Lab — Electronic spectroscopy

Plotting Density differences

1. On your (optimized) geometry run a TD job using the density=current keyword in the input
file for the calculation of the excitation energies. Use a chk file for TD-DFT calculation.

Example (input file)

rwf=.... . 0., /3sn_td_dd.rwf
%Nosave
%chk=............. /3sn_td_dd.chk

%nprocshared=20

%mem=20GB

#p td=(nstates=20) density=current b3lyp/6-311+g(d,p)
scrf=(solvent=dmso) int=(grid=ultrafine,acc2e=12) scf=verytight

SNAFR3 dendiff DMSO

01
C 1.99589800 -1.79836900 0.01395500
C 3.10188600 -2.59268300 0.01071800

2. Once the job is finished, format the chk file using the formchk utility:

Example (run formchk utility)

and you will obtain the .fchk file (i.e., 3sn_td_dd.fchk)
(The chk file can also be used but it is usually much larger than the formatted fchk.)

I am using GaussView for Windows OS so that | have to transfer the fchk file from the Linux
computer to the Windows workstation.

3. Open the .fchk file in GaussView.

&-3sn_td dd.fchk [ open
/7 Edit S
Bl Upload... F5 »
Delete F8
E,-f? Rename F2
[D Copy Ctrl+C
File Custom Commands »
File Names 4
Properties F9

System Menu

4. From "Results" menu choose "Surfaces/Contours..."
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Choose "Cube Actions" and "New Cube":

3
4 m G1:M1:V1 - Surfaces and Contours

Cubes Available:

X

New Cube
Load Cube
Save Cube

Remove Cube

Surfaces Available:

Surface Actions ~

[Isovalue| for new surfaces: MO = [0.020000 | Densty = [0.000400 | Laplacian = [0.000000

‘Contours Available:

Contour Actions ~

[] Add views for new surfaces/contours

Apply actions to molecule group

‘ Close ‘ ‘ Help |

Choose "Total Density" for the type of cube:
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E G1:M1:V1 - Generate Cubes X

Type: |Molecular Orbital -

Molecular Orbital
Orbtak:
Alpha Density
HOMO ~ | |Beta Density Apha ~
Spin Density
88 Occ 558 Vit 5P
Laplacian
Current Density
Shielding Density
ALIE
Subtract Two Cubes
MNumber of Processon Add Two Cubes
— IScale a Cube

Square a Cube
B

Leave SCF for Density matrix. Select the appropriate number of processors, then click OK.

Grid: | Coarse ~

‘ ¥R G1:M1:v1 - Generate Cubes X
Type: | Total Density v

Density Matrix: | SCF

|
‘ [ Use ful density matrix

Grid: Coarse =+ -2 Points \

Number of Processors:

7. Wait for the cube to be generated. Then select "Cube Actions" again, New Cube, then
choose ClI for the Density matrix and click OK:

$2) G1:M1:V1 - Surfaces and Contours e

Cubes Available: Cube Actions ~

Electron density from Total SCF Density (npts = 96,81,53 ; res (A) = 0.176392,0.176392

]
E G1:M1:V1 - Generate Cubes X

E Type: | Total Density -
Surfaces Available: Surface Acti

Density Matrix: [SCF =
SCF
MP2
MP3
MP4
CC

|1sovalue| for new surfaces: MO = |0.020000 Density = |0.000400 Laplacian = |0.00 Grd: | Coarse M5 .

~| Number of Processors:

Contours Available: Contour Acti

|

b3

[[] Use full dens|

i

[] Add views for new surfaces/contours Apply actions to molecule group

Close Help
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8.

9.

Substract the SCF cube from Cl cube.

Select "Cube Actions", then "New"Cube" and Select "Substract Two Cubes" for the type of

cube:

— ; _ _ _

_EE‘I V1 - Surfaces and Contours
Cubes Available:

X

Cube Actions -

Electron density from Total SCF Density (npts = 96,81,53 ; res (A) = 0.176392,0.176392
Electron density from Total Cl Density (npts = 96,81,53 ; res (A) = 0.176392,0.176392,0

E G1:M1:V1 - Generate Cubes

Surfaces Available Type: |Total Density

Molecular Orbital
Total Density
Density Matrix: CI| Alpha Density
Beta Density
Spin Density
ESP

Laplacian
Current Density
Shiglding Density
ALIE

L] Use ful density

|Isovalue| for new si _
Grid: | Coarse ~

W d 0
Number of Processor Add Two Cubes
Scale a Cube
Square a Cube

Contours Availabl *

Ok Cancel

X

[Surface Actions ~

ian = |0.000000

[Cnntnur Actions -

[ ] Add views for new surfaces/contours

Apply actions to molecule group

Close Help

In the next window select "Electron density from total Cl density" for the first cube and

"Electron density from total SCF density":

E G1:M1:V1 - Generate Cubes X

Type: |Subtract Two Cubes ~
Cube 1: |Electron density from Total CI Density (np =

Cube 2: |Electron density from Total SCF Density (r =

Number of Processars: |2 5
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10. Click OK and you will have the three generated cubes:
| E G1:M1:V1 - Surfaces and Contours

pes

Cubes Available: Cube Actions ~

Electron density from Total SCF Density (npts = 96,81,53 ; res (A) = 0.176392,0.176392,0.176392)
Electron density from Total Cl Density (npts = 96,81,53 ; res (A) = 0.176392,0.176392,0.176392)
Electron density from Total Cl Densit - Electron density from Total SCF Densit (npts = 96,81,53 ; res (A) = 0.176392,0.176392,0.176392)

Surfaces Available: Surface Actions ~

|Isovalue| for new surfaces: MO = |0.020000 Density = |0.000400 Laplacian = |0.000000

Contours Available: Contour Actions ~

] Add views for new surfaces/contours Apply actions to molecule group

Close Help

11. Now you can construct a mapped surface.
This will be the "Electron density from Total Cl Density — Electron density from total SCF
Density" mapped on the isosurface "Electron density from total SCF Density".
In "Cubes available" section click on "Electron density from Total SCF Density", then click

"Surface actions" and then choose "New Mapped Surface":
I E G1:M1:V1 - Surfaces and Contours

X 1

Cubes Available: Cube Actions  ~

Electron density from Total SCF Density (npts = 96,81,53 ; res (A) = 0.176392,0.176392,0.176392)
Electron density from Total Cl Density (npts = 96,81,53 ; res (A) = 0.176392,0.176392,0.176392)
Electron density from Total Cl Densit - Electron density from Total SCF Densit (npts = 96,81,53 ; res (A) = 0.176392,0.176392,0.176392)

Surfaces Available:

e | 3

New Surface

New Mapped Surface

Show Surface :
Hide Surface J
Remove Surface
|Isovalue| for new surfaces: MO = Density =| |D‘ODDIUO | Laplacan = |D‘OODDUO

Contours Available: ‘J

Contour Actions ~

[] Add views for new surfaces/contours Apply actions to molecule group

Close Help

Here you might want to play with the Density isovalue.
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12. Plot the mapped surface
Keeping selected the "Electron density from total SCF Density" in the "cubes Available" from

the "Surface and Contours window, choose "Electron density from Total Cl Density — Electron
density from total SCF Density" in the "Surface Mapping" window and then click OK:

Cubes Available: Cube Actions ~

Electron density from Total SCF Density (npts = 96,81,53 ; res (A) = 0.176392,0.176392,0.176392)
Electron density from Total Cl Density (npts = 96,81,53 ; res (A) = 0.176392,0.176392,0.176392)
Electron density from Total Cl Densit - Electron density from Total SCF Densit (npts = 96,81,53 ; res (A) = 0.176392,0.176392,0.176392)

Surfacq Actions ~

SIbT

Surfaces A

m GT:M1:V1 - Surface Mapping X i
® Use an existing cube
() Generate values only at surface points i

Cubes Available:

Electron density from Total CI Density (npts = 96,81,53 ; res (A) = 0.176392,0.176392,0.176392)
Electron density from Total Cl Densit - Electron density from Total SCF Densit (npts = 96,81,53 ; res (A| [ actions ~

|Isovalue| for new surfaces: M

Contours Available:

< >
[] Add views for new surfaces| 7 6 e Bcule group
‘ Ok ‘ ‘ Cancel Help
13. Refine your generated mapped surface
Now you should see the mapped CI-SCF density on the isosurface of the SCF density:
¥ G1:M1:V1 - Electron density from Total SCF Density ( isoval = 0.0001 apped with Electron density fro t - Electron density fro tal SCF Densit O <
I ¥

540 atoms, 176 electrons, neutral, singlet, C23H1403 Inquire Select Atom 1

You can play with the max and min values of the density difference:
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@ G1:M1:V1 - Electron density from Total SCF Density (isoval = 0.0001 ; [mapped with Electron density from Total CI Densit - Electron density from Total SCF Densit] ) - [} X
N I

40 atoms, 176 electrons, neutral, singlet, C23H1403 Inquire Select Atom 1

or:
m G1:M1:V1 - Electron density from Total SCF Density ( isoval = 0.0001 ; [mapped with Electron density from Total CI Densit - Electron density from Total SCF Densit] ) — m} X

40 atoms, 176 electrons, neutral, singlet, C23H1403 Inquire Select Atom 1

14. Change the appearance of the mapped surface
You can play with the parameters found in View -> Display Format -> then Surface tab:
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=1 Display Format... Ctrl+D
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t

ﬂ G1:M1:V1 - Display Format X

General Quality Molecule Text Surface

Format: Transparent ~

Transparent Options
Transparent . Opaque
Fade mapped surface values

IsoValues: |Both 52
Hide Backside

Z-Clp: (min) l (max)

Help

Cancel Default

Here you can change the transparency, activate or inactivate the "Fade mapped surface
values" or "Hide Backside":
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ﬁ G1:M1:V1 - Electron density from Total SCF Density (isoval = 0.0001 ; [mapped with Electron density from Total CI Densit - Electron density from Total SCF Densit] ) - [} X

40 atoms, 176 electrons, neutral, singlet, C23H1403 Inquire Select Atom 1




