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Geometry Optimization, and Frequency Calculation

Geometry optimizations

On your desktop, open Avogadro, select Build, Insert, Fragment, and choose the molecule. Click
Insert on the molecule to add a fragment. Then close the window.

After choosing the fragment, again select Build and then Cartesian Editor to see the Cartesian
coordinate of a molecule.

Now you can copy the coordinates on your input file.

Open any Text Editor you have, Notepad, notepad++, ...and save the file with “.inp” extension.

On your notepad file write the method and basis set and paste the coordinate from Avogadro. Then
save the file with the “.inp” extension. (basename.inp)

On your desktop, right-click to open a terminal and enter the path of the input file, or go to the folder
where orca is located and enter the following command by opening cmd:

orca basename.inp > basename.out



Wait for the job to finish (<1 minute) and open basename.out in the related folder
To make sure that the run is done correctly, check the statement ****ORCA TERMINATED
NORMALLY**** at the end of the output file.

Generating and Visualizing Molecular Orbital

In this step, we use the new geometry obtained in the optimization run and create a new input file to
generate molecular orbitals.

After generating the input file, run it with the following command on your cmd.
orca Ethylene MOs.inp > Ethylene_ MOs.out

To visualize Molecular Orbitals, open the output file with Avogadro.




0 2.0000 -10.187066 -277.2041
1 2.0000 -10.186376 -277.1854
2 2.0000 -0.747885 -20.3510
3 2.0000 -0.568728 -15.4759
4 2.0000 -0.463263 -12.6060
5 2.0000 -0.417991 -11.3741
6 2.0000 -0.351485 -9.5644
7 2.0000 -0.272541 -7.4162
8 0.0000 0.008706 0.2369
9 0.0000 0.085368 2.3230
10 0.0000 0.104727 2.8498
11 0.0000 0.116508 3.1703
12 0.0000 0.187303 5.0968
13 0.0000 0.327592 8.9142
14 0.0000 0.398945 10.8558
15 0.0000 0.434031 11.8106

LUMO HOMO

Another way to view molecular orbitals is to use the IboView program. You can download it easily
here. (http://www.iboview.org/index.html)

From your last calculation on Ethylene MOs, go to the MOs folder and write the following command
on cmd to generate the molden file:

orca_2mkl Ethylene Mos -molden
This command makes the Ethylene_Mos.molden.input file on your folder.
Lastly, visualize the molden file with iboView software.

Now drag the Ethylene MOs.molden.input to iboView software and click on Data Sets


http://www.iboview.org/index.html

To visualize the HOMO, LUMO, and another orbital, double-click on them to see it.
Be careful! In Orca, the number of orbitals starts from 0, but in iboView starts from 1.

In addition to HOMO and LUMO orbitals, other orbitals such as HOMO-1 and LUMO+1, etc. can be
seen along with their energies.

Vibrational Frequency

In this step, to calculate the frequency of the ethylene molecule, we use the geometry obtained in the
optimization step and perform the run using the “Freq” keyword.

! B3LYP def2-SVP Freq

* xyz 0 1
H 1.14763538032723 0.06787867944812 1.04401871500948
C 0.66349268258141 -0.00443412366993 0.06448921374936
H 1.32609585559607 -0.08470073189697 -0.80365926899303
C -0.66349297051130 0.00443446347416 -0.06448407909659
H -1.32610760697121 0.08470054881831 0.80365397958594
H -1.14762334102220 -0.06787883617369 -1.04401856025516

When the input file is ready, run the frequency calculation with the previous command on your cmd.

orca Ethylene_Freq.inp > Ethylene_Freq.out

After the frequency run is finished, a “.hess” file is created in which the Hessian matrix, vibrational
frequencies, and other things are printed. For the Ethylene molecule, the Hessian matrix is 18 x18:



1,0998914565€-01
8.4252109177€-03
1.1936813731E-01
-1,0628103169E-01
-1.4971913624€-03
-1,0522790055€-01
8.8184932786E-03
1,1788467141E-03
1.5644329508E-02
-9.1742131674¢-03
-2.2007829810€-03
-2,9862195317€-02
1.4225786877€-03
-1.4605769928¢-04
2,7370726017€-05
-4.7775825619€-03
2,5682087949€-04
6.3801758564€-05

8.,4248643389E-03
2,5458529375E-02
2,0259074654E-02

-1.8824156633€-03
-3.7718773022E-02
-1,8688519716€-02
-1,0035949944E-03

2,4609581274€-03

-1,5735127911€-03

3.5571206712€-04
5.9814146721E-03
6.9167493460E-05

-1,4512718696E-04
-8,6932458703€-03

8.0222503021€-04
2.5681215290E-04
1.2501794365€-02

-8.,7829156121€-04

1,1936777570€-01
2,0259934369E-02
2,9542958972€-01
-1,0983572034E-01
-1,8616541020E-02
-2,8566931132E-01
-1,1185097967€-02
-1,1729612049€-03
-1,4008439119€-02
1.5712472733E-03
-3.8668202738E-04
1,4470819967€-03
3.0582056654E-05
8.0303930560¢-04
1.1870314000€-03
6.3791106666E -05
-8,7829171901E-04
1.6938825630E-03

Also, you can check the vibrational frequency in “.hess” file:

2,5682342318E-04
1,2501794297€-02

-8,7829119530E-04

3.5574550200€-04
5.9814280313€-03
6.9200834075€-05

-1.4511358524€-04
-8,6933461999€-03

8.0222207376E-04

1,8824464280¢-03
-3, 7718495575€-02
-1,8688884953€-02
-1,0035291736E-03

2,4609941568€-03

-1,5735278867€-03

8.4247570687E-03
2.5458302578E-02
2.0259444585€-02

6,3817551171E-05

-8,7829223131E-04

1,6938826914E-03
1.5711348706E-03

-3.8672256748E-04

1.4467981507€-03
3.0634342206E-05
8.,0307078300E-04
1,1871138410€-03

-1,0983464984€-01
-1,8616932468€-02
-2,8567352703€-01
-1,1184840825€-02
-1,1729441844E-03
-1.4008279163€-02

1.1936624598€ -01
2,0260304115E-02
2,9543384506E-01

18x18

The first few frequencies are always zero, for they correspond to the rotational and translational
modes.



Vibrational modes:
3N-5 for a linear molecule
3N-6 for non-linear molecule

The “orca_mapspc” program (part of the ORCA package) can be used to create spectra from an ORCA
spectroscopy calculation. The program creates simple text files containing energies and intensities that
can then be plotted using any plotting program (e.g. GnuPlot, Origin, Excel, ...).

D:\orca_5_0_1>orca_mapspc Ethylene_Freq.out IR -x0300 -x14000

Mode is IR
stoping import!
Last line read:

Number of peaks
Start wavenumber [cm-1]
Stop wavenumber [cm-1]
Peak FWHM [cm-1]
Number of points

|

This creates two files.

—

Ethylene_Freq.out
.irdat

Ethylene_Freq.out
Jdr.stk

Plotting an IR spectrum in the region 300-4000 cm™ using default broadening:

You can copy the data from Ethylene Freq.out.ir.dat in Excel to see the IR Spectrum
IR Spectrum

1000.002
1000 V '(v
995.908 ) C=C stretching
C-H stretching " "
999.9% C-H stretching # °
> 999994 | M )._q.( 1*}___{*
g .
c
S 999.992 H
£ H M H H
oc
= 99999 H
H
999.988 4 4
999.986 H
999.984 i L
C-H bending
999.582
3800 3300 2800 2300 1800 1300 800

Frequency (cm™)

300



Also, we can get the IR spectrum by opening the output file of frequency in Avogadro and clicking
Show Spectra:

Vibrations ]

viem™ 1 (km/mol)
82285 000
963.67 001
97062 0.00
105806 000
122052 000
135837 000

144279 000 . T
169762 000
312031 000
3137.44 000
320776 000
323046 000

1 | 1
3000 2000 1000

Wavenumber (cm)

If you want to run vibrational frequency with symmetry, just write the keyword “Usesym” in the input
file.

! B3LYP def2-SVP Freq Usesym

* xyz 0 1

H 1.242719034 0.000000000 0.931267514
C 0.666634020 0.000000000 0.000000000
H 1.242719034 0.000000000 -0.931267514
C -0.666634020 0.000000000 0.000000000
H -1.242719034 0.000000000 0.931267514
H -1.242719034 0.000000000 -0.931267514
*

Finally, to run the “Anharmonic Vibrational Frequency” make this input file, and after running it check
the difference between harmonic and anharmonic frequency.

! B3LYP def2-SVP ExtremeSCFEF Freq
IVPT2 # second-order vibrational perturbation theory
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Potential Energy Surface

Intro

The Born-Oppenheimer (BO) approximation is a widely used approximation in molecular physics and
quantum chemistry. It is based on the assumption that the motion of atomic nuclei and electrons in a
molecule can be separated. The approximation neglects the kinetic energy of the atomic nuclei when
describing the electrons in a molecule. The BO approximation leads to the concept of potential energy
surfaces (PES), which are effective potentials for the electronic states on which the nuclei can move.
These PES are also known as adiabatic potential energy surfaces. The PES is a function of the nuclear
coordinates and describes the energy of the molecule as a function of the positions of the nuclei. The
Born-Oppenheimer approximation is valid when the distances separating particles are not unusually
small, and the kinetic energy of the nuclei is much larger than the electronic energy.

O; Molecule

The Os molecule, with a low degree of freedom, serves as a good example for exploring potential
energy surfaces. It exhibits two structural isomers: the ozone molecule, considered the more stable
form, and iso-ozone. These structures are connected by a transition state, although this exercise does
not involve finding it.

a) Ozone b) Iso-ozone

Here, you will learn how to explore the potential energy surface of the Os structure concerning the O-O
bond distance and O-O-O angle, with experimental values of 1.2717 A and 116.78°, respectively.
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Step 1 - Creating the input

Create a new folder named "ozone" Open your preferred text editor, write the following input into a
new file, and save it in the "ozone" folder with the name "03.inp":

In this input, within the main block starting with the "!" symbol, three sections are defined. These
sections cover the number of processors, the method, and the basis set. The "PAL{N}" keyword
specifies the number of CPUs for the job, where "N" is an integer (e.g., PAL2 for two CPUs). Since the
focus is solely on learning to explore the potential energy surface, we won't go beyond the
Hartree-Fock calculation. A small and simple Pople basis set, 3-21G, is used for the calculation, where
"HF" defines the computational method. In the third section of the main block, "LargePrint" and
"PrintBasis" options are utilised to visualise the molecular orbital without additional processing, using
the Avogadro program.



We define two sub-blocks in this job. The first one is "scf" where we increase the maximum number of
iterations using the "MaxlIter" option. It's important to note that there is no equal sign in front of
"MaxlIter" in the input. The next sub-block is "paras," which allows us to scan the two-dimensional
potential energy surface (PES) of Os by defining two parameters: "R" for the O-O bond distance and
"Theta" for the O-O-O angle. "R" includes 21 bond distances between 0.8 A to 2.0 A, while "Theta" is
defined with 21 angles between 45° to 160°. When defining parameters, the first variable is the starting
point, the second is the ending point, and the third is the number of steps. Alternatively, you could
provide a list of numbers using brackets. It's worth mentioning that when defining a parameter using a
list, you should not use the equal sign.

%paras

R=1.0, 2.0, 3
end
%paras

R [1.0 , 1.5, 2.0]
end

Finally, we should define the coordinates of the system. The two O-O bonds, having the same value
and changing together with the O-O-O angle, constitute the two dimensions of the potential energy
surface (PES). It's important to note that the dimension for visualizing the surface is three, as we need
to consider the energy dimension along with bond distance and angle.

Step 2 - Running the job

To run your job, open your terminal. On Linux, press Ctrl+Alt+T together; on Windows, press Win+R,
type "cmd" and press enter. MacOS users can search for the terminal app. First, navigate to your input
directory (the "ozone" folder you created for your Os input file) using the "cd" command in all
terminals. For instance, if you've stored your "ozone" folder at "C:\Users\Nima\Desktop\ozone"
navigate to it using this command:

cd C:\Users\Nima\Desktop\ozone
Next, you should call ORCA using its full installation path to run parallel jobs. For example, if 1
installed ORCA in the "C:\orca504" directory, after ORCA’s full path, provide the job’s input name,

followed by the ">" symbol and its output name. Look at the sample command below to run the Os job:

C:\orcab04\orca o3.inp > o3.out

Now, you have to wait until the job is done. It may take more than 30 minutes for the job to finish, so
please do not interrupt the run. While the job is running, you can check your calculation by looking up
the output file. After running the job, you should see the "03.out" file in your "ozone" directory.
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Step 3 - Analysing the output

When the job is done, in the "ozone" directory, there should be plenty of files. Most of them are "gbw"
files containing information regarding the calculation at each point of the scan. Along with these files,
you should see these files too:

o3.densities, 03.gbw, 03.inp, 03.out, 03.prop, o3.trjact.dat, 03.trjscf.scf, 03 property.txt.

Open the "03.out" file. First, you should see the ORCA logo and contributions. After scrolling down,
you will see the input that you provided for the program:

Next, you can see the information regarding the "Parameter Scan Calculation." At the end of this
section, you can find the total number of points for energy calculations. These points will ultimately
form our potential energy surface (PES).




By scrolling down, you will see ORCA printing out information about energy calculation at different
points. It first provides information about the parameter values in the energy calculation. For example,
in the first point, the O-O bond distance is 1.0 A, and the O-O-O angle is 50°. Next, in two different
coordinate systems and two different units, it prints the geometry of the system:

The basis set information comes next:




In the next section, the output provides information about the integrals.




The SCF calculation starts right after the integral section. In this part, the output provides you with
data regarding all aspects of the SCF cycle. Each SCF cycle ends with an output like this:

Here you can find details about the SCF calculation:



Scrolling down, you find orbital energies, which are valuable pieces of information:




After this, you can find valuable information about the population analysis of the job, and the
calculation for the next point in the PES will be started. When the calculation has been done for all
trajectories without a problem, you can find information regarding the surface you calculated:

At the end you should see the timing of the job:




Step 4 - Plotting the surface

To plot the 3D surface, we offer two options here: one is plotting with Microsoft Excel, and the other is
using Python.

Microsoft Excel

1. Open the output file and copy the data from “The Calculated Surface using the 'Actual
Energy"’.

2. Open Microsoft Excel and create a “Blank workbook™.

3. Paste the data into cell “A1”:

File Home Insert Pagelayout Formulas Data Review View Help FoxitPDF  Power Pivot

ﬁlnser‘t > Z ~ A
= 2 5 AT /O oo
Conditional Formatas cell | ZEDete ¥ DY o ia fida | addins
Formatting v Table *  Styles~ | {5 Fommat~ | & v Filter~ Select+

Styles Cells Editing Add-ins 4

1.00000000 50.00000000 -221.50678000
1.00000(00 55.50000000 -221.85973753
1.00000(00 61.00000000 -222.06051304
1.00000(00 66.50000000 -222.17636809
1.00000(00 72.00000000 -222.24285502
1.00000(00 77.50000000 -222.27846128
1,00000(00 83,00000000 -222.29335421
1.00000(00 88.50000000 -222.29364122
1.00000(00 9400000000 -222.28322486
1.00000(00 99.50000000 -222.26468275
1,00000(00 105,00000000 -222.23976981
1.00000(00 110.50000000 -222.20973610
1.00000()00 116.00000000 -222.17553601
1.00000(00 121.50000000 -222.64447667
1.00000()00 127.00000000 -222.64621910
1.00000(00 132.50000000 -222.63937208
1.00000()00 138.00000000 -222.62584450
1.00000()00 143.50000000 -222.60740780
1.00000(00 149.00000000 -222.58582850
1.00000(00 154.50000000 -222.56298242
1.00000()00 160.00000000 -222.54090452
1.050000) [ (Cir)) ~)00000 -221.87231186

Sheet1 : d »

% Accessibility: Good to go Count:441 [ Display Settings H M ———+ 100%

4. Go to the “Data” tab, select “A” column, and select “Text to Column” option:
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File Home Insert Pagelayout Formulas Data Review View Help FoxitPDF  Power Pivot

Iﬁ From Text/CSV [&) Recent Sources D{_j [T ueries & Connections al v N4 Clear g £ &H Group v &

Get [& From Web [} Existing Connections Refresh i z] Sort Filter S& Reapply WhatIf Forecast @H Ungroup v
A

Data ¥ ES From Table/Range Allv [ Workbook Links & Advanced Analysis ¥ Sheet | Eff subtotal
Get & Transform Data Queries & Connections Sort & Filter Bta Forecast Outline

>
a

fx 1.00000000 50.00000000 -221.5067

A

» c | o | e | F G
J00 50.00000000 -221.50678000
1.00000000 55.50000000 -221.85973753
1.00000000 61.00000000 -222.06051304
1.00000000 66.50000000 -222.17636809
1,00000000 72.00000000 -222.24285502
1,00000000 77.50000000 -222.27846128
1.00000000 83.00000000 -222.29335421
1.00000000 88.50000000 -222.29364122
1.00000000 94.00000000 -222.28322486
1.00000(00 99.50000000 -222.26468275
1.00000()00 105.00000000 -222.23976981
1.00000()00 110.50000000 -222.20973610
1.00000()00 116.00000000 -222.17553601
1.00000()00 121.50000000 -222.64447667
1.00000()00 127.00000000 -222.64621910
1.00000()00 132.50000000 -222.63937208
1.00000()00 138.00000000 -222.62584450
1.00000()00 143.50000000 -222.60740780
1.00000()00 149.00000000 -222.58582850
1.00000(00 154.50000000 -222.56298242
1.00000()00 160.00000000 -222.54090452
1.05000000 50.00000000 -221.87231186

17
2
3
4
5|
6
7
8
9

Sheet1

e J] »

Ready Y% Accessibility: Good to go Count:441 [ Display Settings H M —-—8——+ 100%

5. Select “Fixed width” option and click on “Finish”:

(Conved Text to Columns Wizard - Step 1 of 3 ? X ]

The Text Wizard has determined that your data is Fixed Width.
If this is correct, choose Next, or choose the data type that best describes your data.
Original data type

Choose the file type that best describes your data:

O Delimited - Characters such as commas or tabs separate each field.

- Fields are aligned in columns with spaces between each field.

Preview of selected data:

1.00000000 50.00000000 -221.50678000
1.00000000 55.50000000 -221.85973753 I
1.00000000 €1.00000000 -222.06051304
1.00000000 €6.50000000 -222.17636809
1.00000000 72.00000000 -222.24285502
1.00000000 77.50000000 -222.27846128

apflelup]

Cancel < Back Finish

6. Next you must see your data in three separated columns. Right click on the row number one
and click on insert:
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File Home Insert Pagelayout Formulas Data Review View Help FoxitPDF  Power Pivot

[ From Text/csv [ Recent Sources [ Queries & Connections ? % Clear = E #H 8= &8 Group v
2 . S H B2

Get [aFrom Web [EExustlngConnectlons Refresh [] Properties l Sort Filter EReapply Text to & What-If Forecast ﬁ,EUngroup v

Data ¥ B3 From Table/Range Allv  [D Workbook Links & Advanced | Columns £¢ . 7 | Analysis v Sheet | [ subtotal

et & Transform Data Queries & Connections Sort & Filter Data Tools Forecast Outline
| A A S %
B — -

-0
v %

earch the menus

X cut

@ copy

EEI Paste Options:

(o

Paste Special...

Delete

Clear Contents
[E] Eormat Cells...

Row Height...

Hide

Unhide

50 -221.872
e J »

Ready % Accessibility: Good to go Average: 5683559333 Count:3  Sum:-17050678 g Display Settings H B -—F—+ 100%

X" Book! - Excel £ Search Nima Shams (%

File Home Insert Pagelayout Formulas Data Review View Help Foxit PDF  Power Pivot

[B From Text/CSV [® Recent Sources TA [T Queries & Connections A ? SZ Clear EE #H  H= E;? @ & Group v

e . ) . =
Got L8 From Web [B Existing Connections s [£] Properties Fiher 18 Reapply Totto X Whatlf Forecast | 28 Ungroup

7| Sort
Data ¥ E3 From Table/Range All~  [B Workbook Links Al & Advanced | Columns =4 [7 | Analysis v Sheet | [EH gubiotal

Get & Transform Data Queries & Connections Sort & Filter Data Tools Forecast Outline

Bond Angle Energy |
50 -221.507 @
55.5 -221.86
61 -222.061
66.5 -222.176
72 -222.243
77.5 -222.278
3 -222.293
88.5 -222.294
4 -222.283
99.5 -222.265
105 -222.24
1105 -222.21
116 -222.176
121.5 -222.644
127 -222.646
132.5 -222.639
138 -222.626
143.5 -222.607
149 -222.586
154.5 -222.563
160 -222.541

Sheet1 : »
Ready ¥ Accessibility: Good to go Count:3  [@ Display Settings H F ———8—+ 100%

8. Go to the “Insert” tab, select three defined column and click on “PivotTable” Option:
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“ome Insert Formulas

Page Layout

L5

I’

Charts

Angle Energy
50 -221.507
55.5 -221.86
61 -222.061
66.5 -222.176
72 -222.243
77.5 -222.278
83 -222.293
88.5 -222.294
94 -222.283
99.5 -222.265
105  -222.24
1105 -222.21
116 -222.176
121.5 -222.644
127 -222.646
132.5 -222.639
138 -222.626
143.5 -222.607
149 -222.586
154.5 -222.563
160 -222.541

Sheet1

Ready % Accessibility: Good to go

Data  Review

Recommended

Foxit PDF
- B A @
Wv dh'v i}'-'v Maps Pivot(ii:l[]art

o L- :

Charts 5l Tours

View  Help

Power Pivot
i~ i

3D Line Column Win/
Map v Loss.

Sparklines Filters

Average: -38.77648033 Count 1326  Sum:-51301.28348

9. Click on “OK”, now you should see a page like this:

File Home Insert Formulas Data

&
Mg

Clipboard

| PivotTablel

To build a report, choose fields from the
PivotTable Field List

< Sheet2

Sheet1

Ready % Accessibility: Investigate

Review  View

Help  Foxit PDF  Power Pivot Design

= B

Conditional Formatas  Cell
Formatting v Table ¥  Styles v

Styles

[l Display Settings i::]

= =

Slicer Timeline

Q

Text | Symbols

[ Display Settings H

¢ Insert v v A

- e

@oelete ¥ | B1v o s finda

Fefj Formatv | & v Filter© Select~
Cells Editing

Add-ins

PivotTable Fields

Choose fields to add to report:

["] Bond

] Angle

O Energy
More Tables...

Drag fields between areas below:

Il Columns

Rows Z Values

B Defer Layout Update

M ——8—+ 100%

10. Now drag the “Bond” to the “Rows”, “Angle” to the “Columns”, and “Energy” to “Values” like
the picture. You will get a table where two parameters are shown in the rows and columns and
their corresponding energy value is present in the table:
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File Home Insert Pagelayout Formulas Data Review View Help Foxit PDF

@ Insert Slicer
5 Insert Timeline

Active Field: | > Group Selection

E N
Pvotlable pril

> i@ Field Settings
Active Field

fr

/I

Drill
Up ~

Z:H Ungroup

Group Field
Group

Down LE% Filter Connections

Filter

Sum of Energy

©

50
-221.50678
-221.8723119
-222.1542343
-222.3735776
-222.5451118
-222.6791372
-222.7829424
-222.8618774
-222.9200653
-222.9608447
-222.9870284
-223.0010488
-223.0050375
-223.0008719
-222.9902079
-222.9745035
-222.9550337
-222.9336054

55.5
-221.8597375 -222.060513
-222,1563058 -222.317075
-222,3840063 -222.5141859
-222.5608489 -222.666899
-222,6987056 -222.7847718
-222,8053396 -222.8740464
-222,8860609 -222.939203
-222.944849 -222.9838603
-222,9849854 -223.0111942
-223.0093559 -223.0240807
-223.0205596 -223.0251167
-223,0209319 -223.0166062
-223.0125446  -223.000554
-222,9972074 -222.9786708
-222,9764836 -222.9524074
-222.9517131 -222.9295952
-222.9295675 -222.9107682
-222.911316 -222.8952756

61 66.5
-222.1763681
-222.4098236
-222.5886643
-222.7259396
-222.8300856
-222.9068854
-222.9607256
-222.9952667

-223.013734
-223.0190119
-223.0136608
-222.9999186

-222.979715
-222.9547106

-222.926354
-222.9115175
-222.8957745
-222.8827899

72
-222.242855
-222.4620442
-222.6286994
-222,754995
-222,8491033
-222.9168368
-222.9626829
-222.9903708
-223,0031374
-223.003835
-222.9949716
-222.9787416
-222.9570773
-222.9330991
-222.913376
-222.8974844
-222.8844908
-222.8737226
EEE YN Sheett

Ready Tk Accessibility: Investigate

Power Pivot

5 [ 2

Refresh Change Data Ad“’“s
< Source ¥

77.5 83
-222.2784613 -222.2933542
-222.4880498 -222.4962097
-222.646006 -222.6479495
-222.7643126 -222.7606327
-222.8512175 -222,8426491
-222.9126611 -222.9000476
-222.9532173 -222.937451§
-222.9766414 -222.958619
-222.9861533 -222.9667448
-222.9845686 -222.9646126
-222.9743665 -222.9546884
-222.9577508 -222,9392091
-222.9367682 -222.9203745
-222.9163313 -222.9036848
-222.9002011 -222.8906064
-222.8872141 -222.8800272
-222.8765308 -222.8711848
-222.8675672 -222.8635907

PivotTable Analy

[i7! Fields, Items, & Sets v
[ OLAP Tools ¥

E@ Relationships
Calculations

88.5
-222.2936412
-222.4918505
-222.6393499

-222.9184411
-222.9389127

-222.5371036
-222.923% 22

-222.8942813
-222.8838214
-222.8751922
-222.8677363
-222.8610984

11. Select the table like picture below, copy it, and create a new sheet:

[ Field List |

=l =
m D DEI +/- Buttons ‘

PivotChart | i -
PivotTables |g Field Headers J

Tools

PivotTable Fields

oose fields to add to report:

e ulumn:

2 Values

i —

B Defer Layout Upc

i

Ml -——

100%

Fle Home Insert Pagelayout Formulas Data Review View Help Foxit PDF  Power Pivot PivotTable Analyze De: al
Active Field: N . " =] =] i =] =l i
£ ctive Field: = Group Selection &7 Insert Slicer i : i7: Fields, Items, & Sets v i o i) ield List
) : : H Ungrou imeli OLAP Tools ~ ) . v |
PivotTable | (Bond Dil pril = 78 ungroup [ Insert Timeline Refresh Change Data Achons G PivotChart ¥ +/- Buttons :
v E=] . D : : . o 8] oo ; -
[[Z! Field Settings Down Up Group Field BES Filter Connections Source Relationships PivotTables [@ Field Headers |
Active Field Group Filter Data Calculations Tools Show N
A4 v fx'| Row Labels v
A B C D E | F | G H J K L M N o P a R S T U v W Y Z
a
— —
|Row Labels. 50 555 61 665 k23 94 9.5 105 1105 16 1215 127 1325 138 1435 149 1545 [blank) Grand Total
22150678 2218597375 222060513 2221763681 -222.242855 - 2222832269 2222646828 -222.2397698 2222097361 222175536 2226444767 2226462191 2226393721 -222.6256445 2226074078 2225858285 -222.5629826 2225409043 ~4658.7376%
2218723119 -222.1563058 -222.317075 -222.4098236 -222.4620442 -222.4784543 -222.4583266 -222.4330368 -222.4037083 -222.3711973 -222.3361689 -222.7761431 -222.7685636 -222.7557356 -222.7391374 -222.7202341 -222.7005754 -222.6818267] -4672.316778
1542343 -222.3840063 -222.5141859 -222.5886643 -222.6286994 - -2226233434 2226019825 -222.576655 -222.5483486 -222.5177941 -222.8662452 -222.8639645 -222.8562283 -222.8443596 -222.8295622 -222.8130317 -222.7960378 -222.779949) -4675.720598
-222.3735776 -222.5608489 -222.666899 -222.7259396 -222.754995 - -222.7302446 -222.7081369 -2226832224 -222656331 -222.6280363  -222.73488 -222.7555912 -222.7718554 -222.7846598 -222.794739 -222.8026362 -222.8087511 -222.8133752 -4677.028008
2225451118 -222.6987056 -222.7847718 -222.8300856 -222.8491033 212.5511]75 -2 8077857 -222.7854669 -222.7614925 -222.7364146 -222.7106523 -222.9616178 -222.9579406 -222.9507703 -222.940949 -222929249 -2229164618  -222.90345 -222.8911711 -4679.482419
2226791372 222805339 2228740464 -222.9068854 2229168368 222.9126611 2229000476 228625015 2228621436 222840262 22287637 2227947099 222771669 2229613479 2225774772 2229707734 2223619053 2229514576 2229902019 2229287433 2229179348 4680593759
2227820428 222 222939203 222.9607256 2229626829 222.8532173 2229374518 -2229184411 222.8979645 2226770338 2228561868 222 8356458 -222 8154094 -222.9880766 2223841999 2229760104 2229700469 -222: 2229508878 2229408521 -222.9314074) 468132727
2028616774 -222.944849 -2209838603 -222.9952667 -2229903708 -222.9766414 2229586192 -222.9389127 222.9189472 2228994368 2228806615 2228626321 222845185 2229846508 2229809163 2229752867 2229682148 2229601334 2229515058 -222 9428513 -222.934749) 4681755579
2229200653 2229849854 2230111942 -223.013734 2230031374 -222.9861533 2229667448 -2229470718 222.9281815 2229104651 2228939589 2226784719 -222 8637272 2229734566 2229699736 222964974 -222 9586285 2229519055 2229945974 2229373368 222930535 4681938563
2229608447 -223.0093559 -223.0240807 2230190119 -223.003835 2. -222.9646126 -222.9456575 -222.9283375 -222.9127164 -2228985796 -222.8855995 -222.6734248 2229566093 222.9535376 2229492775 2229441425 1229384408 2029324955 222926655 -2229212859) 4681933068
2229870284 -223.0205596 -223.0251167 -223.0136608 -222.9949716 - 2229546884 -222.9371036 -222.9217943 -222.9084867 -222.8967538 -222.8861948 -222.9376185 -222.9363141 -222.9338309 -222.9304515 -222.9264294 -222.9220121 -222.9174532 -222.9130163 -222.9089727| -4681.846824
-223.0010488 -223.0209319 -223.0166062 -222.9999186 -222.9787416 -222. -222.9107541 -222.8999038 -222.8905796 -222.915731 -222.9159819 -222.915098 -222.9133438 -222.9109319 -222.9080534 -222.9048933 -222.9016388 -222.8984834 -222.8956182f -4681.61887
-223.0050375 -223.0125446 -223.000554 -222.979715 -222.9570773 -222.¢ -222.8977558 -222.8900882 -222.8846219 -222.8815629 -222.8807217 -222.8809049 -222.8812094 -222.8813747 -222.881385 -222.8811955 -222.8808483 -222.8804337 -222.8800512f -4681.201795
-223.0008719 -222.9972074 -222.9786708 -222.9547106 -222.9330991 -222.¢ -222.8874192 -22: -222.8794155 -222.8773831 -222.8758137 -222.8745098 -222.8734356 -222.8727478 -222.8718257 -222.8710623 -222.8705076 -222.8700862 -222.8698703f -4680.955534
2229902079 2229764836 2229524074 222906354 222913376 2228791778 2228760838 2228739607 2228723042 222 8707748 2228692005 222867574 2228659133 2228643262 -222.862092 2228613008 222 8632718 222862442 620723339
2229745035 2229517131 -222.9295952 2228115175 2228974844 - 2228800272 - 2228720076 2228639052 2228662917 -222 8666208 -222.8652932 2228636319 2228618375 2228599501 222 8580525 2228562639 2228547634 222 854078 2228540447 4680512187
-222.9550337 -222.9295675 -222.9107682 -222.8957745 -222.8844908 - -2228711848 -222 -2228655124  -22286394 -222.8626041 -222.8612602 -222.8597885 -222.8581558 -2228563672 -222.854463 -222.8525178 -222.8505647 -222.8487937 -222.8480954 -222.8482076| -4680.321357
2229336054 222911316 -222.8952756 2228827898 -2228757226 - 2228635907 -222.8610984 -222.8504686 222.8582273 2228570705 -222.8558367 -222.8544554 2228523064 2228512049 2228493849 2228474933 222845569 2228437024 2228420668 2228433871 468014976
2229152852 2228962371 -222.8824203 2228719893 -222.8546359 2228569455 2228551014 -222.8538543 222.8528307 -222.8518107 -222.8506826 -222.8493996 2228479553 -222.84G3665 2228446652 222.8428748 2228411058 2228393498 2228377086 -2228362751) -4679.957477
2229001979 -222883674 -222.871685 -222.8629437 -222.8570557 -222.8533265 -222851065 -222.8496544 -222.8486732 -222.847804 -222.8468979 -222.8458731 -222.8446965 -222.8433667 -222.8419015 -222.8403318 -222.8386981 -222.8370498 -222.8354452 -222.8340545 -222.8330352) -4679.86743
s 202ee oveooee Py o s 22s 225002 . . 22 oo ey - s 22euie pooieee i 679754165
(blank).
|Grand Total -4677.207369 -4678.763569 -4679.501605 -4679.781202 -4679.819812 -4679.718858 -4679.545485 -4679.333069 -4679.098991 -4678.85157 -4678.595592 -4678.366707 -4678.167563 -4680.008764 -4680.430865 -4680.371719 -4680.281242 -4680.168971 -4680.044298 -4679.920398 -4679.805829 -98267.78348
‘ AR v
< > Sheet2 JSIFER] + < 4
Ready  $% Accessibility: Investigate Average:-198.8225331 Count:484  Sum:-96031.28348 H O - —8———+ 55%

12. In the new sheet paste the table in the “A1” cell. Then select the cell that includes “Row
Labels” and delete it by pressing the “delete” key on your keyboard:
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2 Jem o m s
By | =

@ F ©Hinsert v > v é? p

Co | EEDelete v | [Iv o ha fings | Addns

Paste ) ‘ ARSI AR . . 0 ‘ <0 .00 Conditional Format as
v - $ % 9| 3% Formatting v Table v Styles v @ Format v & v Filterv Select~
Clipboard Font ~ Alignment [N Number ~ Styles Cells Editing Add-ins |V

Jfx| Row Labels

D

55.5 61 66.5 72 71.5 83 88.5 99.5 105 110.5 121.5 132.5 138 143.5
2 -221.507 -221.86 -222.061 -222.176 -222.243 -222.278 -222.293 -222.294 -222.283 -222.265 -222.24 -222.21 -222.176 -222.644 -222.646 -222.639 -222.626 -222.607
3 1 - 3721 56 -222.317 -222.41 -222.462 -222.488 -222.496 -222.492 -222.478 -222.458 -222.433 -222.404 -222.371 -222.336 -222.776 -222.769 -222.756 -222.739
4 De eﬁls{lﬁg&l -222.514 -222.589 -222.629 -222.646 -222.648 -222.639 -222.623 -222.602 -222.577 -222.548 -222.518 -222.866 -222.864 -222.856 -222.844 -222.83 -
-222.374 -222.561 -222.667 -222.726 -222.755 -222.764 -222.761 -222.748 -222.73 -222.708 -222.683 -222.656 -222.628 -222.735 -222.756 -222.772 -222.785 -222.795 -
-222,545 -222.699 -222,785 -222.83 -222.849 -222.851 -222.843 -222.827 -222.808 -222,785 -222.761 -222.736 -222.711 -222,962 -222.958 -222,951 -222.941 -222.929 -
-222.679 -222.805 -222.874 -222.907 -222.917 -222.913 -222.9 -222.883 -222.862 -222.84 -222.818 -222.795 -222.772 -222.981 -222.977 -222.971 -222,962 -222.951
-222.783 -222.886 -222,939 -222.961 -222.963 -222.953 -222.937 -222.918 -222.898 -222.877 -222.856 -222.836 -222.815 -222,988 -222.984 -222,978 -222,97 -222.961 -
-222.862 -222.945 -222.984 -222.995 -222.99 -222.977 -222.959 -222.939 -222.919 -222.899 -222.881 -222.863 -222.845 -222.985 -222.981 -222.975 -222.968 -222.96 -

-222,92 -222,985 -223.011 -223.014 -223.003 -222.986 -222.967 -222.947 -222.928 -222.91 -222.894 -222.878 -222.864 -222.973 -222.97 -222.965 -222.959 -222.952 -
-222.961 -223.009 -223.024 -223.019 -223.004 -222.985 -222.965 -222.946 -222.928 -222.913 -222.899 -222.886 -222.873 -222.957 -222.954 -222.949 -222.944 -222.938 -
-222.987 -223.021 -223.025 -223.014 -222.995 -222.974 -222.955 -222.937 -222.922 -222.908 -222.897 -222.886 -222.938 -222.936 -222.934 -222.93 -222.926 -222.922 -
155 -223.001 -223.021 -223.017 -223 -222.979 -222.958 -222.939 -222.924 -222.911 -222.9 -222.891 -222.916 -222.916 -222.915 -222.913 -222.911 -222.908 -222.905 -
1.6 -223.005 -223.013 -223.001 -222.98 -222.957 -222.937 -222.92 -222.908 -222.898 -222.89 -222.885 -222.882 -222.881 -222.881 -222.881 -222.881 -222.881 -222.881 -
1.65 -223.001 -222.997 -222.979 -222.955 -222.933 -222.916 -222.904 -222.894 -222.887 -222.883 -222.879 -222.877 -222.876 -222.875 -222.873 -222.873 -222.872 -222.871 -
17 -222.99 -222.976 -222.952 -222.926 -222.913 -222.9 -222.891 -222.884 -222.879 -222.876 -222.874 -222.872 -222.871 -222.869 -222.868 -222.866 -222.864 -222.863 -
175 -222.975 -222.952 -222.93 -222.912 -222.897 -222.887 -222.88 -222.875 -222.872 -222.87 -222.868 -222.867 -222.865 -222.864 -222.862 -222.86 -222.858 -222.856 -
18 -222.955 -222.93 -222.911 -222.896 -222.884 -222.877 -222.871 -222.868 -222.866 -222.864 -222.863 -222.861 -222.86 -222.858 -222.856 -222.854 -222.853 -222.851 -
1.85 -222.934 -222.911 -222.895 -222.883 -222.874 -222.868 -222.864 -222.861 -222.859 -222.858 -222.857 -222.856 -222.854 -222.853 -222.851 -222.849 -222.847 -222.846 -
19 -222.915 -222.896 -222.882 -222.872 -222.865 -222.86 -222.857 -222.855 -222.854 -222.853 -222.852 -222.851 -222.849 -222.848 -222.846 -222.845 -222.843 -222.841 -
1.95 -222.9 -222.884 -222.872 -222.863 -222.857 -222.853 -222.851 -222.85 -222.849 -222.848 -222.847 -222.846 -222.845 -222.843 -222.842 -222.84 -222.839 -222 837 -
-222,888 -222.873 -222,863 -222.855 -222.851 -222.848 -222.846 -222.845 -222.844 -222.843 -222.842 -222.841 -222.84 -222.839 -222.838 -222.836 -222.835 -Z M~

ST =0l Sheet3

Sheet1

Select destination and press ENTER or choose Paste

13. Go to the “Insert” tab and click on the box between the “A” column and “1” row. Now from
the “Chart” section select “Insert Waterfall, Funnel, Stock, Surface, or Radar Chart” option:

Data
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= ? O DA @ = | B =
i7 EH O I | o =l
PivotTable Recommended Table | lllustrations | Recommended Kev b v | Waterfal Line Column Win/ Slicer Timeline Link Text | Symbols
o PivotTables ¥ Charts (<) Loss ¥ ¥
Tables Charts M Sparklines Filters Links v

Funnel
55.5 66.5 717.5 99.5 105 110.5 116 1215 127 1325 138 143.5
-221.507 -221.86 -222.061 -222.176 -222.243 -222.278 %‘ 265  -222.24 -222.21 -222.176 -222.644 -222.646 -222.639 -222.626 -222.607 -
-221.872 -222.156 -222.317 -222.41 -222.462 -222.488 .458 -222.433 -222.404 -222.371 -222.336 -222.776 -222.769 -222.756 -222.739

-222.154 -222.384 -222.514 -222.589 -222.629 -222.646 o . .602 -222.577 -222.548 -222.518 -222.866 -222.864 -222.856 -222.844 -222.83 -
-222.374 -222.561 -222.667 -222.726 -222.755 -222.764 .708 -222.683 -222.656 -222.628 -222.735 -222.756 -222.772 -222.785 -222.795 -.
-222.545 -222.699 -222.785 -222.83 -222.849 -222.851 H 'ﬂ 785 -222.761 -222.736 -222.711 -222.962 -222.958 -222.951 -222.941 -222.929 -
-222.679 -222.805 -222.874 -222.907 -222.917 -222.913 “ Qﬂ 2.84 -222.818 -222.795 -222.772 -222.981 -222.977 -222.971 -222.962 -222.951

-222.783 -222.886 -222.939 -222.961 -222.963 -222.953 .877 -222.856 -222.836 -222.815 -222.988 -222.984 -222.978 -222.97 -222.961
-222.862 -222.945 -222.984 -222.995 -222.99 -222.977, .899 -222.881 -222.863 -222.845 -222.985 -222.981 -222.975 -222.968 -222.96 -
-222.92 -222.985 -223.011 -223.014 -223.003 -222.986 2.91 -222.894 -222.878 -222.864 -222.973 -222.97 -222.965 -222.959 -222.952
-222.961 -223.009 -223.024 -223.019 -223.004 -222.9 913 -222.899 -222.886 -222.873 -222.957 -222.954 -222.949 -222.944 -222.938 -.
-222.987 -223.021 -223.025 -223.014 -222.995 -222.9' .908 -222.897 -222.886 -222.938 -222.936 -222.934 -222.93 -222.926 -222.922 -
-223.001 -223.021 -223.017 -223 -222.979 -222.95 22.9 -222.891 -222.916 -222.916 -222.915 -222.913 -222.911 -222.908 -222.905 -
-223.005 -223.013 -223.001 -222.98 -222.957 -222.937 ‘R;d: 2.89 -222.885 -222.882 -222.881 -222.881 -222.881 -222.881 -222.881 -222.881 -

Surface
| g —

-223.001 -222.997 -222.979 -222.955 -222.933 -222.916| .883 -222.879 -222.877 -222.876 -222.875 -222.873 -222.873 -222.872 -222.871 -
-222.99 -222.976 -222.952 -222.926 -222.913  -222.9 .876 -222.874 -222.872 -222.871 -222.869 -222.868 -222.866 -222.864 -222.863 -
-222.975 -222.952 -222.93 -222.912 -222.897 -222.887, 2.87 -222.868 -222.867 -222.865 -222.864 -222.862 -222.86 -222.858 -222.856 -
-222.955 -222.93 -222.911 -222.896 -222.884 -222.877, .864 -222.863 -222.861 -222.86 -222.858 -222.856 -222.854 -222.853 -222.851 -
-222.934 -222.911 -222.895 -222.883 -222.874 -222.868| [iifi More Stock Charts... .858 -222.857 -222.856 -222.854 -222.853 -222.851 -222.849 -222.847 -222.846 -
-222.915 -222.896 -222.882 -222.872 -222.865 -222.86 ~ZzZZ:857 -2ZZ:855 -22Z854 -2z2.853 -222.852 -222.851 -222.849 -222.848 -222.846 -222.845 -222.843 -222.841 -

-222.9 -222.884 -222.872 -222.863 -222.857 -222.853 -222.851 -222.85 -222.849 -222.848 -222.847 -222.846 -222.845 -222.843 -222.842 -222.84 -222.839 -222.837 -
-222.888 -222.873 -222.863 -222.855 -222.851 -222.848 -222.846 -222.845 -222.844 -222.843 -222.842 -222.841 -222.84 -222.839 -222.838 -222.836 -222.835 -222.833

Average: -198.8225331 Count:483 Sum:-96031.28348 ﬂ E -+ 100%

Sheet3 RSN

Ready ‘)‘,’;} Accessibility: Investigate

14. From the drop down menu select 3-D Surface:
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=l © © © =l
o E D P oEAe B rmE B @ 4 Q
PivotTable Recommended Table | lllustrations | Recommended o~ dh' v | Waterfall Line Column Win/ Slicer Timeline Link Text | Symbols
© PivotTables ¥ Charts a. - Loss ¥ ¥
Tables Charts h:lll]ﬂ Sparklines Filters Links 4
Funnel
50 55.5 61 66.5 72 77.5 99.5 105 110.5 116 121.5 127 132.5 138 143.5

il -221.507 -221.86 -222.061 -222.176 -222.243 -222.278 E 265 -222.24  -222.21 -222.176 -222.644 -222.646 -222.639 -222.626 -222.607 -
1.05 -221.872 -222.156 -222.317 -222.41 -222.462 -222.488 458 -222.433 -222.404 -222.371 -222.336 -222.776 -222.769 -222.756 -222.739
il il -222.154 -222.384 -222.514 -222.589 -222.629 -222.646 Stock .602 -222.577 -222.548 -222.518 -222.866 -222.864 -222.856 -222.844 -222.83 -
5] -222.374 -222.561 -222.667 -222.726 -222.755 -222.764| 708 -222.683 -222.656 -222.628 -222.735 -222.756 -222.772 -222.785 -222.795 -
i) -222.545 -222.699 -222.785 -222.83 -222.849 -222.851 l } ¢' .785 -222.761 -222.736 -222.711 -222.962 -222.958 -222.951 -222.941 -222.929 -
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15. Now you should have a chart similar to the one below:

03 PES - HF | 3-21G

-220.5
(o)
un
-221
0
2 2215
—
<
@)
~ -222
>
on
St
2 -2225
M
-223
Bond Distance
-223.5 (Angstrom)

Angle (Degree)

16. You can modify your chart elements using “Add Chart Element” button. You can rotate the
surface by doing right-click on the chart and select “Format Chart Area”, in “Chart Option >
Effects ”, under 3-D rotation section you can change your view:
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Python

The python version of plotting is just going to a python environment, read your output file, and get the
surface plot. Here we use “Google Colaboratory " which is an online interactive Python notebook. If
you have python on your system, all you need is to have the “Numpy”, “Pandas”, and “Plotly” libraries
installed on your machine.

1. Go to Google Colaboratory website, sign in and create a new notebook:

Welcome To Colaboratory

Open notebook

Getting started Examples Q_ Search notebooks

Da nce

Recent Title Lastopened J,  First opened 1:;
Machine learning

Mc Google Drive CO Welcome To Colaboratory 10:53PM Sep 23,2021

Feature

GitHub
=+ Section

Upload

+ New notebook Cancel
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https://colab.research.google.com/

2. Click on the “Connect” button, and then open your file explorer from the left-side toolbar:

% 03_PES.ipynb %

B comment 2, share £2
File Edit View Insert Runtime Tools Help
+ Code + Text

Connect v ~

(SN =1 AN |
© :

3. Using the upload button, upload the “03.out” file. Make sure the upload finishes completely

and you can see the “o03.out” file in your file manager:

% 03_PES.ipynb ¢

B comment 2\ Share €8
File Edit View Insert Runtime Tools Help All changes saved

= Fi M X + Code + Text RAM
les

Disk v
h & B © o : cB QR W

~

o
» @ samble_data
B 03.out

<>
=
B3l

DI — e VLY

Connected to Python 3 Google Compute Engine backend

4. Now copy the following Python code and paste it into the cell, the click on play button:







Like the picture below:

% 03 _PES.ipynb ¢

File Edit View Insert Runtime Tools Help

B comment & Share

RAM
O X + Code + Text Disk

SN =E-NA B

= Files

q Bk B ™

° 1 # Importing Libraries

import numpy as np

import pandas as pd

import plotly.graph_objects as go
import re

from io import StringIO

.
{x}
» @@ sample_data

o B 03.0ut

# The directory of output file
out_path = out’

W NOUV D WN

B
(S

# Reading the file
with open(out_path, 'r*) as f:
out = f.read()

B R R R
vih wnN

# Creating a pattern ti find the scan data
regex = r"The Calculate

BoR e
®0 N O

# Finding matches
matches = re.findall(regex, out)
matches = ' .join(matches[@].split('\n")[1:])

# Loading and processing data
Aata — nn lasdéivt/(CHninaTn/matchac) )
Connected to Python 3 Google Compute Engine backend

Disk BENNN ] 81.40 GB available

A 03_PES.ipynb ¢

File Edit View Insert Runtime Tools Help All changes saved

B comment 2 Share £

RAM

+ Code + Text Disk

] (@841eH) ABaaug

Os completed at 11:14PM

C2H4 Molecule

Rigid Scan:
Run the following input:
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Relaxed Scan:
Run the following input:
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