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GaussView 6 is the most advanced and powerful graphical interface available for
Gaussian 16. With GaussView, you can build or import the molecular structures that
interest you, set up, launch, monitor and control Gaussian calculations, and view the
predicted results graphically, all without ever leaving the application. GaussView 6
includes many new features designed to make working with large systems of chemical
interest convenient and straightforward. It also provides full support for all of the new

modeling methods and capabilities available in Gaussian 16.

This brief introduction is a Quick Start to using GaussView 6 to investigate molecules
and reactions with Gaussian 16. We invite you to try the techniques described here

with your own molecules.



Examples: Visualizing Molecules & Reactions with GaussView 6

Proton transfer in nonheme iron
enzyme isopenicillin N synthase

Selected a molecular orbitals for U(II),(COT),
Each monomer has 4 U valence electrons available
for metal-metal bonding: 2 electrons in f o-type MOs
and 2 unpaired electrons in f §-type MOs. Beginning
at the upper left and moving clockwise, the MOs
visualized in GaussView 6 are the LUMO, HOMO,
and the second-lowest and next-lowest energy MOs
below the HOMO; all have D, symmetry [Zhou10].

Ul

Fe,S, cluster with phenylthiolates, overall charge & spin: -2,1

Close up: Proton transfer IRC, nonheme iron enzyme
isopenicillin N synthase (IPNS)

This 5368-atom system was studied with the ONIOM
method in Gaussian, and the results were visualized in
GaussView 6. For illustration clarity, hydrogen atoms in
the low layer are omitted from display in both the close
up and full molecule views.

The ONIOM high accuracy layer is visualized in ball-
and-stick format; the low accuracy layer is visualized
in wire frame format in the close up view and in tube
format in the whole molecule view [Lundberg09].

Selected Dy, U(11),(COT),

o molecular orbitals

Fe,S, cluster with phenylthiolates

This is an open shell singlet system with charge -2. It has
been set up for a Gaussian fragment guess calculation to
model antiferromagnetic coupling. Each iron atom and
bridging sulfur atom is placed in its own fragment, and
each phenylthiolate group similarly defines a fragment,
resulting in a total of eight fragments.

GaussView 6 will automatically place the individual
charge and spin multiplicity values for the eight
fragments (labeled in the illustration) into the route
section of the Gaussian job. The resulting wavefunction
is stable and optimizes to a proper minimum.



Building Molecules: Easier Than Ever

GaussView provides powerful molecule building features, the most important of which are listed below:

atom.

symmetry).

intuition.

@ Easily build molecules using a wide range of pre-optimized groups, rings,
amino acids and DNA bases. Save commonly-used fragments of your own
to a custom library.

@ Examine and modify any structural parameter. Changes can be isolated to
the desired atom, group or fragment as required.

@ Flip the symmetry of a molecule by mirroring or inverting about a selected

@ Add an atom at the centroid position of a selected group of atoms.

@ Symmetrize a structure to a specific point group (raising or lowering its

@ Clean molecular geometries according to rules designed to match chemical

Demonstration: Building Phenylpyridine _
We will demonstrate several of these building features by building phenylpyridine: O‘@
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1: Select benzene from the Ring Fragment palette, and click
inside the View window to add the ring.

y|[Fio] 7] ] Y6 o
3k || Cf | Es | Fm [Md [ No| Lr|

12 atoms, 43 electrons, neutral, doublet Build Sele:

2: Use the Element Fragment palette to select nitrogen, and
replace one of the carbon atoms.

3: Use the Delete atom tool
to remove the hydrogen
atom attached to the
nitrogen atom. Once you
have completed this, hit
the Rebond button and
then the Clean button. The
structure will regularize.

4: Return to the Ring Fragment
panel, and select the benzene
ring again. Click on the hydrogen
atom attached to the carbon atom
opposite the nitrogen atom to add
the second ring.

m G1:M1 - Dihedral Semichem SmartSlide (tm)

Dihedral:
Atom 1: |Fixed ]
(] » w,om = =
180.00000

5: The angle between the two rings is wrong, so
select the Modify Dihedral icon to twist it back.
Click on the indicated atoms, and make sure that
Rotate Groups is selected for both Atom 1 and
Atom 4. Change the value in the angle text box to
90 degrees.

Phenylpyridine is now complete.



The following illustrations depict other advanced building features offered by GaussView 6.

Constraining Molecular Symmetry

G- 5 % Bowr-ree
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Mirroring and Inverting Symmetry

The original molecule is on the
left. The middle view shows this
tripeptide  species after using
Mirror Symmetry. The view on
the right shows the result of using
Invert About Atom by clicking on
the central carbon atom (indicated
with the cursor).

We have enabled point group symmetry constraints
for this D, bridged iron complex. When we click on
the hydrogen atom above the left iron atom (with
tetrahedral carbon as the current builder fragment),
a methyl group is automatically added to all four
& symmetry-equivalent hydrogen atoms.
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Original Molecule

Studying Periodic Systems

Mirror Symmetry

§2) G1:M1:VT - PBC — u]
Symmetry Cell View Contents Reduce
Lattice Dimensions: | Three = Minimum Lattice System: 'I'ndmic »
Enable Space Group Symmetry: Always Track Space Group Symmetry
Current Space Group:
216 [F-43m] Constrain To: For: | All Changes -
Approximate Space Groups:
Tolerance: Group: Symmetrize
Ok I Help = What's this? 9 Undo o Redo
The unit cells for 1D, 2D and 3D periodic
structures based on carbon are shown here, ;
along with displays of multiple cells for the trans- *y
9 9

polyvinyl acetate polymer, graphite sheet, and

diamond crystal that they model. GaussView
6 will set up a PBC calculation, automatically

including the translation vector(s) within the

molecule specification.

Invert About Atom

Gaussian 16 can perform Periodic
Boundary Conditions (PBC) calculations
to model periodic systems in condensed
phases: ie., polymers, surfaces and
crystals. GaussView 6 provides
a powerful facility for building
such systems and generating their
molecule specifications. The dialog
to the left illustrates the space group
symmetry capabilities; the space
group for diamond has been selected
for this 3D periodic structure.




Specifying and Running Calculations

Special Features for Specific Job Types
GaussView 6 makes it easy to set up Gaussian calculations that require additional specifications beyond keywords
and options by providing graphical setup features, including the following:

@ Assign atoms to ONIOM layers in several ways. GaussView 6 also makes it easy to specify molecular
mechanics atom types and charges.

Reorder and repopulate MOs for CASSCF and other jobs.

Add and redefine redundant internal coordinates.

Specify frozen atoms/coordinates for geometry optimizations.

Set atom equivalences for QST2 and QST3 transition state optimizations.

® © & @ @

Define fragments for fragment guess/counterpoise calculations, including assigning fragment-specific charges
and spin multiplicities.

@

Select atoms for normal mode analysis in frequency calculations.

@

Specify atoms for NMR spin-spin coupling.

@ Build unit cells for polymers, 2D surfaces and crystals for use in periodic boundary conditions (PBC)
calculations.

@ Preview the Gaussian input file before it is submitted.

Context-Aware Menus ¢ Options

GaussView 6 automatically displays related settings for whatever selections you make in the Gaussian Calculation
Setup dialog, and its various tabs provide access to all major Gaussian 16 features. In the dialog below, we are
setting up an IRC calculation. Options for the direction to follow (forward and/or reverse), for obtaining the initial
force constants and for specifying other IRC features are made available on the Job Type panel (left side of the
figure). Similarly, once we have requested a calculation in solution, a menu with the available solvents appear on
the Solvation panel (see the right side of the illustration).

@ G1:M1:V1 - Gaussian Calculation Setup X
Title:

Keywords: # irc=calcfc apfd/6-311+g(d,2p) scrf=(sol b ) g ivity

Charge/Mult.: 01

Job Type Method Title Link 0 General Guess Pop. PBC Solvation Add. Inp. Preview

[ - Model: |Default v
Follow IRC Iaoih directions v [] Do IRCMax calculation Solvent: |Benzenc N
Force Constants {Calculabe Once v [] Compute more points, N= 10 [[] Read additional input

[[] Recalculate Force Constants Every nth Point, n = 3
Recorrect Steps: » Default v \

Help
Additional Keywords: I I Update
Scheme: l(Unnamed Scheme) < @ IAM to Molecule Groupj

| submit... | |QuickLaunch| |  cancel Edt.. || Retan Defaults |




Demonstration: Setting up a QST3 Optimization
Setting up a QST3 optimization is made simple by several GaussView features, as we will demonstrate here. We
are modeling the S 2 reaction:

C,0,H, + H,0--OH" > C H,COO"+ CH,OH + H,0

We want to locate the transition structure. Setting up the TS optimization in GaussView 6 is very easy.

File

1: First, we build the reactant. We then copy the structure into a second frame

= M S Undo Ctiiez

| e by within the same molecule group. This results in a second molecule with identical
Cut Ctrl+ . .

b R e atom ordering, as required by Opt=QSTS3.

R;:::E , [P »  AddtoMoleculeGroup  CtrleV.

e | 08 B Del Replace Molecule

Help » @ Image Capture Ctrlel Append Molecule Ctrls Shift+V.

' Standardize Z-Matrix

kv Symmetrize
Reorient
#: Rebond
Remove Weak Bonds
Clean
Mirtor Invert

2: We go on to transform that structure into the product. We move the CH, group bond from methyl acetate to the OH"group,
modifying the orientation of its hydrogen atoms.

3: We copy the reactants again as the third member of the molecule group in order to set up the transition state guess structure.
We modify the structure to conform to the TS guess we want to specify.

G2:M1:V1 - x6_07_SN2_TS_gst3.gjf

@ [ ofS@

1. SN2 hydrolysis of methyl acetate w/ 1 water: 2. SN2

ydrolysis of methyl acetate w/ 1 water: products 3. SN2 hydrolysis of methyl acetate w/ 1 water: TS guess

16 atoms, 60 electrons, -1 charge, singlet @ Inquire  Select Atom 1 >
) G1:M3:V1 - Gaussian Calculation Setup x | 4: We can now specify the job details with the Gaussian
Tite: Calculation Setup dialog. We also indicate that the TS
Keywords: . i1
ChargeMul.: 01 guess is molecule 3 within the molecule group.
Job Type Method Title Link 0 General Guess Pop. PBC Solvation Add. Inp. Preview
GG The input file for this calculation is now complete and
Optmizetoa  [TS (QST3) v [JuserFOstep Use Quadratic Macrostep ready to run.
Force Constants |Default v | [ Use tight convergence aiteria

Geometry to use for TS Guess = E

|t |

Additional Keywords: | ] [ Update
eme: |QST3) ~ | @] [assign to Molecule Group|
—— = pm—— 5

| Submit... \Q.ckLanm " Cancel Edit... Retan || Defauts |

The preceding example illustrates another Gaussian 16 convenience feature of GaussView 6: calculation schemes.

Selecting an item from the Scheme menu causes a saved set of Gaussian keywords and options to be applied to
the current job:

% ~|QsT3 v
(Unnamed Scheme)
(Default Scheme)

Using schemes in conjunction with the Gaussian Quick Launch feature allows you to initiate a calculation on the
current molecule with a single click.



Managing Jobs

GaussView 6’ integrated Job Manager makes it simple to run and monitor jobs via a built-in queuing system. You
can easily organize your processes within the three included queues. Just a click on the Running Jobs or Finished
Jobs tab gives you the status of all of your calculations. You can also customize various job types by setting a default
queue and other specifications.

= SClobManGUI 1.1.15, C:/scjm/file.scjm - m] X
Long Jobs Queue Short Jobs Queue Queueless Jobs Running Jobs Finished Jobs Job Types
Job ID Name Status Job Type Executable Path  Command Line Submitted Started A
1 10 sample_32.gjf Running Gaussian C:/G16W/g16.exe "C:\G16W\g16.... 06-27-2017 09:1... 06-27-2017 09:11:55
2 1 job_13.gjf Pending Gaussian C:/G16W/gl6.exe "C:\G16W\g16.... 06-27-2017 09:1...
3 12 job_19.gjf Pending Gaussian C:/G16W/g16.exe "C:\G16W\g16.... 06-27-2017 09:1...
4 13 job_20.gjf Pending Gaussian C:/G16W/g16.exe "C:\G16W\g16.... 06-27-2017 09:1...
v
Submit Jobs... Hide Exit Help About

Specifying Alternate Isotopes

The dialog below shows GaussView 6’s facility for defining isotopes for use in subsequent frequency analyses
(including multiple isotopologues if needed). In this example, two isotopologues are defined: one with the standard
(most abundant) isotopes, and a second with tritium substituted for one of the hydrogen atoms. The animations
illustrate the resulting change in the symmetric H stretch normal mode; the tritium-substituted atom is the one
with the elongated motion in the frames with the rose background.

91) G2:M1:V1 - Atom List Editor - O X
File Edit View Rows Columns [Help |
Z-@B9F-BE-M-B- orEH§ »
Row Hiahlight Display Taq Symbol  Mass (Isotopoloque 0)* A

1 Show Tt | ®© Default |

2 show | 2 H Default |

3 Show 3 | H 3 v

4 Show 4 | H Default |

5 Show 5 | H Default |v
Active Sublist Filters: None

Defining Fragments
GaussView 6 makes it easy to define fragments for use in Gaussian 16 counterpoise, fragment guess and related
calculations. We use the Atom Group Editor to define fragments and set fragment-specific charges and spin
multiplicities in order to model antiferromagnetic coupling.

ol Ho
e W
9

l |
$2) G1:M1:V1 (Job #1) - Atom Group Editor 3‘ “%
Q@ Q

Atom Group Class: | Gaussian Fragment + | A Exdusive |Class Actions ... ¥

~

X

Group ID Highlight Display | Atom Taas Atom Count Charge Electrons Spin Mult. | Unpaired Spins
Gaussian Fragment (1) |l [  |show ~ [2,13-20,23-25,32-% 17 2 59 Sextet ~ |Alpha v
Gaussian Fragment (2) |l [  |show v 1,5-12,21-22,26-31 17 2 59 Sextet v |Beta v
Gaussian Fragment (3) |l &4  |Show v 4 1 2 10 Singlet v |Alpha v
Gaussian Fragment (4) & |show = 3 1 2 10 Singlet ~ |Alpha -
[[] persistent visuals ok | Help




Demonstration: Conformational Searching

The optional GMMX module for GaussView 6 enables you to perform a conformational
search. In addition, you can set up follow-on calculations for all the structures the search
locates in a single step. We will demonstrate this process here.

We have already built methyl-B-D-glucose, seen here.

) GI:M1:V1 (Job #2) - GMMX Conformer Calculation
Force Feld: [MFFSs v
Method:
Energy Window (kealfmol):
Max Search:

Search Method:

@© Both

|Conformer Search ~

O Bonds

Highlight Bond

[ 1-12

8@

2-2

Q

3-21

[iS]

4-16

5-14

e o o o o

88

16-19

Highlight
° %]

Ring Break Bond

1-2-3-H-4-93 1-2

[Cstbmit... ] [ uick Launch | [ Cancel

2: Once the job has been submitted and it completes, a dialog
will pop up informing you that the calculation has completed.
At this point, you choose which of the located conformations
to open; we opted to open all of them. A new molecule group
containing the selected structures will open.

Our search found 96 conformations. The multi-view window
format for a molecule group is often convenient when working
with multiple molecular structures, as seen at the right.

|| update |
)| [assion to Meecuke Grow)

1: We want to use GaussView 6 to search for conformations for
methyl-B-D-glucose, so we navigate to the GMMX Conformer
dialog and specify the parameters for the GMMX Module.
For this example, we want to find as many conformations as
possible. We select Both for Search Method, and then select
all the bonds and rings, allowing them to break when searching
for conformations. We also increase the default energy range
from 3.5 kcal/mol to 15 kcal/mol.

[ 7.

Inquire  Select Atom 1

3: We are now ready to set up our follow-on calculations. We specify an APFD/
6-311G+(2d,p) optimization. By clicking the Assign to Molecule Group button, we
apply these settings to every molecule in the molecule group

4: We will now save individual input files for the

) 1) G1 - Save Structure Files X
follow-on jobs. We select Yes, separate files for each
molecule from the Save Molecule Group pop-up | S2veStuctrefies
menu in the Save Structure Files dialog. This allows Filelist  File Save Options  UI Options
us to save each molecule to a separate file in a single [ setFies... v |RecentFie~| [RecentFielist~| | Actons ~ | [Jsorting
operation. We add a molecule number to each file ; :
name using an item on the Actions menu. il it / DiF=Etoly Type
G1:M1  test_methyl-B-D-glucose_1.gjf C/Gausslobs gjf
5: Once we have saved the files, we run these jobs. GIhE. vt A-D-omessiaal  G/Gausiols gt
After they complete, we identify the lowest energy M G1:M3  test_methyl-B-D-glucose_3.gjf C:/Gausslobs gjf
unique conformations. We then set up and run % 5
calculations to predict their VCD spectra. ; =
Save as: | Gaussian InputFile ~ | ] New Molecule Group
[seve Molecie roup: [Yes, separate le for eoch mleae ~ | [ nee |
| save | previen | | Concel | [Defauitsettings| [ Retain Settings




6: In order to view the predicted VCD spectrum, we begin by loading all of the VCD calculation results files into a single
molecule group. We display the VCD results and then use the plot Mixture Editor (dialog on the right below) to produce a
composite Boltzmann-averaged spectrum. The plot on the left shows the composite results (green dotted line) as well as those
for the three most abundant conformations. We can easily see that conformation 1 dominates (orange line).

2 G1:V1 - Vibrational Spectra of Midture. - o X
s~ 3

VCD Spectrum

&' G1:V1 - Vibrational Spectra of Mixture - Mixture Editor

400

» « « Combination |50

conformation_1.log | s

— conformation_2.log [ sickpen: | — Imvepen; e JI

= conformation_3.log

D Molecule Data Name Energy Boltzmann Pop.  Weight Plot Style

»
4
Lo o]
%‘ 1 0 conformation_l.log Isotopologue 0: Static Limit -789.474582 0.0256696 -
fos

& 2 1 conformation_2log Isotopologue 0: Static Limit -789.47376 0.010748
Fe10

3 2 conformation_3.log Isotopologue 0: Static Limit -789.478005 3582

Ae (M cm x 10000)
I T

200 -

Add New Data ok | [ apply >
(Agd New Datal LG8 | Lol

==
1,000 1,100 1200 1300
Frequency (cm™)

Harmonic Mode 1 Frequency (cm) = 359132 R (10 e’ ) = 10914

Examining Gaussian Results

An optimization+frequency calculation was run on spiropentylacetate, and the results are displayed below in the
Calculation Summary panel. This display contains three tabs: Overview, Thermo and Opt. They display the most
important results from the job, the predicted thermochemistry quantities, and the progress toward optimization
convergence (respectively), as applicable to the particular job.

m G2:M1:V1 - Gaussian Calculation Summary X @ G2:M1:V1 - Gaussian Calculation Summary X m G2:M1:V1 - Gaussian Calculation Summary X
Overview  Thermo  Opt Overview  Thermo  Opt Overview  Thermo Opt
R-Spiropentylacetate (conf #5 - min energy ... Imaginary Freq 0 Step number 1
. . o Temperature 298.150 Kelvin Maximum force 0.000014 Converged
Z:/Active_Projects/Brochures/GV6 main/2 a....
Pressure 1.00000 atm RMS force 0.000004 Converged
File Type log = = =
Frequencies scaled by 1.0000 Maximum displacement  0.007900 Not converged
Calculation T FRE
USTORTRE 2 Electronic Energy (EE) -423.315487 Hartree RMS displacement 0.001547 Not converged
lation Met! RB3LYP
Calculation Method B3l | Zero-point Energy Correction 0.156635 Hartree Predicted energy change -7.70e-08 Hartree
Set Gen Thermal Correction to Energy 0.166066 Hartree
Charge 0 Thermal Correction to Enthalpy 0.167011 Hartree
Spit Singlet
P 9 Thermal Correction to Free Energy 0.121043 Hartree
hvatie N
Solvation one EE + Zero-point Energy -423.158852 Hartree
ERB<HEELVE) ARS8 Hartres EE + Thermal Energy Correction  -423.140421 Hartree

SNE Crochent Rorm | 0.000007) Hortree/Bohe EE + Thermal Enthalpy Correction  -423.148476 Hartree

Imaginary Freq 0 EE + Thermal Free Energy Correction -423.194444 Hartree
Dipole Moment 1.785952 Debye E (Thermal) 104.208 keal/mol
Polarizability (c) 83.868225 a.u. Heat Capacity (Cv) 33.860 cal/mol-k
Point Group c Entropy (S) 96.748 cal/mol-kg
Job cpu time: 0 days 17 hours 14 minutes 3....
ok e v nep Ok iz ofl = £ Re T/l te

Working with Plots and Spectra

GaussView 6 presents predicted spectra and other numeric results as plots or graphs. Plots and views/animations
are linked so that clicking on a point or peak in a plot/spectrum will display the corresponding frame in an
animation or change the current view to the corresponding structure.

GaussView 6 can display all of the types of spectra predicted by Gaussian 16. For example, these are the VCD
spectra for two diastereomers of (R)-spiropentyl acetate, a chiral derivative of spiropentane [Devlin02].

VCD Rotational Strength Spectrum VCD Rotational Strength Spectrum
100 100
80 80
g ‘= 60
o w0 =]
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ermmmmmm
0 500 1000 1500 2000 2500 3000  350C 0 500 1000 1500 2000 2500 3500
Frequency Frequency
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B G211 - Vbations Spects

= | GaussView 6 can display

results from both harmonic

and anharmonic frequency
analyses, separately or in a
s single plot.

Pots v 2 show Harmonic: {2 show Anharmonic.
VCD Spectrum
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Frequency (cm™)
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Gaussian Scan Grid
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-284.085
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E 400
284,095
2841
284,105
28411
284115

Current node (4,3) of 6x6, Molecule 21 of 36
SC1 =138.07, SC2 = 1.52, E =-284.104

The graph to the left plots the results from a two-
variable potential energy surface scan as a three-
dimensional surface. The scan variables here are the
C-methyl bond length and the C-N-C bond angle.
The plot can be rotated and zoomed using normal
mouse operations. The plot image and the numerical
data can both be saved to external files.

Current node (4,3) of 6x6, Molecule 21 of 36 ; SC1 = 138.07, SC2 = 1.52, E = -284.104

Optical Rota

tory Dispersion

—— Melog
—— CCH.log
—dcllog
—— CN.og
— F_Iog

Specific Rotation (degrees/[dm
g/cm?])

) G2:M22:V1 - 3D_SCAN.log Z:/Active Projects/Brochure.. — O X The plot
and its
molecule
group are
linked;
selecting
a point in
the graph
displays
that
structure.

14 atoms, 50 electrons, neutral, singlet Inquire Select Atom 1 .

GaussView can also be used to plot the results of optical rotary
dispersion calculations. This graph shows the ORD results for
several related molecules.

300 -
r T T T T T T T T T T T 1
350 400 450 500 550 600 650
Wavelength (nm)
You can customize | Beum v B I N [ T e—e— — o x
. RS Show Hermonkc e Pots > Show Harmoric Heb
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e
zoom in on the outlined area in the left spectrum *
and also change the line style (via the Properties ol Lo
item on the right-click context menu), creating the " o oo o
requency (cm™)
view on the rlght‘ Harmonic Mode 19 Frequency (em ) = 33083161, D (10 esu cm?) = 07412479657

10



Examining Molecular Orbitals and Other Surfaces

Examining molecular orbitals and the spatial distribution of other molecular properties is useful for many purposes. MOs can

provide important insight into bonding and other chemical properties. Visualizing them can also be useful for modifying the

initial guess for a subsequent Gaussian 16 calculation and for selecting the active space for the CASSCF method.

Demonstration: Specifying a CAS Active Space

9
J

2: We use the GaussView 6 MOs dialog
to examine multiple MOs: the LUMO
(16), HOMO (15) and nearby orbitals.
We locate the n, m* and N lone pair
bonding orbitals in 5 adjacent orbitals
around the HOMO and LUMO: orbitals
13-17. However, neither orbital 12 nor
orbital 18 exhibit the node located
within the plane of the molecule which
will characterize the correlating orbital
(orbital 18 is visible in the illustration to
the right).

We continue examining higher orbitals,
and locate the one we want at orbital 24.
We then reorder the orbitals. Since this
system is closed shell, we do not need
to move any electrons between orbitals,
but the dialog allows you to do so if
appropriate.

1: In this example, we consider the orbitals for C,;H,NH. We plan to run
a CASSCEF calculation on this molecule using an active space of 6 orbitals
and 6 electrons. Since we are interested in the n—n* transition, we need
to select the m and 7* orbitals corresponding to the C and C=N bonds,
the bonding orbital corresponding to the nitrogen lone pair, and another
orbital which correlates with it.

1) 61:M1- MOs - o X
Current Surface 19 —|_|— 0.70619 i
18 ‘Dﬁ 0.67447 B
24 —D— 0.89127 0O
17 —D— 0.21322 [
16 ﬂ 0.20511 @
15 -0.37995 0O
14 -0.43911 0O
MO ( (MO = 18) ; Isovalve = 0.02) = g E i
Charge: Spin: Singlet v | Gaussian MOs from:  E:/Gaussian/Molecules/bd2 fehk
NewGaussanMOs  New AmpacMOs  Viusize  Calcuation  Diagram
Wavefunction: | Restricted - Adjust Occupancy ¥
Permutation List
CI v 1-17,24,18-23,25-46

3: The final set of orbitals chosen for the active space appears below:

24

N lone pair radial correlating orbital

15

C-Cm orbital

C-C m* orbital

17 16

C-N m* orbital

13

C-N m orbital N lone pair bonding orbital

11



4: This orbital reordering is carried over to the Gaussian job when we check the Use Orbitals Selected in MOs dialog on the
Method panel of the Gaussian Calculation Setup dialog. We also set the characteristics of the active space for the job using
the fields provided. The relevant keyword and options and the additional input section are incorporated into the input file
automatically:

m G1:M2:V1 - Gaussian Calculation Setup X

Title: CASSCF
Keywords: # casscf(6,6)/6-31g(d) guess=permute
Charge/Mult.: 02

Job Type Method Title Link 0 General Guess Pop. PBC Solvation Add. Inp. Preview

Multilayer ONIOM Model
Method: |GroundState ~ | [casscF v
BasisSet: [6316  ~||  ~|([d  ~], ~D
Charge: Spin: | Doublet =
Number of Electrons: E Use Orbit

Number of Orbitals: D [[] RFO Quadratic Step:

elected in MOs Dialog

Working with Orbitals and Contours

The orbitals we just examined were visualized as transparent surfaces, allowing us to see the atoms in the molecule
at the same time. There are several other modes for displaying such volumetric results. For example, the figure to
the left display contours in a plane for an MO of spiroselenurane. The contour feature is highly customizable; the
two images to the right illustrate selecting a different projection plane—defined by the three central atoms and the

included ring—and the resulting contour display:

This solid surface is
a difference  density
between the excited
state and ground state
total electron densities
for  para-nitroaniline
(a molecule with planar geometry). Blue indicates
positive values (greater electron density in the excited
state), and red indicates negative values (greater
electron density in the ground state).

The excited state calculation was performed in Gaussian 16 | ‘B G1MIVI- Generste Cubes =

using the LC-BLYP functional of Hirao, a long-range corrected
functional which correctly treats charge-transfer states, a
problem with which traditional functionals often have trouble. Cube 1: | Eeectron density from Total I Density (npts = 40,63 ~ |
The difference density was computed by GaussView 6 using its
internal cube operations facility. The resulting surface shows the
charge transfer in this excitation, with electrons moving toward
the NO, group (left side of the molecule). o=

Type: Subtract Two Cubes x|

Cube 2: |Electron density from Total SCF Density (npts = 40, ~ ]
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This illustration shows a mapped electron density surface. Here, the electron
density surface is painted with the electrostatic potential for 21-thiaporphyrin
[Zovinka02].

With GaussView 6, you can display the solvation cavity used for an SCRF calculation. In this illustration, the cavity
is colored by atom, with the backside culled to more easily view the internal structure.

A2 G211 - Solation Dislay
B shon surface

2 show s

0 show vesh D cul sadsde

[ Show Points small -

White ~ [ Color by Atom

As we've seen, GaussView 6 can display animations of vibrational normal mode. The progress of optimizations and
IRC calculations can also be animated. Animations can be saved as MP4 video files. Using GaussView 6’s advanced
controls, you can manipulate the speed and fluidity of animations, as well as adjust the repetition intervals and
playback direction.

v

&® GaussView Preferences X
Ampac Setup
Building
Charge Distribution Object Quality
Clean Controls l .
Custom Bonding Parameters = =5E
Colors
Desktop Enlarge Width and Height by D x
Display Format
Backgound Color: Gray Scale
File/Directory Dleey
Font Render Method: Frame Buffer Object ~ [ Generic Pixel Format
Gaussian Setup §
E——
Image — 5 e
Job Setup Molecule Group Animations Vibration Animations
Movie, Animation R o
epeats: Endless v
e Endess ~ |
Vibrations Sequence: Forward Loop %
Window Behavior Frame Delay (msec):
Endpoint Delay (msec):

ok || cencel || Defaut
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Manipulating and Modeling Large Molecules

GaussView 6 provides comprehensive support for importing and working with structures from PDB files:

® © & & o @

@

regions of differing modeling accuracy/computational cost.

Select the desired structure(s) from multi-structure files.

Add hydrogen atoms to all atoms automatically or manually according to user preference.

Selectively add hydrogen atoms to one or more residues, chains, helices or other defined structural entities.

Highlight/select atoms in individual residues or secondary structures.

Quickly determine residue membership for any atom selected with the mouse.

Easily assign atoms to ONIOM layers based on a variety of flexible criteria.

Retain residue information within Gaussian 16 calculations and retrieved Gaussian 16 results.

Demonstration: HIV Protease and ONIOM

The Gaussian 16 ONIOM method is typically used to study large molecules of biological interest. GaussView 6
contains several methods for assigning atoms to the distinct layers used by ONIOM to divide the problem into

S

U A7 O
SRS ‘

1: This molecule is HIV protease (Type 1) complexed
with an inhibitor. The majority of the molecule is
displayed as a wire frame, and the inhibitor is displayed
in ball-and-stick format, indicating their status as the
high accuracy and low accuracy regions (respectively)
in an ONIOM calculation. We imported the structure
from a PDB files.

2: The PDB Residue Editor 1) G1:M1:V1 - PDB Residue Editor - o X
provides a convenient Way t0 | g kgt View Rows Columns [Relp |
interact with large molecules | |
=]
on a per-residue basis. Here ‘ S0l J Q:
we have sorted the residues
X Row Highlight™ Display Taq Residue ID  Residue Name  Residue # InsertionCode  ChainID A
by name and are now working 196 Show 196 | B_96_THR THR | % | B
with the atoms in the inhibitor. 197 Show 197 | B97LEU LEU 2 | 8
. 1 Sho 198 ASN ASN | B
We will go on to use other tools = = ol Ll o
. ONIOM 199 Show 199 | B_99_PHE PHE | o B
to assign atoms to 200 Show 200 | B.67.HD WD | 67 | B
layers. 201 Show 01 | 263XK2 | X2 | 263 \ v
< >
45) G1:M1:V1 - Atom Selection Editor X
Seec Y N 3: We want to add residues in close proximity
Select All (3) | |SelectNone (n) |Select Atom Group ¥ | |Deselect Atom Group ¥

Mouse Selection In View:  Click Atoms (€) ~
[4 Allow Click Deselection [ Allow Rubberband Deselection  [] Allow Brush Deselection
[ Additive Rubberband Selection [ Clear Selections After Use

-
]

Atoms: [92

}L < Mj( )

(o

fi 2 N 79
\_ by
! % N J\ &

i

to the inhibitor to the high layer. First, we zoom
in on the relevant part of the complex, and select
a nearby atom with the mouse. Using the Atom
Selection Editor’s Expand Selection slider, we can
expand the selection to include the entire residue
containing that atom.



4: Once the desired atoms are selected, we use the
Atom Group Editor to quickly add them to the
desired ONIOM layer by clicking on the plus sign
button in the corresponding row. We can continue to
select and add nearby residues in this way until the
specification of the high layer is complete.

) G1:M1:V1 - Atom Group Editor

Atom Group Class: | ONIOM Layer

v ]|/ Exdusive [Class Actions ... v |

Group ID Highlight Display Atom Taas Atom Count
ONIOMLayer (High) |l [ Show v + - [192,921-922,1843-18¢ 67
ONIOM Layer (Medum) |l M Show v [ - 0
ONIOMLayer (low) |Hl [ Show |+ - 175,93-920,923-1842 1823

High Layer Medium Layer Low Layer

Method: |GroundState v | |DFT... | |Default Spin

7 [ « o] - [

Sl

Basis Set: |6-31G

95) G1:M1:V1 - Gaussian Calculation Setup X
Title: HIV-1 d with inhib XK263 [1HVR]
Y # opt oni /6 )
ChargeMult.: 010101
Job Type Method  Title Link 0 General Guess Pop. PBC Solvation Add. Inp. Preview
[4 muitiayer ONIOM Model

e s -

| Use sparse matrices

| submit.. ||Quicklaunch|| cCancel || Edt.. || Retan

|| pefeuits |

6:  We eventually locate a -
transition structure and run
an IRC calculation for a proton
transfer reaction involving
this system. GaussView 6 can
display plots and animations

5: We set up and run a Gaussian 16 calculation
using the Gaussian Calculation Setup dialog. We
check the box selecting an ONIOM calculation
and use the per-layer components of the Method
panel to select the desired model chemistry
for each layer. When we are ready, clicking the
Submit button will initiate the Gaussian 16
calculation.

from such studies. The five frames above depict structures from the reaction path. The corresponding points on the energy
plot below have been marked with asterisks. We suppressed the display of low layer atoms in the highlighted region and added

spotlights for clarity.

15




References

[Devlin02]: E J. Devlin, P. J. Stephens, C. Osterle, K. B. Wiberg, J. R. Cheeseman, and M. J. Frisch, “Configurational and Conformational
Analysis of Chiral Molecules Using IR and VCD Spectroscopies: Spiropentylcarboxylic Acid Methyl Ester and Spiropentyl Acetate,” J.
Org. Chem., 2002, 67, 8090-8096. DOI: 10.1021/j0020225n

[Lundberg09]: M. Lundberg, T. Kawatsu, T. Vreven, M. J. Frisch, and K. Morokuma, “Transition States in the Protein Environment —
ONIOM QM:MM Modeling of Isopenicillin N Synthesis,” J. Chem. Theory and Comput., 5 (2009) 222-34. DOIL: 10.1021/ct800457g

[Zhoul0]: J. Zhou, J. L. Sonnenberg, H. B. Schlegel, “Theoretical Studies of AnII2(C8H8)2 (An = Th, Pa, U, and Np) Complexes: The
Search for Double-Stuffed Actinide Metallocenes,” Inorg. Chem., 2010, 49, 6545-6551, DOI: 10.1021/ic100427t.

[Zovinka02]: E. P. Zovinka and D. R. Sunseri “Photochemotherapy: Light-Dependent Therapies in Medicine,” . Chem. Educ., 2002, 79,
1331. DOI: 10.1021/ed079p1331

Gaussian, Inc. Gaussian is a registered trademark and Expanding the limits of computational
L. chemistry is a service mark of Gaussian, Inc. All other trademarks and registered
340 Qulnnlplac St., Bldg. 40 trademarks are the properties of their respective holders. Specifications subject to
Wallmgford, CT 06492 USA change without notice.
custserv@gaussian.com Copyright © 2017, Gaussian, Inc. All rights reserved. Printed in the USA.
y 4 ADDITIVE
A

Soft- und Hardware fiir Technik und Wissenschaft GmbH

=A D D I T I v E Max-Planck-StraBe 22b e 61381 Friedrichsdorf

N Telefon: +49-6172-5905-0 e Fax: +49-6172-77613
SOFT- & HARDWARE FUR TECHNIK & WISSENSCHAFT E-Mail: info@additive-net.de  http://www.additive-net.de

16


SOE
Logo

SOE
Geschäftsadresse


