 X -
- Wiew 1 |
EAAELNEIEARE
Drraw

Element: |Car|:n:n ()] v|

Bond Crder:

Adjust Hydrogens

Fraament Library...

Place an atom on
the main window
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AVOGADRO program - Molecular Builder

Select another
atom

= *Avogadro

File Edit Wiew Build 3Select Extensions  Settings Help

\ |New gOpen B Save Q Close HQuit

5 g X =
Wiew 1

PR NI ERLIEIERR

Diraw

Element: |eEENE)!

Bond Crder: f
Adjust Hydrogens
Fragment Library. ..

Replace hydrogen
by the new atom
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AVOGADRO program - Molecular Builder

Select the
"Navigate”

tag File Edit Miew Buld Select  Extensions  Settings  Help

\ | Mlew g Cpen G Save 8 Close Iﬂ‘ ik
Toals & X -

i Wiew 1
T =[Ok %%

Mavigake

Rotate the molecule
using a mouse
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AVOGADRO program - Molecular Builder

Select the

" . "
NaV|gate File  Edit  ‘Wiew Build Select Extensions Settings  Help

tag | Mew H Cpen B Save 6 Close w it
\ Tools F X _
Views 1

[+ RSk [S]e]5
Mavigate

Press "Crtl" Translate the molecule
key and using a mouse
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AVOGADRO program - Molecular Builder
Select the

"NaVIQate" File Edit Wiew Build Select  Extensions  Settings  Help
tag | Mew ﬂ Cpen B Save 6 Close LHJ ik
\ Tools & o -
Wiew 1
ESSAIER LRI
Mavigate
Press "Shift" Scale the molecule
key and using a mouse
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AVOGADRO program - Molecular Builder

Select the

" . " . . ) ; ) .
M ani p u Iate .F"E Edit Miew Buld Select  Extensions  Settings  Help
tag | Mews H open B Save 0 Close LUJ ik
\ Tools Hox -
: Wiews 1
7|3 LN EIERR
Manipulate

/

Select an Translate the atom
atom and using a mouse
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AVOGADRO program - Molecular Builder

% *Avogadro
SeleCt the File Edit  ‘Wiew Build Select  Extensions  Settings  Help
"Select"
: iNew HOpen BSave QGDSE EUJQuit
tag \ Tools g X viow 1
7 FTErek (%% >
Select/Rotate

Selection Mode:

Using a mouse, select a fragment
of atoms in the molecule
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QUI program - Input File Editor

Main Program
Window

QChem Input File Editor

Setup | .ﬁ.dvancedl

Label | Section

st 00

>

Calculake |Geu:umetr~;.-' w |
Exchange |E=3L‘|"F' ~ |
Correlation |None |

[] unrestricted

Max Cycles S0

Convergence

Charge
Mulkiplicity

Basis |6-31G v
ECP Hane v
second Basis |Mone v
RIBasis  |Mone |

Optimization Options

.

Energy oo (55 =10+

iSradient 300 5| x10° Max Cycles

Displacement |1200 3 | x10° Follow Mode EI
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QUI program - Input File Editor

PreV|eW Of the zenerated Input File:
|nput file T ] fmolecule
T— 0 1
D Send
Srem
BAGTIS E-31&
EXCHANSE E3LYPE
B GUI 2
JOB TYPE Force
ZI Send
¥
]
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QUI program - Input File Editor

Input Coordinates: |Cartesian w

[ Reset ] [ Save ] [ Submik ] l ik

An option to submit the input /

file for Q-Chem execution
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QUI and Avogadro programs

Select and copy the atomic
coordinates into the clipboard

File  Edit  ‘Wiew  Build Extensions  Settings  Help

4 Undo Dhaw Abom Chrl+Z Bgav Gclase o Cuit
W

-k Chrl+3 |\¢ o
~ Paste Chrl+Y

Clear Chrl+Backspace 4 %

Select Al Chrl+A

Select Mone Chrl+Shift+8
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QUI and Avogadro programs

2 QChem Input File Editor - C:fTempfh2enh-opt.inp
File Edit Font Job
Copy Chel+Z

Paste Crrpy =9 |
CEr-P
| Section
Preferences |Genmetry w | Charge
Exchange (BaLYF v Multiplicity
Correlation |N|:|ne | Basis
nreskricked ECP
Paste the =
. . Max Cviles Ln Second Basis
coordinates into -
5 |5 RI Basis

the QUI edltor Convergente

Optimization Options
izradient x10° Max Cycles (50 5

Displacement | 12005 | 10" Fallow Mode III
Energy x10°+
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QUI and Avogadro programs

The coordinates will appear in

the input file

zenerateN Input File:

Smoleagle
o1

N -3
H -2
H -3
H -3
Send
Srem
BASTA =
EXCHANGE
=101 = 2
JOBE TYPE
Send
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01728
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52505

| T P T A N

aug-—co-pWDZE
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Optimizaticon
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s T s
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