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1. Introduction

ORCA is an ab initio quantum chemistry program package developed by Prof. Frank Neese and his
research group, offering a wide range of modern electronic structure methods, including density
functional theory, many-body perturbation, coupled cluster, and semi-empirical quantum chemistry
methods. It is designed for the study of larger molecules, transition metal complexes, and their
spectroscopic properties, making it a valuable tool for computational chemists, as well as chemists,
physicists, and biologists interested in the full information content of their systems. The program is
available for various operating systems, including Linux, Microsoft Windows, and macOS, and the
free version is accessible for academic use at academic institutions. ORCA is known for its
user-friendly nature and is considered to be an efficient and flexible tool for quantum chemistry
simulations, with a specific emphasis on the spectroscopic properties of open-shell systems.

2. Downloading Materials

Before you begin installing ORCA, download the version compatible with your operating system.
Also, if you want to run your jobs in parallel, you need to download the dedicated message-passing
interface library. This library allows ORCA to distribute tasks across multiple processors, which can
significantly speed up your calculations. You may also want to add computational chemistry
visualization software to your arsenal. This will help you to visualize the results of your
calculations. Finally, make sure to download the ORCA manual. It is an essential resource for
learning how to use the software effectively.

2.1 ORCA Software

To download ORCA from its official website you need to go to ORCA Forum website:

(.}
pQQWBg ORCA Forum

(2] FAQ (Z Register () Login
1M Portal < A Board index
fuseRuew |
© e ase Welcome to the ORCA Forum
gs:ar(h Password:
- ORCA 5.0.4 has been released!
Help
ome e Latest bugfix release in the ORCA 5.0.x series

© Terms of use

® privacy policy

For more information, please enter the forum.

Powered by Board3 Portal © 2009 - 2017 Board3 Group

1 Portal < A Board index & policies @ Imprint B Delete cookies All times are UTC+01:00

1. First, you need to register on the site


http://orcaforum.kofo.mpg.de

2. After registering and activating your account, head to the download section. This section
includes different versions of the ORCA software, manuals, tutorials, and visualization
packages. It's a great resource for learning more about ORCA and computational chemistry in
general.

3. For the sake of this winter school, please download the ORCA 5.0.4.

. ORCA 5.0.4 ORCA 5.0.4, MacOS X 10.7 up, Intel
(Accelerate), .tar.xz Archive (SERIAL only!)
bugchucker Thu Aug 17, 2023 3:36 pm

10 ORCA 5.0.3, MacOS X, Arm&4, .tarxz
Archive
bugchucker Mon Apr 25, 2022 3:43 pm

|. ORCA 5.0.3

|. ORCA 5.0.2 5 ORCA 5.0.2, Windows, 54bi, .zip Archive,

(Y

Part 3/3
bugchucker Wed Dec 05, 2021 4:31 pm

Part 4/4

[ (e s ORCA 5.0.1, Linux, x86-64, .tarxz Archive,
bugchucker Frilul 23, 2021 8:35 pm

Archive

. ORCA 5.0.0 13 ORCA 5.0.0, MacOS X, srméd4, .tarxz
bugchucker Mon Jul 12, 2021 1:05 pm

. ORCA 5 Release Event e Multiscale Models
aasuer Tue Jul 06, 2021 3:37 pm

B 0Rca sReesze Buem (Sices)
|. ORCA 5.x End User License Agreement (EULA)

ORCA 5.x software EULA
bugchueker Thu Jul 01, 2021 12:35 pm

a. Linux

For Linux, two download options differ in their code architecture. The static version
includes all necessary libraries, making it larger. The dynamic version relies on system
libraries and is significantly smaller. Both versions function identically in terms of usage and
application. We recommend starting with the dynamic version (lighter) and switching to the
static version (heavy) only if you encounter issues.

£ ORCA 5.0.4, Linux, x86-64, .tar.xz Archive, Part 1/3 2.64 GiB 102 » 7356 \
Full archive in parts, part 1/3 :

Static serial & parallel binaries linked against OpenMPI 4.1.1

orca_5_0_4_linux_x86-64_openmpi411_partl.tar.xz

L. ORCA 5.0.4, Linux, x86-64, .tar.xz Archive, Part 2/3 2.52 GiB 80 * 5359
Full archive in parts, part 2/3 ) >

Static serial binaries & binaries linked against OpenMPI 4.1.1 p:
orca_5_0_4_linux_x86-64_openmpi411_part2.tar.xz

Static version, all three
arts should be download

£ ORCA 5.0.4, Linux, x86-64, .tar.xz Archive, Part 3/3 2.42 GiB 76 + 5178

Full archive in parts, part 3/3 :

Static serial & parallel binaries linked against OpenMPI 4.1.1

orca_5_0_4_linux_x86-64_openmpi411_part3.tar.xz J

L. ORCA 5.0.4, Linux, x86-64, shared-version, .tar.xz Archive i

b 0.4, , -tar. 334.26 MiB 81 « 4979 4 q
Dynamically linked serial & parallel binaries linked against OpenMPI 4.1.1 ! ° Dynamlc version
orca_5_0_4_linux_x86-64_shared_openmpi411.tar.xz

b. Windows

For Windows, there are three zip files that need to be downloaded.

. ORCA 5.0.4, Windows, 64bit, .zip Archive, Part 1/3 TEEm 77 0 LT
Part 1/3

Linked against Microsoft MPI 10.0.12498.5

orca_5_0_4_win64_msmpil0_part1.zip

. ORCA 5.0.4, Windows, 64bit, .zip Archive, Part 2/3 325 GiB 151 « 11828
Part 2/3

Linked against Microsoft MPI 10.0.12498.5

orca_5_0_4_win64_msmpil0_part2_updatel.zip

. ORCA 5.0.4, Windows, é4bit, .zip Archive, Part 3/3 5.69 GiB 151 « 12340
Part 3/3 .

Linked against Microsoft MPI 10.0.12498.5

orca_5_0_4_win64_msmpil0_part3.zip



c. Mac OS

On macOS, you have several download options for ORCA 5.0.4, regardless of your CPU
architecture, each option is a single file. However, keep in mind that some options are

limited to running jobs only in a serial fashion (using single CPU).

. ORCA 5.0.4, MacOS X, Armé4 (Accelerate), .tar.xz Archive 302.1 MiB 22« 1284

Linked against OpenMPI 4.1.1
orca_5_0_4_macosx_armé4_openmpi4ll.tarxz

Linked against Apple Accelerate Framework.
Minimum OS requirement: MacOS 12.3

% ORCA 5.0.4, MacOS X, Armé4 (OpenBLAS), .tar.xz Archive 214.70 MiB 4« 280

Linked against OpenMPI 4.1.1
orca_5_0_4_macosx_arme4_openblas_openmpi411.tar.xz

Linked against OpenBLAS
Minimum OS requirement: MacOS 12.3

. ORCA 5.0.4, MacOS X 11.0 up, Armé4 (Accelerate), .tar.xz Archive (SERIAL onlyl) 120.86 MiB 278

orca_5_0_4 macosx11.0_armé4.tar.xz

Compatibility version for MacOS X, linked against Apple Accelerate Framework.
Minimum OS requirement: MacOS 11.0
Does only contain the serial version!

. ORCA 5.0.4, MacOS X, Intel, .tar.xz Archive 243.94 MiB 8634

Linked against OpenMPI 4.1.1
orca_5_0_4_macosx_intel_openmpi411.tar.xz

Linked against Apple Accelerate Framework.
Minimum OS requirement: MacOS 12.3

% ORCA 5.0.4, MacOS X 10.7 up, Intel (Accelerate), .tar.xz Archive (SERIAL only!) 140.55 MiB 15 = 449

orca_5_0_4_macosx10.7_intel.tar.xz
Compatibility version for MacOS X, linked against Apple Accelerate Framework.
Minimum OS requirement: MacOS 10.7

Does only contain the serial version!

Note that in each download section, you will find complementary information listed below
the software name, version, and operating system, regardless of the MPI library you choose.

2.2 Visualization Software

In order to visualize ORCA 5 outputs you will need to download the Avogadro enhanced version

from ORCA Forum.

1. Inthe download section head to “Avogadro (ORCA enhanced version)”.

. ORCA Jump-Start Guide 1 ORCA Jump-Start Guide
bugchucker Wed Jan 23, 2019 12:39
P pm
. CASSCF Tutorial 1 > Geometries CASSCF Tutorial
bugchucker Tue Jan 18, 2022 11:41 am
Avogadro (ORCA enhanced version) 3 Avogadro, MacOS Version -BETA-

bugchucker FriJun 05, 2020 1:08 pm

2. Enhanced Avogadro currently only has versions for Windows and macOS. However, you might
be able to run the Windows version on your Linux machine using the Wine package.
Documentation for installing Wine on Linux can be found on this page. Windows users must

download the version with the “BETA” tag.

& Avogadro, Windows Version -BETA- 17,75
ORCA enhanced Avogadro version, able to read newer ORCA output files ’
This version should be considered BETA status

92 - 16098

& Avogadro, MacOS Version -BETA- 55
ORCA enhanced Avogadro version, able to read newer ORCA output files ’
This version should be considered BETA status

18 = 3121

&. Avogadro, Windows Version ATLL O
Enhanced Avogadro version, able to process ORCA 4.1 ouput files ’

2.3 MPI Library

21 = 9333

w
W
w

Heavy calculations in computational chemistry often require parallel processing to reduce time and
maximize software efficiency. Unlike many commercial programs, ORCA has no limit on the
number of CPUs for parallel jobs. Linux and macOS versions of ORCA work with the OpenMPI
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library, while Windows requires Microsoft MPI. As mentioned earlier, each ORCA version is
compatible with specific MPI library versions. This information is provided below the download
section for each ORCA version. Here you will find download links for appropriate MPI packages
depending on your operating system for ORCA 5.0.4.

a. OpenMPI

1. ORCA 5.0.4 in Linux and MacOS use OpenMPI 4.1.1. To download it first, head to
the OpenMPI. Version 4.1 website.

__,J/’ Open MPI: Version 4.1

Presentations.
Open MPI Team

b

| Home | Support | FAQ | [seach

Enter your e-mail address to be notified when new releases of Open MPI are released

o Your email address 1]
vidQeos Your email address will be used only to send you announcements about new releases of Open MPI and you will be able to un-subscribe at any time.
Performance
Datoat Changes in this release:
Ci it
V:r's'z: 50 « See this page if you are upgrading from a prior major release series of Open MPL. It shows the Big Changes for which end users need to be aware.
d « See the NEWS file for a more fine-grained listing of changes between each release and sub-release of the Open MPI v4.1 series.
Still supported
Version 4.1 See the version timeline for information on the chronology of Open MPI releases.
Version 4.0
R Tl Current stable release downloads:

Version 3.1 (retired)
Version 3.0 (retired)

Version 2.1 (retired) Release File names Size Date Checksums (GNU md5sum and shaisum v5.2.1)

Ve 2.0 (retired;

v::z:z: 1 1\)(?3::@3\0 MD5: 19022fd8a343ef96724481619be8da72

Version 1.8 (ancient) openmpi-4.1.6-1.src.rpm || 16.6 MiB | Sep 30, 2023 | SHA1: 45404cd587fd4d7a0710e3054df5ec785273137¢

Ve = 1.7 ( = t) SHA256: 6070794cbe324afd99083bba274cd1cb7e85f5ece8c5e6a29b171912f8e1add6
fersion ancien

Version 1.6 (ancient)

416 MD5: c9b1c974cfc23c77c0fbdb965cd58alc
Version 1.5 (ancient) Si’\F;M notes openmpi-4.1.6.tar.bz2 9.55 MiB || Sep 30, 2023 | SHA1: 4c3b5472140df96e71d8ac4e20106a62bede20f6
Version 1.4 (ancient) = SHA256: f7. 16deb63b5311af122¢265179f a0d857a567b85db00b11e415
Version 1.3 (ancient)
Version 1.2 (ancient) MDS5: e478b1d886935e5f836a9164ad4806d0
Version 1.1 (ancient) openmpi-4.1.6.tar.gz 16.93 MiB | Sep 30, 2023 | SHA1: ab3aa37a2a2d3a21503610982de09db1c85¢ff20
Version 1.0 (ancient) SHA256: 44da277b8cdc234e71c62473305a09d63f4dcca292ca40335aab7c4bf0e6a566
Nightly snapshots
Documentation Previous release downloads:

Source Code Access
Bug Tracking
Boneocdinn Tacfinn [ Retease | File names [ size | bpate | Checksums (GNU mdSsum and shaisum v5.2.1) |

2. Scroll down until you find the 4.1.1 release. The version has no difference but their
compression algorithm. For the sake of this installation guide please download the
“tar.gz” file.

MD5: 942596a08a6d8a986caacb118add584b
openmpi-4.1.1-1.src.rpm | 16.49 MiB | Apr 24, 2021 || SHA1: 5014439072c0fadba77e7fb83¢c375311f83d68dd
SHA256: 86adb74195421eec32a1694e1f56b1071402d676c1517a4da5f62bdafc8e955¢

411 MDS5: 9aa7cb64a8bla773cac719e700d5bb2a
S‘RP.M note openmpi-4.1.1.tar.bz2 9.59 MiB || Apr 24, 2021 || SHA1: faddc97da18c8c26d5aadb85262a0f2d52b1aa90
SHA256: e24f7a778bd11a71ad0c14587a7f5b00e68a71aa5623e2157bafee3d44c07cda

MDS5: 8239df775478285fb14edf37d02fSbfa
lopenmpi-4.1.1.tar.gz 16.85 MiB || Apr 24, 2021 || SHA1: eb6b60162f777a5149ac3724acb2cb0c8e073e2a
SHA256: d80b9219e80eal1f8bcfe5ad921bd9014285c4948c5965f4156a3831e60776444

b. Microsoft MPI

For parallel calculations on Windows, ORCA 5.0.4 needs Microsoft MPI 10.0.1. You can
get the installer from the Microsoft webpage.

B¥ Microsoft | Download Center Windows Office  wet

Developer

ols  Xbox

v seach © GrW  signin (R

Internet Explorer was retired on June 15, 2022

IE 11 is no longer accessible. You can reload Internet Explorer sites with IE mode in Microsoft Edge.

Get started with Microsoft Edge

Microsoft MPI v10.0

Stand-alone, redistributable and SDK installers for Microsoft MP|

Important! Selecting a language below will dynamii

o that language.

Expand all | Collapse all


https://www.open-mpi.org/software/ompi/v4.1/
https://www.microsoft.com/en-us/download/details.aspx?id=57467.

3. Installation

3.1 ORCA

a.

Windows

1. Extract all the files into the same folder. It is better to have ORCA installed in a
straightforward location rather than nested folders. The nested folder can cause problems

during the installation.

adjust the rest of the instructions for your desired location.

key and search for “Edit The System Environment Variables”.

1| &1 > Control Panel »

System and Security » System

Control Panel Home

& Device Manager
@) Remote settings
& system protection

& Advanced system settings

See also

Security and Maintenance

2

View basic information about your computer
Windows edition

‘Windows 10 Home

© Microsoft Corporation. All rights reserved.

System
Processor: AMD Ryzen 7 3700U with Radeon Vega Mobile Gfx
8.00 GB (5.88 GB usable)

64-bit Operating System, x64-based processor

Installed memory (RAM):
System type:

Penand Touch: No Pen or Touch Input is available for this Display

Computer name, domain, and workgroup settings

Computer name: DESKTOP-0UJ561)
Full computer name: DESKTOP-0UJ561)
Computer description:

Workgroup: WORKGROUP

‘Windows activation
‘Windows is not activated. Rezd the Microsoft Software License Terms

Product ID: 00326-10000-00000-AA364

2.30 GHz

v O Search Control Panel

We are going to assume that the installation will happen at the “C:\ORCA_504”. You can

We need to set the PATH variable for ORCA. To do so navigate to Control Panel >System
and Security>System >Advanced System Settings. Alternatively you can press Windows

am Windows10

System Properties
Computer Name  Hardware Advanced  System Protection Remote
You must be logged on 2s an Administratorto make most of these changes
Perfomance
Visual effects, processor scheduling, memory usage, and virtual memory
User Profiles
Deskiop seftings related to your signin
Settings
Startup and Recovery
System startup, system failure, and debugging information
Seftings
Environment Variables
0K Cancel App

3

@) Change settings

& ictivate Windows



4. In the opened menu select PATH then click on the edit button. In the new window click on
the New button and type ORCA’s location (in this tutorial “C:\ORCA _504”) then press Ok.

=
1 B Control Panel » System and Security > System v|® | Search Control Panel »
Control Panel H ) - ) o
el Fansiiome View basic information about your computer
) Device Manager Windows edition
& Remote settings Windows 10 Home T ROV
& System protection © Microsoft Corporation, All rights reserved. e o "1 1 O
& Advanced systemr ——+- -~
Edit environment variable X
3 User variables for Moxzie
i 2l
SLUSERPROFILEZ\AppData\ Local\Microsoft\WindowsApps | New | | Varisble Value
et OneDrive CA\Users\Moxxie\ OneDrive
= OneDriveConsumer C:\Users\M OneD:
.
. ¥ Path C\Users\Moxxie\AppData\ Loca\MicrosoftWindowshppsichorea; | 1]
L= TEMp C:\Users\Moxxie\AppData\ Local\ Temp
™P Ci\Users\Moxxic\AppData\ Local Temp bicttings
Py
4
Move Down
System variables
Veriable Value ~
En=s ComSpec C\Windows\system32\cmd.exe Windous
DriverData CAWindows\System32\Drivers\ DriverData
NUMBER_OF_PROCESSORS &
os Windows_NT
Path Cawi 2 dows; d em3Z\Wh
PATHEXT COM;EXE; BAT, CMD; VBS; VBE.J5; JSE;.WSF; WSH;.MSC
PROCESSOR ARCHITECTURE _ AMDG4 9
I Gzl New... Edit... Delete
oK Cancel
Seealso
Security and Maintenance

5. Now your orca is installed successfully and you can access it in the terminal by just typing
ORCA without specifying the full path. We will get to testing and more in the next section.

To learn more about the Windows command line you can check this webpage.

b. Linux
1. Extract the archive, rename the directory to "orca" and move to your user home folder (~).
2. Open a new Terminal window (ctrl+alt+T).
3. Paste the following text (environment variable setting) into the Terminal window and press
Enter. If you use any shell interpreter other than bash, change it to your own (e.g.,~/.bashrc
— ~/.zshrc ):

echo 'export PATH="SHOME/orca:S$SPATH"'>> ~/.bashrc

echo 'export LD_LIBRARY_PATH= "SHOME/orca: $LD_LIBRARY_PATH" ! >>
~/.bashrc

source ~/.bashrc

Nothing will happen but now "orca" is available as a command in the command line. Type 'which
orca' in the shell to confirm that ORCA is now available in your path. If this did not work the first
time, do not repeat it but edit the “.bashrc” file manually using a text editor.

To learn more about the Linux command line you can check this webpage.


http://www.computerhope.com/issues/chusedos.htm
http://linuxcommand.org/lc3_learning_the_shell.php

c. MacOS

1. Extract the archive, rename the directory to "orca" and move to /Applications folder. Note:
ORCA can in principle be anywhere but here we choose to put it in /Applications.
2. Open the Terminal Program (under /Applications/Utilities).
m Mac OS 10.15 (Catalina) and newer:

echo 'export PATH="/Applications/orca:S$PATH"' >> ~/.zshrc

echo 'export LD LIBRARY PATH=
"/Applications/orca:$LD LIBRARY PATH"' >> ~/.zshrc

source ~/.zshrc

m Older Mac OS versions:

echo 'export PATH="/Applications/orca:$PATH"'>> ~/.bash profile

echo 'export LD LIBRARY PATH=
"/Applications/orca:$SLD LIBRARY PATH"' >> ~/.bash profile

source ~/.bash profile

3. Nothing will happen but now "orca" is available as a command in the command line.

4. New Mac OS versions have a security feature that prevents ORCA and its subprograms
from running directly. To override this feature, cd to the ORCA directory in the Terminal
and run the following xattr command:

cd /Applications/orca

xattr -d com.apple.quarantine *

To learn more about the MacOS command line check this webpage.

3.2 MPI Library

a. Windows

Install the Microsoft MPI library using the standard procedure for window “exe” programs.

b. Linux
1. Create a temporary directory for compiling OpenMPI. You can do this in a terminal by
typing


http://blog.teamtreehouse.com/introduction-to-the-mac-os-x-command-line

2. Move the downloaded file to the directory just created.

3. Extract the package using:

4. Go into the source directory

5. Configure, compile, and install by executing the following commands

6. Remove the temporary directories:

~
s
=
2]
o
<
=
]
<«
S
<
z,
g
<
(¢}
-t
S
Qo
53
S
-
<
S
5
~
>
s
=
a
-
IU
=
]
é
I'-<1
e
=
T
8
S.
=
-
o
=4

variable:



c. MacOS
Installing OpenMPI for MacOS follows the same steps in the Linux system. Please see previous

section.

3.3 Avogadro

a. Windows

Install the enhanced Avogadro using the standard procedure for window “‘exe” programs.

b. Linux

Install the Windows version using the Wine package. Note that this strategy does not work on all
Linux distributions.

c. MacOS

Install the enhanced Avogadro using the standard procedure for MacOS programs.

4. Test ORCA, Hello Water!

To verify your ORCA installation is correct, follow these steps to perform a Hartree-Fock
calculation on the water molecule using the def2-SVP basis set.

a. Serial run

1. Create a new folder named "H20_S".
2. Create an input file for your ORCA job using your preferred text editor. Write the

following lines:

'HF def2-SVP

* xyz 0 1

O 0.0000 0.0000 0.0626
H -0.7920 0.0000 -0.4973
H 0.7920 0.0000 -0.4973
*

3. Save the file in “H20_S” folder using this name: H2O.inp
4. Open your terminal, navigate to “H20_S” folder. Run the following command:

orca water.inp

If the installation is successful, you'll see output in your terminal indicating the job is
running and ends with the following lines:

10
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Timings for individual modules:

Sum of individual times ... 2.180 sec (= 0.036 min)
GTO integral calculation ... ©.289 sec (= 0.005 min) 13.3 %

SCF iterations - 1.891 sec (= ©.032 min) 86.7 %

*%**0RCA TERMINATED NORMALLY#*#*#*%*
TOTAL RUN TIME: ©® days @ hours 0 minutes 2 seconds 577 msec

b. Parallel run
1. Create a new folder named “H20_P”.
2. Create an input file for your ORCA job using your preferred text editor. Write the
following lines:

! PAL2
'HF def2-SVP

xyz 0 1
0.0000 0.0000 0.0626
-0.7920 0.0000 -0.4973
0.7920 0.0000 -0.4973

* o m O %

3. Save the file in “H20_P” folder using this name: H2O.inp
4. Open your terminal, navigate to the “H20 P” folder. Run the following command,
Note that in parallel jobs you should provide the full path of ORCA in terminal :

C:\ORCA 504\orca water.inp

If the installation is successful, you'll see output in your terminal indicating the job is
running and ends with the following lines:

Timings for individual modules:

Sum of individual times - 1.628 sec (= 0.027 min)

GTO integral calculation A 0.425 sec (= 0.007 min) 26.1 %

SCF iterations e 1.203 sec (= 0.020 min) 73.9 %
****0RCA TERMINATED NORMALLY#*%* %%

TOTAL RUN TIME: O days © hours @ minutes 2 seconds 181 msec
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