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1. Installation

1. Installation

1.1. Windows

Prerequisites: Windows 10 or Windows 11 in 64bit mode, the 32bit version is deprecated
TmoleX2024 uses Java version 11 and recent OpenGL routines.
If you are not able to visualize molecules, please consider to update your graphics card

driver.

The Windows version of TmoleX is distributed as a single executable file, called TmoleX windows-
x64 2025 0.exe. To install TmoleX, simply double-click this file and follow the installation instructions.

After installation, TmoleX is available in your Windows Start Menu or as an icon on your desktop.
Please Note :

TurBOMOLE 7.9 for Windows is included in the TmoleX package. You will not have to install it additionally.

Some features of TURBOMOLE that are based on classical Unix scripts are not yet ported to Windows:

® Numerical second derivatives (script NumForce)

® automatic BSSE calculations (program jobbsse)
The TURBOMOLE version for Windows(64bit) includes serial and parallel 64-bit executables.

Known Limitations:
* Installation path and user names must not contain the @ character, i.e. installation paths like C:
\Program Files\TMoleX@local\ will cause TmoleX not to function correctly. TmoleX by default stores
user configuration files in the user’'s home folder, by default C:\Users\<user-name>, and if the user

name itself contains an @, TmoleX will not work properly either.
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1. Installation

1.2. Linux

Prerequisites: Linux distribution based on a) Kernel 4.x and newer and b) GLIBC 2.15 or newer

The Linux version of TmoleX is distributed as a single file called TmoleX_unix 2025 0.bin Please make
sure that the file has execute permissions (chmod a+rx TmoleX_unix_2025_0.bin) before starting it, then

follow the instructions on screen.

The full version of TURBOMOLE 7.9 is included in the TmoleX package.

Features that are not supported by TmoleX can be used by the command line version. After the installation
of TmoleX, TURBOMOLE can be used from the command line as usual. Just set $TURBODIR to the
TURBOMOLE directory of the TmoleX installation, and extend the PATH to $TURBODIR/scripts and
STURBODIR/bin/ sysname’ (the binary directory).

Or, alternatively, a shell can be started by TmoleX with the correct settings by using the right-mouse menu in

the project list (see below).
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1. Installation

1.3. Mac OS

Prerequisites: Mac OS X 10.8 to 11.5 on Intel based systems

The Mac OS version of TmoleX is distributed as a single file called TmoleX_macos_2025 0.dmg. To install

TmoleX, simply double-click this file and follow the installation instructions.

After installation, TmoleX is available in the chosen folder (by default in /Application/BIOVIA/TmoleX2025).

Features that are not supported by TmoleX can be used by the command line version. After the installation

of TmoleX, TURBOMOLE can be used from the command line as usual. Just set $TURBODIR to the
TURBOMOLE directory of the TmoleX installation, and extend the PATH to $TURBODIR/scripts and

STURBODIR/bin/ sysname’ (the binary directory).
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2. A quick tour

2.1.

2. A quick tour

Starting the program

Starting TmoleX for the first time, you will get into the Welcome panel:

4 TmoleX2023

Fle

B Projectist

Manage Job{s)

Licenze  Help

Welcome to TmoleX

Version 2023

New to TmoleX?  Please read the TmoleX Documentation first.

How to start: Click on 'New Project’ and select a directory on your local system
to start with TmoleX. Default will be a new drectory
called TmoleXProject’ in your home folder.

Please choose one of the folowing options:
Mew Praject
2 Open Project

Criine Videos How To'

TmoileX Documentation

To start with TmoleX, create a new project by klicking on | MNew Project ).

Alternatively open an existing project (from former TmoleX versions) or watch the introductive online videos

first.
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2. A quick tour

All projects will require a new directory on your hard disk — where this directory shall be located and which

name it shall have is asked in the window that pops up:

"5’ Create/Choose new project directory *
Look In: t - TmoleX - B = Full =
_J 3D Objects [&=] Pictures
[37] Contacts . Roaming
COSMOlogicAppData ## Saved Games
[ Desktop 7 searches
I:E] Documents m Videos
* Downloads
i Favorites
 Links
J! Music
@ OneDrive
File Mame: Ci\Wsers TmoleX \TmoleXProject
Files of Type: -
| Select Il Cancel |

The default directory is called TmoleXProject in your home folder. Just click on Select to accept the default or

generate a new directory and choose this one. You are now ready to perform your first Turbomole job:

4 TmoleX2022 - TmoleX - m} x
Fie Edt Templstes Resdls Exies Took Help D
."_'ﬂ : B = ‘g‘." Open 30 Moleculer Bulder Jobs running ocal: | 011 remate: 1] ||Memor\fu*dh‘ TmoleX: | 58,8/80,7MB System: | 0,0/34123,4MB
v [ Projectist ) — t >
¥ | Tmolex i
s
| Coords & Sym. |
| 7= tmpoct Coordinate Fie I o™ open DMolecusr puider | (GF Drewan | | M smstom | Ui (a
bttt Symosstry Iteriol dnariinates
Wamber ofatoms. 0 et pont - Con... | Vale  Start | End Ste...
Max, toferance 0.01 84 Autodetsct Symmetry |
MNew Atom e
----------- Mest point group £1 Apphy Mew Point Group
| Delete Selected Atoms
Number Element: x ¥ z Fixed cartesian Fixed internal
perindic:
& |
off
arder:
@ |
| Continue > |
Manage Job(s)
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2. A quick tour

2.2. Anillustrative example: Part 1

This section will guide you through the process of performing a DFT energy calculation and a ground state

geometry optimization of a molecule, for which input coordinates exist, e.g. benzene.

Option 1: Read in a coordinate containing file. The buttons

P |
|'1' ','1-

= Import Coordinate File

-— or —»
in the tool bar and the main window or the menu 'Import Coordinate File' in the pull-down menu 'File' will

open a file browser. Select the coordinate file and load the molecular structure of benzene into TmoleX
(first change to your home directory and from there to
BIOVIA_COSMO-RS_TURBOMOLE/TmoleX2023_1/building_blocks/rings/).

4 Open Coordinate-File

Look In: fings v| s

4 benzimidazole.sdf

¢, borazine.sdf

4, imidazole.sdf Lg\
«, indole,sdf

+ pyrazole.sdf

4, pyrroke.sdf

< pyrroidine.sdf

, thiophene.sdf

B>

File Name: benzene.sdf
Files of Type: al coordinate fies v

Open | | Cancel_

Option 2: click on 'Open 3D Molecular Builder' "g"‘ Open 30 Molecular Builder
|

and double-click on the benzene entry on the right side which is also located in the rings section.

| Building blocks | Atoms | SMILES |

4 hydrocarbons
Ak misc
1 nudeobases
# pah

4 ¥ yvYvYY

4y rings

P benzene.sdf

|| benzimidazole . sdf

borazine. sdf

-
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2. A quick tour

2.3. The tool bar

e
el e E 'g,' Open 3D Moleaular Builder Jobs running local:| 0/8 | remote:| O ‘ Memory used for  TmoleX: _ System: | 0.0/17087.9 MB

The tools in the tool bar act only on the job that you are currently working on, i.e. which is opened in the

project list.

Create new job within the current project.

Create new batch job within the current project.

el Read or import coordinates (besides TURBOMOLE also many different formats).
& Save/Export current coordinates in various formats.

E Save current job to disk.

Open the directory of the current job in the default file browser of your OS.

Open molecular viewer. Can also be used to build new molecules.

Jobsrunning  local:| 0/4 | remote:| 0 | TmoleX can run jobs on your local machine as well as on remote

systems. It also includes a simple queuing-system. By clicking on
either the local or the remote button a list of running jobs will

open.

Memory used for Tmolex: _ 1034/1241ME  System: | 0.0/6296.2 MB ‘The memory usage of TmoleX itself and the jobs that are running

on your local system is displayed here — click on the TmoleX
button (the yellow one in this example) to free unused memory

(starts Java garbage collector)
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2. A quick tour

2.4. The sections

TmoleX is structured as an interactive TURBOMOLE input program, similar to the 'define' program, which

generates the input on the command line.
@ On the left you will find a list of open projects and jobs of each project,
@ on the top the general task menu (Geometry, Atomic Attributes, Molecular Attributes, etc.)
@ in the main frame the data assigned to the chosen task.

4 TmoleX 4.5 - TmoleXProject - o x
File Edit Templates Resulis Extras Tools Help

Fald gt

M
& 7= ¥ ' Open 30 Molecular Bullder Joibs running local:| 0f7 remote: (| 0 | Memory used for TmoleX: | 162.6/223.3MB System: | 0.0/17036.9 MB

B ob rotRin_1

£55 mport Coordnate Fle || "™ Open 30 Moleaiar uider || (G Draw 20 ) SMHES D | Units A
| Atomic_ Symmetry Internal coordinates
Number of atoms 12 3
Coxiat okt s @ | Constraints  Value Start End Stepsze ||
Max. tolerance 0.01 84|  Autodetect Symmetry
| Mew Atom | e e ——————————
—_ . pont group cl Apply New Point Group
| Delete Selacted Atoms | I
| A
Number Blement % ¥ z Fixed cartesian Fixed internal
% c -1,0915 -0.8749 0
2 c 0.2119 -1.3828 ]
3 c 13034 -0.5079 0 periodic:
4 c 10916 0.8749 0 =
=
5 c 0.2119 1.3827 0 |
5 c -1.3035 0.5078 0 off
7 H 19433 -1.5576 0
8 H 0.3773 -2.4618 0
a H 2.3206 -0,9041 0
10 H 19433 15576 0 ardir
11 H 0.3773 2,4618 0 @
12 H -2,3206 0.9042 ] .
o
Continue >>
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2. A quick tour

The input is divided into four different sections:

The kind of job or property that shall be calculated can be set in the Start Job panel:

—| Start Job '—)—

Results after a successful run can be viewed and further investigated in the Results panel:

- Results

You should follow the menu structure in the main frame from left to right. The traffic light

colors are indicating which steps have been accomplished and for which steps input is

needed.

Color code

Red: No valid data is available. User action required.
vellow: Default settings available — unchecked by user so far.
Green: The data is correct or user did already visit this section.

Grey: Section is currently not available (like Results for a job which did not run yet)
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2. A quick tour

2.5. Anillustrative example: Part 2

2.5.1

Geometry panel

After reading in the coordinates, you are in the E’M section. Here, you can choose the

symmetry, create internal coordinates, add atoms, or modify the structure.

A TmoleX2022 - TmoleX - a b4
Fie Edit Templates Resdts Extras Toocs Help .
o E S e Open 30 Molecuer Buider Joberuring  locali|  0/11 | remote:| 0 | Memory used for Tmolex; _ System: | 0,0/34123,4 M8 |
" o | o e — —
¥ [ Tmolex " i i e 4 e a1 B B e e SR S RS
B iob_notun_1 [ Choose Job Template p  —— Charge: Use frominput v ——  Apply Job Template |
Coords & Sym. |
| 2 tmport Coordinate File | “9/™ Open 30 Moleautar Buider I @) oraw M siEswD  wnits A v
Atomic Symmetry Internal coordinates
pnke: ctatns 12 S e | consta... | vae Start End Stegsize
Max, tolerance 0.01 8| Autodetect Symmetry
| New Atom | —_—
T Mew paint group cl Apply New Pont Group
| Delete Seiected Ators | R
Mumber Bement x 2 Fixed cartesian Fixed internal
1 c -1.0916 08749 0
2 c 0.2119 -1.3828 0
periodic:
3 c 1.3034 -0.5079 0 g
4 T 10916 0.8749 0 | =
5 c 0.2118 13827 0 off
6 c -1.3035 0.5078 0
7 H -1.9433 ~1.5576 0
8 H 0.3773 -2.4618 0
3 H 2.3206 09041 0
1 H 1.9433 1.5576 0 ozes
11 H 0.3773 2.4618 0 @
12 H -2.3206 0.9042 0 [}
Continue >> |
Manage Job(s) i
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2. A quick tour

2.5.2 Basis set panel

The basis set is being defined in the '[ Atomic Attributes |- panel:

i TmoleX2022 - TmoleX - u] X
Fie Edit Templates Results Exiras Tools Help ®
GBS 2D G s open 30 Molecur Buider Jobsrnning  loeali| 0/11 | remoter| o Memory used for Tmolex: [ EEIGEOMMEN  Syster: | 0,0/34123,4 M8
v e ' - A W >— >
[ Bibno®n: | Choose JobTemplate b |—— Charge: Use from input w ——  Agply ob Template —»J
| Basis Sets |
Basis Functions 102 | Mumber  Element | Basts set ECP Mass Mudear charge  Basis functions
Basis Set for all Atoms 1 £ def-5V(P) 12,0110 5 15
def-5(P) =) 2z C defSViF) 12.0110 6 15
3 c def-5V{P) 12.0110 & 15
Basis for elements 4 £ def-5u(P) 12,0110 6 15
e 5 c def-5W{P) 12.0110 8 15
5 C defsv 12.0110 8 15
H  defsvp) > )
3 7 H def-5V(P) 10079 1 2
def5y
eEAE) = s H deFSV(P) 1.0079 1 2
9 H def-sV(P) L0079 1 2
0 H def-5v(F) 1.0079 1 2z
1 H def-SU{P) 10073 1 2
12 H def-SV(F) L0079 1 Fl
Basis for individual At...
Select items from table
o graphic viewer
Choose Basis Sets
L
| << Previous | Continue >>
Manage Jab(s)

The basis set is def-SV(P) by default for all atoms. You have the possibility to select one basis for all atoms,

basis sets for given elements, or basis sets for individual selected atoms.

Hint:

If you are not familiar with the modern Karlsruhe/Ahlrichs type basis sets but with old

Pople type basis sets only:

6-31G* is of similar quality than def-SV(P),
6-31G** -- def-SVP, and
6-311G** -- def-TZVP.
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2. A quick tour

The drop-down selection 'Basis Set for all Atoms' contains just the Karlsruhe family of basis sets since those

are available throughout the periodic table.

1 L

Basis Functions 102

Basis Set for all Atoms

| def-5V(F) - |

def2-5V(P) —

|
< def2-5vP

| def2-Tzve ‘
def2-TZVFP
def2-QzvP
def2-QZVPP
def2-5VPD

def2-TZVFD

For heavy elements a basis set which is optimized for two-component ECPs and two-component
calculations:

dhf-5v{P)-2c
dhf-5vP-2c

check the automatically loaded ECPs Au [dhfTzvP-2c |
— by Cllelng on Basis for elements 4> TR

Show ECP | |

dhf-QzvP-2c
dhf-QZVPP-2c

Selecting one of those will enable the relativistic ' Two component treatment' options in the Method section

later on.

NOTES:
Standard basis sets which require an ECP will read in and use those ECPs automatically, e.g. all def- and
def2- basis sets for elements beyond Kr. If you use a basis set from the extended list of the ‘Basis for

elements’ section, make sure that ECPs are correctly assigned in case they are needed.
If you miss some basis sets which are present in the basis set library or if you have added own basis sets to

the basis set library, add them to the file basis_set names.txt which can be found in the TmoleX directory
( <Install-path>/BIOVIA/TmoleX2025/TmoleX/ ).
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2.5.3 Molecular start orbitals panel

For any TURBOMOLE calculation an initial set of molecular orbitals is required. This is done with an extended

Hickel calculation in the _ panel. If you do not (yet) have valid start orbitals, the button

will remain red.

4 TmoleX2022 - Tmolex - =] ®
Fle Edit Templates Resuts Extras Took Help ®
52 55 | G e oven 1 moleadar puider Jbstuming  loca:| o/t remote: | 0 Memory used for TmoleX: | 63,180,7M8 |  System: | 0,0/34123,3M8
¥ [§ Projectlist y —
¥ [ TrmoleX |
r Orbitals |
Molecular Orbitals Diagram |
1. | | =
Malecular charge | g | M Soin Sym, Energy[Hartree] Erergy[ev] Deg. | Occ. HOMOAUMO
Muittiphcity atic (RHF/UHF)
Frozen orbitals for MP2/CC
Freazing point [Hartres]
Confinue >
Manage Job(s)

Click on 'Generate MOs'

Do not forget to set the molecular total charge before generating orbitals for IONS!!

The generation takes only a (very) short time to compute and the initial molecular orbital are displayed.
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4 TmoleX2022 - Tmolex - O 4
Fle Edit Templates Resuts Extras Tools Help L]
o e . : = |
=& H "s7™ Open 20 Molecuiar Buider Jobsrunning  locaki | 0/11 remote: | 0 Memory used for TmoleX: | 60,6/80,7M8 | System: | 0,0/34125,4M8
"W |' —>- I W — v >— S
v TmoleX ' B e e B e T et
| Beoromn: | Choose Job Template P —— Charge: Use frominput = Apply Job Template
| Molecular Orbitals | -
Molecular Orbitals Table = Diagram
Hlecier. Ceete | 0 Spin ym, Energy[Hartrez] EnergylV] | Des. O, HOMOAUMO
Multiplicity a 21a 0.4338 -11.8051 1 2z HOMO
e El & 0a 0.4338 -11.8054 1 2 HOMO - 1
Fully ocrpied” (50 19 s 19 0.4819 -13.1133 1 3 HOMO - 2
) : 8 ab 18a 0.4819 131134 1 2 HOMO - 3
Partly occupied g
: 17 ab 17a 0.5090 -13.8498 1 2 HOMO - 4
Generate MOs Delete MO 15 ab 15a 0.5204 -14, 1605 1 2 HOMD - §
i5 ab 158 -0.5204 -14.1607 1 2 HOMG -6
14 s 148 05655 -15.3880 1 2 HOMO -7
Extended Options 13 2 138 4.5835 -15.8785 1 2 HOMO - 8
Fermi settings 1z s i2a 0.6155 -16.7756 1 2 HOMO - 3
: 1 ah 11a 0.6813 -18.5304 1 ] HOMO - 10
erime
i ab i0a 4.6813 -18,5396 1 2 HOMG - 11
9 ab Sa .822% -22.3630 1 2 HOMO -12
Frozen orbitals for MP2/CC & ab a 08235 233832 3 2 HOMO:13
Freezing paint [Hartree] 7 & 7a 0.9185 -24.9936 1 2 HOMO - 14
& s Ba 113231 -308.1173 1 2 HOMO - 15
5 a 5a 11.3324 -308. 3695 1 2 HOMO - 16
4 El 4a 11,3324 -308.3505 i 2 HOMO - 17
= ab 33 -11.3358 -308.9623 1 2 HOMO - 18
2 ab 28 11.3358 -308.49623 1 2 HOMO - 19
1 a 12 -11,3362 -308.4731 1 2 HOMO - 20
<< Previous Continue >
Manage Job{s)

The default for the multiplicity is aufomatic — TmoleX will generate molecular orbitals by doing an Extended
Huckel Guess and fills in the electrons according to the orbital energies. It will recognize closed and open

shell cases and switches to restricted (RHF) or unrestricted (UHF) settings.

Note that you have to generate new orbitals if you change the multiplicity. In this case, i.e. multiplicity not set

to automatic, will always result in unrestricted calculations!

In this panel you can also freeze core orbitals for correlated calculations or switch on Fermi smearing.
Switch from Table to Diagram to see the orbital occupation graphics. Use the left mouse button to set a
freezing point for frozen core approximation settings, and the right mouse button to zoom in (or click once to

zoom out).
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2.5.4 Level of theory: Select method

In the - etied " panel you can choose the level of theory, activate COSMO, select auxiliary basis sets,

and advanced SCF settings can be changed.

# Tmolex2022 - Tnolex - =] X
Fle Edit Templstes Resuts Exiras Took Hep
e Tae = s Open 30 Mofecuiar Buider Tbsrunning  localt| 0 remate: | 0 Memory used for Tmoie: ([EEREEGIMEN  Svstem: | 0,0/34123 40
VR | > — I | v A meod > o=
¥ [ Tmolex ik e AR e e e ey
B job_nowrun_t || >3 Choose Job Template b Charge: Use from input v ———  Apply Job Template |
@ Convergence | Solvabon |
— Auxiliary basis sets for RI-]
" Hement | Basisset | Awndliary bass set
DFT w» [ userr
C def-SV(P) | defsyip) -
DFT settings H def-SV(P) | defsvip) -
Functional gpgg BP8S GGA, correlation:LDA(NVWN) +Perdewds, exchange:S +Beckedd Configurs functional st |
Gridsize. g3
Dispersion pone
COSMO
Activate
Relativistics effects / Two componegt treatment.
Activate
Semi-numerical Exchange for DFT
senex - seminumerical exchiange for ground state energy and al properties (applied everywhere)
esenex - semi-rumerical exchange for properties onlly {ground state energies with exact exchange, properties with fast semi-numerical approach)
<« Previous Continue =3
Manage Job(s)

The level of theory for your calculation can be set here. Currently ten different methods are available within
TmoleX:
¢ Semi-empirical xtb (GFN1 or GFN2) or MOPAC (AM1, PM3, MNDO)

* Hartree-Fock

e DFT (with or without RI-J), RI-DFT is the default if you start a new session of TmoleX,
DFT+Dispersion can be chosen as option within this level

e DFT periodic boundary conditions 1D, 2D, 3D periodic RI-DFT calculations

* RI-RPA post-DFT RPA method

e MP2 RI-MP2 or low-scaling PNO-MP2

e (CC2

* ADC(2) (MP2)

¢ CCSD RI-CCSD or low-scaling PNO-CCSD

e CCSD(T) RI-CCSD(T) or low-scaling PNO-CCSD(T0) or PNO-CCSD(T)
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2. A quick tour

Spin-scaled (SCS, SOS) MP2 or CC2 calculation can also be used as sub-options to the MP2 and CC2
level.
Settings for SCF convergence and special COSMO selections (recommended only for expert users) can also

be found in the method section.

| Geomety  —»—  AtomicAtrbutes 1
b —

SCF convergence

Energy convergence 10 -6 [Hartree]

Density convergence Example: 1.0d-8

Max. number of SCF iterations | 1pp

Augmented Roothaan-Hall/ Fermi

|_| Activate Augmented Roothaan-Hall Fermi

DIIS damping
Start 0,700
Min {last) g, 100
Step 0.050
DFT grid
Gridsize

radsize

diffuse

Energy and/or density convergence criteria can be entered in this panel. A density convergence criteria is
useful for properties and methods that need a very accurate density like post-Hatree-Fock methods or
TDDFT.

Note that the format of the parameters is different: The exponent has to be entered for the energy

convergence while the density convergence threshold is a total number like 1d-8 (use d instead of e like
1e-8, because TURBOMOLE reads them in as double precision number). This difference is due to the fact that
the two corresponding TURBOMOLE keywords, $scfconv and $denconv in the control file are have to be

given exactly like this — so TmoleX here tries to help to understand the default TURBOMOLE inpuit.

The augmented Roothaan-Hall method or Fermi smearing to resolve convergence issues can be applied
here.

Changing the default DIIS damping settings might be needed for complicated electronic structures like

transition metal compounds. If the energy does not converge within many SCF iterations, the DIIS damping

factors should be increased. See the TURBOMOLE manual for details about DIIS.
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DFT grid settings are needed in very special cases like the usage of the SCAN functional.

Please check the TURBOMOLE documentation to get more information about different DFT grid sizes and

when to use those.

The semi-numerical exchange for DFT (senex) can be activated by setting either or both of the options given
in the panel (senex and esenex). If the first option is activated (senex), semi-numerical exchange will be
used for all DFT functionals that include either exact or range-separated Hatree-Fock exchange (hybrid
functionals and local hybrid functionals).

Senex for ground state energy calculations and geometry optimizations speeds up the calculation only for
large systems, but it has a much more significant impact on the total computational time if higher derivatives

like TDDFT (UV/Vis, CD spectra) or vibrational frequencies (and IR or Raman) are calculated.

The savings in time do, however, imply a numerical deviation from the analytical, exact, calculation of the
exchange, but it has been shown that for properties this error is small in general if the default integration
grids are used. Thus, TmoleX does not offer a possibility to set non-default grid sizes as it can be done from
the command line version of TURBOMOLE.
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2.5.5 Start Job: Select kind of job and start it

In the Ml panel, a single point energy calculation can be started.

A TmoleX2022 - Tmole)

= [m] x
Fie Edt Templates Remilts Extras  Tools Help @
Jal 8" Open 2D Molecular Builder Mbsruming  local:|  0/11 remote: | 0 | Memary used for Tmoled: | 58,8/80,7MB System: | 0,0/34123,4 MB
v B Poeas [ MenkAbes | Mol A ———  Mebed > =
v_ TmoleX
‘ jeb_notRun_t Choose JobTamplane 3 Charge: Use from input w Apply Job Template
Start Cabculation
Job typ Method
FT
Geometry Optimization b o D
Functional  b-p

Spectra & Exdted States B

S Pont Enen ound state]

ks » 9y ) Bassset  def-SV(P) Symmetry cl
Single Point Properties b 5 st
Population Analyses Energy 10°° Density

Potential Energy Scan{PES)

Templates

»
4

Transition State Search
b Use resources
b

Batch processing Memary used for soo.0 ME
Disk 0 ME for HE
No. of CPUs

[T Delete scrateh fles after run

Save and Run

/' Run (local)

Save

Run {network)

<< Previous.

Manage Job{s)

'Run (local)' will start the calculation in a subfolder of your project directory.

'Save' writes the complete input to disk for further use on the command line or later usage if needed. Saving

the job to a directory will also add a script call start-job to the selected directory which can be used to start
the job on the command line.

'Run (network)' starts the calculation on a remote Linux/Unix computer, see chapter 9.
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2. A quick tour

Click through the Job type options to see what kind of jobs are supported by TmoleX.

@ Tmoled4.6.0 - TmoleXProject - O X
Fle Edit Templates Resuts Exiras Tooks
gl B “a”™ Open 30 Mole jocals | 0/11 remote: | 0 Memory used for  TmoleX: _ system: | 0,0/34123,3M8
i A —>— — (Mol At ) —— (MRl T —>— >
¥ o TmoleXProect | — T e e e ——
B iob_notiun_1 3 Charge: Use frominput v ———  Apply Job Template
Start Calculation
Job typ “| Method
el DFT
Geometry Optimization P Y
Functiond  b-p
Spectrs & Excited States b Ki-E ﬂonal Freqqqus
; ¥CD - Vibrational arcular dichrotsm
Sgle Povit Bassset  def-SV(P Symmetry C1
UV Vs and CD{vertical excdtations) i () it
Single Point Properties b NMR. shieldings Convergence Parameter
Population Analyses | NMR Spin-Spin coupling constants Energy 10°® Density
Raman & vibrational frequences 1
Poteritial Eneray Sean(PES) B ¥ i Shov Htes
Optical rotations | dynamic polarizabiity
Transition State Search B syanic palarizabiity Use resources
Templates p | Dynamic first hyperpalarizabilty Memoey used for 1.0 M8
Static first hyperpolarizability Disk o MBfor HF
Batch processing P |
N, of CPUS "
Frequency analysis [7] Delete scratch files after run
) All frequendes Lowest eigenvalues
- . Save and Run
Mo of frequendes
Run (local)
Save
Numerically | Run (network) \
. -l
| << Previous
Manage Jobls) |

\

Depending on the job type, different options for the chosen job are displayed in the Options section. The
Method section briefly summarizes the settings done in the four menus before (method, symmetry, basis set,
etc.).

The | Show Notes | button shows up in yellow if TmoleX detects a combination of basis set,

job type and method which might require different defaults. Please click on this button to see the hint!

Finally, the 'Use resources' part can be used to set (maximum) amount of memory (RAM) and disk space for
the calculation. If and how important those settings are depends on the method and job type. For ground
state single-point energies and geometry optimizations at Hartree-Fock or DFT level, neither more memory
nor more disk space will speed up the calculation significantly. For vibrational frequencies (IR and Raman
spectra), post-Hartree-Fock methods or excited state calculations, more memory can improve efficiency a

lot.
Please note that the given memory value is not the total amount of RAM the program will use, just the parts

that can be adjusted. Hence, do not enter more than roughly 80% of your total memory here to avoid huge

performance problems!
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256 Results

Whenever a calculation is finished, you can find a summary in 'Results'. The output files and a viewer (see.

next chapter) can be opened from here.

4 Tmolekd5.0 - TmoledProject - O x
Fle Edt Templales Resus Exras Tooks Help
e A = o™ Dnen 30 Maienusr Builder Joberuming  oeal| Oy remate: | 0 | Memory used for Tmolel: | 58,4/75,5 ME 0,0 Q23,3 ME
T e
¥ | TmoleXProject 7
FO_GEQ1
Job Results |
Tweof Caniaton Geometry Optimization Stans 507 Converged
HOMO-ALMO gop 5139 ¥
Status geometry  Converged Conuergence wl
Geometry Converpence Criteria Open Viewer
== OchitalDensity Plot
—0.€150E-07 thrashold =
0.1721E-04 threshold = . Gradents
SCF Population Properties
Dipole Moments
A A1 (Atoms in Molenies)
v
Show Plots
5 -
<< Previous
Marage Joisls)
Important:
.

¢ Check the Status of the molecular orbitals and the status of the geometry optimization!

¢ In case that the orbitals (MOs) are not converged, restart the job — perhaps more SCF iterations or

higher DIIS damping is required (see Method section)
¢ If the geometry is not converged, restart the optimization allowing more geometry cycles.

¢ Also make sure that the HOMO-LUMO gap is positive. Otherwise you have a hole in the occupation

(which might be what you want, but usually this should not be the case), and you did not get the

proper ground state of the electronic structure.
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2.6. Job Administration

-4’:5' TmoleXd 6,0 - TmoleXProject = O X

Fie Edt Templates Results Extras  Tooks. Help

B & = *o"* Oen 30 Molecular Builder sbsruning  local:| V11 | remoter| 0 Memory used for TmoleX: | 57,7/76,5MB System: | 500,0/39123,3 M8
- o e =
| job GEO_1 | Choose Job Template y Charge: Use frominput » ————  Apply Job Template
| Job
D Name Start stop ;
1 b GEO_1 GEQ,| DFT.fRI 6-F,charge 0...  Jum 17, 2020 11:5%:11AM  Rurning Local
job_GEO choose Project  Job-Type gives Start/Stop for
indicates a in ProjectList to a very short timings and the
geometry get a list of all description of status if job is
optimization jobs the most still running
important
settings

While the job is running and if you select the project itself in the project list on the left, the lower part of the

TmoleX window will show the current status of the selected job (there is just one job on the example above).

Click on the name of the Project in the ProjectList and use the right mouse menu in the 'Jobs' section to
close (remove just from the list, let all files on disk), stop (stop running jobs, let files on disk), delete (delete
job from the list and delete the files from disk) jobs. 'View Job directory' will open the default file browser on
your system with the directory where the selected job is running or was running. 'View run status' can be

chosen for running jobs.

File Edit Templates Results Extras Tools Help

= : o .
L] L] e - E = ®_ " Open 3D Molecular Builder .
v [ Projectiist i T
¥ [ TmoleXProject ¥

ml_

Stop this Job J Jobs |

View Job Directory -

. A D MName
View Project Directary
i job_GEO_1
Cipen Shell job_GEO_
Delete this Job

Page 25/ 99




2. A quick tour

The progress and status of all calculation belonging to your project, which are currently running or ran
before, can be accessed via the “Job-Administration” by clicking on the project name itself instead of a job
within the project. After starting a first job, you can instantly set up and even launch a new one. For

performance considerations you will however prefer running only one job at a time in most cases.

Note: TmoleX does not yet cover all possible kinds of calculations and input options that TurRBOMOLE

offers. If you need additional options but want to use TmoleX, you can manually edit the control file. Please

refer to the T URBOMOLE manual for further information.

Internal simple queuing system

Set the number of cores of your machine in the Extras — Settings menu. Then, TmoleX will take care of the

number of jobs you are starting:

Jobs running local: 1/4 remote: 0 Memory used for TmoleX: | 98.6/171.7 MB System: | 500.0/6296.2 MB

The green section is related to the memory usage. First by TmoleX itself (click on the button to start Java's
garbage collector to give free unused memory) and then by the jobs which are running (estimated from your

memory settings when starting those jobs).

The grey section shows the number of local and remote jobs. Note that only jobs from open projects are
shown — closing a project with running jobs will is not recommended as TmoleX will loose the connection and

might not be able to correctly reopen them!

Whenever the number of running local jobs is exceeded, TmoleX will start the next job only after another one
has finished. Several jobs can be started that way without blocking your system. The jobs that are scheduled

for running are shown with an own icon in the job list.
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3. The 3D visualization

3. The 3D visualization

3.1. The 3D builder

To open the molecular builder click on either the button in the tool bar or the button in the Geometry panel of

TmoleX:
Fle Edt Templates Resits Extras Took Hel}/
|_L| LD b H & o open 2 Molecudar ider Jobsruning  locali| 08 | remote:| O

¥ E Projectlist | . Atomic Atributes _ Malecul
¥ |- TmoleXProject ! e R e
 iob_GEO_1 Choose Job Template [ Charge: Use

B job_notfun 2

‘J Coords & Sym. |

t é‘gmtmdmateﬁie “ ‘gf*ﬂpenmmleudaraﬁder “ @Drawm J

Atomic Symmetry
Mumber of stoms O
Current point group Cl
Max. tolerance 0.01 8u | Autodetect Symmetry
New Atom
Mew point group c1 Apply New Point Group
Delete Selected Atoms l

The molecule builder can be used most conveniently by starting from building blocks and modifying these.

Double-click on a building block to import it in the builder.

4t TmoleX visualizat - o W
File View Edt Tools yType  Window Help

B Q@ TR WM Oreon| RO @[\ e | s | e comts [ S 0 v [ o ] v

TmoleXProject, job_notRun_2

— K3 X | paumber of atoms 12 Muriber of bends 12 Charge 0.0

j CBHE 7811 gjmd
)
Objects | enothing selected> -
% Quickstart guide
y o)
| m{ *ﬂ Use right mouse menu to
- = A
lol - substitue with fragmant
shomfz) - change ehament
Ef ﬁ - saturats with hydrogens
(3) b - change bond length
- frmssscan
’. tiva bonds - changs anglss
[ i b || * TEESUTE -
E:IJ | Building blocks | Atoms = SMILES | i
ﬂ = |
¥y halogens

©0000 %o

Ieftmouse button: Cick or drag to select | right-mouse bution: rotate, MMB: move, wheel: z00m
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3.2. Navigation

Left mouse button or Ll or g on the keyboard: Select

Right mouse button or % : Rotate view
Middle mouse button or % : Move
Scroll wheel or ®, : Zoom

4% TmoleX visualization - [m] x

— B X | Number of atoms 12 Mumber of bonds 12 Charge 0.0
" cene 7811 gfmal

Objects | <ngthing selected> » |
Quickstart guide

| :,‘;..““_q*““ | F—

- substiue with fragment
atam{s) - change gement
- spturste with hydrogens |

< e bind enth
P e - freesefscan

| i - change angles

- measure b

W bbb Fainide

2000 °| | A coe |
<Tmﬂ T T L T T MD
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3.3. Building blocks: Pre-stored structures

There are different ways to add molecules and fragments which build up a structure.

Double-click or drag-and-drop molecules from the Molecules section on the right to the window:

‘ |-a-,ﬂ atoms/fragments |-_pamt tool (hotkey: dj_ ‘

| TmoleXProject, job_notRun_2

- 0OxX

| Building blocks | Atoms |

v || Molecule
v | alcohols
| i-butanal.sdf
| 2-propenal.sdf
| ethanol.sdf
| geraniol.sdf
| glycidol.sdf
,“‘0"' O'I' i 0 hl.
B methanol, sdf
| | tert-butanol.sdf

T W G

> ,}; halogens
> . hydrocarbons

)

00000 |

T

The molecules in the right part of the window are by default taken from the building blocks directory of the

TmoleX installation. This can be changed to a user-defined directory in the Tools — Visual settings menu:

Jﬁ’r TrnoleX visualization

File  View

S @ @‘ Export image fvideo
W

Edit | Tools | Display Type  Winde

"

= [

'&? Viewer Settings

| General | Mokl | Labels | COSMOcavites | Propertes | Path | Grd | Misc |
Building blocks

Database .| jers\myBIOVIA_COSMO-RS_TLREOMOLETmoleX2022. 1uldng bodks
Scan degth 2

| Browse |

The files are stored in standard sdf format, and a second file with the same name but .sdf.fr ending is being

generated which contains the connecting atom number(s) and the substitutive name.

3.3.1

Generate and store your own building blocks

To save your own building blocks to the list, just use the 'Add to building block library" icon: Ell

The right side of the TmoleX builder will change accordingly.
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A Tmalek visunlization
Fle Vew Edt Took DssayType Widow  Help

E‘?

- =] x

5 Q@ U X W O S Gl o || fir o i G o g |G o]

DS N\

o
(=]
£)

| B [ ek |

TmaleXProject, job_notRun_2

— 1 % |4 fumber of sfoms 6

Mumber of bonds 5

Charge 0.0
3204 gimal

Ohects  <mulliste sslected >

Substituent name

Building block tool

Plaazs s=lact one ar up bo tres ling stoms.

T T

Link atom 2:
Link atem 3;

| Buikding blocks | Atms | SMILES

Save to Buldng Bk Colechon

Remove bulding block
——

¥ 4 Molecule

» J amno_acids
» | bidentsts
b carbonyls
¥y hategers

* 4 hydrocarbons
» 4 misc

* o rudechases
b&'.nﬁ
Puﬂ'ﬂ!

» i wal_common

00000

! Frapment tool: chaose thres atoma ta create one fragment. | right-mouss button: rotate, MMB: move, wheel: 200m

*-um

A substitutive name (the molecule you want to store without the link atoms(s)) can be entered. To select one
or several link atoms, please just click on them to add to the link atom list or re-select them to remove them
from the list. The 'Save to Building Block Collection' button will then open a default file saving window where
you can store the file and possibly generate new directories in the building block section.

3.4. Import structure

Instead of building a molecule from scratch, an existing molecule in different formats (sdf, ml2, xyz, cosmo,

...) can be imported using the File/Open menu entry within the visualizer.

lﬂ‘ TrmoleX visualization

| File | view Edit Tools Display Type

Open/Import Moleculs

£ Save/Export Coordinates

Save Changes and Close

Close

This structure can then be used for modification or being saved in the user data base as described above.
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3.5. Use SMILES code

Most organic compounds can be described with the SMILES notation
(see https://en.wikipedia.org/wiki/Simplified molecular-input line-entry system)

and there are several web sites which provide SMILES code for a large number of structures like
ChemSpider (http://www.chemspider.com/).

If you have a SMILES code, there are two ways to add it to the 3D builder:

1. directly in TmoleX in the geometry part of the input generation, just add the SMILES code to the field
shown below and click on | PWisuson |

‘ ey Import Coordinate File I 'g" Open 3D Molecular Builder | @ Draw 2D I En te}/' or paste you}’ SM]LES he}"e ts Ay ow

2. orin the Builder switch to the SMILES panel, add it to the input field and click on the button:

|
Building blocks | Atoms | SMILES |

| ... or enter it here |

< | GeneratefAdd molecule from SMILES >

%{%‘ Cloge
| |

The difference is that clicking on the | 33 ssuest 3 | in TmoleX will replace whatever you already had as

structure in the Builder, while adding SMILES to the Builder itself will act as adding one of the fragments or
structures of the fragment library.

The SMILES to 3D conversion is done using RDKit (http://www.rdkit.org/).

SMILES can also be processed in a list, see chapter 8.1.
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3.6. The 2D Builder

If you start the 2D builder, click on w10 open a new window of JChemPaint

Fle Edit View Atom Bond Tools R-groups Templates Help

(Sl () 511 il s

|| Insert

Draw your structure in JChemPaint and click on 'Get SMILES' or 'Get SMILES and close' to copy and paste
the resulting SMILES of your painting into TmoleX and the 3D builder (if open).

Detailed information about JChemPaint can be found on https://ichempaint.github.io/

@ Trmalnds
Fe Edt Teypsies Remds Dovms Took  lked

TR E] G 'l Ooen TMckecuder Bulder Nbsnmng  lecit| oL | remoter o | Wemaryusedfor Trckr: [NSNNRIIN st 0041330
v W Pt ! D N — T e
¥ [ TrakeaFroject B T T Py Py P R P
o Job_GED_L i Choses b Tenpate L Charge: Usz from nput v Apcly Tk Tenplate —,’J

I 5 . R T T Tl R P BT B P L

wew Cdt Toos DisleyTipe  Window il

Q@ i sl O |WE Foll g

2 v | o o i g o v |

M trerance |4

nsmmaw et phe. ”i :nmza‘.m 27 swmbercfbonds 28 - Charge T
l_.d 11045 243,36 gEml i
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3. The 3D visualization

3.7. Easy building: Paint tool

A quite handy way to build is the paint tool
View  Edit

@@

File
o

/]

which can be chosen by clicking on the ,Zl button or hitting the D key on the keyboard.

In the paint modus, select an atom or a molecule from the Molecules/Atoms section in the builder:

|_Buidngblocks | Atoms | SMILES |

|so|d|f]

[ | (Wil
|“L" alclnl_olslml
Uhliie ve O ol T 5 T = A
X (= iJiJAsI& &'ihl
RO | S m[s«lsbl'r.l:ju|
N - ENEYENENE ey
NN

Hybridization

| 5p3 (tetrahedral) va_HJ

J

l+ ,
toadda Cor to add a nitro

This will change your cursor to the element symbol: id
add -NO2

group, resp.

Click on the background to add the atom or molecule or click on an existing atom to replace it with the
selected atom/fragment.

Click on the
hydrogen
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3. The 3D visualization

3.8. Build complex molecules by merging fragments

a) Load two molecules, select one atom from each of two different fragments:

Bond/Atom Style
Labels
Edit additonal label

Invert selection
Measure distance

Translate
Rotate

b). Use the right mouse button and select the Merge option. TmoleX will join the two fragments and re-

arrange the resulting structure such that the overlap of the atoms is minimal:
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3. The 3D visualization

To merge two fragments which are not just connected by one bond, a
more powerful option is to merge overlapping atoms.

a) read in two benzene

b) move one fragment close to the second one. This can be done in two ways:

i) select one of the two benzene by double-clicking on one atom and then select the translate tool

(or hit w on the keyboard)

Hold left mouse button and move the fragments such that they overlap (switch to another direction

and/or use the 'along view' button to move in the direction of the monitor system of coordinates).

L Around View I Pivot at COM ]

Page 35/99




3. The 3D visualization

i) create a bond between two atoms, select it and change its length to zero
-
! »
.\. ,{,’ \ /' .\ l. Bond properties _
ll,' III . -/‘ \ ‘/' T\_.rpe Igmb - |
-  bewpea |I '|‘ Length (A) 2.751% >
./ \‘ | O ety '. . & | GuessLength ||  Guess Dihedral Angle |
' Measure distance . L] | [Freezelength || Scan Length |
® N l | [JFreeze Torsion || Scan Torsion |
iii) and even easier: Select two bonds of the two benzene rings and select 'Merge bonds'
The moved fragment should look like this: The zero-bond length method leads to:
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3. The 3D visualization

Double-click on the background (or hit the Esc key or use the left mouse button) to get to selection mode.

Draw a box around the overlapping part and select 'Merge overlapping atoms' from the right-mouse button

menu:

The trick to set a bond length to zero works only in cases where the selected bond is not part of a ring!
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3. The 3D visualization

3.8.1 Building step by step 1

Change to selection mode (q or ESC key or arrow button on the left side) if you are not already in this mode.

Select an atom:
* | ¥ humber of atoms & Number of bords 5 Charge 0,0

' o 3204 gjmet

Objects | ptomH (4)
| Atom properties

Edit

o2 A
g

z o883 A

Satrate J|.

| Building blocks | Atoms | SMILES |
v | Moleae =
¥ || scohels
| tbutanol,sdf
o | 2-propencl edf
{ | ethanol.sdf
1 geraniol sdf

On the right side the properties of the selected item (atom, bond, measure, etc.) are shown.
For objects which are hard to select with the mouse, the Objects chooser can help since it contains all

displayed objects, including measurements and constraints.

Atom properties
Element  H -\ Edit J
X ' 11274 |A
y 0.5254 A
z 0.8984 A
Charge T
Hybridisation | custom -
| Saturate || Arrange || Delete |

Most entries can be changed in the fields.
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3. The 3D visualization

Change the Element from H to C and also the Hybridisation to sp3(tetrahedral):

Atom properties
Element le - || Edit J
X . -1.127F : A
v 0.55= | A
z 0am= A
Charge o} .'
Hybridization |mmm ..I
Saturate u one bond L;J
| sp {linear)
| sp2 (trigonal) !_
| Building blocks | Atomy =02 (one pair) |
- - : -]
v |l Molecule | s (oo il .
v -di il zp3 (tetrahedral) b
|| 1-butanol.sd SP3d (triganal-bipylaidzl)
|| 2propenol,s 5p3d2 (octahedral) L]
J | ethanol.sdf

Next, click on | Saturae  to add missing hydrogens to the selected atom according to the given hybridisation.
NOTE: The saturate button does just add hydrogens to atoms with user-defined hybridisation settings. It
does not place them in a chemical correct way. Use the 'Arrange’ button next to 'Saturate’ to let TmoleX

guess a more reasonable arrangement of the added hydrogens.

— 5 X |4 Number of atoms 9 Number of bornds 8 Charge 0.0
CHED 2607 gimo!
ObJECts | Atom C (4) -
Atom properties
Element i » || Edt
® a7ss A
¥ nasrs A
z omas A
Charge
R = =
| satrate J| Arrangs | Deste
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3. The 3D visualization

3.8.2 Change bond length

Now the bond length to the newly created methyl group is set to a default single-bonded C-C length, but can
be changed by selecting the bond. Either enter a new value or let TmoleX guess the length according to vdW
radii:

Objects Bond[Atqm;l(l))] —[Atqm%]) -
Bond properties%l
Type | single - |
Length (A) 1.54%
| Guesslength || Guess DihedralAngle |
- S Length || Scan Length |
| [ Freeze Torsion || Scan Torsion J

The length and also many other things can be done by using the context menu of the right mouse button:
Hint: If you want to change a bond length (or an angle or torsion) and there are no bonds to select, simply

add a new bond between two selected atoms using the right mouse menu.

oA

— »
Bond/Atom Style »
Label »
Edit additional label
Measure torsion
Scanffreeze length
Scanffreeze torsion

BN !
dihedral angle

Change torsion

Add atom at center
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3. The 3D visualization

3.8.3 Change torsion

To change the dihedral angle, click on the middle bond or select three bonds (holding shift key will add

selections) which define the angle and then either use the button on the left that will show up or again the

right mouse menu:

['F o
yd

TmoleXProject; job_notRun_36

Bond/Atom Style
Label
Edit additional label

Measure torsion
Scanffreeze length
Scan/freeze torsion

Guess length
Guess dihedral angle

Add atom at center

Delate

b
]

The torsion around which the molecule will be rotated is being shown. Use the left mouse button to change

the angle — moving to right or up will increase the value, moving the mouse to the left or down will decrease

the angle. The value of the angle can be entered directly on the right side, and one can also choose if the

smaller or the bigger fragment is being moved.

TmoleXProject, job_notRun_3
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3. The 3D visualization

3.84 Change bond angle

To change a bond angle, select two adjacent bonds (shift-click for the second one) and either click on the

button on the left side or use the right mouse button to change the value:

— O X [ Number of atoms 9 Nmber of bonds B Charge 0.0
C2HED 46.07 gjmal
OPISEES | <mifile selected> =
Bond properties
Type single: =)
Length (&) L4315
| Guess Length | Guess Dhedral Angie |
[ [] Freese Bond Ande Il Sz Bond Angle J
Measure Angle
Bond/Atom Style
Labels
Edit addtonal label
_| Buiding blocks | Atoms | SMILES |
Invert selection 7
"sp|ﬂ|f_
Measure bond angle | e | n | 020
Ao | B ls | wial| & | v
Ratate | n | m mlsjp]s[uju;
=5 sl o lil_L_L_l
| = i | s | o | e | v e
BT - e | ® ENENEN 1 o | & |
)
Hybridization . -
{573 {tetrahedral) | X=H

The properties of the angle are shown and can either be changed by clicking on the left mouse button and
dragging the mouse or by editing the field:

Like for torsional angles, the small and big fragment option decides which part of the molecule is being

moved.
TmoleXPraject, job_notiun_2 U [ pumier of stoms 9 Mumbes of bords 8 Charge 0.0
..................... ' camso 2607 gjmol

an® [

" Objects | emulliple selecteds -
Change bond angle
Angle 1125838 =
(3 small fragment kg fragment:

(A0[RI EOO Nr

LILILJLILILJ
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3. The 3D visualization

3.8.5 Building step by step 2

Instead of changing an atom to a different element, to change hybridisation and use the saturate option, an
atom can also be replaced by a pre-stored fragment.

|’F (]

a0 [N el [ERIRR N\

Label

Translate

Bond/Atom Style

Edit additional |abel

Select bond partners

00000 —

i Open to edit

| ekt mmiiea budtnme Flid ne dran b colact §rirkhbomeies bitinm ratate MBS mecs whaal snam

Select an atom, use the right mouse button and click on 'Substitute with'.

Note: The fragments that are shown are the molecules of the user data base (or the default pre-stored
molecules after installation as shown here). When choosing Attach, the connecting atom — which was
marked as such when saving the structure to your fragment data base — will directly be substituted.

ML L LR

gav
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on the background, hit the Esc key or use

the M button.




3. The 3D visualization

Alternatively any other atom can be used as connecting atom:

; Atom properties
Bond/Atom Style ]
Label Element H
Edit additional label x -1.116
Translate ¥ -0.394
Select bond partners z -1.286
Substitute with 3 {CHIA-OH » Charge 0
Change element ¥ | amino_acds 2-propenol »
Coordinate * | carbonyls ) B .
As connecting atom hydrocarbons » | _geranyl ,
Arrange s b | _giyaidol .
RgEL: pah N O-isopropyl »
. * | -methoxy » Attach with custom atom
smal_common ¥ | _o-tert-butyl » L

. | 1-butancl.sdf
2| Z-pronenol sdf

Choosing 'Attach with custom atom' will open the structure of the fragment in an own window.

LJ _0Ox

Just click with the left mouse button on the atom (one of the hydrogens in this case) to select the
connecting atom.
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3. The 3D visualization

3.9. Pre-optimization
There are different options to pre-optimize a guess structure:
¢ Unselect all objects by clicking on the background

Use the right mouse button and select:

Add atom

Add molecule

Center moleculs

Saturate all g

Re-compute bonds

Set building blodk name

Set substitutive name

Select all

A very simple rearrangement which minimizes the overlap of the van-der-Waals radii of all atoms

¢ Byclicking on the [ Preort| button, different methods for geometry optimizations at semi-empirical
or force-field level are available:

4 Preoptimization settings >

Optimzation method: |t (GRN2 TS, Grimme grow 2018) w

Settings - Xth wth (GRNZ-¥TH, Grimme group 3018)

Max. no. of cycles MOPAC-AMI

MOPAC-AMICOSMO

MOPACFM3

Usze internal redund  MOPACMNDO
MOPAC-MINDO)3

| UFF{universal force fisld) Cancel

Charge:

Run

Ready o start pre-optmizaton,

Default is to use the xtb module (extended tight-binding semi-empirical program) from the Grimme
group in its TurBomoLE implementation.

Details about the method can be found here: http://dx.doi.org/10.1021/acs.jctc.8b01176

Another option is to use MOPACY7, which is included in the default installation of TmoleX. Available
methods are AM1, PM3 and MNDO.

UFF — a universal force field as implemented in TursomMoLE
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3. The 3D visualization

The window opened by the Pre-Opt button provides several options.

V|? Precptimization settings

Optimization method: | .ty {GEN2-%TB, Grimme group 2018) + |

xth (GFNZ‘!:TB,k' group 2018)
MOPAC-AM1

MOPAC-AM L{COSMO
MOPACPM3
Use internal redund  MOPAC-MNDO
MOPAC-MINDO/3
UFF{universal force field)

Settings - Xtb
Max. no. of cycles

Charge:

Run

Ready to start pre-optimization,

100

o

Cancel

GFN2-xTB is the default as it offers geometry optimization of molecules and cluster containing
elements from H to Rn. AM1, PM3, MNDO, MNDO/3 are the available methods provided by MOPAC
(they all are parametrized for a certain number of elements). AM1/COSMO is the default setting for

COSMOtherm input files at BP-SVP level (first do a geometry optimization at this level and then a
single-point DFT calculation with COSMO and SVP basis set). Unrestricted calculations can be done

with UHF for MOPAC jobs, guess structures for transition states can also be searched. A molecular

charge has to be entered to calculate ions.
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3. The 3D visualization

3.10. Labels and Measurements

Labels for atoms and bonds as well as measures of lengths and angles can be switched on or off for the
complete structure or individually for each object.

¢ Display labels for all atoms or bonds

In the 3D viewer select Tools — Settings and switch to the Labels section:

#F Viewer Settings X

| General | Malecule [Eb;| COSMO cavities | Properties | Path | Grid | Misc |

Atoms
|| Show label
| Mumber  |w| Symbol Charge User gefined
m Text Show-background Backgrolnd
Bonds
Show label
= i s

Load Defaults 1| Close || Apply || Save

For atoms the atom number, the element symbol, the charge and additional text (which can be
entered by the user with the right mouse button menu within the viewer window) can be displayed.
Depending on the background colour and the colour of bonds and atoms the labels can be hard to
read. The background settings here refer to the background of the text field only.

* Todisplay labels of one or several atoms/bonds only, use the right mouse menu:

N Transiate

Select bond pariners
Substitute with »
Change element »
Coordinate »
As connecting atom
Arrange

Saturate

Paste

Copy

Cut

Delete

Own text can be entered in the second item of the right mouse menu. To add or remove labels for
several atoms or bonds, just select several items and then use the right mouse button for the
selection.
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3. The 3D visualization

* Measures can be added with the right mouse menu, what is measured depends on what you have
selected:

© select two atoms: measure distance

Bond/Atom Style
Labels
Edit additional label

Invert selection

Translate
Rotate

Scale

Substitute with
Create bond

© select two bonds: measure angle

BondiAtom Style
Labels
Edit additional label

Invert selection

Translate

Rotate

Scale

Scanffreeze bond angle

Change bond angle

Swap bonds

© select three bonds: measure torsion...

Measures can be selected and deleted with the Measures pull down list:

Objects  Measure: 3.87A -

Measure | Measure: 3.87A ¥ ||_Delete |

Page 48 /99




3. The 3D visualization

3.11. Moving, Rotating, Scaling

It is often helpful to move or rotate parts of the molecule to a new position. This can be done within TmoleX

with several powerful possibilities, but the usage is not self-explaining. So here are the options:

* Select several atoms,

hold shift key and select the atom around which the rotation shall be done. The last atom that is

selected will be by default the centre of the rotation! Use the right mouse menu or the button

@ or the key 'e' to switch to rotation mode.

k { | TmoleXProject, job_notRun_38

A [ el D OI@

Rotation of the selected atoms can be done using x,y,z axis as rotation axis. In addition to that, the

yellow circle indicates the rotation around the axis that is perpendicular to your screen — at the
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3. The 3D visualization

moment you activate the rotation mode. Use the right mouse button to rotate the view, the middle
mouse button to move the camera and the scroll wheel for zoom. Those mouse movements will not

change the coordinates, just the view.

To rotate around x,y, z, or the initial view direction, use the left mouse button and drag the mouse.

Rotate tool

X 0= PivotX 1.263 =
¥ 0= PivotY 0.788 =
F 0= PivotZ -0.208 =
View o=
Around View Pivot at COM

Use the coloured buttons on the right side of the window to switch the rotation axis, or click directly
on the coloured circles.

The 'around view' button will reset the yellow 'view' rotation axis to your current viewing direction.
Note that rotating the view with the right mouse button does not change the rotation axis!

The 'Pivot at COM' changes the centre of the rotation to the centre of mass of the selected atoms.
Rotation angles can be entered (in degrees) to the corresponding X,Z,Y, View fields. The center of

rotation, i.e. the pivot, can also be entered manually if needed.

Note that the selected atoms which will be rotated do not have to be connected.

Moving atoms or fragments is very similar to the rotation procedure described above. Select the

atoms that shall be moved and use the right mouse menu (Translate), or the button @ , Or press

the key 'w'.

Hints:
o Double-click on an atom to select the whole fragment (all atoms that are connected by bonds).

o There is an option 'Select bond partners' in the right mouse menu which extends the selection

around each already selected atom to its next (bonded) neighbours.
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3. The 3D visualization

Fle View FEdit Tools Display Type Window Help

ealid @ | ®, | ® | g radients Vib, Modes - O ol e Sean | ) Periodi
o @e 'f'l A ==|;n;‘- QD sl s b.Modes | Internal Coords .,m-.l'% [BlPemd.lcl
| TmoleXProject, job_notRun_38 — 83 X | number of atoms 12 Mumber ofbonds 10 Charge 0.0
-
Translate tool
x 0315
¥ L12%

0.36%

20 [ (el OR8N

00000 |

|left-mouse button: Click 3 handle and drag to translate the selection | right-mouse button: rotate, MMB: move, wheel: zoom | |

Again, change the direction of movement either by clicking on the coloured buttons on the right side,

or by clicking on the coloured arrows.

Note:

©  Holding the left mouse button and moving the mouse to the right or up will move along the
positive direction (plus x,y,z values), and moving the mouse down or to the left will decrease the
coordinates — no matter from which direction you are looking at the structure! This can
sometimes lead to the fact that moving, for example, the mouse to the left will move the

fragment to the right (because you are looking at the structure from 'behind’).

© Again, in addition to the absolute directions x,y,z, you can move the selected atoms along the
direction that corresponds to the 2D coordinates of your screen: Right/Left and Up/Down. Click

on 'along view' to reset the Right and Up direction to your current view on the structure.

¢ Finally, the scale tool ﬁ (key 'r') scales or resizes relative distances between atoms. Add a

benzene ring, select it, and use this tool to see what it does.
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3. The 3D visualization

3.12. The gradient viewer

Once you have completed a geometry optimization, you can open the gradient viewer from the results panel.

A Tmole 2002 - TmoleX - m] 4
Fle Edt Templates Resdls Exias Took  Helip

E = ‘gf‘ommndmm Jobsrunning.  focali| 011 | remotes | 0 | Memory used for  TmeoleX: System: | 0,0/34123,4M8 |

Geomelry Conyerpenoe Crterla

Sconvinfo = OrbtaliDensty Mot |
energy change : actual value = -0.6150E-07 threshold = g
= = o \'_ Gradents
geom. gradient : actual value =  0.1721E-04 threshold = == )
o
Energy Trw scheical Proo
totel =nergy - —232,07657502678 SCF Popiation Properties |
kinectic energy ol 229.2903392105% o
potencial emergy =  -461,36631423736 9 A0 (o n Molecudes) |
L4

. Showe Flots
t 1 SCF energy = -232.0757937330 IdEfaxyz] = 0.018786
= z CF emergy = -232.0 [dE/dxyz| = 0.003L181 iz e
- 3 5SCF energy = —232.0T65T45656 IdE/dxyz| = 0.0001%6 .
o 4 5CF energy = =232.07€5750271 JdE/dxyz| = 0.000045
ot S SCFE energy = ~232.0765750271 |dE/dxyz| = 0.000044 . mn Spectr
S
What next
Start news job with cuent cata
Save a4 job tanplate |
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3. The 3D visualization

The total energies for the optimization steps can be viewed here. Click on a circle to visualize that step.

Tools Display Type Window Help

View Edit
P Q@ %% W QO [cwen b

File
= Internal Coor ‘:f'ﬁjder|=0rbitalﬁewer|§_;-..-, ]@pmd
W J TmoleXProject, job_GEO_1 (gradient) _Qx|¢ Mm;gofamms 15 MNumberofbonds 14 Charge 0.0
»
A fecty, | Gradient |
Gradient
Arrows [7] visble
Arrow scale 5y =
— Energy -233,47052
lol
fﬁ 233452 |,
\
223454 | |
o 233456 | |
B 233458 | |
&
-R 233,460
233,462
\
-233.464 \
q-.
-233,466
-233.468 %
-233.470 e
233,472
12345 6 7 8 9 101112
|| Calculate bonds
00000 @ o —
| left-mouse button: Click or drag to select | roht-mouse button: rotate, MMB: move, wheel: zoom J
=

The different geometry can also be viewed as a movie by using the play buttons or moving the slider. The

smaller < and > go stepwise back and forth. It is also possible to click on one of the circle in the graphics on

the right which plots the total energy vs the geometry cycle.

The 'Calculate bonds' check can be set to re-check the bonds with respect to the atom distances in each

step.
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3. The 3D visualization

3.13. Surface plots of Orbitals, densities, fields

Once you have converged molecular orbitals, TURBOMOLE offers the possibility to write different properties on
a grid for a visual post-processing. This is reproduced in TmoleX interactively starting from 'Orbital/Density

Plot'.

@ Tmole 2002 - TmaleX - 0 *
Fle Edt Tempistes Resds Extiss Tosk  Help
Pal™ SV - )
5 EH = 4 o Droea suds Jobarunning Jocal:|  0j11 remate: | 0 | Memory used for Teoiex: [ECISNSEANEN)  Svstem: | 0034123418
¥ [ Fropciist
¥ [ TmoleX !
————— Charge: Use fom reut ¥ | Apply Job Template |
= Jeb_notRun_2
Job Results e[ _ich Cam [ o i |
Type of Calnfation Geometry Optimization Status 5CF Converged SCF Convesgerce Open Fiies
HOMOLLMO gap 5138 | =¥ Qutput
Sttus geomelry  Converged c Enengy
Geomelry Conyergence Criteria Open -\F\"F[
e & oaibeaty ot
energy change : actual value = -0.6150E-07 threshold =  0,1000E-05 i
geom. gradisnt ! actual value = 0.1721E~-04 threshold = 0,1000E-02 — _-q L
Sreray
total =nszgy - —232,07657502678 SCF Popudaticn Sroperties
kinetic energy =  229.2903392105% Dok Horents
potencial enexrgy = -d61,3665142373¢ @ AT (Bloms n Moiecules)
»
= = Show fots
jaEfaxyal = 0.
AE duy=z| = i
JeE/dwyz| -
aE/dnyz| = E
JdE/ dxya| ||
=
What next
Etart e job with cument cata
Save a2 job tenplate
<< Previous
Manage Jobiz] |
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3. The 3D visualization

The new window which opens allows you to generate 3D data for visualization as well as to start the 3D

viewer with previously or newly generated data:

ghs 3D-Visualizer job_GEQ_3 - O b
Choose Molecular Orbital(s)
Sel. No Spin Sym. Energy[Hartree] Deg. Oce. HOMO/LUMO quick high-res
Zf du Lid u.usud L u LU + 2 \g} \%’ [ )
2 ab 26a 0.0652 1 0 LUMO +4 W L
25 ab 25a 0.0651 i 0 LUMO +3 3 L
24 ab 24a 0.0278 1 0 LUMO +2 f=3 LB
23 ab 23a -0.0458 1 0 LUMO +1 W L
22 ab 22a -0.0453 i 0 LUMO 3 L
21 ab 21a -0.2343 1 2 HOMO f=3 LB
20 ab 20a -0.2343 1 2 HOMO - 1 W L
13 ab 19a -0.3069 i 2 HOMO - 2 3 L
13 ab 13a -0.3068 1 2 HOMO - 3 f=3 LB
17 ab 17a -0.333% 1 2 HOMO - 4 adk 2wk | »
Choose Density and Electrostatic Properties
Sel. Plot-propertyname Plot-filename quick high-res
Ground state, total density td B || wr
1st derivative of total density t1 .‘é} Il a,é}
2nd derivative of total density t2 Wk I W
Laplacian of total density i} Wk Il ik
Kinetic energy density it .‘é} Il a,é}
Electrostatic potential tp Wk Il W
Electric field tf wlk I ik
Gradient of electric field tg .‘é} Il a,é}
Electrostatic potential color-coded on density isosur... tp_td Wk I W
ELF (electron localization function) te Wk Il ik
File format © .plv/.plt Jdix
View all in one | Calculate selected || View selected I Close

The upper section is the list of molecular orbitals, the lower section is for electrostatic and density derived

properties.

For each of the properties there are two options: 'quick' and a 'high-res'. The first one is to generate the data
on a coarse grid to keep the time for generating the 3D files low. This is useful to quickly check the shape
and position of orbitals, densities, etc. The second option generates the data on a finer grid, generating
smoother surfaces, but can require significantly more CPU time to generate the data. This is recommended

for graphics aimed for publication.
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3. The 3D visualization

There are three possibilities to generate 3D data:
1. directly click on one of the buttons 3% and TmoleX will directly start to generate the data.

2. set checks in the first column for each orbital and property you want to visualize and then click on

¥ Calculate selected J
x
Choose Molecular Olbilalls_]
Sel, ] Spin sym. Energy[Hartree] Deg. e, HOMOALLIMO quick high-es
= S S e
69 a 6% 0.0056 1 0 LMo + 4 | ﬂ' | ﬁ |
&3 £ =0 -0.0253 1 a LUMO 4 3 L& | & |
&7 abh &7a -0.0338 1 0 LUMD 4+ 2 N
] 66 b =) -0.0525 1 0 LUMO + 1 B ) &
] 65 L 58 -0.0615 1 0 LMo _3@_ _'_ |_-}_ J
[v] 54 B B4 02033 1 2 Homa S
™ 63 E 633 -0.2256 1 2 HOMO - 1 L %
62 ah 623 -0.2310 1 2 HOMO - 2 | a3 |
61 o 6la -0.243 1 2 HOMO -3 & & |
] ] 602 -0.2533 1 2 HOMO - 4 (I X
t:_pooue Derlqln' and E_Iemmatallc_ l-‘r!_)Dcmes
| e Plot-propertyname Piot-flename quick high-res |
[v] Ground state, total density t | & ] = |
1st derivative of total density H | o J ] |
nd derivative of total density -] ] " k] I
Lapladian of total density u [ ] & |
Kinete energy densty it | o -g- .
Electrostatic potental o | o - |
Electric ficld # | =y ] & |
Gradient of electric field g | o ) ] |
Electrostatic potential color<oded on densty sos...  tp_td o | o |
|
iew al in ane Ealn.lamselectedi\ | Wiew selected Cloge

3. as usual, a right mouse menu is available. Simply select one or several lines in the tables and click

on the right mouse button.

Choose Molecular Orbitals)
i sel, o spin Sym. EnergylHartres] Deg. o, HOMO/LUMO
- & b s 0.005 1 o WMo 44 £
= ] ab &8a 0.0253 1 a LUMO +3
&7 ab &7 0.0339 1 a LUMD + 2
| =3 ab & 00525 | [ LUMO +1
] 65 ab 65 0.0515 1 [ LM
] & ab &2 chmr ik i 2 HOMO
] 63 ab ‘63 Sl 1 2 HOMO - 1
= 62 ab 62 | view | 2 HOMO - 2
] 61 ab 61a e 1 2 HOMQ -3
& ab 60a 5 1 2 HOMO - 4 .
CI‘:lm:l_se Ii)gn_slly a_n_d_ F?_lect.ms_la_Lil:_ Pr?EEII_Eg§
| sa Piot-prapertyname Fot-Flename quick high-res
Ground stale, total density l & | w5
11 derivative of tatal density 1 = | &
2nd derlvative of total density 2 = | Wi
Leplacian of total dersity d & | i
Kinetic enesgy density n & | i
Bectrostatic potential p d | o
Bectric field [} . d | 4
Gradent of slectric field e o | i
Bectrostatic potential color-coded an density s0s...  tp_td o | o
Vi allin one Calcuiate sslected View sslected | Close
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3. The 3D visualization

If you choose several options like orbitals, densities, electrostatic potential, etc., each property will have its
own progress bar. All properties which require solving integrals like electrostatic properties, densities and
their derivatives are quite expensive. Especially for larger molecules, generating 3D plot files can take

(much) longer than the single-point calculation or a geometry optimization!
When the calculation is finished, the orbitals or properties can be selected for visualization. Several
properties can be displayed in the same window. Check the memory usage of TmoleX from time to time

when using this option!

Just click directly on the buttons which have now a green check to show that 3D data is already available for

visualization:

i -2 L= . =
= WMo +2 | W W
] LUMO + 1 -
i — L+ I+ |
! HOMO

! - \ j%ﬁ v |
e L
: HOMO-3 | a3 | |
: HOMO - 4 I -

Alternatively, use the right mouse button or the selection column and the 'View selected' button.

E x
File Wiew Edit Took DisplayType Window Help
Pl ~) *@l% =R Q0 R,ISI(_-,E; radents | o o | anemal Coords |‘,{'-amuu|=nrum\rm ES = | rewic
4 HOMO(high-res), job_GEO_2(plot}, TmoleXProject — 03 % |4 pumber of atams 21 Number ofbonds 21 Chargs ¢
1]
=
Chjects | cnpthing selected > -
sh 478 0238 1 2 HOMO
| Dplay |isosurface 4=
:I'"\at [=D.4747517] 0.022 5
-
0000 & oo
Jlt J
Do Iy
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3. The 3D visualization

There are a lot of options and possibilities when visualizing 3D surfaces. The most important things are:

* while it can be annoying that the full 3D grid is being calculated, which can be very time consuming,

TmoleX can now use this data to generate the 2D surface for a given iso-value on-the-fly.

Use the slider or the field for the iso-value to change the threshold.

¢ The 'Display' options are:

o

o

isosurface — use one iso-value to plot the surface at this value

cloud — plot each point of the 3D grid which is within the Min and Max value. The colours of the
points depend on the Min-Max range.

Isoplot — plot a plane (or an arbitrary surface which can be given as implicit equation like
x"2+yr2+z"2-4. Avoid blanks and let the mouse pointer rest over the field to get some help)
coloured with the value of the chosen property. Colour depends on the Min-Max range. If you
see nothing, not enough, or not enough colours, change Min and/or Max value.

Isoplot again — click 'on isosurface' and a file chooser will open. Click on e.g. td.plt (total density)
and set an iso-value below. This will result in a 2D surface which represents the iso-value of the
density and the colour on the surface is given by the value of the chosen property at that points.
Typical example: open electrostatic potential, use the isoplot option, choose td.plt for the total
density and set an iso-value. This will give a typical picture of a electrostatic potential on an
density-isosurface.

Isosurface +/- — plots two iso-densities: one at the positive value and one at the negative value.

A typical molecular orbital picture.
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3. The 3D visualization

3.14. Plotting Natural transition orbitals

TDDFT natural transition orbitals can be generated for job types which calculate excited states using TDDFT
(full RPA or within the Tamm-Dancoff approximation TDA), e.g. after a “UV/Vis and CD (vertical excitations)”
job. The 3D orbital plot window will contain a list of excited states and offers the possibility to generate
natural transition orbitals for one of those states.

Natural transition orbitals

| Calniate Sel. Number Freq [nm] Osc.str, high-res
1a 434,1160 0.0024 o =
2a 396.7850 0.0147 &
3a 369,3930 0.0014 )
4a 353.0320 0.0247 ,g:- -

: View Sel. Mame Spin snguiar value Yocontrib Symmetry high-res

File format © ohv/pit dix
View af in one Caloulate selected View selected | Close

3D plot data (plt files) for NTOs can be generated as usual by clicking on the button of the excited state. The
lower part of the table will be filled with the occupied and virtual natural transition orbitals:

Natural transition orbitals
Calculate Sel, Number Freq [nm] Osc.sir, high-res
1a 434,1160 0.0024 b A
2a 396,7860 0.0147 | v
3a 369,3930 0.0014 b
4a 353.0320 0.0247 &
—_— n
| View Sel, Mame Spin singuiar value Secontrib Symmetry hagh-res
nto_occ_1 ab 0.9976 99,524 a v o
nto_vir_1 ab 0.9975 99,524 a v
nto_occ_ 2 ab 0,045%6 0.246 a 4
nto_vir_2 ab 0.04%5 0.2496 a 4
2 -
File format © .phvf.pit Ldix
Yiew all in one Calculate selected View selected | Close

In the example shown above, the 2™ excited state at 396.8 nm has been selected, resulting in several
natural transition orbitals. The “%contrib” column shows the percentage of the orbitals contributing to the
excited states. The occupied NTOs are named ‘nto_occ_<number>" and the virtual ones ‘nto_vir_<number’.
To visualize the transition (from ‘occ’ to ‘virt’ using the same NTO number), the first two entries can be
selected and visualized.
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3. The 3D visualization

Visualization of natural
transition orbitals from a
] TDDFT excited state

S e F T s R et . ~7, calculation. Transition
from the nto_occ 1 NTO
to the nto_vir 1 orbital.

3.15. Vector plots

Vector fields can be visualized too, the best way to get an idea of the field depends on the property. Most

options are similar to those described above.

Objects (<nothing selected= | - |

Max [<541.17365] [ e
=
Min [>34574777€-4] | 03
w!
Segments 20,0 00’3:
Continuity 000
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4. Properties

4. Properties

4.1. Vibrational frequencies

If you have an optimized geometry, you might want to follow it up by a frequency calculation, either in order

to check, if you are in minimum, or because you are interested in the IR spectrum.

W Tmolei2022 - TmaleX.
Fie Edit Templates Resuls Extras Took Heip
e = E “" Opan 30 Molecular Suider Jobsrureing  local: | Oftd remate: | O
¥ [ Froectist i _)_¥—
¥ [ TemoleX ’ B O R =y
o job GEO 1 Choase Job Tempat (3 Charge: Ust from nput
jeb_notrun_3 | — —
| | Start Calculation
o typ
Geomelry Cplimzaton B
e R At bl B T B vibr atior fequences
Sngefont | VD - Virationsl Grosar dickrcian
W es and COfver teal exctatians)
e Boint Frcpar
Siwgle Point Propeslies MR shisidings
Population Andyses | MMR Spin-Spin cousling constanls
Raman & vibrational Feguendes
Patertial Energy ScanFES) gl Sk i
Optical rotatians | dynamic polarzabiity
Trensition State Search B0 gpane aolazabiity
Templates | Domamic first hyperpolarizabiity
Static first hyperpolarizanity
Baitch pr 3
Fraguency enalyais
100 Al frequendes Laviest sgenvaiies
Ho, of frequendies
Mumericaly
Currently auoperted onLnux syatems only
<< Previous
Manage Jon(s) —

Memory used for  Tmoleh:

110,6/133,4 M3

Appiy tob Tempinte —?

Systes:  0,0/34123,3ME

sethad

Lol DFT
Funchord  bep

Besis set def2-TIWP Symmetry 1
Corvergence Parameter
Enengy 108 Density
Show Notes:
Lo recouniess
Memory used for s00.0. | MB
Dk a ME for HE

No. of CPUs

7] oetete soratch files after run

Save mrd Run

Ram {local)

Run (network)

Choose 'IR & vibrational frequencies' in the 'Start Job' panel and click on Run.

In addition to analytic 2" derivatives, TURBOMOLE is also able to perform 2" numerical derivatives for all

properties which have an analytic gradient implemented. For post-Hartree-Fock calculations, the numerical

option is chosen by defau

It.

NOTE: 2™ numerical derivatives can not be performed with the Windows version of TmoleX. Please submit

such jobs to (remote) Linux systems.
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4. Properties

To visualize the vibrational frequencies and/or to distort the structure along a vibrational mode, start the 3D

Viewer by clicking on the 'Vibrations' button.
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Select a specific mode and click 'play'.

TmoleXProject, job_SP_16 (vibrations)

— 3 % |1 Number of atoms 23

MNumber of bonds 29

Objects  vibration

Select one or several modes first. Use the play buttons and/or the slider to see the vibration.
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12 a 128.16 1112831 YES YES
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17 a 24117 0.12354  YES YES
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2 a 327.85 1,50038 YES YES
23 a 337.42 12.16861  YES ¥E5: | o
| Play Stop
Arrow scale 50% Amows | |vishle
Amplitude 1% | Frames 4%
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4. Properties

4.2. IR spectrum

Use the | IR Spectrum | to open the IR spectrum:

4 IR spectrum C\Users\ TmoleX\job_5P_13 X
File
| Graphics | Tableoriginaldata | Table calc.envelope function
Unit 1fem - ~ | =10

17 il
E = | Il" =
5td. dewviation &0
Min, x-axis (i} 110 '“'.
Ma. x-axis 3 L,000 I
' ] i = 900

Frequency shift 0.0 g 300
Sampiing paints 5900 = 700 |
[7 Broadened by | Gaussian ) Lorentzian “-; 600 ||' |
7] Line spectra % 500 = / I|I

Caloulate min max | g X / { \'\ o I'. M
Sl £ 300 o~ R 1\
Visual settings. 200 - / \\_ /f % //

: i N -
Width i . 100 e . . k ~

I e o 03 e il ] Lot f | —/I : &__

0 500 1,000 1,500 2,000 2,500 3,000 3,500
1/um

Standard deviation for the broadening Gaussians or Lorentzians, a frequency shift, number of sampling
points, etc. can be entered. The tables with the original data (line spectrum) and calculated data (points that

define the broadened lines) can be used to copy and paste the data to a spread sheet or a statistics
program.
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4. Properties

4.3. Nuclear magnetic shielding

For the calculation of nuclear shieldings choose this job type and simply run it.

Geometry Optimization
Spectra & Excited States | IR & vibrational frequencies
Single Point WCD - Vibrational circular dichroism
U fvis and CD{vertical exdtations)
Srale PontPropertes b m
Population Analyses P | MMR Spin-Spin coupling constants
. Raman & vibrational frequendes
Potential Energy Scan(PES) P
Optical rotations [ dynamic polarizability
Transition State Search P Static polarizability
Templates P Dynamic first hyperpolarizability
Static first hyperpolarizability
Batch processing P

In the 'Results' panel you can see the shielding constants in a text window.

4 TmoleXz022 - TmoteX - o *
Fle Edt Temolales Resits Extas Teok  Heb
g2 E “s%™ Open 30 Molenjar Bukder bsruming local:| 0711 remote; | 0 Memory used for TmoleX; | 167,9/229,6 M8 System: 0,0/34123,4 M8
v P ALt o
[ Prosectist >
¥ [ Tmolex '
b_GED)_ a0se Job Ten it w | Appéy Job Temp
o b GO L chaose Job Tempiate A b Template
o Joh GEQ 4 =
" Job 5 Job Results |
« joh_SP_7 - = -
FibE S Type of Cakulation Single Point Caleulation Converged RO Conppogen Epenies
« job_GED_13 T4UMO gap 4211 &Y Dumut
" Job_5P_13
S = 2
Enesgy Bpen Viewer
total energy = =115 | = Orbits Dersity Piot
=  1148.57381263231 =
= -2307.85277420603
SCF Popudetian Froperbes
& A faroms n Molecwies)
- ;
Snmr dfc shisldisg = | 1R Shiekdings r
1 a8 1
& o ; »
3 n 1 a
4 & 1
I : Show Plots
3 c
& e 1 =
7 e 1
g1 oo 1 -
$ o 1 =
10 o 1
11 (=] 1 u:.
127 o 1 o
13 @ 1 -
14 = 1 =
15 o 3 =
16 o 1
I h 1 S2art: new o wash currant data
e % Save as job template
<< Previous |
anage Jobis] :

Copy and paste the values to a spread sheet for further usage. Note that to get the NMR shifts, you have to
do a calculation also on the reference molecule (like TMS for carbon) with the same method and basis set.
The NMR shieldings can also be displayed as labels in the viewer, click on 'NMR Shieldings' to open this

view.
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4. Properties

4.4. UV/Vis and CD spectra (TD-DFT)

A TD-DFT calculation is set up like a normal DFT calculation. Then choose 'Excited States' in the job

selection

Geometry Optimization

Spectra & Excited States B IR & vibrational frequences
snge Point B VICD - Vibrational droular dichroism

UV/Vis and CD{vertical exdtations!
Single Point Properties NMR. shieldings *

Population Analyses | NMR Spin-5pin coupling constants
Raman & vibrational frequencies
Optical rotations [ dynamic polarizability
Transiion State Search | gia5c polarizabiity

Potential Energy Scan{PES) P

Templates p Dynamic first hyperpolarizability

Static first hyperpolarizabiity
Batch processing

This opens a new option section for the job. Select singlet or triplet, either full (RPA) TDDFT or using the

Tamm-Dancoff (TDA) approximation, the number of excitations, and run it.

Excited states

O Singlet Triplet RPA-Random Phase Approx. w
Unit | nm -
Al IRREPs  Mumber of excited states per IRREP: 5

[ select IRREPs

for current symmetry: cl

IRREP A
Mo. of exdtations 5
Meeded for uv +Co

The spectra can be opened with the CD or UV/Vis Spectrum button.

Show Plots

m 1V Vis Spectrum

m CD Spectrum

iy
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4. Properties

The UV/Vis spectra can be visualized in a similar way to those of IR as described above.

& UV/Vis spectrum C\Users\ TmoleX\job_SP_24
File
| Graphics | Table orignal data

nm

Table calc.envelope function
Unit

Std, deviation 7
M, x-a0s 100.1955
Max. x-axis 788.8032
Frequency shift 0.0
Samping ponts 1600

" Broadened by {0) Gaussian Lorentzian
[7] ure spectra

Caloufate min max

Visual settings
Width ine {Line spectra)

Calouiate Color

|t
' R=240 G=43B=40

Emission

Absorption R=15 G212 B=215

Oscillator strength

0.45 |

2
s
a

£
i
o

o
[
&

3
i
0

0.20 |

=
e
om

£,
-
o

150 200 250 300 350 400 450 500 550 600 650 700 750
nm

8.
o
[}

In addition to the spectrum, the colour prediction tool of TURBOMOLE can be used to predict the emission

and absorption spectrum. In the example shown here, indigo in water has been calculated, using PBEQ

functional. If the number of excited states is chosen such that the whole visible spectrum is calculated,

TmoleX will show the predicted colours. Otherweise, TmoleX will print a message that the spectrum is either

not complete, i.e. the number of computed excited states was too low, or the prediction is colourless

(transparent).
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4. Properties

4.5. NMR Spin-Spin coupling constants

Spin-Spin coupling constants at HF and DFT level can be calculated in the Start Job panel by selecting the
appropriate entry.

| Start Calculation

Job typ
Geometry Optimization B
Spectra &Exdted States B | 1R & vibrational frequendes
Single Point VCD - Vibrational arcular dichroism
UV Vis and CD{vertical exdtations)
Single Point Properties NMR shisldings
Population Analyses I' Sr.;'\‘-S;lﬂ coupling constants
. Raman & vibrational frequendies
Potential Energy Scan{PES) b
Optical rotations [ dynamic polarizability
Transibon State Search B | static palarizability
Templates | Dynamic first hyperpolarizabiity
Static first hyperpolarizability
Batch processing P .

HNMR Spin-Spin coupling constants

7] Atomist or Blements 1 Atoms | %™ Select atoms (Fragment 1) O Elements 11 c

Atomést or Bements 2 " s

simple (FC +FC/SDaoss term) () Options  [F]Fc [F)sp [Fpso [FPsO | | nofcsdooss

Threshold g1

The calculation of all coupling constants between all atoms using the full theory including all terms can be
quite time demanding, while usually only a subset of this data is needed to compare with experiment. Hence,
it is recommended to select only those atoms or elements, coupling constants are of interest.

¢ Atomlist or Elements 1
Select either a list of atoms (using the 3D Builder, | ‘o™ seiect atoms Fragment 1) ) or one or several

elements (by setting checks in the Elements section).
Only those atoms/elements will be considered for the spin-spin coupling constants calculation, all
possible pairs from the selection are generated.

¢ Atomlist or Elements 2
To further reduce the computational effort, this list of atoms or elements defines the nuclei to
calculate right-hand side integrals for.

¢ All four terms to calculate spin-spin coupling constants according to Ramsey can be switched on or
off individually:
©  Fermi-contact (FC)
o spin—dipole (SD)
o paramagnetic spin—orbit contributions (PSO)
o diamagnetic spin—orbit contributions (DSO)
In addition the FC/SD cross contributions are included in the full tensor unless the ‘nofcsdcross’
option is activated.

* Only coupling constants larger than the selected threshold (default is 0.1 Hz) are printed.
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5. Constrained optimization and Scan jobs

5. Constrained optimization and Scan jobs

5.1. Defining fixed internal coordinates

TmoleX allows to define internal coordinates. Bonds, bond angles and torsions can be fixed within the

builder.

To define a constraint, select one, two or three bonds:

¢ select one bond, click on the right mouse and choose Scan/freeze length:

Bond/Atom Style 3
Label 3
Edit additional label

Measure torsion

Scanffreeze length

i

Guess length
Guess dihedral angle

Change torsion
Add atom at center

Delete

On the right the options for freezing a bond length are show:

To delete constraints, select here and

|| Mark for scan

Start 1.534
End 1.534
Step size i}

1.5343466

Current

Current
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5.1. Defining fixed internal coordinates

option:

Select two adjacent bonds, click on the right mouse button and use the Scan/freeze bond angle

4 TmckeX visualization
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Again, on the right side you will get the same options for scan jobs as shown above.

Select one or three bonds to freeze a torsion. If you just select one, TmoleX will take just one of the
possible torsional angles. If you use the 'Change torsion' or the corresponding button on the left side

of the window, the value of the internal coordinate is shown and can be changed as usual with
dragging the mouse while keeping the left mouse button pressed.

s TmckeX visualization
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5.2. Use internal coordinates

5.2. Use internal coordinates

TmoleX will automatically generate a list of internal redundant coordinates if you accept that when being
asked for. If you use constraints or scan jobs, internal redundant coordinate usage must be activated when
starting a geometry optimization!

Be careful with linear combinations (several lines of definitions for one internal coordinate) — while they can
be fixed, this is usually not what one really wants!

There is a possibility to visualize the set of internal redundant from within the Geometry panel.

5.3. Start constrained optimization

A constrained search is automatically done if a usual geometry optimization job is started while having
internal (or Cartesian) coordinates fixed. TmoleX will show a message in the panel whenever such jobs are
started:

4 TmoleX2022 - TmoleX == [m] x

File Edit Templates Resulis Extras Tools Help

el 2k E 8™ Open D Molecuiar Buider Jobsrunming  local| 011 remote: | 0 Memory used for TmoleX: | 177,8/243,3 MB System: | 0,0/34123,4MB
v TmaoleX, : I B B B P e e e e e e
" job GEO 1 Choose Job Template b Charge: Use from input » ———  Apply Job Template
" job_GEO_4 .
o job 5P 5 | Start Calculation |
o job_SP_7 Method
Job typ Metod
o job 5P 8
RO 2 Level DFT
' job_GEO_12 Geometry Optimization B Ground state
& job_SP_13 Functional  b-p
o iob_SP_14 Specira &Excited States p
B jobrotwun_15 || o
- - | Sirgle Poinit
= g Basis st def-SV(P) Symmetry C1
Single Point Properties i
Popuiation Analyses Energy 10
S Caubon; constrant geometry!
Potesibal Eneray ScnlPes) You have fixed intemnal coordinates.
Transition State Search
Templates B
Lis= resource:
Batch processing
Memory used for so0.0 | MB
Iptions Disk 1} ME for HF
Convergence ritera No. of CPUs
Energy 6 107 'Hartree [T Delete scratch fies after nn
Gradient norm 3 (defduyz] = 107 Hartres Hobe
Max. no. of cydes 50 Save and Run
Run (local)
Incude weight dervatves
Save
Run (network)
| << Previous
Manage: Job{s]

If you have frozen bonds, angles or torsions, make sure to use internal redundant coordinates, otherwise
your settings will be ignored! As long as you have constraints defined it is not possible to run an optimization
without internal coordinates.

Constrains are always applied in this section, no matter if ground or excited states calculations are done,
minimum search (geometry optimization), potential energy scans, or transition state searches are started.
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5.2. Use internal coordinates

5.4. Scan along an internal coordinate

The potential energy scan (PES) method can be applied if internal coordinates are defined, and at least one
of them is defined as fixed. Scan will run a couple of geometry optimizations for a range of values of an
internal coordinate.

Note that all fixed internal coordinates will be kept fixed, not just the one that you have defined to be
scanned along! For a one-dimensional scan job, only one internal coordinate should be defined as fixed.

4 TmoleX2022 - Trmolel

File Edit Templatss Resulls

Extras  Took Hep

“e™ Dpen 30 Moecular Suider Jobsrunnng  locak | o1 remote; | O

Cherge: Lee frominpul

Choose Job Template »

| Start Calculation |

[P — |

Apaly Job Terplate

lob tyo
Geamelry Colinizaton
Spectra B Excied States
Sngie Point
Single Point Froparties

Popudston Aralyses

1]

Podenlial Energy Scan{PES) and siate

Transition Stmee Search

*y ¥ ¥ Y Y Y VEYTE

Templates

Eatch processng

List of of fixed consiraints:

Constramnts Velue Start End Steomr=

89,127

Create Mew Corstraints by Selecting Bond(g)

LUnrefzxed scan (no geoipetry opbimeza bon) i) Relaxed scen (geometry oplimizabon at each parit)

System:  0,0/34123,4M8

Method

Lyl By
Functional b-p

Basis set def-5viP) Symmety 1

Comvergence Farameter

o e

Miemoey Lsed for 500.0 ME

Disk o P for
Mo, af CPUs

Delete soratch fies after run

Generate each start structure from previous step.
This wil cause Tmolex to generate just the first stuchore,
en take the cptmzed coordinates for the next steps later on,

Use currant struchure for ol
) This vl cousa TmolaX to generate start structures for afl
steps of the scan drectly the current structune,

Gptians
Convergence mibens
Erergy 10  Harsree

Gradiant = =
adient nom Save aid Ao

jEjenyzl = 107 | HartreeBate
Max. no, of cydes 50 Run (local)

Save

Inchide weight denatives
Run (network)

Manage Joblz)

The list of fixed internal coordinates is shown in the PES scan Options section. To define a new fixed internal
coordinates, use the (reate New Constraints by Sekcting Bond(s) button. This is not needed if you did that in the builder

already.

The different options how the start geometries are generated are described in the panel itself. Unrelaxed
scans and relaxed scans are possible (single-point or geometry optimization calculations will be done).

We recommend to use the 'Use current structure for all' option, because if one of the steps fail, the remaining
jobs will have problems too otherwise.

Page 71/99




5.2. Use internal coordinates

The job can then be started as usual, also as a remote calculation. A typical result is shown here:

Al Tl 0007 - Tmalel

Mansge Josls)

JozResuts | Scam jab result |

Ut [arrime = || Dpen Scan e

Somn drectory Z=ra

3590_0000
s0am_0001

<+ Prevods

e
s TG CIT104

o

The final optimized structures are stored for each of the scan points in a multi-coord file — similar to the

gradient view. This can be viewed like a movie with the button

Open Scan Movie

5.5. Scan along several internal coordinates

The number of internal coordinates which can be used for scans is only limited by technical issues. If, for
example, the number of constraints is — relative to the number of degrees of freedom — very high, TmoleX
might not be able to generate all intermediate structures of all combinations due to steric reasons.

It is also possible to combine constraints (like fixing an angle to a certain value) with scans. If the number of

internal scan-coordinates is larger than one, TmoleX will not show a graph of the result but just the table with
the values of each internal coordinate and the total energy in the last column. This table can be exported to a
spread sheet program or other data analysis tools.
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6. Periodic boundary conditions

6. Periodic boundary conditions

To enable periodic boundary conditions, just choose the appropriate level from the Method panel:

Fir Fdt Tempates Menis Extas ook Hep
Sagea | o7 Qe B Meculs Buades Tanng  locd| 07 | venole| 0 | Mernory sed for Trocke: [ EEBRRMNE Stz | 0.0/1703 36
v [ Frojeckist
¥ L TeoleXProject
o b GEQL L Templat= b —— Charge: e frominout + Aoty Job Temsiz:
o« Bb_GEDL 2 =
o BbF 3 \evelof Theary  SCFConsergence | Sohason |
+ B P4 vl Auxihary bass sats For RI-)
i s : VWG Y SFSt SORN 0. P
= r Sement | Sasecet | Auiary bast set
o 7| Bwer ' il
c pob-TEVP | |ryypecal -
Sem-emaincal
Hartree-Fock H POb-TZVP | riaraa =
! ey AV HFerdewss, suchange:s tieckead Canfigure functiona st o Pob-TZVP rsyrns =
[} 071 perindic boondary condinans
| RIERA d
W2
| {2
=242 )
oo
§ ECnim mt
‘ Actrotz Kramers | complex BLS

This opens a bunch of options.

Il.welolTheorvl SCF Convergence | Solvation |

Level
DFT penodic boundary conditions b
DFT settings
Functional | pge w | PHE GGA, comrelation:LDA{PW]-+PBE(C), exchange:5+PEE{X) Configure functional list
Gridsze | g3 -

Dispersion | pFT-D3(E]) -+ | DFT-D3B)-damping (Grimme et al, 2011)

Periodic boundary conditions

Periadicity 30 - bulk sobd
Unit Call parameters |
a 53587 a 90,0 degree ¢
b 6.8989 B 90,0 degree
€ 5.6623 ¥ 190.0 degree
Uit A - Guess cef parameters | s .
k point mesh
[7] enable of samgiing peints alang recprocal lattice vectors
ki B kz '8 k3 '8

[¥] Band Structure Plot  Band structure plots show the value of band {orbitsl) energies for values
of k along ines connecting symmetry paints,

These lines can be specified by providing their start and end points

of k points along the line,

Start values in recprocal space End values in recprocal space

(fractional) (fractional)
ki k2 k3 ki k2 k3 No.Of points
Metals

For metals a sufficent number of k-points are required as well as Gaussian smearing, for detalls see [Kresse ot a()
Gaussian smearing:

Spin Number of unpaired electrons (aotional.
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Select periodicity: 1D, 2D or 3D
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you want in each direction in k
space.

For a later band structure plot, enable
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reciprocal space (from — to )
Check your text book for location of
symmetry points like L, K, ...
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6. Periodic boundary conditions

Alternatively, the cell parameters can also be modified in the Builder by clicking on the 'Periodic' button.

lf TroleX visuatisation
File view Edt Tools DisplayType  Window Help

S QO NS W O YD B[l o e

B0 [ el DS [N

= [} x
| 25 i coorts el mutoer 23 i e |E§ Eipﬁwm
TmoleXPraject, job_notRun_§ (perodic boundary) — 0% | ¥ pumber of atoms 9 Number of bonds B Charge 0.0
" canso 46.07 ginel
| Dopects | perindic boundary -
[ Periodic boundary conditions
Periodicity 30 - buk said - |
Unit Cell parameters
a ' 5.357 a 900 degres
b &.8989 8 900 degres.
© 56623 ¥ 90,0 degree
wit|[A - i Guess cell prameters |
Replcation {for visuslzation purposes)
min max
aa [ The unit c=lis 0,0, 0.0, 0.0
for &, b, and c. Enter hese the
b.o (i cel|fattice indices in cach
- drection (2.0, -1.. 1)
0 a
ShowUpdate replca |
00000 | i e

| left-mouse button: Click ar drag 1o select | right-mouss buttan: rotate, MMB: move, whee: 100m

This will add the unit cell within the Builder.

Hint: click on the 'Center molecule' button ;0% to centre the molecule in the middle of the unit cell.

Set the cell parameters and select the number of replications in each direction. TmoleX will open a new
viewer with the number of replications of the unit cell. This structure can be exported as picture or coordinate

file.

#

W EN Toss DipltyTipe Wnoiow b
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r‘ [ TmcaelPregect, pasctube — | e afatoes 32 Mndes ofbonts 10 Shags 00
* =
d M_mw, -
e
Ihranbuly |4t -
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ad [§ | thewmedenn o
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b i ruher af copees n 2ach
drecton e 1. 1
)
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Shomdpekate ¢2gbca —
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6. Periodic boundary conditions

6.1. Import of cif files

TmoleX can import cif files (Crystallographic Information File) using the File menu:

| File | Edit Templates Results Extras T

Mew Project C
Mew Job Strg+N =
Mew Batch Job Strg+8 I

Show Administration

! Open Project Strg+P
] Open Job/Contral File
Open 5can/Batch Job
Import Control File

-

= Import Coordinate File Strg+l

'-’; Add Molecule !

Save/Export Geometries »

E Save Job to

Close nanotube
Close TmoleXProject
Close all Projects

Exit

The coordinates and the cell parameters are imported and the builder is opened to visually check the
settings. Note that the cif file format is very versatile and TmoleX supports only a limited number of known
keywords.

One of the following keywords must be present in the cif file:

symmetry_equiv_pos_as_xyz

or

space_group_symop_operation_xyz
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7. Job Templates

7.1. Define job templates
TmoleX offers the possibility to save the most important settings of your jobs like basis set, method or job
type to a template. This helps to reduce the time needed for an input preparation if the same kind of job has
to be performed for a set of molecules.

To read, modify or create a job template, choose "Templates' from the TmoleX menu:

(&1 Templates X
Fe Edt Use File menu or the open button to read in
Bl +x / existing template to modify or apply.
w1 |
Jab-Hame 08_L Create new job template.
Job-Type GED
Methad [ Lewvel of Theory DFT bp
cosmo off ‘ Change the Job name using / ‘
Period Off
Symmetry check Off 3
Basis set def-5u(P)
Charge Use fram input
Multiphicity Automatic (REFLHF)
Freese orbital 50959599 Click on 4 to add a job to the workflow. ‘
Fermi smearing Off |

Settings - Turbomaolke

Click on (%) to remove a job from the

| Job-Type | Method | Geomelry | Basisset | Charge/MOs
workflow.

Geomeltry Optimization P Ground state
Spectra & Excited States

Single Paint

Single Pomt Properties

Population Analyses P

The settings here are the same as in the
different TmoleX panels.

Geometry Optimization Options

Energy 6 10 Haryee

Gradent norm 3 |dEjchoyz| = 1078 I Hartree Bohr

Max, no, of cydes 50

|24 Use internal redundant coordinates Incude weight derivatives Optimize cell parameters E Save the ten’lplate or

= apply it without saving.
o

At this point, TmoleX does not check for consistency of different settings. So please do first a usual job, run
it, and check if the combinations are possible.

Defining multiple jobs in one job template will tell TmoleX to run them one after the other, using the
coordinates of the preceding step.

i Use final coordinates i Use final coordinates i Use final coordinates,
JOb 1 of job 1 > JOb 2 of job 2 > JOb 3 of job 3 > E

A typical work flow would be:

RI-DFT geometry optimization with small basis set — frequency analysis — geometry optimization with
larger basis set — CD + UV/Vis spectra at DFT level— single point energy calculation with post-Hartree-
Fock method.

The template will have to be named when saving and can be found in the pull-down menu afterwards.
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7. Job Templates

7.2. Apply job templates

To use a template, just choose a saved template from either the template tool bar

—_ Choose Job Template 3 f———— Charge: Use from input ¥ ———— Apply Job Template | ——

or from the menu 'Templates'. TmoleX will alter the settings accordingly, generate start orbitals, and brings
you directly to the start-job panel.

The molecular charge can be either those of the template (if the Charge pull-down menu is let empty) or
whatever the user chooses in the tool bar.

Generate a new job, read in or build a molecule. Then select a template (set the charge or use the default)
and click on ¢ Apply JobTemplate | TmoleX will prepare the input and jump to the start job panel:

Jjob1 Jjob 2 Use resources
OFT+FREQ.xmI Memory used for 500.0 MB
Job-Name Job1 Job2
Symmetry check on on Dk 0 M8 for HF
Basis functions def-SV(F) def-SV(P) No. of CPUs 1
Charge used from input used from Input "
Multiplicity Automatic (RHF/UHF) Automatic (RHF/UHF) bR e S
Freeze off off
Level of theory DFT+Disp DFT-D3 BJ-damping (Grimme et al, 2011) b-p  DFT+Disp DFT-D3 Bl-damping (G...
Cosmo off off
Job-Type GEO FREQ

Run (local)
Save
Run (network)

The job can either be started on the local system or submitted to a remote machine using the Run(network)
button.

While the job is running, the icons in the job tree will change. The job status during the run can also be
displayed and visualized:

Here the first job, a geometry optimization, is running. The status of this job is therefore printed as Energy vs.
the geometry cycle.
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7. Job Templates

7.3. Results of job templates

Multi-template jobs will create sub-directories for each individual job. Selecting an individual job will present
the results of this step as for a usual non-template job. Selecting the template itself in the job tree will give a

summary as table:

i Tmolex2022 - TmoleX - O x
Fie Edt Templates Resulls Extras Tools  Help
=S B E 5 "8’ Open 30 Molecular Buider oj1t temote: | @ Memery used for TmoleX: | 272,7/363,9MB System: | 0,0/34123, 418
v [ Projectist i > .
W, TmoleX b - T ErE e ERsereiseiimisesareiestessienns
" job_GEOQ_1 1 CETHFRED 8 ————  Apoly Job Terplate
o job_GED_4 = e Bz Sl
o Kb 5 Lt Renlts, | o et ) 2ob Chmparison |
: ﬁ:::; | E Save a5 .xls = Open as .5 (e.g. with Excel)
v Fh_eao_u | job_ 0000 job_0001
" eb_F_13
' iob_5P_14
» [~ job_ScAN_15 Project-Name TmodeX TmioleX
» 17, job_Scan_17 Batchjob-Mame
Parentiob-tame OPT4FREG_20 OFT4FREQ_20
' job_goDo Job-Hame job_000o job_000
+ Iob_do03 Formua comE0 50
SMILES occ occ
20 structure /\ & /\\ &
Nuenbar of atome Ll El
Basis set def-5V{F} def-SV{P}
Symmetry 1 cl
Charge 0.0 0.0
Muitiplicity Singlet Singlet
Frazen core off off
Level of theary DFT+Digp bpr CFT+Diep b-p
R1 an on
D of off
Dispersion DOFT-03 @) DFT-D3 (B
COSMO off off
COSMOFINE of off
Energy H -154.914438 -154,214458
HOMO-LUMO eV 6.744077 5.74438
Dipole moment from rdft
Dipale moment /D L611724
Zero point vib energy M 0.077354
5
Manage Job(s)

This example is ethanol, the job template was OPT+FREQ from the predefined list of job templates.
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8. Batch processing

8. Batch processing

The job templates described in the previous chapter can easily be applied to any kind of structure, the user
does not have to take care of anything else but to read in the coordinates or build a molecule, set the charge
or accept the defaults, apply the template and start the job.

To open a new batch job, just use the File — New Batch Job entry in the menu or click on the button in
the tool bar. TmoleX will generate a new job, the geometry menu of this job is shown:

& TmoleX2022 - TmoleX - m| ®

Fle Edt Templates Resuts Extras Took  Help

"?'I' Jobs running local: of11 TEmOtE; ] Memory used for  Tmolex: [0 System: 0/341
(ECEEY | > > >
o job_GEO 1 |_).)_ O L anc _)-)J
o job. GED 4
o job.SP_§ HMultiple Coordinates |
o Job_57 e N
o job_5P_9 ¥, Add Molecule | Add SHILES 3 svmes D)) add List of SMILES 'w," Delete Molecule
 job_GED_12 o -
o job_SP_i3 Number Name Charge Image{dick to vew/modify) Penodic
o job_SP_14

» |5, job_SCAN_ 15

» | job_scan_17

v | oPT4rRED 20
" 1ob_0000
' Iob_0001

Manage Job{s)

8.1. Read in and use several molecules
Batch jobs apply predefined job templates to a list of molecules. The molecules have to be read in from file

by using the | “s’; adamoecie | button. This opens a file browser which also allows to read in file formats which
contain multiple structures like sdf. Multiple selections within the file browser are of course also possible.

Alternatively, SMILES can be entered in the 'Add SMILES' text field and added by | ¥ asdsvee | or by hitting
the <Enter> key.

To import or use a list of SMILES, please use the | 3} addistofsmnes | button to open a simple text editor where

you can either enter or copy&paste your SMILES codes and the name of the molecules (lines that start with
# are remarks and will be ignored). The first column is the SMILES code and the second one the name of the
molecule.
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8. Batch processing

4 Tmolex2022 - TmoleX
Fie Edit Templates Resdts Extras Tools Hep

e o "
.| He
| - = I

v [ Pro
¥ o Tmolex

=
o job_GED 4
o b S
v b 7
o ph 3
¥ pb G0 12

= m] X

Jobs running lpcal:| @1t | remote:

| 0 || Memary ised for rmdu;_ System: | 0,0/341
23— Slartdob B— Re

-l

W sves Il W) ad List of SMLES

[ o L

‘o™ Delete Molecule |
Il -

o« pb e 13
o ob_5P_14
> |, mb_SCAN_15
» |5 b scan 17
v |, oPT4FREQ_20
o iab_0000
' Iob_0001
. »b_notfun, 21

Manage Jobis)

Image{dick to viewjmadify)

& Open

Loak 5n:

batch-jabs - oy 1

| B
| 7 aritne. cosma

| anikre.xyz

| L] ethiamine.cosmo
| ] ethylamine.xyz

. __| methylamine, cosmo

|| methyiamne.xyz

|7 prapylamine. casmo

[ propylamine. wyz

File Name: amines,sdf

Files of Type: | al coordnate fies -

*..

Fle E&

v W Procist
¥ [ Tmobet
o FhLCE0 1
o phcEn 3
o K5
o b7
W b 58
o b GEO 12
o ph T 1
" b 5P _14
» |5 b soan_is
* |5 eboscan 17
v | cereReg
" jeb_B00d
W job 0001

v [ b ot 2t
= metiiemne
=) ehytamne 2
= propylamne
| aniine

Templates Reguts Estras  Took  Help

s Hes v

‘ol Addboleade | A SMIES

System: | 0,0f34123,

Hultiple Coordmates

I ncdLstetsMies |

Paame .[;n.;.m vi!‘a.‘.':ﬂdfr}

methylamne

ethyisming

propyiaming a

anbie £ off

The charge may or may not be imported correctly, so check and eventually change the charges in the

table!

The multiplicity can also be changed, but it is recommended not to do that since TmoleX will use the
TuRBOMOLE default it determines from a Hiickel calculation.

lons are shown in different background colours, a quick look on the table should to sufficient to identify non-

neutral compounds.

Double-click on a graphical representation of the molecules to open the builder.
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8. Batch processing

Generate batch jobs from existing jobs

Another possibility to generate a new batch job and to read in structures is to select a list of finished jobs in
your project and job tree and click on the right mouse button.

v [ Projecttist i
¥ [ TmoleXProject :
" job_GED_1
job_GEO- 2

« job 5P 3 J Job Results |

I¥
o job_5P_ Combine Results | Type of Calculation Geome

> I:. job_SCi_ Generate new Batch Job
L OPT+Ff Delete all selected Jobs
/1, job_SP_TEUT

" job_SP_13 Geometry Convergence

 ioh_GEO_22

job_SP_23

tconvinfo
energy change
geom. gradient

e
=

" job_GEO 24
job_SP_25

& job 5P 35
" job_sP_27
» I, cosMo-BP-TZVP_28
" job_SP_30
> I; funtionals_33 Energy
¥ [ TEMPLATE 34
job_0000

total energy =

« Job_0001 kinetic energy =
" job_D002 potential energy =
v | TEMPLATE 37
« job_0000
" job_0001
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8. Batch processing

8.2. Apply templates for batch jobs

Once you have a complete list of molecules to perform calculations on, select a job template from the tool
bar.

Important: The charge field can either have numeric entries which will assign the given charge to all
molecules, or it can be set to 'Use from input' — in this case the charges that are displayed in the
table will be used. The default, which applies when no charge is imported from the coordinate
files and you did not set a charge by hand, is zero.

| —»— — — — ——
. GEO-OPT-quick 3 | Charge: Use from input + .;.H)J

All settings for basis set, method, job type, etc. can not be changed in batch jobs since they are defined in
the job template. In this example the charge field is a yellow default, so TmoleX will use the charges printed
in the table. Otherwise they are overwritten.

Before starting a batch job, you have to click on -[JSSSSETEREEEN-- to assign all settings of the template to your

individual jobs. Possible errors or problems can thus be detected before the whole batch is started or sent to
a remote system. This process can take some time, depending on the number and size of the molecules as
well as the number of steps defined in your template.

| — [ — — —— +
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
,  OPT4FREQ | Charge: Use from input + —

Progress orbital generation 36%

Stop Calculation

After applying the job template, a short overview is printed in the Start Job section:

Batch processing ) Batch-Job-Template

Use resources

20 a2 Mempey used for 500.0 MB
OPT+FREQ. xmi
Job-ame Job1 Job2 Dise 0 ME for HE
Symmetry check on on Na. of CPUs 1
Basis functions def-5V(P) def-5V(P) [ Deliete scratch fles after run
Charge used from input used from input
Multiplicity Automatic (RHFAUHF) Automatic (RHFUHF)
Freeze off off
Fermi off off
Level of theory DFT +Disp b-p DFT-03 (Grimme et al, 2010) DFT+Disp b-p DFT-D3 (Grimme et al, 2010}
COSMO off off Save and Run
Periodic off off Run (local)
Job-Type GEO FREQ Shve
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8. Batch processing

8.3. Run local or remote batch jobs

After a job template has been applied and TmoleX has finished to generate the input files of all steps and for
all molecules in the list, the complete set of calculations can be simply started as you would start a usual job.
So either use the Run (local) button to use the system TmoleX is running on, or the  Run (network)

button to submit everything to a remote system.

While the job is running the icons in the job list on the left side of your TmoleX window will show their current

status.

v jOb:BJ\TCH:l? 7 Job_SP_7 SP,DFT/RIB-P,charge 0,c1,def-5V(F),N... Jun 4, 2014 10:21:5... Jun4, 2014 10:22:04... Local
» | TmokXProject. mettn 8 job_SP_8 SP,DFT/RLB-P,charge 0,c1,def-SV(P)E..  Jun4,2014 10:26:4.. Jund,2014 10:26:53.. Local
* |° TmokXProject_ethyk: 10 job_SCAN_9 GEQ,DFT/RLB-P,charge 0,c1,def-SV(P),...  Jun4, 2014 10:38:3..  Jun4, 2014 10:40:46... Local
» | TmokexProject_propy 12 job_SCAM_11 GEC,DFT/RLB-P charge 0,C1,def-5V(P),...  Jun 4, 2014 10:43:1...  Jun4, 2014 10:47:00.. Local
|- TmokeXProject_anine 14 job_TEMPLATE_14  OPT+FREQ.xmi Jun 4, 2014 10:57:5... Jun 4, 2014 10:59:38... Local
15 Job_BATCH_15 COSMO-BP-SVP.xmi Jun 4, 2014 11:10:2... Jun 4, 2014 11:18:00... Local

17 Job_BATCH_17 OPT+FREQ.xmi Jun 4, 2014 11:39:1... Running 10.0.0.250

On remote systems the resulting files will only be copied back after all steps have finished to avoid too much
traffic on the network. TmoleX, however, checks from time to time which job is currently running and whether
or not the whole batch is complete. For single jobs which are finished but not yet transferred back to your

local desktop machine, the icon switches to ;’

v

L L A R Y ST e

job BATCH_17

" job_0...
v @ TmoleXProject_ethy

¥ [¥ TmoleXProject_propy
job_0000
job_0001

v [*| TmoleXProject_aniine
job_0000
job_0001
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8. Batch processing

Using many cores or CPUs on your local system

As you can see in the screen shot printed above, several different jobs can run at the same time when a
batch job is being used. To be able to use several CPUs on your system, you have to tell TmoleX how many
of them you allow the program to use on your local machine.

To do that, just select the Extra — Preferences entry in the menu and you will get a new window:

w O I B8N T 75

General Appearance Jobs Processing Remote Jobs
System

—

CPUs of machine ] CPUs to use [7

Total physical memory size 17087.9 MB Max, memory for TmoleX and Diiewer 1024
MNOTE: Changes of the maximum memory settings for application will be effective after restart only!

D Show memory usage

| Chedk memary

| Save || Cancel |

Set the number of available processes here, but it is recommended not to use all available cores to let at
least one of them free for being utilized by TmoleX and your operating system.

When starting the job, just set the number of CPUs in the Start job panel directly:

Use resources

Memory used for  'sop.o MB

Disk 0 MB for HF
No. of CPUs @

[7] Delete scratch files S
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8. Batch processing

Using many cores or CPUs on remote systems

Similar to the local system settings, you can also set the number of CPUs on remote systems using the Extra

menu:
———
s Results |Extras | Tools Help
f: E Lj Viewer Settings ?]ar Builder
: Preferences
12
this will open:

[E" Add new Machine [ Save Machine | Save Machine as | Import Machine [t Export Machine (Hote: runs only on Linux/Unix systems)

| ‘. Machine i Group Name  Liser Work directory ~ TURBOMOLE drec... Use CPU Utiized CPUs RAM{ME) Queue |
Wiy acEcustey Y asamduster custer SGE-custer 394 fsafm394)..  jusrfapp/TUREO... = 0 0 #
= Ee;';g il tmolex@linux 14 linux 14 Default tmolex  fhometmol... fsoftware/TURBO... -1 0 ] 1|
iy "
[ tmolesc@iouis tmolex®10.0.0.208  10.0.0.208  Default tmolex  fhome/tmal...  fsoftware/TURSO... -1 0 0 =
tmofex@10.0.0,208

There is the entry:

* Use CPU - the total number of CPUs TmoleX is allowed to run on that system (for all jobs).
The default is -1 which is equivalent to unlimited.

&" Add new Machine | Save Machine [ Save Machine s [Bl Import Machine (&l Export Machine (Note: runs only on Linuox/Unix systems)

T ¢ | vodine P GroupNeme User  Workdvectory TURBOMOLEdiec.. UseCPU  UNizedCPUs | RAMIME)  Queue
¥ o SGE-dluster b m3segduster custer SGE-duster 34 ferjm394(..  jusr/app/TURBOD... 4 0 0 =
. dag;f‘””"" tmolex@linux14 finucld Default tmolex  fhomeftmol... jsoftware/TURBO... -1 o o

it MOEXBI0.0.0.3%  nnn e Defalt tmolex  fhomeftmol..  fsoftwars/TLREO. . 4 0 o
| tmolex®10.0.0.208

add Ma

Copy Machine

Delete Machine

Expart Machine

Import Machine

To see how many jobs are already running on the remote system, use the right mouse button menu and click
on 'Check workload'. This will call 'top' on the remote system and show the results:
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current ~ 5 min, average ~ 15 min, average avaiable CPUs

0.01 0.05 0.08 unknown

[7] Show expert information

top = 12:38:00 up 494 jsk 22:46, 7T users, load average: 0.01, 0.05, 0.08

Tasks: 189 total, 1 running, 188 sleeping, 0 stopped, 0 zombie
Cpu{s): 13.7%us, 0.6%s3y, 0.8%ni, 84.6%id, 0.2%wa, 0.0%hi, 0.0%3i, O0.0%sc
Mem: 32207M rtotal, 31964M used, 243M free, 261M buffers
Swap: 65538M total, 862M used, 6467TEM free, 29219M cached
PID USER PR NI VIRT RES SHR § ICPU IMEM TIME+ COMMAND
1 root 20 0 10540 32 16 § o 0.0 4:27.71 init
2 Toot 20 0 Q 0 05 0.0 0:05.61 kthreadd
3 root 20 a a a 0Ss 0 0.0 5:35.03 ksofrirgd/0
& root ET o a o a3 0 0.0 12:44.06 migration/0
T root ET a o a 0s o 0.0 1:39.27 watchdog/0
B root RT 0 Q 0 05 0 0.0 14:52.08 migration/1 -

In the first line, the load, i.e. the number of running (time consuming) processes is shown. If you did set the
number of total CPUs on the remote system as described on the last page, it is also shown here as 'available
CPUs'.

The three entires are:

* current - number of CPUs in use right now
¢ ~b5min.ago - number of CPUs in use approximately 5 minutes ago
¢ ~15min.ago - number of CPUs in use approximately 15 minutes ago

This gives quite a helpful hint how occupied the system already is and whether or not some new jobs have
been started recently or how many old jobs stopped in the last 15 minutes.

If you activate the 'Show expert information' check box, you will see the detailed output of 'top' — which users
run which jobs on the machine, how much CPU time and how much memory they use. In the example given
here, only the user tmolex is running jobs (entries with significant %CPU values).
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8.4. Visualize and export results of batch jobs

The results of finished batch jobs are given as tables in the Results section. Each sub-job has an own tab in
the table.

-

: Results Multiple Jobs
o job 5P 3 p
o ISP % COSMO_TZVP
Job_notRun_5 )
job_notRun._ Basis functions def-T2VE Frozencore  pone
¥ |\ OPTHREQ 8
I J(JDL‘I A Leveloftheory  pFThop Functional b
o Job_0001 ;
v I cosMoETIVR 5 Expart COSMO_TZVP files Save as Excel
o methytamine
o ihkatine Maolecule Mumber of toms  Charge Multiplicity ent O Zero point vib energy H
o propyl 7 0.0 Singlet 1968027
& anilne ethylamine 0 0.0 Sngiet 1.966844
propylamine 15 0.0 Singlet 1,475883
anling 4 0.0 Singlet 2464453

The resulting table can be saved as spread sheet. The Export Files button allows to save COSMO, energy or
coordinates files of different format:

& save E

saveln: | | TmoleX - o O e (0 ]

[Z *.cosmo COSMO files

£ Geometry files(*.xyz, *.sdf, *.mi2, *.pdb)

File Name: C:\Users\TmoleX\Documents\TmoleX

Files of Type: | *.xyz geometry fies -

Save | | Cancel |

COSMO and energy files are usually only needed for the COSMOtherm program. TmoleX will save all files of
the given type to the chosen directory.
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9. Remote jobs

TmoleX as well as the Demo version of TmoleX, which is freely available from the BIOVIA website, is able to
start jobs on remote Linux/Unix machines using a secure shell.

9.1. Security information

To determine if you do want to use this feature and worry about security, here is a short outline of the
procedure used by TmoleX to access to remote systems.

ssh and scp are used to start jobs and to copy the files from one system to another.

As the password is set in TmoleX and then used in the execution of ssh and scp, this can be
seen as potential security risk. It thus recommended to enable passwordless ssh and to
enable this feature in the expert settings of the TmoleX remote execution window.

We use a locally modified version of PuTTY (http://www.chiark.greenend.org.uk/~sgtatham/putty/)
PuTTY is copyright 1997-2009 Simon Tatham.

Portions copyright Robert de Bath, Joris van Rantwijk, Delian Delchev, Andreas Schultz, Jeroen Massar,
Wez Furlong, Nicolas Barry, Justin Bradford, Ben Harris, Malcolm Smith, Ahmad Khalifa, Markus Kuhn,
Colin Watson, and CORE SDI S.A.

Permission is hereby granted, free of charge, to any person obtaining a copy of this software and
associated documentation files (the "Software"”), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish, distribute, sublicense, and/or sell copies
of the Software, and to permit persons to whom the Software is furnished to do so, subject to the following
conditions:

The above copyright notice and this permission notice shall be included in all copies or substantial portions
of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR
IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY, FITNESS
FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL SIMON TATHAM
BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF
CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE
SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

PuTTY uses its own repository for public ssh keys, so ssh connections that do not require a
password on your local machine at the command line might not work if OpenSSH or any other ssh
program is used. Run ssh from the TmoleX directory to check that manually.

jobs can be killed while they run on a remote system. For that purpose, a kill-job script is being
stored in the directory where the job is running. This script does kill all processes that are running in
the directory the script itself is located — but this will only work on systems where a /proc directory is
present (usually all Linux systems and most Unix systems either).

Passwords entered in the password field will not be saved to disk. Hence, they have to be entered
each time TmoleX has been started, but kept in memory as long as TmoleX runs.
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9.2. Add new remote machine

When starting a remote job for the first time, or when you want to add several external machines, several
things have to be set, TmoleX needs to know in order to be able to run TURBOMOLE there.

To start a job on a remote machine, or to set or change settings, click on Run (network) in the 'Start Job'
panel.

Save and Run

| Run (local) |

| Save |

| Run (network) |

TmoleX will first save the input file to a local disk under the usual naming scheme, and then open a new
window that looks like this one:

" Add new Machine [ Save Machine | Save Machine as [§ Import Machine [} Export Machine (Note: runs only on Linux/Unbx systems)

¥ |/ Remote machnes M| I
J\f Defaul »| aiy
(FDeis = | Clear [ Add New

Copy Machine

Password -

| Import Machins

Group name Default e

Identification user @maching

| Delete Machine
Expert settings -

Work directory
TURBOMOLE directory
Mumber of CPUS for job(s) 1 (Chedk remote system every | 1 min  TURBOMOLE version | unkown b

Status of remote system € Ty g jobs from th ssion of TmoleX17
max. avail CPUs rknown number of CPUs in use

Use quewing system

General informations about a remote system are:
1. The name or the IP address of a remote machine (Machine/IP field)
2. User name on that machine

3. Password to log in
Please note that if your password contains characters like ™ you might need to type \ ™ instead.

Those three fields have to be filled in first. To check if the settings are correct, and if a connection can be
established, click on  Check Password Settings . TmoleX will try to log in and determine the home directory of

the user which has been given in the User field.
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If the connection has been successful, the home directory will be added to the 'Work Directory' field.

4. Work directory tells TmoleX in which path on the remote machine the job shall run — a fast local disk
should be chosen here.

5. TURBOMOLE directory has to be set to the TURBOMOLE installation directory on the target system.

The default behaviour of ssh when starting remote jobs without an explicit shell or terminal is such

that not all settings on the remote system are sourced. So it is very likely that your TURBOMOLE
settings (like $STURBODIR, $PATH, etc) are not available in such a case.

It is therefore unavoidable to set the PATH to the TURBOMOLE directory on the remote system by
hand.

6. The number of CPUs can be left unchanged.

Note that this field is not to tell TmoleX how many CPUs or cores are available in general, but how
many CPUs shall be used for the calculation of each job!

7. Note that all jobs are started on the remote system with nohup. TmoleX does not get a notice when
the job has finished, so it has to check actively whether the job is still running or not. The frequency
for those checks can be given in minutes.

8. The TursowmoLE version on the remote machine is needed to determine which program is used for
post-Hartree-Fock calculations. Since version 7.0 CCSD and CCSD(T) jobs are done by the program
ccsdf12 and not by ricc2 any more as it was in previous versions. Some methods like DFT-D4 or
PNO-CCSD(T) are only available in newer versions (at least 7.3).

9. The queueing system option can be used to submit remote jobs to a queue which is accessible on
the remote machine.

After settings 1-5 are complete, click on E save Machine . 1 he 'ldentification' is used as name in the list of
known remote systems given in the tree on the left side of the window.

Configuring a remote system such that number crunching programs like TURBOMOLE can utilize the hardware
resources correctly is not a trivial task. Most Linux/Unix systems restrict the permissions for memory or disk
space for each individual user for security reasons. TmoleX is able to submit a script which checks for the
most important settings to a remote system. If machine name or IP address, user name, password and
TURBOMOLE installation directory are set, the button Check remaote system can start this process.
TmoleX will show the results in an own output window. Search for ERROR messages in case a remote
system is not able to run serial or parallel TURBOMOLE jobs. The TURBOMOLE manual contains a section
which helps to install the command line version on Linux/Unix machines.

If you are not able to figure out what to change in order to use a remote system, please contact the Support
Team.

Expert settings:

Identification user @machine

|:| Expert settings Add login parameter ssh sCp no password

You can add individual options to the ssh and scp commands and/or use passwordless ssh (if it is enabled
with putty — otherwise you could copy your own ssh and scp binaries to the TmoleX/extapps/putty directory).
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9.3. Start a remote job

Starting jobs can be done by choosing a machine in the list of saved systems:

" mdd e Mactine [ Save Mactine [ Save Machine = Bl Inoort Mactine Ff Exnert Machine. (Nokes runs only on Linus /Unix systems)

¥ ||| Remate machines 1 e
Marhire( 10,0.0.205
¥ | Defait ¢
= Clear { Add New |
Uiser e =
Cooy Mechine
e Nt tectiiigil
| ImghetMachine |
Group name Defeit —
Save Machine |
Identification tmole®10,0.2. 205
| DeleteMackie |
| Expert sattings —
Check Password Setbrgs | Check workload | Tesl remole cyshen |
Wark drectory fhame fimales Tmoke_lobs
TURBOMOLE drectary feoftware TURBOMOLE_72/TUBOMOLE
Numbor of CPUs for jobfs). 1 Chedk remote systom every 1 min  TURBOMOLE version | 7.2 and newer |
Status of remate sysiem  Currently no running job : lex17
e, aval CPLy f— rumber of CPUS in e
Lse quesing system
Clase

A simple click on 'Start’ will start the job on the chosen system.

The job list shows on which machine a calculation has been started or is still running. The right mouse button
menu in this list allows to kill a job also on a remote machine.

< aniine I 12 Job_SCAN_11 GEO,DFT/RILB-P,charge 0,C1,def-SV...  Jun4, 2014 10:43.. Jun4, 2014 10:47.. Local
*» 1, job_BATCH 17 | 14 job_TEMPLAT...  OPT+FREQ.xml Jun 4, 2014 10:57.. Jun4, 2014 10:59.. Local
* job_GEO_18 15 job_BATCH_15  COSMO-BP-SYP.xml Jun 4, 2014 11:10.. Jun4,2014 11;18.. Local

‘ 17 job_BATCH_17  OPT+FREQ.xmi Jun 4, 2014 11:39.. Jun4, 2014 11:49.. 10.0.0.250

| 18 job_GEQ_18 GEO,DFT/RLE-P.charge 0,C1,def-SV...  Jun4, 2014 12:15.. Runnng 10.0.0.205

Note that the Stop time is not the end of the job itself, but the time when TmoleX noticed that the job has
finished!
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9.4. Using a queuing-system on a remote cluster

E+ Add new Machine E Save Machine E Save Machine as El Import Machine ET Export Machine (Mote: runs only on Linux/Unix systems)

¥ |/ Remote machines )
v | Defait Machine /TP 10.0.0.207

) Clear [ Add New |
+ | tmolex@10.0.0.205 User tmolex
B tmolex@10.0.0.207 Copy Machine |
e
Import Machine |
Save Machine |
Delete Machine |

Password
Group name Default
Identification tmelex@10.0.0.207

| Expert settings

[ Check Password Settings I Check workload Test remote system

Work directory fhomeftmolex,TmoleX_Jobs
TURBOMOLE directory Jsoftware/TURBOMOLE_72/TUBOMOLE

Mumber of CPUs for job(s) 1 | Chedkiremote system every 1 min  TURBOMOLE version | V7.2 and newer w

Status of remote system  Currently no running jobs from this session of TmoleX17

max. avail CPUs urknowr number of CPUS in use

é
: [:] Use gueuing system ’
Script before job execution (without #1/bin/sh)

Submit with | g #§ -cwd|

Check status | gstat

automatically:

[ add PARA_ARCH=MPI Seript after job execution

[] add PARNODES =number of CPUs

Currently PBS, LSF and SGE are successfully tested. Activate the queue option in the remote job start
panel:

To be able to support as many queuing systems as possible, the number of options is kept very small.

1. Submit with — this is the command that is used on the given remote system to submit a job to the
queue. Here you can give just the name but also options.

For PBS and SGE like queuing systems
gsub

is the default. For LSF it should be:

bsub <
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For unsupported queuing systems it is possible to write a script on the remote cluster that sets the
number of CPUs and the list of nodes that shall be used for the job and submits the start script to the
queue. The name (and probably the path) to this self-written script can then be entered in this field.

2. Check status — this is the command that is called on the remote system if the 'View run status' option
from the right-mouse menu of the Job administration is chosen.

The output of the status command is shown directly underneath the job list.

3. Script before job execution (without #!/bin/sh)

This is the field where a usual script that is used to submit jobs to a queue can be entered.

Example for PBS: Example for SGE/Univa Grid Engine:
#PBS -S /bin/bash #$ -S /bin/bash

#Name of your run : #$ -N TmoleX-job

#PBS -N TmoleX-job # Export environment:

#Number of nodes to run on: #5 -V

#PBS -1 nodes=1 # make sure to be in the right
# # directory:

# Export environment: #$ -cwd

#PBS -V

cd $PBS_O WORKDIR

This is a PBS/SGE example for a serial run.

There are several things one has to take care of. TmoleX will use the given entry and include it in its
own settings:

1. donotgivea #!/bin/. .. line here, TmoleX adds its own commands in sh format, so TmoleX
will add a first line containing #! /bin/sh to the final script.
2. Make sure to change the directory to where the input files are copied:

PBS:
cd $PBS_O WORKDIR

SGE:
#$ -cwd

LSF:
cd $LS_SUBCWD

must be somewhere in your own script.

3. Ask your queuing system for the right number of CPUs — this has to match the 'Number of CPUs
field of the TmoleX setting. Depending on the queuing-system, it will not allow a different number
than what the script will start.

$PARNODES is set by TmoleX, so if you set it in this field, it will be overwritten.
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4. $TURBODIR is being set by TmoleX, so you do not have to enter it again here.
5. The commands to start the TURBOMOLE jobs are of course added by TmoleX automatically.

4. Parallel settings

TURBOMOLE contains two different parallelization schemes. SMP runs almost all jobs in parallel on a
multi-core, multi-CPU or NUMA system. MPI on the other hand is able to utilize several different
nodes for one job, but the number of parallelized modules is smaller than in the SMP version.

TmoleX by default sets SMP for parallel remote jobs which are submitted to a remote system without
using the queuing system option, and MPI| whenever the queuing system option is activated. The
number of (total) CPUs is also set automatically.

In some cases a queuing system requires different settings than TmoleX applies by default. The two
options

|| add PARA_ARCH=SMP/MPI L1 add PARNODES=number of CPUs

help to overwrite those defaults. If you uncheck one of the two or both options, make sure to add the
environment variables PARA_ARCH and PARNODES by hand if needed.

Note that you have to tell your queuing system about the number of CPUs you want to use.

PBS: SGE:
#PBS -1 select=4:ncpus=8 #$ -pe mpi 32

The default in PBS is to set the number of nodes with 'select=' and the number of CPUs per node by
'ncpus=". In this example, 4 nodes with a total number of 32 CPUs will be used. So set PARNODES
to 32.

For SGE like queuing systems one has to tell SGE which parallel environment (-pe) one wants to

use. The name for the PE depends on your local SGE installation, so please check existing SGE
submit scripts or ask you system administrator.
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5. Script after job execution

The script that is being submitted to the queue can be extended with the entries in this field. Useful if
you want to do some post-processing on the remote machine.

Say you are running a geometry optimization and submit the following script to the queue:

Added automatically by TmoleX

Entry of the 'Script before..." field.
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10. Combine Results

To combine and collect results from different jobs, select different jobs from the job tree by holding <Shift> or
<Control> key and clicking on the jobs, then use the right mouse button and select 'export results':

v W Projecilit | ey
¥ = TmokeXProject )
« job GEO_5
W ob s ] | Job Resuts | S
« job_sP 7
v job_SP_8 Type of Calculatior
v |+ job_scan_9
' scan_0000
% scan_0001]
¥ scan_0002 i
 scan_0003 nergy
' scan_0004 zero point VIBRAT
' scan_0005 SCF-energy
/ scan_0006 SCF + E(vib0)
» |3 job scan_11
v |3 job_TEMPLATE 14
+ job_0000
v’
v [0, job_BATCH_15
+ methylamine
7 Vibrational Modes
+ propylamine 2 a
' aniine 23 a
v [, job_BATCH_17 24 a
» | TmoleXProject_m 25 a
[ TroleXProjate 26 a
» |2 Tmolexprg
» |5 TmoleXPrc Gernerate new Batch Job
v job_GEO_18 £ -
| job_GEO_19 31 a
32 a
TmoleX will generate a table with the most important data.
) > ]
Save as Excel
* H projectist - job_000D job_ 0001 job. 0001 job. P 7
¥ L. TmoleXProject
Job_GEO_1 Project-Name TmokeXProject TmoleXProject TmoleXProject TmokXProject
job_GEO_S Job-Name job_0Doo job_00a1 job_0001 job SP 7

v |7 job_SCAN_11

job_SP_6
[ job_SP_7 N
Job_sP_8 2D structure
* | job_scan_s o
N
10 14

SCan_ )
scan_L001 Number of 2toms 1 12 12
scan_0oo02 Bass functions def-5V{P) def-Sv(F) def-Sv(F) def-5v(P)
scan 0003 Charge 0.0 0.0 0.0 0.0
mn:ow Multipiicty Singlet Singlet Singlet Singlet
Freeze off off off off

SElE L leveloftheory  DFT<DispDFT-D3.. DFT+Disp DFT-D3.. DFT+Disp DFT-D3 .. DFT bp
scan_0006 Cosmo off off off off
scan_0007 Energy -135.062169 -287.413943 -194.204778 -232.075794
scan_0008 Dipole moment 1.351271
wran: nnra | 280 pont vib ener... 0113743 0.104456

4 »

Additional results can be added to the table by selecting the jobs on the left side in the project list.
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11. Project and Job management

Individual Turbomole jobs are collected in TmoleX projects which contain information about the job types,
start- and end times of finished jobs, and the machine where the jobs have been running (either the local
machine or the name or IP address of the remote system).

A job must always run within a given project since the project directory is the location where the job is being
created as sub-directory.

11.1 Location on disk

Each project has its own project file (project-name.xml) and its own directory structure:

TmoleX projects Job Administration Directory structure
TmoleXproject 1

Project 1
job 1 job_SP_1
job 2 job_GEQO_2
job 3 job_SP_3

Project 2 TmoleXproject 2
job 1 job_GEO_1
iob 2 job SP_2

To open the system-own file explorer at the location on your disc where the project or the jobs are stored,
just right-click on the name of the job or project and select 'View job directory":

" job_0000
 job_0001

Close

View Job Directory

i‘:’

View Project Direc

Open Shel
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11.2 Renaming Jobs

When starting a job, it can be given an individual name when TmoleX asks you where to save the job
(default is the project directory). But it is also possible to rename the job after it has finished. To do that, just
use (again) the right-mouse menu of a job:

 job_0000
 job_0001

Close

View Job Directory
View Project Directory
Open Shell

Refresh Job

Delete this Job

ew Fun Sta

11.3 Order Jobs and Projects

To change the order of the jobs (and projects), just drag-and-drop a job to a new position. Multiple selections
are allowed:

o job_SP_3
" job_SP_4
> [, job_sCAN_11 !g
» |-, OPT+FREQ 15 \\

drag & drop jobs

' job_GEO_22
job_SP_23
job_GEO_24

job_SP_25
" job_SP_25
4" inh Sp 77

Explore the other right-mouse menu entries to more or to make a
copy of jobs - to the same project or to an existing and opened
project or to a new project which will be generated.
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11.4 Use command line

Once you have created a complete input for Turbomole, or if you have a finished job, it is possible to open a
shell (xterm under Linux, terminal under MacOS, cmd.exe under Windows):

- 4t
" job_SP_23 ‘ ”
o job_SP_2 fis
" job_SP_Z Stop this Job
" job_SP_I View Job Directory

» I'h.r COSMOA  view Project Directory

[ 2 i
I_.r funtiona} Refresh Job

> [, TEMPLAT _

v 1= TEMP AT Rename this Job

It will open a shell in the directory of that job and with the Turbomole settings:
¥ [@ ProjectList

|
| —>— I -
¥ | TroleXProject 2 '| .............................
Choose Job Tem... p —

huniar@localhost:~/TmoleXProject_2/job_SP_1 b4
[huniar@localhost job_SP_1]% l=

auxbazis baziz control coord energy  error,output mos  ridft,out
[huniar@localhost job SP_11%

$TURBODIR and the $PATH (or %PATH% under Windows) are already set, so any Turbomole module can
be called from this shell. If whatever you do does produce new results and data, the files can be re-read by
selecting:

v B Projectlist Y l
¥ [ TmolexProject 2 H
& job SP 1
Close
Stap this Job
View Job Directory
View Project Directory

Open Shell

Rename this Joh’ ;

Delete this Job

Switch to the Results panel to visualize and use the new data.
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