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Introduction of ORCA
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ORCA

ORCA Is a guantum chemistry software developed by Frank Neese in
Max Planck Institute.

Itis a free software (but not the open-source) for non-profit purpose

The name “ORCA” is not an acronym, and purely derives from Frank
Neese’s personal experience.
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Downloading ORCA
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geatin_g cm§|t|EB ORCA Forum

Search...
= Quick links @ FaQ & Downloads .‘ Notifications &3 Private messages jnucompchem «

1 Portal < & Board index

e — , user

Content

g Welcome to the ORCA Forum

@ Search

® Membe rs

e ORCA 5.0.3 has been released!

Hel . . .

o Latest bugfix release in the ORCA 5.0.x series .

@ BBCode FA Q & New (9}

@ Terms of use @ unre osts (9)

@ Privacy pol icy @ vo ts (0)

For more information, please enter the forum. g:“:km:k:

@ Nof [o]
@ Private messages o1
@Us
® Logout

You can download ORCA from its official page,
https://orcaforum.kofo.mpg.de/app.php/portal
by making the account and going to the Downloads page.
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Downloading ORCA

ORCA supports Windows,
MacOS and Linux.

In this lecture, you will use
the Linux version already
Installed in the server.

However, you can practice
on your own by using the
Windows version.

or Linux version if you can
Install wsl in your laptop

hpBB
ating '3"’"§m§ ORCA Forum

= Quick links @ FAQ & Downloads

mPorial < # Board index < Downloads - Categories « ORCA 5.0.3

ORCA5.0.3

. ORCA 5.0.3, Windows, 64bit, .zip Archive, Part 3/3
Part 3/3

Linked against Microsoft MPI 10.0.12498.5

orca_5_0 3 winé4_msmpil0_part3.zip

SIZE

2.69 GiB

‘ Notifications & Private messages jnucompchem w

CURRENT CLICKS
CLICKS TOTAL

838 = 11399

Search download

& ORCA 5.0.3, Windows, 64bit, .zip Archive, Part 2/3
Part 2/3

Linked against Microsoft MPI 10.0.12498.5
orca_5_0_3_win64_msmpil0_part2_updatel.zip

2.17 GiB

841 « 9875

. ORCA 5.0.3, Windows, 64bit, .zip Archive, Part 1/3
Part 1/3

Linked against Microsoft MPI 10.0.12498.5
orca_5_0_3_win64_msmpil0_partl.zip

3.16 GiB

925 « 12695

& ORCA 5.0.3, MacOS X, Arm64, .tar.xz Archive
Linked against OpenMPI 4.1.1
orca_5_0_3_macosx_arm&4_openmpidll.tarxz

Linked against OpenBLAS
Minimum OS requirement: MacOS 11.0

216.86 MiB

86 « 952

2. ORCA 5.0.3, MacOS X, Armé4{Accelerate), .tar.xz Archive
Linked against OpenMPI 4.1.1
orca_5_0_3_macosx_arm64_accelerate_openmpidlil.tar.xz

Linked against Apple Accelerate Framework.
Minimum OS requirement: MacOS 12.1

228.29 MiB

41 = 405

& ORCA 5.0.3, MacOS X, Intel, .tar.xz Archive
Linked against OpenMPI 4.1.1
orca_5_0_3_macosx_intel_openmpi411.tar.xz

& ORCA 5.0.3, Linux, x86-64, shared-version, .tar.xz Archive

Dynamically linked serial & parallel binaries linked against OpenMPI 4.1.1
0_3_linux_x86-64_shared_openmpid11.tar.xz

z A 2.0.3, Linux, x86-64, .tar.xz Archive, Part
Full archive in parts, part 3/3

Static serial & parallel binaries linked against OpenMPI 4.1.1
orca_5_0_3_linux_x86-64_openmpid411_part3.tarxz

237.5 MiB

334.88 MiB

3.24 GiB

64 = 883

302 « 5213

244 « 4252

& ORCA 5.0.3, Linux, x86-64, .tar.xz Archive, Part 2/3
Full archive in parts, part 2/3

Static serial binaries & binaries linked against OpenMPI 4.1.1
orca_5_0_3_linux_x86-64_openmpid11_part2.tar.xz

1.77 GiB

227 » 3905

.L_OR(_:A 5.0.3, Linux, x86-64, .tar.xz Archive, Part 1/3

2.56 GiB

310 = 5070
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Avogadro

The program is provided in the ORCA homepage, but let us just
download the install file from the e-class.

hpBB ORCA Forum

creating ™ communities

= Quick links @ FaQ & Downloads ‘. Notifications &l Private messages jnucompchem w

‘Puﬂzl < #& Board index ¢« Downloads - Categories ¢« Avogadro (ORCA enhanced version)

Avogadro (ORCA enhanced version) Search download

Avogadro is a highly flexible molecular builder/viewer program package.
In it's unmodified version it is avaialbe from: http://avogadro.cc/

As Avogadro is licensed under the GNU GPL, the unmodified source code
is available from: https://github.com/cryos/avogadro/

The source code of the enhanced ORCA version is available at:https://github.com/lenkd/avogadro/tree/ ... droOrcad.1
the required OpenBabel version at https://github.com/lenkd/openbabel/tree ... belOrcad.1

INFO = NAME CURRENT CLICKS

DESCRIPTION CLICKS TOTAL

= Avogadro, Windows Version -BETA-
ORCA enhanced Avogadro version, able to read newer ORCA output files
his version should be considered BETA status

17.21 MiB 320 = 10614

& Avogadro, MacOS Version -BETA-

QORCA enhanced Avogadro version, able to read newer ORCA output files
This version should be considered BETA status

51.55 MiB 51 = 2149

& Avogadro, Windows Version 10.11 MiB 73 « 7363
Enhanced Avogadro version, able to process ORCA 4.1 ouput files
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Avogadro

sty

You can install Avogadro in your laptop by clicking

Bond Order: Single =

ssssssss

AvogadroOre
ad.21.curren
t

x|



2L st B}t

—

-1 -1

Avogadro

The icons in the topmost menu bar let us switch between modes.

The default mode is the “draw” mode # <+ lz2 &5 k 5 § 2 =

You can place (erase) an atom by clicking the left (right) button.

A untitled.cml - fwvogadro

File Edit ‘View Build Select Extensions Crystallography  Settings  Help
Yhew Lt Open | Save 9 Close Eduit - # <k fpo &5 K D E 5 o [Tool Settings,..| Display Settings, .,

Draw Settings F X

Wiew 1

Elernent: Carbon (6
Bond Order: Single -
&djust Hydrogens

The options for the drawing can be controlled at the left.
If the “Adjust Hydrogens” is checked, the program will try to

automatically attach hydrogen based on the molecular structure.

b
==

tot

1%



Calculation on the Hydrogen Molecule

A untitled.cml* - Avogadro [m] X
Let US draW a hyd rogen molecule. File Edit WView Build Select Extensio ons  Crystallegraphy ¢ Settings  Help
9 Mew {4 Open | Save 9 Close EqCuit |- # oy & D E 5d & |Tool Setfings...| Display Setiings
Draw Settings g X View
eeeeeeeeeeeeeee §H
Bond Order! Single =
ddddddddddddddd

ssssssss

The H-H bond length can be displayed by clicking % button and
consecutively clicking the two hydrogen atoms. |

.21 &
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Calculation on the Hydrogen Molecule

We can use Avogadro to automatically generate an ORCA input file by
clicking Extensions > Orca > Generate Orca input.

A untitled.cml* - Avogadro = 0 x
File Edit View Build Select Extensicns Crystallography  Settings  Help

Yhew & Open | Save Animation... H E w2 & [Tool Settings...| Display Settings...

Measure Seftings

Optimize Geometry Ctrl+Alt+O

Malecular Mechanics

GAMESS

Abinit...

Dialton...

GAMESS-UK...

Gaussian... 1
MOLPRO:.. x
MOPAC...

NWChem...

PSI4...

O-Chem...
LAMMES .

Malecular Crbitals...

Orca g Generate Orca Input...
Qralm L -

Spectra...
Create Surfaces...

Yaehmop » 9

|OF
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Calculation on the Hydrogen Molecule

Copy the whole text from the message box below.

mmmmmmm

Method RHF - Basis set

Format Cartesian

Feset Generate, . Close

10



AITH S Bf5ta)

-1

Calculation on the Hydrogen Molecule

b
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Type vi h2.in (the name is not important, but | suggest it ends with .in)

to open an empty document and paste the copied text.

Do not forget to enter the write mode before pasting.

# avogadro generated ORCA input file
# Basic Mode

#

I RHF SP def2-5VP

* xyz 0 1
-3.536061 0.35163 0.00000
-2.44691 0.87907 —0.00600680

Save the input and quit to the command line.
Type orca h2.in and press enter to run the calculation.

Sum of individual times e B.426 sec (= 8.0887 min)
GTO integral calculation A 8.847 sec (= 0.001 min) 11.1 %
SCF iterations . 8.379 sec (= ©.006 min) B88.9 %

**%*%%*0RCA TERMINATED NORMALLY*#*%%x
TOTAL RUN TIME: © days 8 hours 8 minutes @ seconds 536 msec
DESKTOP-8RK1H7H:~/qchem/scratch=> I

tot

1%
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Calculation on the Hydrogen Molecule

You can redirect the message from the program to a file by using >.
Type orca h2.in > h2.out to save the messages in h2.out.

Open h2.out and type /SCF ITER in the command mode to jump to
the SCF calculation.

Delta-E Max-DP RMS-DP [F,P] Damp
*% Starting incremental Fock matrix formation ##**
#%% Initiating the SOSCF procedure *x%
**%* Re—Reading the Fockian #***
*%% Removing any level shift #x*x
Energy Delta-E Grad Rot Max-DP RMS-DP
-1.85879461 -1.0587946095 ©.000001 0.000001 0.000000 O.000000
*%% Restarting incremental Fock matrix formation *=*=*
*** Energy Check signals convergence %%

***Rediagonalizing the Fockian in SOSCF/NRSCF#***

SUCCESS
SCF CONVERGED AFTER 1 CYCLES

The SCF calculation converges to the answer in just a single step.

The time increases with the complexity of the molecule.



Calculation on the Hydrogen Molecule
Type /SINGLE POINT in the command mode, and one finds

FINAL SINGLE POINT ENERGY

The term “single point energy” means the energy evaluated at a fixed
structure of a molecule

The energy is conventionally written in Hartree (1 Ha = 2625.5 kJ mol™)

You can also find the information about the dipole moment a little
below

X Y Z
Electronic contribution: -B.80088 -B.80088 0.08008
Nuclear contribution ; B.08000 -B.00860 B.086000

Total Dipole Moment

Magnitude (a.u.) ] 0.00000
Magnitude (Debye) ] 8.000808




Comment
(ignored by the program)

! RHF SP def2-SVP . .
Computation option

* xyz 0 1
H ~3.530861 8.35163 0.00000 . .
H ~2.44891 08.87907 XM Molecular information

*

RHF: Restricted Hartree-Fock (the easiest SCF calculation)
SP: Single point
def2-SVP: basis function

xyz 0 1: Cartesian coordinates, charge neutral, spin singlet
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Geometry Optimization

If you can calculate the energy of a molecule, you can also obtain
Information about the direction of movement which lowers the energy.

If you keep pushing the nuclei in such direction, you will eventually be
able to reach a point where the energy is not lowered any more.

Such a pointis called the local minimum of the energy.

To perform optimization, you replace SP by OPT in your input file.

! RHF |OPT|[def2-SVP

* Xyz 8 1

—-3.536861 6.35163 6.060000
—2.44891 8.87987 -0.00000
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Geometry O

Let us performt
replacing SP wit

b
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Dtimization

ne optimization by copying h2.in to h2_opt.in and

N OPT.

Start the calculation by typing orca h2_opt.in > h2_opt.out.

The messages will be saved in h2_opt.out.

The energy change at every optimization step can be monitored by
typing grep “SINGLE POINT” h2_opt.out.

DESKTOP-8RK1H7H:~/qchem/scratch> grep "SINGLE POINT" h2_opt.out

FINAL SINGLE POINT ENERGY -1.85879U6689538
FINAL SINGLE POINT ENERGY —-1.898425885683
FINAL SINGLE POINT ENERGY -1.117358284211
FINAL SINGLE POINT ENERGY -1.1288125277U5
FINAL SINGLE POINT ENERGY -1.12889968U3794
FINAL SINGLE POINT ENERGY -1.128928523520
FINAL SINGLE POINT ENERGY -1.128928568502
DESKTOP-8RK1HTH:~/qchem/scratch> [

tot

1%
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Geometry Optimization

The output file can be downloaded to the personal laptop and opened

with Avogadro.

scp -rp -P XXXX <ID>@168.131.XXX.XXX:~/h2_0
scp -rp -P XXXX <ID>@168.131.XXX.XXX:~/h2_0

You can open h2_opt.out and measure the bonao
optimized geometry.

A h2_optout - Avogadro
File Edit Wiew Build Select Extensions Crystallography  Seftings  Help
OMew L4 Open | Save @ Close

i x '
Measure Settings = View |

A untitled.cml - Avogadro
File Edit Wiew Build Select Extensions

Y New Ctrl+N Close
© L Open Ctrl+0 g x
Open Recent -
9@ Close Ctrl+W —

Euit || ko kD E

t.out
RS

length of the

O X

Tool Settings,,,| Display Settings, .,

v

17
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Geometry Optimization
The automatically generated h2_opt_trj.xyz stores the geometry of the
molecule at every optimization step.

To visualize the optimization process, open the file and go to
Extensions > Animation.

i A h2_opt_tjxyz - Avogadro = O x
File Edit “iew Build Select Extensions Crystallegraphy  Settings  Help
Y MNew [t Open |4l Save Animation... 5 E L & [Tool Settings...| Display Settings,.,
Navigate Settings Optimize Geometry  Ctrl+Alt+O
Display visual cues Malecular Mechanics 3
A Animate Trajectary 7 X
Load File,.,
147 | ) () (I
[C] Dynamic Bonds [ Loop fps 25 |2
Save as avi,.,

18
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Geometry Optimization

One must be always aware that the local minimum is not always the
structure with the lowest energy (global minimum).

| o [ T 3‘“"} —oee  ONSIder the following diagram showing
] s — & the rotation of the C-C bond of n-butane.
i joy Starting at 150" will lead to antiperiplanar
5 form, which is the global minimum.
~ VA However, starting at 90" will lead to the
———+—————>¢  gguche form, which is not the lowest in
RS S G 4 energy.

gauche antiperiplanar gauche

|OF
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Geometry Optimization for Ethylene

For large molecules, it is efficient to optimize the structure in
Avogadro before using ORCA.

Avogadro performs optimization based on molecular mechanics,
which is crude but much quicker compared to qguantum chemistry.

| & untitled.cml* - Avogadro = 0O *
j File Edit View Build Select Extensions Crystallography Settings Help
YMNew &t Open | Save Animation... s L AN Display Settings. .
Diiy 2 Biifliigs Optimize Geometry ~ Ctrl=Alt=0 . .
Element: Carbon () = Muolecular Mechanics v H e n C e It C a n p rOVI d e a
Bond Order: Double - GAMESS » ’
Adjust Hedrogens Abinit... T N T
good initial structure that is
GAMESS-UK... . .
coin close to the final optimum.
MOPAC...
MWChem... 4
PS4
Q-Chem._..
| AMMPS

20

tot

1%
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Geometry Optimization for Ethylene

Make the input file eth.in and change the calculation option to OPT.
Perform the calculation by orca eth.in > eth.out.

Download the output file to the laptop and measure the bond lengths
and angles.

21
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Visualizing Molecular Orbital

Copy eth.in to eth_orb.in to create a new input

To copy the coordinate, open eth.xyz by using vi and place the cursor
at the line 3 where the coordinate section begins

In the command mode, press shift+v and you will see ---VISUAL LINE---
at the bottom left of the screen

6

Coordinates from ORCA-job eth
—3.2Up98954726ULU0 -8.188656U3668711 B.866888B823915862
-1.92247716133928 -B.836U636052487T4 -0.000000309083929

—3.804317186948841 8.54972268517515 B.62362U2302U4803
=3.77714572868629 -8.86645604428532 -8.62362323130151
-1.386321887U45242 B.669336U42668285 8.6236232387977U
-1.320829U460583720 -8.6868U25457968U -8.62362416785559

Select all 6 lines and press y to copy the text

You will see the message “6 lines yanked” at the bottom left 99
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Visualizing Molecular Orbital

Do not exit the editor, and type :e eth_orb.in to open the input file we
created before.

Put the cursor at where we want to paste the copy the text and press p.

* XYZ
C . 20884 f0.1ele4 0 .000080

.9lue3 f.83608 b . 008080

* ¥yz B8 1 .84136 B.55579 f.62911
C 20884 f.leled b . 000600 LTTUT6E §.81232 0.62911
.91463 f.83608 f . 80060 .38871 0.675208 0.62911

.84136 p.55579 p.62911 .32218 §.69291 -8.62911

LT7UT6
.38871
.32218

§.81232
B.67528
f.69291

P.62911
P.62911
B.62911

. 2089895uU720448
.922U07716133928
.843171869U8641
LTTT1IUST72868629
.386321087U5242
.32829U4685837208

f.180656U03668711
f.836U636052487U
f.54972268517515
p . BoeUSeULL28532
p.669336U2668285
p.6868U425U57968U

Keep in mind that we can always use u to undo the changes

b .080008823915062
b .00000830963929
B.62362023020803
B.62362323130151
B.623623238797TU
B.62362016785559
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Visualizing Molecular Orbital

We now need to erase the old coordinates

Again, we can use the visual line, but this time we press d to cut the text

3 1

—3.2u884 —98.16e16e4 6.80008

-1.91463 —-B0.83688 6.80008

—3.84136 B.55579 8.62911

=3.77U76 -9.81232 -8.62911

-1.38871 B.67528 8.62911

-1.32218 —-98.69291 -8.62911
—-3.20489895U472pUU6 -8.108656U3660711 0.00008023915062
-1.92207716133928 -8.036U636052U874 -0.000000309083929
—3.8U317186948641 8.54972268517515 B.62362U23620U863
=3.77714572868629 —-8.80645604428532 -8.62362323130151

-1.3863218874520U2 0.669336U02668285 0.62362323879774
-1.32829U668583728 —-8.6868425U579684 -8.62362U16785559

The deleted text is still in the memory of the editor, and you can paste it

anywhere you want before it is overwritten.
24
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Visualizing Molecular Orbital

To print the orbital information, we change the calculation option to

RHF SP def2-SVP PRINTBASIS LARGEPRINT

SP def2-5VP PRINTBASIS LARGEPRINT

|OF

tot

. 2489895472648
.92207716133928
.84317186948841
LTT71U572868629
.38632168745242
.32829U660583728

orca eth_orb.in > eth _orb.out

0.1008656U436608711
f.036U6366052U874
B.54972268517515
0 .866U56U4U44268532
p.669336U42668285
0.6868U25U4579684

Download the output file to the laptop.

0 . 000000239156862
D . 000006030963929
0.62362423024883
5.623623231368151
D.62362323879774
0.62362U416785559

Run the calculation and store the output in eth_orb.out.
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Visualizing Molecular Orbital

Opening eth_orb.out in Avogadro shows an additional menu that
allow us to select the orbital to visualize.

Normally 10 orbitals near HOMO and LUMO are loaded.

¥ X =
i File Ext Crystallography ~ Setting:
1 Opew L Open kd Save  © Close EdOuit | 0B kD
INawga View 1
! @ Display visual cues

99999

Quality:  Very High ~  Render

Messages Configure

The sign of the orbital amplitude is represented with two different colors.
26
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Visualizing Molecular Orbital

You can change the color of the orbitals in Display Settings > Surfaces.

A eth_orbout* - Avogadro

File Edit ‘View Build Select Extensions Crystallography Seftings  Help

PN TR

Ohew L4 Open | Save

Display Types

9 Close 4 Cuit

B [ view |

[l Polygon

(] craim

(] Ribbon

] Ring

[_] Simple Wireframe

[ stick

B8 Surfaces

() van der Waals Spheres
(] wireframe

[
‘.

v
(.

&
¢

| i
/ Settings

| A Surfaces Settings

| Orbital
Dpacity:
Fender: Fill

j Draw Box: [

Style: Selected Colors

ICnInrs: Fositive Megative | [0 I

27
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Visualizing Molecular Orbital

If you want to see other orbitals that are not loaded by default, select
it and click “Render.”

'A' eth_orb.out* - Avogadro — a X
File Edit View Build Select Extensions Crystallography Settings Help
ONew b Open | Save ©Close EJQuit = & &0 & K D E il o [Tool Settings...][Disp!ay Senings.,,]

Display Types & X View | Orbitals & X

(O Polygon ) 2rgy (eV) Symmetry Status
S

O agam &
|.‘J Ribben {\L 35 56.233 0%
(J Ring 5 A o
[[J Simple Wirefram: PoliREe. -
[J stick 37 60380 0%
@ Surfaces
[CJ Van der Waals Spheres 38 64427 0%
[J wirefram
39 67.408 0%
Add Duplicate Remove
40 70.145 -‘100‘%
i i X
Mavigate Settings -] 41| 73881 0%
@ Display visual cues
e R 42 73904 0%
43 76814 0%
44 82825 0%
| Quality:  Very High v Render
Messages Configure

=

Keep in mind that LUMO orbitals become more inaccurate when the
energy is increased. 28



