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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 2024 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 7.8 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 TurRBOMOLE 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 3.x and newer and b) GLIBC 2.11 or newer

The Linux version of TmoleX is distributed as a single file called TmoleX unix_2024 0.bin Please make
sure that the file has execute permissions (chmod a+rx TmoleX_unix_2024_0.bin) before starting it, then

follow the instructions on screen.

The full version of TURBOMOLE 7.8 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 2024 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/TmoleX2024).

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 STURBODIR 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. A quick tour

2.1. Starting the program

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

e Tmolex2023 - O ¥

File License  Help

[ Projectlist

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 wil be a new directory
called ‘TmoleXProject' in your home folder.

Please choose one of the following options:

New Praoject

U Open Project

Online Videos ‘How To'

TmoleX Documentation

Manage Job(s)

To start with TmoleX, create a new project by klicking on | New 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:

'@ Create/Choose new project directory *
Look In: l TmaleX - Gy 15 *m Ll =
_J 3D Objects [&=] Pictures
[27] Contacts Roaming
COSMOlogicAppData # Saved Games
[ Desktap 7 searches
Documents m Videos
* Downloads
7. Favorites
N Links
J& Music
@ OneDrive
File Mame: C:\Wsers TmaoleX \TmoleXProject
Files of Type: -
§ Select | | 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:

4l TmoleX2022 - TmoleX - m] b4
Fle Edit Templates Results Extras  Took Help [}
L BN o Y .
D iy 5 &= = ‘o™ Open 30 Molecular Buider | Jobsrunning  local:| 0/11 | remote:| 0 ||Memoryusedfor TmoleX: | 58,8/80,7MB |  System: | 0,0/34123,4M8
v — i
[ Frojectiist ' N > -
¥ [ Tmolex
B job_notRun_1
1 Coords & Sym. |
| 72 mport Coordinate Fie I “6™" Open 3D Molecular Buider Il @' Draw | ) sMIESt0 3D | Units A v
Atomic Symmetry Internal coordinates
Number of atoms @
Curentpaintgroup €1 Con... = Value Start End SEE...
Max. tolerance 0.01 3| Autodetect Symmetry
Mew Atom X
New point group [o51 Apply New Point Group
Delete Selected Atoms |y e
Number Element x y o Fixed cartesian Fixed internal
periodic:
&
off
order:
L9 |
Lo
Continue >>
Manage Job(s) |
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2. A quick tour

2.2. An illustrative 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 |
d . | ."""
|

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

= Import Coordinate File

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 @

LookIn: | | rings - o B

L benzene.sdf

|4 benzimidazole.sdf

|4 borazine.sdf

|4 imidazole.sdf [}
|4 indole.sdf

|4 pyrazole.sdf

|4 pyrrole.sdf

|4 pyrrolidine.sdf

|4 thiophene.sdf

File Name: benzene.sdf

Files of Type: | all coordinate files A

| 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 |

| hydrocarbons
Ak Misc

!/ nudeobases
e pah

4« ¥y Y¥Yvr

4y rngs

P benzene.sdf

benzimidazole.sdf

-

4 | borazine sdf
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2. A quick tour

2.3. The tool bar

T
el Rl 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 Tmokex: _ 1034/124.1V8 | System:  0.0/6236.2 1B ‘ 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 - TmoleXPraject

- [m] x
File Edit Templates Results Extras Tools Help
L= s "
| C "‘; = %" " Open 3D Molecular Builder Jobs running IoGI:l af7 | remote: | 0 | | Memory used for  TmoleX: | 162.6/223.3 MB | System: | 0.0/17036.9 MB

¥ [ Projectlist
¥ [ TmoleXProject

. job_notRun_1

4= Import Coordinate File "o Open 3D Molecular Builder Draw 2D
{ ¢ Impa | [ H pe! | [ @ |

3} SMILES to 3D | units (A =

Manage Job(s)

Atomic Symmetry Internal coordinates
Mumber of atoms 12
Current point group 1 3. Constraints = Value Start End Stepsize
Max. tolerance 0.01 3|  Autodetect Symmetry |
| New Atom | ) —_—
—_— MNew point group c1 | Apply New Point Group |
| Delete Selected Atoms | -
Mumber Element x ¥ z Fixed cartesian Fixed internal
1 C -1.0916 -0.8749 0
2 c 0.2119 -1.3828 0
3 C 1.3034 -0,5079 0 periodic:
4 C 1.0916 0.8743 0 _TI
B
5 C -0.2119 1.3827 0 LL—J
& c -1.3035 0.5078 0 off
7 H -1.9433 -1.5576 0
8 H 0.3773 -2.45618 0
9 H 2.3206 -0.9041 0
1 H 1.9433 1.5578 0 order:
11 H -0.3773 2.9618 0 °
12 H -2.3206 0.9042 0 ¥
L0 |
T
I 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.
Yellow: 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)

Page 13 /99




2. A quick tour

2.5. An illustrative 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.

i Tmolex2022 - TmoleX — m] ®
File Edit Templates Results Extras Tools Help .
sl e S "
- : : Lo, 5
D Lu - o = ®. " Open 3D Molecular Builder Jobs running local: | 0f11 | remote: | 0 | Memory used for TmoleX: _| System: | 0,0/34123,4 MB
A i
¥ [ TmoleX e amrrerrromsrererocssmrseessasmresesssasreressaserenrsr.nr——sasre e sereerseeamey
B job_notRun_1 Choose Job Template » — Charge: Use from input v ——  Apply Job Template
J Coords & Sym. |
~
| {2 Import Coordinate File Il “o”™ Open 30 Molecular Bulder I\ @ oraw J 3 SMIES 03D | Units (A v
Atomic Symmetry Internal coordinates
Number of atoms 12 Current point group l Constra... = Value Start End Stepsize
Max. tolerance 0.01 | 34| Autodetect Symmetry
New Atom .
New point group cl Apply New Point Group
Delete Selected Atoms
Mumber Element X ¥ z Fixed cartesian Fixed internal
1 o} -1.0916 -0.8749 0 N
2 o 0.2119 -1.3828 0
= periodic:
3 C 1.3034 -0.5079 0 L —
4 C 10916 0.8743 0 ] =
5 C -0.2119 1.3827 0 ] off
6 (o} -1.3035 0.5078 0 -
7 H -1.9433 -1.5576 0 L
8 H 0.3773 -2.9618 0 N
9 H 2.3208 -0.9041 0 L
der:
10 H 1.9433 1.5576 o m oreer
11 H -0.3773 29618 0 - “
12 H -2.3206 0.9042 0
- Lo
Continue >
Manage Job(s) J

Page 14 /99




2. A quick tour

2.5.2 Basis set panel

The basis set is being defined in the'[ Atomic Attributes |' panel:
4 TmoleX2022 - TmoleX - O
File Edit Templates Results Extras  Tools Help
!;“ iﬁ 'g" ©Open 30 Molecular Builder Jobs running local: | 0f11 | remote: | 0 | Memory used for  TmoleX: L;l System: | 0,0/34123,4MB

¥ [ Projectist !

¥ | TmoleX '
. job_notRun_1
| Basis Sets |
Basis Functions 102 Mumber  Element  Basis set ECP Mass Muclear charge Basis functions
Basis Set for all Atoms 1 C def-5V{F) 12,0110 [ 15
def-SV(P) - 2 C def-SV(P) 12.0110 & 15
3 C def-SV(P) 12.0110 [ 15
Basis for elements 4 c defSV(P) 12.0110 6 15
[ Show ECP | 5 C def-SV(P) 12.0110 [ 15
B C def-5v 12,0110 B 15
H | def-sv(p) = F)
c 7 H def-SV(P) 1.0079 1 2
def-5v, -
) 8 H def-SV(P) 10079 1 2
g H def-5V(P) 1.0079 1 2
10 H def-SV(P) 10079 1 2
11 H def-5V(P) 1.0079 1 2
12 H def-SV(P) 10079 1 2
Basis for individual At...
Select items from table
or graphic viewer
| Choose Basis Sets |
| << Previous Continue ==
Manage Job(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
6-31G** -
6-311G** -

def-SV(P),
def-SVP, and
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) —
|

- def2-5VF
| 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 |dhfTzwP-2c -
dhf-TZvPP-2c by clicking on —» dhf-ecp-2c
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/TmoleX2023/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

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

will remain red.

i TmoleX2022 - TmoleX - o *
File Edit Templates Results Extras Tools Help .
A g
f; i‘; ‘g" Open 3D Molecular Builder Jobs running local:|  0f11 | remote: | 0| Memory used for TmoleX: | 63,1/80,7MB | System: | 0,0/34123,4MB
v [ ProjectList >
¥ [ TmoleX '
. job_notRun_1
ﬁugrorbﬂals | \
Malecular Orbitals Ne‘ Diagram_|
Molecular charge g N Spin Sym, Energy[Hartree] Energy[eV]  Deg. Occ, HOMO,LUMO

Multiplicity Alromatic (RHF UHF) —

Frozen orbitals for MP2/CC

__| Freezing point [Hartree]

<< Previous Continue >>

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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i TmoleX2022 - TmoleX - [} X
File Edit Templates Results Extras Toolks Help .
oo
el el E 'g"' Open 3D Molecular Builder Jobs running local:| 0f11 | remote:| 0 | ‘ Memory used for TmoleX: | 60,6/30,7MB | System: | 0,0/34123,4 MB
= o i
B o | > e | ok attes — e >— >—
v TmaleX Yo et et rrrassmanrrraaamare
B job_notRun_1 Choose Job Template P  —— Charge: Use frominput  ————y Apply Job Template
| Molecular Orbitals | R ——
Molecular Orbitals | Table | Diagram |
Molecular charge |q MNo Spin Y. Energy[Hartree] Energy[eV] Deg. Qce., HOMOLUMO
Multiplicity 21 ab 21a -0.4338 -11.8051 i 2 HOMO
- restricted - 20 ab 08 0.4338 -11.8054 1 2 HOMO - 1
Fully occupied [ 15 E 133 0.4818 -13.1133 1 2 HOMO -2
_ 13 ab 18a -0.4819 -13.1134 i 2 HOMO -3
Partly occupied [
17 ab 17a -0.5090 -13.8498 1 2 HOMO -4
16 b 16a -0.5204 -14.1605 i 2 HOMO - 5
| Generate MOs I Delete MOs =
15 ab 158 -0.5204 -14.1607 i 2 HOMO -&
11 ab 143 -0.5655 -15.3880 1 2 HOMO -7
BT e 13 ab 133 05835 -15.8784 1 2 HOMO - 8
Fermi settings 12 ab 122 -0.6165 -16.7756 1 2 HOMO -3
Fermi 11 ab 11a -0.6813 -18.5394 all 2 HOMO - 10
ermi
10 ab 10a -0.6813 -18.5396 i 2 HOMO - 11
9 ab Sa -0.8226 -22.3830 i 2 HOMO - 12
Frozen orbitals for MP2/CC o = = P e 1 B T
Freezing point [Hartree] 7 ab 7a -0,9185 -24,9936 1 2 HOMO - 14
[ ab Ga -11.3231 -308.1173 i 2 HOMO - 15
5 ab 5a -11.3324 -308.3695 all 2 HOMO - 16
4 ab 4a -11.3324 -308.3695 i 2 HOMO - 17
3 ab 3a -11.3358 -308.4623 i 2 HOMO - 18
= ab 2a -11.3358 -308.4623 all 2 HOMO - 19
1 ab 1a -11.3362 -308.4731 i 2 HOMO - 20
| << Previous | Continue >> |
Manage Job(s) |

The default for the multiplicity is automatic — Trrglo¥ il ~on~e~t~ molecular orbitals by doing an Extended
Hickel Guess and fills in the electrons accordi . e | rgies. 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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254 Level of theory: Select method

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

and advanced SCF settings can be changed.

v

TmoleX

|
. job_notRun_1

< ]Leueloleleorv SOy Convergence | Salvation |
.'v Auxiliary basis sets for RI-J

Manage Job(s)

4 TmoleX2022 - TmoleX

File Edit Templates Results Extras Tools Help

gt
= - E
.

¥ [ Projectiist

- o X
®

local: | |  remote:| 0 | ‘ Memory used for  TmoleX: g System: | 0,0/34123,4 MB

‘g" Open 30 Molecular Builder Jobs running

Choose Job Template P ———Charge: Use frominput ¥ ————|  Apply Job Template

Element | Basis set | Auxiliary basis set
DFT | [[JuserI
C def-SV(P) | def-5v(F) -

DFT settings H def-SV(P) | def-sy(p) -
Functional | gpag BP86 GGA, correlation:LDAVWN) +Perdews6, exchange:S+Becke8a | configure functional list |
Gridsize 3
Dispersion pgpe
CosMo

Activate
Relativistics effects / Two componant treatment

Activate
Semi-numerical Exchange for DFT

senex - semi-numerical exchange for ground state energy and all properties (applied everywhere)

esenex - semi-numerical exchange for properties only (ground state energies with exact exchange, properties with fast semi-numerical approach)

<< Previous Continue >3

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, MNDQO)

Hartree-Fock

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

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

RI-RPA post-DFT RPA method

MP2 RI-MP2 or low-scaling PNO-MP2

Ccc2

ADC(2) (MP2)

CCSD RI-CCSD or low-scaling PNO-CCSD

CCSD(T) RI-CCSD(T) or low-scaling PNO-CCSD(T0) or PNO-CCSD(T)
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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 input.

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.

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.

Page 21/99
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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.

4 TmoleX2022 - TmoleX - [m] b4
File Edit Templates Resulis Extras Tools Help .
Lol S A, o =
[/ [/ E ™ Open 3D Molecular Builder Jobs running local: | 0/11 | remote: | 0 | Memory used for TmoleX: | 59,8/80,7MB | System: | 0,0/34123,4MB
v [ Projectiist !
e || —— T ———— R e —— S R —>— —>—
1 s
. job_notRun_1 Choose Job Template » j———— Charge: Use from input v ————  Apply Job Template
| Start Calculation |
Job typ Method
Level DFT
Geometry Optimization =V
Functional b-p
Spectra & Excited States
Single Point b Enert round state!
e » 9y (g ) Basisset  def-SV(P) Symmetry cl
Single Point Pr i
TR [ Convergence Parameter
Population Analyses Energy 1076 Density
Potential Energy Scan(PES) P
Transition State Search
Templates Use resources
Batch processing Memory used for s00.0 | MB
Disk 0 ME for HF
No. of CPUs 1
[7] Delete scratch files after run
Save and Run
/,y Run (local) |
1 Save |
| Run (network) J
| << 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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Click through the Job type options to see what kind of jobs are supported by TmoleX.

4 TmoleX4.6.0 - TmoleXProject - O e
File Edit Templates Results Extras Tools
el el . . . .
P P E g"’ Open 30 Moleclar Builder Jobs running local:| 0fi1 | remote: | 0 ‘ Memory used for TmoleX: g, System: | 0,0/34123,3 MB
v . . | [}
B o > e — > ==
v TmoleXProject I g g
. job_notRun_1 Choose Jo Template p  —— Charge: Use frominput v ——— Apply Job Template
| Start Calculation |
Fe
Job typ ‘ Method
Level DFT
Geometry Optimization Ve
Functional  b-p
| GRS G EENE M R & vibrational frequendes
. . VCD - Vibrational circular dichroism
Singie Paint | Basis set def-sv(P) Symmetry €1
UV/Vis and CD(vertical exdtations)
Single Foint Properties | MR, shigldings Convergence Parameter
Population Analyses | NMR Spin-Spin coupling constants Energy 108 Density
Raman & vibrational frequendies
Potential Energy Scan(PES) g \ SIS !
Optical rotations / dynamic polarizability
Transition State Search b\ Seatic polarizabiity Use resources
Templates ) Dynamic first hyperpolarizability Memary used for 0.0 | MB
Static first hyperpolarizability Disk o0 | M8 for HF
Batch processing
No. of CPUs 1
Frequency analysis [T Delete scratch files after run
() All frequendies Lowest eigenvalues = Im
ave and Run
Mo. of frequencies
| Run (local) |
| Save \ |
Mumerically | Run (network) \ |
. . -
| << Previous |
Manage Job(s) | -

\

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 TmoleX4.6.0 - TmoleXProject
Fie Edit Templates Results Extras Tools Help

=S El

=
P

v [§ Projectiist
v TmoleXProject

job_GEO_1

| Job Results |

“a™ Open 30 Molecular Builder

Jobsrunning  local: | 0/11 remote: | 0

\
/\Dx

‘ Memory used for TmoleX: | 58,4/76,5MB |

Sthem:\ 0,0, 23,3MB ‘

Type of Calculation Geometry

$convinfo
energy change
geom. gradient

Energy

total energy

Geometry Convergence Criteria

: actual value =
: actual value = 0.

Optimization Status SCF Converged
HOMO-LUMO gap

Status geometry Converged

5133 &V

SCF Convergence

Convergence

-0.6150E-07 threshold =
21E-04 threshold =

kinevic energy
potential energy

Gradients

cycle
cycle
eyele
cycle
cycle

W w0 R

<< Previous

Manage Job(s)

SCF energy =
SCF energy =
SCF energy =
SCF energy =
SCF energy =

2352503352100
—4€1.3€651423738

IaE/dxyz |
1dE/dxnys |
14E/dxyz= |
IaE/dxyz |
1dE/dxnys |

Open Viewer
& Orbital/Density Plot J

|\ Gradients |

SCF Population Properties

| Dipole Moments

& AIM (Atoms in Molecules)

Show Plots

Important:

higher DIIS damping is required (see Method section)

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

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 elect

ronic structure.
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2.6. Job Administration

4 TmaleX4,6.0 - TmoleXProject S >

File Edit Templates Results Extras Toole Help

geas| g E 'g" Open 3D Molecular Builder Jobs running Ioca\:l_ 111 | remote: '.L.' | Memory used for TmoleX: | 57,7/76,5MB | System: 500,0/34123,3 MB
e i ............................................ o s S > >
job_GEO_1 | Choose Job Template P |——— Charge: Use frominput w ——  Apply Job Template
| Job?
jin] Name Start Machine
1 job_GEO_1 GEO DFF"RI B-P,charge 0. Jun 17, 2020 11:59:11 AM Runnlng Lacal ‘
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

'“ 1{‘1 . -
Jeas E '™ Open 30 Molecular Builder
v H Projectiist ! =
v TmoleXProject '
m s |
Stop this Job | Jobs
View Job Directory .
View Project Directory D Name
1 job_GEQ_1
COpen Shell e
Delete this Job

CSITEr—
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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 TuRBOMOLE

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:

File Edit Templates Results Extraz  Tools HW

DE .r.c;l.s,\E—__ as ; ) . ,
D - & b - Open 30 Molecular Builder Jobs running local: i1 remote: 0

¥ [ Projectiist Atomic Attributes —ee Malecul
¥ [ TmoleXProject i -.ﬁx ..............................................
o job_GEQ_1

Choose Job Template  p ————— Charge: Use

J Coords & Sym. |

{ 7= Import Coordnate Fie “ 9" Open 3 Molecular Buider “ Y w0 J

Atomic Symmetry

Number of atoms 0@
Current point group C1

Max. tolerance 0.01 8|  Autodetect Symmetry

New Atom .
MNew paint group Cl Apply New Point Group

Delete Selected Atoms

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.

)ﬂ‘ TroleX visualizati =5 O b

Fle View Edt Tools

500 5

igplay Type ~ Window  Help

:%D: - o Pre Opt | E @ @ ATM |I¥ Gradients

TmoleXProject, job_notRun_2

_3%’ Vib. Modes | '&Int. Coords ['e”™ Buider g Orbital Viewer % Sean |E[j Periodic

— & % | humber of atoms 12 Mumber ofbonds 12 Charge 0.0

C6HE6 78.11 gfmol

[N\

Objects | <nothing selected > -

Quickstart guide

select (shift-click.

e s saim) | o2 TGt mouse menu to

EC
(o]
£

- substitue vith fragment
stom(s) - change slement
- sstursts with hydrogens

- change bond length
onebond e i

- changs angles

two bonds

P S | B -

i s Pel@

| Building blocks | Atoms | sMILES

(3 ,‘; halogens

> ,Q hydrocarbons

> ,G misc.
nucechases
pah

¥ | rings

.sdf

| benzimidazole.sdf
| borazine. sdf

| imidazole.sdf

| indole.sdf

| pyrazole sdf

\ pyrrole,sdf

" pvrrolidine.sdf -

00000 | o |

left-mouse button: Click or drag to select | right-mouse button: rotate, MMB: move, wheel: zoom | i
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3.2. Navigation

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

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

51‘ TmoleX visualization
Fle WView Edj ools  Display T indow  Help

P @ % % oﬁl :0’ o Pre Opt | E'@ AIM |¥ Gradients .qF. Wib. Modes ﬁ Scan

{ k J TmoleXProject, job_notRun_2 — & % | number of atoms 12 Number of bonds 12 Charge 0.0

b C6HE 78.11 gfmol

& > = -
A Int. Coords :.' Builder - O bital viewer

@ Periodic

Objects | <nothing selected> -

Quickstart guide

:sded(dih:idc

o ety | U right mouse men to

[ substtue with fragment
atom(s) - change element
[ - ssturste with hydrogens

|[- change bond length

one bond |-# oy

e - change angles

| men Bt b || - MESSURE -

2 [ [l IO

Building blocks | Atoms | SMILES

,Q halogens
,Q hydrocarbons

>

>

>l misc

> ‘g nudecbases
> ,[; pah

v JJ rings

B benzene, sdf

| benzimidazole sdf
.‘_\. borazine. sdf

4 | imidazole.sdf
4 | indole.sdf

4 | pyrazole.sdf
1_‘ pyrrole.sdf
1| ovrrolidine. sdf -

00000 - A0S J

‘ left-mouse button: Click or drag to select | right-mouse button: rotate, MMB: move, wheel: zoom

———
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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:

‘ |addm'qﬁwus |pa-.mm| (hatkey: d)

L TmoleXProject, job_notRun_2 - 0Ox

| Building blocks | Atoms |

L4 ﬂ_g Molecule

v ﬂ_g alcohols
| 1-butanal.sdf
\ 2-propenol.sdf
| ethanal.sdf
| geraniol.sdf
| glycidol.sdf

,O‘I ii ;: I §] ﬁl.
P methancl.sdf
A aming S
W/ bidentate
1[; carbonyls
1{; halogens
! hycrocarbons he
l SMILES J

00000 o= J

A A A A A

i"'"""

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:

4t TmoleX visualization 4t Viewer Settings X
Fie View Edit |Tools | DisplayType Windc | General | Molecule | Lebels | COSMOcavities | Properties |Path | Grid | Misc |
Building blocks
'h‘_ @ e Export image fvideo l I Database  c:\|Jsers|mx|BIOVIA_COSMO-RS_TURBOMOLE TmolzX2022_1ibuikding blocks | Browse
Scan depth

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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it TmoleX visualization

Fle View Edt Tools DisplayType Window Help

B

[\_ eradents | A Vb, Modes | ﬁm Coords [y Buider G Orital Viewer

sean | 1 Periodic

@ %%[% 5 W O |R® Pu

TmoleXProject, job_notRun_2

— O X [ number of atoms &

CH40

Number of bonds 5

Charge 0.0
3204 gjmal

N &

Objects | <muitiple selected>

Building block tool

Substituent name

Please select one or up to three link atoms.

y_ e
o

i e, i

Link atom 2:
Link atom 3:

' Save to Building Block Collection \

Remove building block

B8 el

]nuihﬁnghlocks\ Atoms \ SMILES |

¥ | Molecuie

> § amino_acids
» ) bidentate

> qg carbonyls

» . halogens

» . hydrocarbons
>yl misc

> nudeobases
* pah

>yl rings

» . smal_common

» W alcohols

00000 |

o= J

| Fragment tool: choose three atoms to create ane fragment., | right-mause button: ratate, MMB: move, wheel: zoom

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, mi2, xyz, cosmo,

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

fﬂ‘ TrmoleX visualization

| File | View Edit Tools Display Type

=5 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 | 3} svneswao | :

‘ Aty Import Coordinate File I 'g" Open 3D Molecular Builder || @ Draw 2D ‘I Enl‘e}/' or paste you}’ SM]LES he}"e 13 A ¥

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 >

* Close
| ]

The difference is that clicking on the | 3§ ssmeswwa | 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.

Page 31/99



http://www.rdkit.org/
http://www.chemspider.com/
https://en.wikipedia.org/wiki/Simplified_molecular-input_line-entry_system

3. The 3D visualization

3.6.

The 2D Builder

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

File Edit View Atom Bond Tools R-groi

T
o
o

ups

Templates

i e P 2 S =) 5 2 N -

-

] (8 o ]

NEHE

o

@@@@@ﬁ@[

PRRPRIPRERERERREE
I| Draw Bond || H || Zoomfactor: 100% ‘

 GetSMILES |%|Close ‘ Get SMILES and dose '

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://jchempaint.github.io/

4 TmoleX4.6:0 - TmoleXProject

File Edit Templates Results Extras Tools Help

[m] x

“a”* Gpen 30 Molecular Builder Jobs rurring |

*

Dh&aeHde

local: | 0/i1 | remote: | 0 System: | 0,0/34123,3M8 | ‘

v [ Projectist
¥ [ TmoleXProject
 job_GEQ_1

[————— ]

B job_notRun_2

Number of atoms 27
Current point groy

Max. tolerance

| Coords & Sym. |
| 727 mport Coordinate File | “o”> Open 0 Molecuar uider (3T Dran CIC(=0: —0)=O)H] D o=
& TroleX visuslization
Atomic Symmetry
Fie Vew Edt Tods DipayTyps Window Hep

B QO %% il O RS D

Al
13

m vib. Modes | [ -
] o8 v vodes | g ot comrs [l oudder B b v |§

New Atom
Delete Selected Atoms

New point group

l? O
Vi

@)

x

Number Element.

1

& JChempaint [m)

Fle Edt Vew Atom Bond Tools R-groups Templates

b [Z1E) &<l [l Gl s @) 4

= = al
= g
= gl
el (e
=]
=
(=)
]
ez,

[e(mllon (e s e[| LRl

actial SMILES | -@H]aNC(=0) 9 =0)H]

Help

1

o GetSYILES

[X]Close || o Get SMILES and dose

|4 Number of atoms 27 Number of bonds 28 Charge ¢
d 243.26 gfmol

TmoleXProject, job_notRun_2

IH11N2045

ing selected >

3. Add to 3D Builder .}...

| Buldngblodks_| Atoms | sMTLES |

@Hl{c1C)C)c(=0)0)c([C@H] MC(=0)*)=0) H]

Generate/Add molecuie from SMILES

00000 |

oo

lefi-mouse button: Click or drag to select | right-mouse butten: rotate, MMB: move, whesl: zoom
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3. The 3D visualization

3.7. Easy building: Paint tool

A quite handy way to build is the paint tool

File  View Edit

5 Q@
Y

which can be chosen by clicking on the ﬁ 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:

| Buiding blocks | Atoms | SMILES

BlClNlOIFIMe
8 NN 1 R [
ml&&l&'&lm
P
nlmmmlmlm
\Hvbridization
| sp3 (t=trahedral) > | X—H

3

This will change your cursor to the element symbol: toadda C or to add a nitro

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 additional label

Invert selection

Measure distance

Translate
Rotate

Scale

Substitute with
Create bond

(vege ]
Merge overlapping atoms
Add atom at center
Create fragment
Add to fragment

Create group

Copy
cut
Delete

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).

. AoundView || PvotatCOM |
R Yo (I | View,
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3. The 3D visualization

ii) create a bond between two atoms, select it and change its length to zero
L]
!
.\‘ /’ \\ /. Bond properties: ;
N S Length (&) 27514 >
./ \‘ ! Edit additional label l Guess Length Jl Guess Dihedral Angle J
Invert selection R
Weasure distance | [Freezelength || Scan Length |
TRZ::& N | [ Freeze Torsion || Scan Torsion |
Scale
Merge overlapping atoms
Add atom at center
Create group
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:

Page 36 /99




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:

Bond/fAtom Style
Labels »
Edit additional label

Invert selection

e Sy Translate 13
Rotate »
Scale 13

Ring conformation
Merge overlapping atoms
Add attm at center

Create fragment

Create group

Copy
Cut
Delete

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:

TmoleXProject, job_notRun_2 C0 |4 number of atoms 6 Number of bonds 5 Charge 0.0

CH40 32.04 gjmol

Objects | Atom H (4) -

Atom properties

Element H ~|| Edit J
x FRE
v 0.387% | A
z 0835 A
Charge
Hybridization | custom v
t Saturate J l Arrange J l Delete J

Jlsuihﬁnghlocks\ Atoms | SMILES |

v /| Molecule
¥ | alcohols
. tbutanol.sdf
| 2-propenol.sdf
 ethanol.sdf
" 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 il Edit |
X 11274 A
y 0.525% A
z -0.898% A
Charge 0
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 | c | L Edit J
i Lz =|A
v ) 0.525= &
= asm= A
Charge o=
Hybridization imstom 'I
L saturate J{ onebond *]
sp (linear) ’
sp2 (trigonal) |
J Building blocks | Atom; sp2 (lone pair) |_
= = : =
¥ | Molecule it one k) = E
¥ | alcohols sp3 (tetrahedral) > |
1] 1butanol.sd sp3d (trigonal-bipylaiidal)
/| 2-propencl.s sp3d2 (octahedral) -
1 ethanol.sdf

Next, click on | Saurae  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.

TmoleXProject, job_notRun_2 — B3 % | Number of atoms 9 Number of bonds 8 Charge 0.0

C2H60 46,07 agfmal

Oblects | Atom € (4) 4

Atom properties

Element lc - Edit J

x " 075 A

v 072 A

z j s A
Charge =

Hybridization | 503 {tetrahedral) =

l Saturate J l Arrange J l Delete J

Building blocks | Atoms | SMILES |

v ‘1_; Molecule
v || alcohls
|| tbutanol.sdf
4 | 2-propenol.sdf
1| ethanol.sdf
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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

Objects Bond [ Atom/(l)) ]1-[ Atom % )] =

Bond properties l ‘
Type single x|

Length (&) 1.544

| Guess Length || Guess Dihedral Angle |
| O Freezl'g 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.

®

5 »
Bond/Atom Style »
Label 3
Edit additional label
Measure torsion
Scanifreeze length
Scanffreeze torsion

et |
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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:

I k ™ TmoleXProject, job_notRun_36

Bond/Atom Style »
Label b
Edit additional label

Measure torsion
Scan/freeze length

Scanffreeze torsion

Guess length

Guess dihedral angle

Add atom at center

Delete

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

— 9 x |4 Number of atoms 9 Number of bonds 8
]

Objects | <multiple selected> -

Change bond angle

Angle 115.14=
© smal fragment \_ big fragment

J Moleculm‘. Atoms ‘
I[* {5 okcue el
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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:

‘ i TmoleXProject, job_notRun_2 — 53 % 4 number of atoms 9 Mumber of bonds 8 Charge 0.0

3
C2H60 46.07 g/mol

Objects | <multiple selected>

Bond properties

Bond/Atom Style
Labels
Edit additional label

Type | single ¥ |
Length (&) 14315
| Guess Length J l Guess Dihedral Angle
l [ Freeze Bond Angle J l Scan Bond Angle
l Measure Angle J

| Buldngblocks | Atoms | SMILES |

Invert selection

|sp|d|f]

Measure bond angle

Translate
Rotate
Scale

Scan/freeze bond angle

e

Swap bonds
ooy Hybridization
Cut | 5p3 (tetrahedral) v

Delete

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.

J TmoleXProject, job_notRun_2

" canso 46.07 gfmol

|1 Number of atoms 9 Mumber of bonds 8 Charge 0.0

Objects | <multiple selected>

Change bond angle

Angle

© small fragment (_ big fragment

112.538 =

| Buidingblocks | Atoms | SMILES

(=0 [a[f]

[0 R e 08 Nor
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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.

I k TmoleXProject, job_notRun_2 — B3 % | jumber of atoms 9 Mumber of bonds 8
ﬂ C2HG60 46.07 afr
Objects | Atom H (5)
Atom properties
Element |H
Bond/Atom Style
¥ _ X
9] Label
A K| ¥
Edit additional label
) z
Translate
Charge
Select bond partners
‘, Hybridization | custom
| - alcohols .4 l EE— J l =
F Change element amino_adds
'R Coordination » | bidentate »
Ad0os carbonyls b | Buiding blocks | Atoms | SMILES |
Saturate halogens 4 J sp| 4 ‘Fl
Paste hydrocarbons b
Copy misc 4
cut nuclecbases b
Delete L4
»

tion

C#N luedral)

E—
1 MO2 ¥ | attach withledistom atom

Clost

Open to edit

[1aft_meuica hittans Flidr ar dran tn colart §rinkt_maiea hitans rafate MMR: maua whaals 2nam

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.

'u"'
’

The builder will automatically switch to the
dihedral mode. Use the left mouse button
to rotate around the new bond. To get
back to the selection mode, double-click
on the background, hit the Esc key or use

the M button.

M

b

"“\
o

n
1
L
-
-
-
-
-
-
-
-
-
-
-
-
-
-
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3. The 3D visualization

Alternatively any other atom can be used as connecting atom:

Objects Atom H (7)
Atom properties

Bond/Atom Style »
Label Bement 1w
Edit additional label X -1.116
Translate Y -0.394
select bond partners 2 -1.286
Substitute with b mmaer | 0
Change element ¥ | amino_acds ~2-propenol » ybridisation  custom
Coordlnate_ P | carbonyls ¥ | _ethoxy b rate || Arrange
As connecting atom hydrocarbons » ~geranyl >
Arrange misc » | glycdol b
SR pah @l -O-sopropyl » [T
Paste rings * | -methoxy *
Copy smal_common » | _o-tert-butyl Open 8 edit

Cut

1! 1-butanol.sdf
1 2-nronenol.sdf

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

- 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 [ Pe0rt| pbutton, different methods for geometry optimizations at semi-empirical

or force-field level are available:

'&’r Preoptimization settings *

Optimization method: lxﬂ: (GFN2-XTB, Grimme group 2018) vJ
Settings - Xtb

Mase, o, of cycles MOPAC-AM1 100
MOPAC-AM1/COSMO
Charge: .
MOPAC-PM3
| Use internal redund MOPAC-MNDD
| MOPAC-MINDO/3

| UFF(universal force field)

jj «tb (GFNE—!:TEJkGrimme group 2018) |

| Run Cancel |

Ready to start pre-optimization.

¢ Defaultis to use the xtb module (extended tight-binding semi-empirical program) from the Grimme
group in its TursomoLE 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 TurBOMOLE
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3. The 3D visualization

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

“i—? Preoptimization settings

Optimization method: | yh (GFN2-TB, Grimme group 2018) + |

jf xtb (GFNZ—xTB,kGrimme group 2018) |
MOPAC-AM1

MOPAC-AM1/COSMO
MOPAC-PM3
Use internal redund  MopAC-MNDO
MOPAC-MINDO/3
| 4 UFF{universal force field)

Settings - Xtb
Max. no. of cydes

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 | Molecuie [Labels | COSMO cavities | Properties | Path | Grid | Mic |

Atoms

|_| Show label

Bonds

Show label

L Load Defaults I Close i Apply I Save

J

L ]
“ B BondiAtom Style
o

\ [0 Numiber

[ Translate [ Charge

. / [0 Additional
'~ o
Substitute with

Change element
Coordinate

s ‘.". As connecting atom

Arrange
Saturate
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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.

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

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




3. The 3D visualization

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

o select two atoms: measure distance

Bond/Atom Style
Labels
Edit additional label

Invert selection

EETE——

Translate b
Rotate

Scale

Substitute with
Create band

© select two bonds: measure angle

BondiAtom Style
Labels
Edit additional label

Invert selection

Translate

Rotate

Scale

Scanifreeze bond angle

Change bond angle

Swap bonds

o select three bonds: measure torsion...

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

Objects  Measure: 3.87A o

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.

% = TmoleXProject, job_notRun_38

A [ el O SI®

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

© 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

File View Edit Tools Display Type Window Help

E e e %l %l o&l :0: - e} mnm RfSl GB Gradients | Vib. Modes | Internal Coords. 3:' Bulder o g & it Viewer |§ Scan |Dl Perlodlc

k ':| TmoleXProject, job_notRun_38 — B % |1 Number of atoms 12 Number of bonds 10 Charge 0.0
T Fs
Objects | <muitiple selected > >

@ Translate tool

X 03T

Y 1125

z 0.36%
u_
aos Along View J

I-Il-m;upq

0 [ el

| Building blocks | Atoms |
> 10 carbonyls.
> 1Q halogens
> 1{; hydrocarbons
> 1Q misc
> 10 pah
> 1Q rings
v dy small_common
| cha, sdf

1
A

©0000

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

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').

o 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.

Fle Edit Templates

A TmoleX2022 - TmoleX

Results

Extras Tools Help

- [m] e

D ED‘ e E [F= 'g;" Open 3D Molecular Buider

Jobsrunning  local:|  0/11 | remote:| o0 | H

Memory used for  Tmolex: E System: | 0,0/34123,4MB |

v | Projectiist
[ TmaleX

Manage Job(s)

Choose Job Template

| Job Results | 5o

job result

|__30b Compar

| Resuits Multiple Jobs_|

Type of Calculation Geometry Optimization Status 5CF Converged SCF C = Open Files
HOMO-LUMO gap 5.139 Qg J
Status geometry Converged Convergence L Socray, J
Geometry Convergence Criteria
Sconvinfo [ & Orbital/Density Plot J
energy change : actual value = -0.6150E-07 threshold =  0.1000E-05 ¥
R R _ _ L |\_ Gradients J
geom. gradient : actual value = 0.1721E-04 threshold = 0.1000E-02
Energy
total energy =  -232.07657502€78 [ SCF Population Properties J
kinetic energy = 229.29033521059 L Dipole Moments J
potential energy = -461.36691423736 [ & AIM (Atomsin Molecules) J
NMR Shigl
Gradients
Show Plots
cycle = 1 SCF energy = -232.0757937330 |dEfdxyz| = 0.018796
cycle = 2 SCF energy = -232.0765546194  |dE/dxyz| = 0.003181 [
cycle = 3 SCF energy = —232.0765749656 |dE/dxyz| = 0.000196 ]
cycle = 4 SCF energy = -232.0765750271 |dEfdxyz| = 0.000045
cycle = 5  SCF energy = -232.0765750271  |dE/dzyzl = 0.000044 []
What next
L Start new job with current data J
L Save as job template J
<< Previous
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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.

File View Edit Tools Display Type Window Help

;""EQ e e %l% %El ;gﬁ;': - 0- ﬂ R/S| GB I Gradients Vib. Modes Internal Coords .E:. Builder =Drbital\ﬁewer |§ Scan |',:3_j Pen'odicl

™| TmoleXProject, job_GEO_1 (gradient) — &3 X |* number ofatoms 15 Number of bonds 14  Charge (0.0

Obje | Gradient
Gradient

Arrows

AN

Arrow scale

Energy

&
(o]
EJL3

-233.452

-233.454 | |

-232.456

-233.458

8
P
B

-233.460

2

-233.462

-233.464

-233.466

-233.468

-233.470 o

-233.472

1 2 3 4 5 6 7 8 9 1011 12

|| Calculate bonds

Q0000 Sermx

left-mouse button: Click or drag to select | right-mouse button: rotate, MME: move, wheel: zoom

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'".

# TmoleX2022 - TmoleX - [m} x
Fle Edt Templates Results Extras Tools Help
i g™
pen 3D Molecular Buider obsrunning  local: remote: lemory used for TmoleX: ystem: X
DLu;LEg 'a!"® Open 3D Molecular Build Jab: local:| 011 | te:| 0| M dfor Tmole: ([ NESCIUSOMINENN  Svstem: | 0/0/34123,4M8
f
¥ [§ Projecttist !
¥ [ TmoleX By e P TP T N sy SO s
job_GEO_1 Charge: Use frominput  — | Apply Job Template
job_notRun_2
Job Results | | Results | e | /
Type of Calculation Geometry Optimization Status SCF Converged SCF CrEnTe |
HOMO-LUMO gap 5139 eV L BBt |
Status geometry  Converged | comergenee | L Energy J
Geometry Convergence Criteria Open Viewer
$convinfo | & Orbital/Density Flot J
energy change : actual value = -0.6150E-07 threshold =  0.1000E-05
geom. gradisnt : actual valus = 0.1721E-04 threshold =  0.1000E-02 L I\ Gradients J
Energy
total energy =  -232.07657502678 1 SCF Popuiation Properties J
kinetic energy = 229.29033921059 L Sookionents J
potential ensrgy = -461.36691423736 | @MMM”msinMa\emhs) J
Gradients
Show Plots
cycle = 1 SCF snergy = -232.0757937330  |dE/dxyz| = 0.018796
cyele = 2 SCF energy = -232.0765546194  |dE/dxyz| = 0.003181
cycle = 3 SCF energy = -232.0765749656  |dE/dxyz| = 0.0001%96
cycle = 4 SCF energy = -232.0765750271  |dE/dxyz| = 0.000045
cycle = 5 SCF energy = -232.0765750271  |dE/dxyz| = 0.000044
What next
Start new job with current data
L L J
| Save as job template J
<< Previous
Manage Job(s) J [ —
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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 k| 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 |

Choose Molecular Orbital(s)

Sel. No Spin Sym. Energy[Hartree] Deg. Occ. HOMO /LUMO quick high-res
= | ]
59 b 69 0.0056 1 0 LUMO +4 & o8&
68 ab 68a 0.0253 1 o LUMO +3 B &
7 ab §7a 0.0333 1 ] LUMO +2 R
= 66 ab 66a -0.0525 1 0 LUMO +1 @ | &
¥ 85 ab 65a -0.0615 i ] LUMO S
] &4 ab 64a -0.2039 i 2 HOMO 5 | & |
= 63 ab 63a 0,225 1 2 HOMO - 1 B @
52 ab 62a 0.2310 f 2 HOMO -2 & =&
51 b 6la 0.2436 1 2 HOMO - 3 B o8&
&0 ab 60a -0.2533 1 2 HOMO - 4 2 | 3 o

Choose Density and Electrostatic Properties

Sel. Plot-propertyname Plot-filename quick high-res
] Ground state, total density w L [ I\ E J
1st derivative of total density t I o) J. B J
2nd derivative of total density t2 L 3 I 3 |
Laplacian of total density i L [ I\ E J
Kinetic energy density t I -@' I, '@‘ J
Electrostatic potential o L W3 Il 3 J
Electric field tf ! B J. fo J
Gradient of electric field tg I 3% Il 3 |
Electrostatic potential calor-coded on density isos... tp_td I @ I -@' |
| view allin one ( Calaulate selected 1. I view selected I Close |

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 Orbital(s)

Sel. No Spin Sym. Energy[Hartree] Deg. Occ. HOMO/LUMO quick high-res
— .
69 ab 692 0.0056 1 [ LUMO +4 ¥ B
68 ab 682 0.0253 1 [ LUMO +3 ¥ B
&7 ab 67a 0.0339 1 [ LUMO +2 ¥ B
[ ] &6 ab 66a 0.0525 1 [ LUMO + 1 ¥ B
.| 65 ab 65a -0.0615 1 [ LuMO @ &
L & ab = [ caloate quick | 4 z HomMo o |
- 83 il (52 Calculate i 2 HOMO -1 a | % |
52 & o View 1 z HOMO -2 8 | % |
o1 & i View quick 1 2 HOMO -3 & W |
&0 ab 60a ——za 1 2 HOMO - 4 & & -

Choose Density and Electrostatic Properties

sel. Plot-proper tyname Plot-filename quick high-res
Ground state, total density td | fo I [o3 |
1st derivative of total density t | 3 I B J
2nd derivative of total density tz | [ I (o3 |
Laplacian of total density [ | 3 I & J
Kinetic energy density tt | S I [ |
Electrostatic potential o | % I w3 J
Electric field tf | £ I w3 J
Gradient of electric field tg | % I w3 J
Electrostatic potential color-coded on density isos...  to_td | w5 Il 3 J
| viewllin one [ Calalate selected I View selected J( 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 — L2 Lo L W
= 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.

Fle View FEdit Tools DisplayType Window Help
—~ e e e et :':g: i3 n_ € nis|ce | cradents | vb. vodes |1ntema| Coords [*e”™® Buider I= Orbital Viewer
‘ J 47a HOMO(high-res), job_GEO_2(plot), TmoleXProject — &3 X | Number of atoms 21 Number ofbonds 21 Charge ©
L =
A Objects | enothing selected > - |
ab 47a -0.2338 1 2 HOMO
Display isosurface +/- v |
Max [<0,4747517] 00222
il
204} cellle
~ [=0.0]
3
ﬁ
L b
©0000 & oo J

I‘ Daone
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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
xA2+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

Calculate Sel, Number Freq [nm] Osc.str. high-res
1a 434,1160 0.0024 | & B
la 396,760 0.0147 | )
Ja 369.3930 00014 | -,é’;
4a 353.0320 0.0247 | &t -l

View Sel. Name Spin singular value Sacontrib Symmetry high-res

File format © .plvf.plt Jdbx
View all in one | Calculate 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.

lower part of the table will be filled with the occupied and virtual natural transition orbitals:

Natural transition orbitals

Calculate Sel. Mumber Freq [nm] Osc.str. high-res
1a 434,1160 0.0024 ) -
2a 396.7860 0.0147 4
3a 369.3930 0.0014 -_‘_‘.'g:!
4a 353.0320 0.0247 f
. |
View Sel. MName Spin singular value Yocontrib Symmetry high-res
nto_occ_1 ab 0.9978 99,524 a V4 —
nto_vir_1 ab 0.9975 99,524 a 4
nto_occ_2 ab 0,049 0.246 a 4
nto_vir_2 ab 0.0496 0.245 a v 4
|
File format © phvfplt dtx
view all in one | Calculate selected View selected Close

The

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

ab nto_vir_1(High Resolution), job_SP_5(plot), TmoleXProject —

Visualization of natural
transition orbitals from a
< : TDDFT excited state
T ——— | . \ 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 |<pothing selected> ‘ bl |

electric field
Max [<541.17365] 03]
Min [>3.45747T7E4] [ o3
Segments 20,000

Contnary [ foood]
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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.

i TmoleX2022 - TmoleX

— [m) >
File Edit Templates Results Extras Tools Help
ol pet LS
o & E '#7" Open 30 Molecular Buider Jobsrumming  local:| 0/11 | remote: | 0 | Memory used for TmoleX: | 110,6/138,4MB | System: | 0,0/34123,4 MB

v [ Projectiist

¥ [ TmoleX
+” job_GEO_1 Charge
job_notRun_3
job_GEO_4 | Start Calculation |
Job typ Method
Geometry Optimization Level DFT

Functional  b-p
Spectra & Exdited States

IR & vibrational Frequendies

VCD - Vibrational drcular dichroism
UV /Vis and CD(vertical excitations) Bassset  def2-TZVP Symmetry c1
NMR shieldings

Single Point

Single Point Properties
Convergence Parameter

Population Analyses NMR Spin-Spin coupling constants Energy

1076 Density

Potential Energy Scan(PES) Show Motes

Optical rotations / dynamic palarizability

Transition State Search Static polarizability

e Dynamic first hyperpolarizabllity

»
»
»
»
| Reman & vibrational frequencies
»
»
» Static first hyperpolarizability

Batch processing

Freguency analysis Use resources

©) Al frequencies Lowest eigenvalues Memory used for

s00.0 |MB
No. of frequendies Disk 0 MB for HE
No. of CPUs 1
e [ Delete saatch files after run
Currently supported on Linux systems anly
Save and Run
Run (local)
Save
Run (network)

<< Previous

Manage Job(s)

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 default.

NOTE: 2" numerical derivatives can not be performed with the Windows version of TmoleX. Please submit
such jobs to (remote) Linux systems.

Page 61/99




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.

4 TmoleX2022 - TmoleX

Fie Edt Templates Resuls Extas Took Help

Jobs runing

[ [ &S &5 | s ™ open o wdeaar suider ‘

locak: | 0/11 mote: | 0 H

Memory used for Tmolex: | 180,2/229,6M8 |

el

v [ Projectist f
v [ Tmolex h
o job_GEO_1 Choose Job Template P Charge: Usefrom vh{—( Apply Job Template
o iob_GEO_4.
7 ;:bispis Job Results | Scanjobrestit | Job Comparison | Restits Multiple Jobs | Comparison Movie |
; ;::’::’Z Type of Calalation Single Point Calculation StatsSCF Converged T Open Files £
rd HOMO-LUMO gap a211 eV Output
Status geometry Not performed Energy
Energy Open Viewer
zero point VIBRATIONAL energy t 0.2084402 Harcree 2 OrbitaDensityPlot
SCF-energy i -1158.1738616
5CF + E(vib0) -1157.9654214 I\ Gradients
# Vibrations
Thermochemical Froperties
SCF Population Properties
Dipole Moments
Virational Modes & A (toms i Mokeues)
Vibrational Spectrum: = NVR Shieldings
mode SYNMSTIY wave number IR intensity selection rules .“E’ cosmo File
cmt+ (-1) Im/mol Reman
1 -a.00 0.00000 = - Density of states (DOS)
2 0.00 0.00000 - - Show Plots
3 0.00 0.00000 - -
s 0.00 0.00000 - - I Ui Specinum
5 0.00 0.00000 - -
6 0.00 0.00000 = = M o specnm
7 a 57.11 2.49420 1ES TES B Raman Spectrum
8 a 51.74 2.67120 YES YES
E a 86.75 1.40429 TES TES |14] R Spectrum
10 a 102.02 4.6084¢ vEs  vEs D Spectum
11 a 122.21 5.51072 YES YES =
12 a 142.25 6.43852 YES TES (5 Band Structure
13 a 14e.59 0.28121 vEs  vEs v
14 a 166.86 0.75318 YES YES (P
15 a 196.30 1.55526 YES YES Lw
16 a 221.37 1.40498 vEs  vEs =TT
S << Frevious.
Manage Job(s) ]
. . f '
Select a specific mode and click 'play'.
TmoleXProject, job_SP_16 (vibrations) — @ x |1 Number of atoms 28 Mumber of bonds 29
Objects | yibration v |
Vibration
no. S frequen... IR inten... IR R
16 none 0.00 0.00000 - R —
7 a 33.70 2.00645 YES YES
8 a 43.81 2.19129 YES YES
g a 56.45 1.34525 TES YES
10 a 86.82 0.69893 YES YES
11 a 105.33 4.43697 YES YES
12 a 128.16 11.12831 YES YES
13 a 164.48 10.12821 YES YES
14 a 168.29 4,25712 YES YES
15 a 209.66 5.53138 YES YES
18 a 230,09 0.33617 YES YES
A a 241.17 0.12354 YES YES
18 a 276,95 3.12643 YES YES
19 a 285.59 3.19482 YES YES
20 a 301.80 6.23396 YES YES
21 a 311.26 4.97524 YES YES
22 a 327.85 1.50033 YES YES
23 a 33742 12,16861 YES YES | o
Flay Stop
Arrow scale 50 % Arrows | |visible
Amplitude 1% Frames 245
|| Calculate bonds

Select one or several modes first. Use the play buttons and/or the slider to see the vibration.

Page 62 /99




4. Properties

4.2. IR spectrum

Use the | IR Spectrum | to open the IR spectrum:
4 IR spectrum C:\Users\TmaleX\job_SP_13
File
| Graphics | Table originaldata |  Table calc.envelope function |
Unit 1jem - ~ =
QN == ||
Hea It O =]
Std, deviation &0
Min. x-axis V] 1’;22 |ﬂ\
Ma., x-auis 3700 3 [\
_ = 9w f1
Frequency shift 0.0 £ sm ‘I ||
sampling points 5000 = 700 .
- |
[ Broadered by (_ Gaussian () Lorentzian f; 600 I|I I'.
[Z] Line spectra @ 00 | 1
S 400 Fd
| Calculate min max 2 \
= 300
Visual settings 200
Width line (Line spectra) 0.5 100 | [ ‘ I ‘
— .. e Lol ;
0 500 1,000 1,500 2,000 2,500 3,000 3,500
1/cm

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
WCD - Vibrational circular dichroism

U fvis and CD{vertical exdtations)

MMR. Spin-Spin coupling constants

Raman & vibrational frequendes

Single Point
Single Point Properties
Population Analyses

Potential Energy Scan(PES)
Optical rotations [ dynamic polarizability
Static polarizability

Dynamic first hyperpolarizability

Static first hyperpolarizability

Transition State Search
Templates

Batch processing

v v VvV Vv v vV vy wYw

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

< TmoleX2022 - TmaleX — m] ®
File Edit Templates Resuts Extras Tools Help
Je e LW
e & H ‘s Open 30 Molecular Buider Jobsrumning  local:| 0/11 | remote:| 0 | J/ Memory used for TmoleX: | 167,9/229,6MB |  System: | 0,0/34123,4MB ‘
v D= : ———— — IR —>—
v TmoleX. "
+ job_GEO_1 i Choose Job Template P ——— Charge: Use from/fiput ¥ ————| Apply Job Template
 ob_GEO_4 _—— —
' iob_sP_5 Job Results | Scanjobresult | Job Comparison | Results Multiple Jobs | ¢ |
 job_sP_7 Open Fil “
' job_SP_9 Type of Calculation Single Point Calculation Converged | 5cF Convergen | E=E=
 job_GEO_12 4211 &¥ | Output |
" job_sP_13
== R Energy
job_SP_14 Status geometry Not performed e — | J
o Open Viewer
total energy = -1158.17386157371 & Orbital/Density Plot |
kinetic energy = 1149.67891263231
potential energy = -2307.85277420603
SCF Population Properties J
NMR Shisldings | @ A (Atomsin Molecules) |
=
Snmr dft shielding conspapfs L NMR Shieldings A |
1 El 1 51.16457204 413.70435623 -609.70760840 , -
2 < 1 111.64534459 74.38708869 -149.41387160
3 n 1 90.56845165 147.76335205 -243.45361700 y
4 ¢ 1 115.08101908 36.44272730 -146.38160581 e
5 c 1 113.23081185 £5.40624927 -138.99020737 5
6 «c 1 151.88153105 41.16846079 -101.79133592
7 c 1 160.13473166 35.78665633 -89.2333865¢6
8 ¢ 1 33.87238686 135.78455220 -222.55734798
L] o 1 -100.04823655 580.76645491 -489.47504429
10 o 1 106.35300624 242.48506506 -294.62503651
11 c 1 25.44432428 138.29367056 -236.56062460
12 c 1 122.7267€139 48.88207956 -147.2292438%
13 n 1 134.29980118 164.76141443 -187.80025180
14 c 1 41.20208545 126.15646811 -210.51133783
15 < 1 -75.7013574¢ 579.33152864 -461.64591287 What next
18 o 1 -79.48587209 557.59368600 -475.08807414
17 h 1 26.71189565 2.96288556 -7.23606794 Startnew job with curentdata |
18 h 1 27.61976858 5.97295563 -8.47488923 Savd as job template
N . e e R PR, = |\ J
-
| << Previous |
Manage Job(s) |

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 Bt | IR & vibrational frequencies

Single Paint P VCD - Vibrational drcular dichroism

UVVis and CD(vertical exdtations)
NMR. shieldings

Single Point Properties

Population Analyses | NMR Spin-5pin coupling constants
i Raman & vibrational frequencies
Potential Energy Scan(FES) P
Optical rotations | dynamic polarizability
Transition State Search P | gyaic polarizability
Templates P Dynamic first hyperpolarizability
Static first hyperpolarizability

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

:-'u: 1V Vis Spectrum

:-'u: CD Spectrum
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4. Properties

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

File

i UV/Vis spectrum C:\Users\TmoleX\job_SP_24

| Graphics | Table original data | Table calc.envelope function

Unit nm
Std. deviation

Min. x-axis

Max. x-axis

Frequency shift

Sampling points

[T Broadened by () Gaussian
[ Line spectra

| Calculate min max |

Visual settings
Width line (Line spectra)

| Calculate Color |

W

Emission R=240 G=43B=40

Absorption R=15G=212B=215

7
100.1955
788.8032
0.0

1000

Lorentzian

0.5

Oscillator strength

0.45

o o = = = =2 =2
= = ] i W w s
o w =] aq =] o =}

e
o
@

150 200 250 300 350 400 450 500 550 600 &S50

nm

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 PBEO

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

Spectra &Excited States B | 1R & vibrational frequencies

VCD - Vibrational dircular dichroism
UV Vis and CD{vertical excitations)
MNMR. shieldings

T EG LA B NMR. Spin-5pin coupling constants k

X Raman & vibrational frequencies
Potential Energy Scan{PES)

Single Point

Single Point Properties }

Optical rotations / dynamic polarizability
Transition State Search B | sy polarizability
Templates p Dynamic first hyperpolarizability

Static first hyperpolarizability
Batch processing

NMR Spin-Spin coupling constants

[ Atomlist or Elements 1 Atoms .,). Select atoms (Fragment 1) O Elements [ H c

Atomlist or Elements 2 »

simple (FC +FC/SD cross term) (O Optons  [FJFc [[sp [[pso [FPso nofesdcross

Threshold ',

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, | “s”* select atoms (Fragment 1) |) OF ONne 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)
© 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:

.—l‘.

-

Bond/Atom Style
Label
Edit additional label

Measure torsion

Scan/freeze length

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

Objects | Constraint [stre] C8-C9 - - delete.

Constraints | Constraint [stre] C8-C9 ¥ || Delete |
Constraint
Length (A) 1.5343466 To scan along the coordinate, activate the
|| Mark for scan check box and set minimum, maximum
Start 1.534 Current .

the step width (not the number of steps!)

End 1.534 Current
Step size i}
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5.1. Defining fixed internal coordinates

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

option:

4t TmoleX visualization

Fle View Edit Tools DisplayType Window Help

E Q@ sl Xl O %I’@ @ am |5 crastents | 87 vio. vioes | A e, cooras [ uer @B croialviewer |§

- m] X

™= TmoleX, job_notRun_15

b

— © % | Number of atoms ... Number ofbonds ... Charge

Change bond angle

A C2HTNO 61.08 gjmol
=
Objects | emultiple selectad> -
Bond properties
Type | single -

o Length (&) 1534 %
A& L Guess Length Jl Guess Dhed... |
') |

BardjAlom Syl | [JFreszeond... || ScanBond... |

Labels

M l

Edit additonal label lMeomreande
./. Invert selection
] Measure bond angle
R Translate | Bulding blocks | Atoms | SMILES |

Rotate J sp ‘ d ‘ £ ‘

Swap bonds

o

Ccut

Delete E | ke
Hybridization

| & flone nair)

©0000

| Ieft-mouse button: Click or drag to select | right-mouse button: rotate, MMB: mave, wheel: zoom

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.

it TmeleX visualization - [m] >
Fie View Edit Tools DisplayType Window Help
& @@ %l% ®| = W ©Oreox %L@ AIM “¥ Gradients |‘s¥’ Vib. Modes |A’L‘Int. Coards f:,"- Buider 8 Orbital Viewer ﬁ
O TmoleX, job_notRun_15 — O X |1 Number of atoms . Number of bonds . Charge
AI " canmmo 61.08 gjfmol
Objects | <multiple selected > =N
Bond properties
Type | single - |
Sy Length (&) 1534 =
20| | Guesslength || GuessDihedral.. |
- | [lFresz=To... || ScanTorsion |
Measure Torsion
d Labels
Edit additional label
= Invert selection
-R e | Buidingblocks | Atoms | SMILES |
Trandate EN RO
Rotate
Scale
pea s ETT—
Change torsion
Copy
Cut l B l Raj
e Hybridization
| &0 flane nmir) -l -
00000 | . A J
left-mouse button: Click or drag to select | right-mouse button: rotate, MMB: move, wheel: zoom I |
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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:

i TmoleX2022 - TmoleX - m] Py
File Edit Templates Results Extras Tools Help
= =
Jall at E ‘," Open 3D Molecular Builder Jobs running local:|  0/11 | remote: | 0 | | Memory used for TmoleX: | 177,8/243,3MB | System: | 0,0/34123 4MB
" o Ly > s Al —— M > St >—
¥ [ Tmolex o : e ——————— . e S e ! : :
" job GEO_1 | Choose Job Template » Charge: Use from input w . Apply Job Template |
" job_GEO_4
& job_SP_5 | start calculation |
o 1ob P 7 Jub typ Method
" job_SP_9
i Level DFT
' job_GEO_12 Geometry Optimization | Ground state Ve
& job_SP_13 Functional b-p
& iob_SP_14 Specira & Exdited States
e 3
Z Basizset  def-sw(P) Symmetry €1
Single Point Properties } Co
Population Analyses Energy 10®
. Caution: constraint geometry!
EEEEEm ) [ You have fixed internal coordinates.
Transition State Search
Templates P
Use resources
Batch processing
Memory used for soo.0 | MB
Options Disk o ME for HF
Convergence criteria Mo. of CPUs 1
Energy &5 107 Hartree [T Delete scratch fles after run
Gradient norm 3 | [dEfdxyz] = 10':]HarheejBnhr
Max. na. of cycles 50 Save and Run
Run (local)
Indude weight derivatives
Save
Run (network)
| << Previous I
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.

Page 70 /99




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 - TmoleX

File Edit Templates Results

o
&5 5 "

¥ [ ProjectList
v TmoleX

" job_GEO_1
" job_GEO_4
* job_SP_5
" job_SP_7
" job_SP_9
" job_GEO_12
" job_SP_13
" job_SP_14

B job_notRun_15

Manage Job(s)

Extras Tools Help

-

“s_™ Open 3D Molecular Builder Jobs running local: | ©0/11 | remote:| 0 | |

Memory used for TmoleX: ; System: | 0,0/34123,4 MB

Constraint [tors] N5-C... o] 89.127 89.127

Create New Constraints by Selecting Bond(s)

Unrelaxed scan (no geckpetry optimization) ©) Relaxed scan (geometry optimization at each peint)

Generate each start structure from previous step.
This will cause TmoleX to generate just the first structure,

_ Use current structure for \all.
) This will cause TmoleX to generate start structures for all
steps of the scan directly flom the current structure.

Options
Convergence criteria
Energy 107 I Hartree

Gradient norm 3 \IdEfdxyz] = 107 IHartree/Bahr

Max. no. of cydes 50

Indude weight derivatives

<< Previous

then take the optimized coordinates for the next steps later on.

Choose Job Template » Charge: Use from input w | Apply Job Template |
| start calculation |
Job typ Method
Geometry Optimization L=zl DFT
Functional b-p
Spectra & Excited States P
Single Point
= > Basisset def-SV(P) Symmetry C1
Single Point Properties - T
Population Analyses B Energy 10°% Density
Caution: constraint geometry!
Eriis B SRR [ EnrmsEi You have fixed internal coordinates.
Transition State Search P
Templates P
Batch processing P
Potential Energy Scan (PES) Options
List of all fixed constraints:
Constraints Value Start End Stepsize

Use resources

Memory used for soo.0 | MB
Disk ® MB for HE
No. of CPUs 1

[ Delets scratch files after run

Save and Run

Run (local)

Save

Run (network)

The list of fixed internal coordinates is shown in the PES scan Options section. To define a new fixed internal
coordinates, use the (Create New Constraints by Seecting 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.
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5.2. Use internal coordinates

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

i TmoleX2022 - TmoleX

Fie Edit Templ

1=

v [ Projectlist
v [ Tmolex

 job_GEO_1

 iob_GEO_4

& iob_SP_S

' iob_sP_7

 iob_SP_9

 iob_GEO_12

o iob_sP_13

 job_sP_14

» |7 job_SCAN_15

 scan_0000
o scan_0001
o scan_0002
o scan_0003
o scan_000%
o scan_000S
o scan_D006
" scan_0007
& scan_0008
o scan_0009
' scan_0010
o scan_0011
o scan_0012

Results  Extras

Tools  Help
».

o

x

Manage Job(s)

<< Previous J

"™ Gpen 30 Molecuiar Buider Jobsrunning  local:| o011 | remote:| o ‘ Memory used for TmoleX: | 234,3/330,3MB |  System: | 0,0/34123,3M8 ‘
| Geomemy  —>—  aomcatbues R —— TR —>— W= —>— R
Choose Job Template > | Charge: Use from input w | Apply Job Templste _;[7
Job Results | Scan job result | [ |
Unit - —~ Y
[Hartree = || Openscanmovie || SaveasExeel | Hea If C
Scan directory zero Value Energy
tors N C3C104 -210.2017
sean_0000 0 -210.2019€0 -210.2018
scan_0001 45 -210.2028E0 -210.2019 |}
scan_0002 0 -210.2035€0 -210.2020 | |
scan_0003 55 -210.2041E0 2102021 | |
scan_0004 60 -210.2045€0 -210.2022
scan_0005 &5 _210.2047E0 -210.2023 )
scan_ooce o awmam | 2 /
scan_0007 75 -210.2096€0 2 /
scan_0003 50 -210.2043€0 2 /
scan_0003 &5 -210.2030€0 2 /
o B Ry ?
scan_0011 a5 -210.2028E0 - /
scan_0012 100 -210.2023€0 i /
> /
-2 /
2 » -
-210.2 /
-210.2036 /
2
7
2
2 /
= /
- \\ ’/'
\\
45 S0 55 60 65 70 75 80 85 90 95 100

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 co

nditions

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

Fle Edt Templates Resuts Extas Tools Help
Fa g A,
Pl E ‘8™ Open 30 Molecular Bulder Jbsruning  kcal:| 07 | remote:| 0 Memory used for Trolex: ([ EBRIGSRANENY  Svstem: [ 0.0/1703%.3 v
¥ [ TmoleXProject '
 Job_GEO_1 Choose Job Template P — Charge: Use fiominput v ———  Apply Job Templete
o fob_GEO 2 -
o fob_5P_3 | Level of Theory | SCF Convergence | solvation |
ob_5P_¢ i i -
 job_SP_: s Auxiliary basis sets for RI-]
job_notRun_5 ) R
2 Element | Bacis set | Ausdiary badi set
E 7] e
c POb-TZVP | yjversal -
Semi-enpiica
{ Hartree Fodc | H Pob-TZVP | ipjersal -
- \(VVIN) +Perdews, exchange:S +Beckesd |_confourefinctoralit | | o pob-Tav | yyyera —
1 oFr periocic boundary conditions
| RIRPA ls
P2
( 2
ADC(2) (MP2)
cesn
| CCsD(T) nt
Activate Kramers complex DIIS

This opens a bunch of options.

JLeveIofTheorv| 5CF Convergence | Solvation |

Level

DFT periodic boundary conditions

DFT settings

Functional | pge - | PBE GGA, correlation:LDA(PW)+PBE(C), exchange:S+PBE(X) | configure functional lst |

Gridsize

m3 hd

Dispersion | pFT-p3 (B1)  w | DFTD3 BJ-damping (Grimme et al, 2011)

Periodic boundary conditions

Periodicity 30 - bulk solid

b
Unit Cell parameters |
a 5.3587 a 90.0 degree ‘
b 6.8989 B 90.0 degree
c 5.6623 v 90.0 degree
unit & - ¢ :

Guess cell parameters

)
k point mesh

[T] enable

k1

umber of sampling paints along reciprocal lattice vectors

3 k2 8 k3 8

[¥] Band Structure Plot Band structure plots show the value of band (orbital) energies for values
of k along lines connecting symmetry points,
These lines can be spedfied by providing their start and end points

er of k points along the line.

Start values in redprocal space End values in reciprocal space
(fractional) (fractional)

k3 k1 k2 k3

MNo.Of points

Metals

For metals a sufficient number of k-points are required as well as Gaussian smearing. for details see [Aresse af al]
Gaussian smearing:
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o Unit w  Hint: according to Aresse ef a use 0.3 - 1.0 eV
Spin Number of unpaired electrons (gobonal).

Select periodicity: 1D, 2D or 3D

To use k-points, just enable the check
and tell TmoleX how many k-points
you want in each direction in k
space.

For a later band structure plot, enable
the check here and set the path in
reciprocal space (from — to )
Check your text book for location of
symmetry points like L, K, ...

Metals need fractional occupation

numbers. Gaussian smearing is being

used, set the width of the smearing
here.




6. Periodic boundary conditions

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

4t TmoleX visualization

Fle View Edt Tools DisplayType Window Help

L"EE\. e Q % % oﬁ :ﬁt - ° Pre Opt | w'® AIM ||¥ Gradients |‘§. Vib. Modes L&Iﬂt. Coords I:‘:‘ Builder = Orbital Viewer |§ Scan Iiﬁ Pli\:iod\:

- [m] X

|| TmoleXProject, job_notRun_6 (periodic boundary)

M e Pk [ N¥

.

0000

— &3 X | Number of atoms 9

Number of bonds 8 Charge 0.0
' canso 46.07 gfmol
Objects perigdic boundary -
Periodic boundary conditions
Periodicity | 3D - bulk solid -
Unit Cell parameters
a 5.3587 a 90.0 degree
b 68989 B 90.0 degree
C 5.6623 Yy 90.0 degree
Unit | - | Guess cell parameters.

Replication (for visualization purposes)

min max
a o ] The unit cellis 0..0, 0..0, 0..0
For a, b, and c. Enter here the
b0 o cellflattice indices in each
direction (e.g. -1.. 1)
c o L]
L Show/Update replica J

| left-mouse button: Click or drag to select | right-mouse button: rotate, MMB: move, wheel: zoom

This will add the unit cell within the Builder.

Hint: click on the 'Center molecule' button ;05 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.

Fle View Edt Toos DisplayType Windon Help

OO %o 5l QL s s [ | e [ oue 23 ot e
L™ o~

scan |1 periodic

 humber of atoms 32 Number ofbonds 40 Charge 0.0
b

TmoleXProject, nanotube.

Objects | periodic boundary -

Periodic boundary conditions

Periodicty 1D -wire -
Unit Cell perameters
a 491 a[s00 degree
b [s.8589 B [s0.0 degree
e[s.0623 v [s0.0 degres
wit(A w| Guess cel parameters

Replcation (for visualization purposes)

a0 Theuitcels0.0,0.0,0.0

b, and . Enter here the
b[o o

20 [ el HID@I@ N

wmber of copies in
direction (e.g.-1.. )

=T
Iy

cfo o

[ Show/Update repica

Ieft-mouse button: Click ar drag to select | right-meuse button: rotate, MMB: move, nheel: zoom [ |
—
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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/Control 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. 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:

| £ Templates x
Fle Edt Use File menu or the open button to read in

Bl + % / existing template to modify or apply.

Job-Mame Create new job template.

Job-Type
Method / Level of Theory
CosMO

‘ Change the Job name using / ‘

Freeze orbitals 599969999 ‘ Click on 4 to add ajob to the workflow. ‘

Fermi smearing Off

Periodic
Symmetry check

Basis set

def-SV(P)

Charge Use from input
Multiplicity Automatic (RHF/UHF)

Settings - Turbomole

| Job-Type | Method | Geometry | Basisset | ChargeMOs | Cth on (%) toremove aJOb from the
T workflow.

Geometry Optimization } Ground state

Spectra & Excited States p
Single Point
Single Point Properties }

Population Analyses B

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

Geometry Optimization Options

Energy & 107 Hartree

Gradient nerm 3 |dEfdxyz] = 107 IHartree/Bohr

Max. no. of cydes 50

[ use internal redundant coordinates Include weight derivatives Optimize cell parameters E SaVe the template 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.

H Use final coordinates i Use final coordinates i Use final coordinates
job 1 of job 1 B |job2 of job 2 B job3 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 ¢ ApplyJobTemplate | TmoleX will prepare the input and jump to the start job panel:

job 1 job 2 Use resources
OPT+FREQ.xm Memory used for 500.0 MB
Job-Name Job1 Job2
Symmetry check on on Disk 0 ME for HF
Basis functions def-Sv(P) def-SV(P) No. of CPUs 1
Charge used from input used from input _
Muttiplicity Automatic (RHF/UHF) Automatic (RHF/UHF) ) BEEiReeriED TEE i T
Freeze off off
Level of theory DFT+Disp DFT-D3 Bl-damping (Grimme et al, 2011) b-p  DFT+Disp DFT-D3 BJ-damping (G...
Cosmo off off
Job-Type GEO FREQ

Save and Run

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:

4 TmoleX2022 - TmoleX - [} ®
Flle Edit Templates Results Extras Tools Help
fe =S E ‘g" Open 30 Molecular Builder Jobs running local:|  0/11 | remote:| 0 | | Memory used for TmoleX: | 272,7/353,9MB |  System: | 0,0/34123,4 M8
- ]
B Projectiist [ —_— —— — — ‘9—.\!-
v TmoleX USmmmmmmmmm e e
o ob.50_s orr-reQ b | R soo b T
' iob_GEO_4 e ——
o iob_SP_5 Job Results Job Comparison | | |
o job_sP_7 [ )
/ job_sP 8 | E Save as .xs Il — Open as .xis (e.g. with Excel) |
" job_GEO_12 job_0000 job_0001
o job_SP_13
 job_SP_14
» I:-/ job_SCAN_15 Project-Name TmoleX TmoleX
» [ job_SCAN_17 Batchjob-Name
Parentjob-Name OPT4FREQ_20 OPT+FREQ_20
' job_0000 Job-Name job_0000 job_0001
o/ (EALTE Formula C2HE0 C2H60
SMILES occ occ
2D structure /\_ o /\ o
Mumber of atoms 9 9
Basis set. def-5V(F) def-5V(F)
Symmetry cl cl
Charge 0.0 0.0
Multiplicity Singlet Singlet
Frozen core off off
Level of theary DFT+Disp bp DFT+Disp b-p
RI on on
PNO off off
Dispersion DFT-D3 (B1) DFT-D3 (B)
COsMO off off
COSMO-FINE off off
Energy H -154,514496 -154,914498
HOMO-LUMO/eV 6.744077 5.74438
Dipole moment from ridft
Dipole moment /D 1.611724
Zero paint vib energy H 0.077384
52
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:

4 TmoleX2022 - TmoleX - O X

File Edit Templates Results Extras Tools Help
N g6 .
E . Jobs running local:| 011 | remote: | 0 || Memoryused for Tmolex: _ System: | 0,0/341

New Batch Job | |

v E | Gumery > — > >
v TmolexX | e
" job_GEO_1 ;; ’ ] || >3
o job_GEO_4
" job_SP_5 Multiple Coordinates |
o 1ob_SP_7
o/ job_5P_9 ‘!’; Add Molecule | Add SMILES W smes D)0 add List of SMILES "o Delete Molzcule
- J | J | J 1 - J
o Iob_GEO_12
o job_SP_13 Mumber Name Charge Image(dick to view/modify) Periodic

o job_SP_14

» |<, job_SCAN_15
» [ job_SCAN_17

v |7, OPT+FREQ_20
 job_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 | “e’; adamoeaie | 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 | ¥} asdsiie | or by hitting
the <Enter> key.

To import or use a list of SMILES, please use the | B} addustofsies | putton 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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4 TmoleX2022 - TmaleX - O ¥
File Edit Templates Results Extras Tools Help
N
D | U ﬁ (‘; E 7=, .2," Open 3D Molecular Builder Jobs running local:| 0/11 | remote: | 0 ||Memoryused for TmoleX: _ System: | 0,0/341
I
Tﬁf}w. tol s —— Moleo ttributes —»— StartJob ;— Results
¥ [ Tmolex - =
& job_GEO_1 Cho p —
& job_GED_4
& iob SP5 e
o job_5P_7
" ‘& Add Moleaule |} SMILES | Add List of SMILES “o”" Delete Molectle
o/ job5p9 P |— I Jd= J
& job_GEO_12
 iobsP_13 Charge Image(dick to view/modify) Periodic
' job_5P_14
» |5 job_SCAN_15 5
» |5 job_SCAN_17 -
v |5 oPT+FREQ 20 4 Open
" job_D000 —
 iob_0001 Look In: batch-jobs - @ I
[ methlemne oz
| ] aniiine. cosmo [7] propylamine. cosmo ance
[] aniline.xyz [ propylamine.xyz ] Apply
[ ethylamine.cosmo - 1
| ] ethylamine.xyz
[ methylamine. cosmo
File Name: amines. sdf
Files of Type:  all coordinate files -
| Open Cancel |
Manage Job(s) J

4 Tmolex2022 - Tmole - ] X
Fle Edit Templates Results Extras Tools Help

D [y = A E [ "™ Open D Moleculor Bulder | Jobsrumning  local:| /1L | remote: | 0 || Memory used for 'fe)(‘ DN sy | 0.0/34123,
— 7 4
¥ [ Projectlist olecular Attributes || 7I > startiob FP»— Resuts

= e e P
" job_GEO_1
+ job_GEO_4
" job_SP_S ) & Sym.
j:::::zz:; s}, AddMolecuie | Add SMILES | ),“ﬁuzs i W) add Listof sMILES ] ‘o’ Delete Molecule J
o iob_GEO_12
" iob_SP_13
o iob_SP_14
» |5 iob_scan_15
» [, job_scan_17 1 methylamine 0
v |3, oPT+FREQ 20
" job_0000
& job_0001
methylamine

Choose Job Template Charge: Use frominput ~ ——|  Apply JglifTemplate

Multiple Coordinates | I

Number Name Charge mage(dick to view/modify) Periodic

ethylamine 2 ethylamine 0
propylamine
aniline

3 propylamine 0

4 aniline 0

Manage Job(s) J

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
TuRrRBOMOLE 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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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 [ Projectiist
¥ [ TmoleXProject
" job_GEO_1
job_GED_2
& job_sP_3 an Results

Type of Calculation Geome

/1, job_SP_TEUT

' job_SP_13 Geometry Convergence

sconvinfo
energy change
geom. gradient

w4 Job_SP_Z?

» [, cosMo-BP-TZVP_23
' job_SP_30

> I; funtionals_33 Energy

v Iz
I w TEMPLATE_34 total energy 5

job_0000 L

" job_0001 kinetic energy =

" job_0002 potential energy =
¥ |7, TEMPLATE 37

" iob_0000

" iob_0001
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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 -[JiSSSSETEREEEN - 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

Job 1

Job 2

OPT+FREQuarl Memory used for 500.0 ME
Job-Mame Job1 Job2 . 0 FiErEE
Symmetry check on on Mo. of CPUs 1

Basis functions def-sv(P) def-sv(P) D Delete scratch files after run

Charge used from input used from input

Multiplicity Automatic (RHF JUHF) Automatic (RHF fUHF)

Freeze off off

Fermi off off

Level of theory

DFT+Disp b-p DFT-D3 (Grimme et al, 2010)

DFT+Disp b-p DFT-D3 (Grimme et al, 2010)

Save and Run

COSMO off off
Periodic off off Run (local)
Job-Type GEQ FREQ T
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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_BATCH_N 7 job_SP_7 SP,DFT/RLB-P,charge 0,cl,def-SV(P),N... ~ Jun 4, 2014 10:21:5... Jun 4, 2014 10:22:04... Local
» Iz T_mo\eXPr_()]echeth\_ 8 job_SP_8 SP,DFT/RLB-P,charge 0,cl,def-SV(F),E... Jun 4, 2014 10:26:4... Jun 4, 2014 10:26:53... Local
> |°| TmoleXProject_ethyl 10 job_SCAN_9 GEQ,DFT/RI,B-P,charge 0,c1,def-SV(P),... ~ Jun4,2014 10:38:3...  Jun4, 2014 10:40:46.. Local
> = TmoleXProject_propy 12 job_SCAN_11 GEO,DFT/RLB-P,charge 0,C1,def-SV(P),... Jun4, 2014 10:43:1... Jun 4, 2014 10:47:00... Local
> I TmoleXProject_aniine 14 job_TEMPLATE_14  OPT+FREQ.xml 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 Jjob_BATCH_17 OPT+FREQ.xml 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 "g.

v et i_ae
¥ job_BATCH_17

v @ TmoleXProject_metl
. job_0...

¥, job_o...

v @ TmoleXProject_ethy
. job_0...
. job_0...

¥ [¥ TmoleXProject_propy
job_0000
job_0001

v [*| TmoleXProject_aniine

job_0000 ==

job_0001

+
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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:

< L . @ %

General Appearance Jobs Results Remote Jobs

System

CPUs of machine a CPUs to use 7

Total physical memory size 17087.9 MB Max. memory for TmoleX and 3DViewer 1024

MNOTE: Changes of the maximum memory settings for application will be effective after restart only!
D Show memory usage

| Check memary

| Defaults |

| 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  5gp.o MB

Disk 0 MB for HF
No. of CPUs @ |
[7] Delete scratch files after run
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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:

5  Results | Extras | Toaols Help

iy . Viewer Settings :
[~ E = llar Builder

Preferences L

B R

emote Systems

this will open:

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

v ’ R"'Dtﬁ machines 1 Machine P Group Name User Work directory ~ TURBOMOLE direc... Use CPU Utilized CPUs RAM(ME) Queus
Rk ' cn3sam@custer dluster SGE-duster 394 fscr/m394/...  fusr/app/TURED... 1 0 0
1394 e
[ EEREEE tmolex @linux14 linux14 Default tmolex  fhomeftmal... fsoftware/TURBO... -1 i} 0 [}

¥ | Default
¥
1) tmolexatinusct tmolex@10.0.0.208 10.0.0.208  Default tmolex  fhome ftmal... fsoftware [TURBO. .. -1 0 0 |

| tmolex@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.

5" Add new Machine | Save Machine | Save Machine as [} Import Machine [5f Export Machine (Nate: runs only on Linux/Unix systems)

v il Remote machines 4| Machine izl Group Name  User Wiork directory ~ TURBOMOLE direc...  Use CPU Utilized CPUs RAM(MB) = Queue
¥ oL} seE-duster Y| o3ss@duster cluster SGE<luster 394 jscr/en384f..  jusr/app/TURBO... 1 0 0
1394 tel
v W B f:‘lt Lo tmolex@linux 14 linux 14 Default tmolex  fhome/tmal... Jfeaftware/TURBO. .. -1 [1} 1} [
A Ueleu s annaans
i " tmolex@bnux14 Uﬂolex@lnn.n.?“ Default tmolex fhomeftmol... fsoftware/TURBO... 1 0 a [
| tmolex@10.0.0.208
: Add Madfine
Copy Machine
Delete Machine
Export 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 available CPUs

0.01 0.05 0.08 unknown

[T show expert information

top - 12:38:00 up 494 daJ@} 22:46, 7 users, load average: 0.01, 0.05, 0.08 =
Tasks: 189 total, 1 running, 188 3leeping, 0 stopped, 0 zombie
Cpu{s): 13.7%us, 0.6%sy, 0.8%tni, 84.6%id, 0.2%wa, 0.0%hi, 0.0%3i, 0.0%sC
Mem: 32207M total, 31964M used, 243M free, 261M buffers
Swap: 6553E8M total, B62M used, 64676M free, 29219M cached
FID USER PR NI VIRT RE5S SHR 3 $CPU $MEM TIME+ COMMAND

1 root 20 0 10540 3z 16 5 o0 0.0 4:27.71 init

2 root 20 0 [i] [i] 035 0 0.0 0:05.61 kthreadd

3 root 20 1] a a 035 o 0.0 5:35.03 ksoftirgd/0

& root RT a a a 035 0 0.0 12:44.06 migration/0

7 root RT a a a 035 o 0.0 1:39.27 watchdog/0

8 root RT 4] a a 05 0 0.0 14:52.08 migration/l -

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.

' job_SP_3 | Results Multiple Jobs |
o b P4 | costo_zve |
job_notRun_5
job_notRun_6 Basis functions gef-T7vP Frozencore | yone
¥ |, OPT4FREQ_8
l J‘/ - Uﬂga Level of theory DFT bp Functional b-p
Job |
/ job_0001
v I cosmosr-TzvP o | Export COSMO_TZVP files | | Save asExcel |
& methylamine )
/ ethylamine Molecule MNumber of atoms Charge Multiplicity Energy H ent /0 Zero point vib energy H
/ propylamine methylamine 7 0.0 Singlet -95,306438 1.969027
& aniline ethylamine 0 0.0 Singlet -135.235738 1966844
propylamine 16 0.0 Singlet 1,475883
aniline 14 0.0 Singlet 2.464493

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|

SaveIn: | | TmoleX - o & (L] B

[Z] *.cosmo COSMO files

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

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

Files of Type: | *.xyz geometry fies hd

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.

PuUTTY 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:

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

¥ | Remote machines 1 .
1 Defait || PR =

| Clear [ Add New |
User _

| Copy Machine |

Password
| ImportMachine |
Group name Default _

Identification user@machine

| Delete Machine |

Expert settings

Work directory
TURBOMOLE directory

Number of CPUs for job{s) 1 Check remote system every 1 min  TURBOMOLE version | unkown -

Status of remote system  Currently no running jobs from this session of TmoleX17
max. avail CPUs unknown number of CPUs in use

Use gueuing system

Close

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

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.

If the connection has been successful, the home directory will be added to the 'Work Directory’ field.
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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 remote 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:

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

¥ ||| Remote machines 1 =
v || Defat | FEEmEs 10.0.0.205
- | Clear /AddNew |
B molex@10.0.0.205 User tmolex —
Copy Machine
Password ssmass L |
| Im%tMad’me |
Group name Default
|  SaveMachine |
Identfication tmolex@10.0.0,205 _
|  Delete Machine |
| Expert settings —
| Check Password Settings Il Check workioad Il Test remote system |
Woark directory /home ftmolex/TmaleX _lobs
TURBOMOLE directory Jsoftware/TURBOMOLE_72/TUBCMOLE
Mumber of CPUs for job(s) 1 Check remate system every 1 min  TURBOMOLE version | V7.2 and newer -

Status of remote system  Currently na running jobs from this session of TmoleX17

max. avai CPUs unknown number of CPUs in use

| Use queuing system

Close

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.

 anine 12 job_SCAN_11  GEO,DFT/RIB-P,charge 0,C1,defSV... Jund, 2014 10:43.. Jun4, 2014 10:47.. Local
» [, job_BATCH_17 14 job_TEMPLAT...  OPT+FREQ.xmI Jun4,2014 10:57... Jun4,2014 10:59...  Local
¢ job_GEO_18 15 job_BATCH 15 COSMO-BP-SVP.xmI Jun4, 2014 11:10.. Jun4,2014 11:18.. Local
17 job_BATCH 17 OPT+FREQ.xmI Jund, 2014 11:39.. Jun4, 2014 11:49.  10.0.0.250
18 job_GEO_18  GEO,DFT/RIB-P,charge 0,C1,defSV... Jun4,2014 12:15.. Running 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: #S -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.

$SPARNODES 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:
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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 B ProjectList | T
¥ [= TmoleXProject '
+ job GEO_1 i :
+ job GEO 5
v | Job Results | sc
+ job_sP_7
+ job_SP_8 Type of Calculatior
v [ job_SCAN_9
' scan_0000
274 scan_0001 |
' scan_0002
' scan_0003
 scan_0004 zero point VIBRAT
+ scan_0005 SCF-energy
/ scan_0006 SCF + E(vib0)
» 1% job_SCAN_11
v {% job_TEMPLATE_14
+ job_0000
74 iob_0001]
v [ job_BATCH_15
" methylamine

Energy

‘/ Vibrational Modes
' propylamine 27 a
' aniine 23 a
v % job_BATCH_17 24 a
» |~ TmolexProject_nm 25 a
= 26 a

P ojeci—s
» |, Tmolexpra
» |2 TmoleXPrc  Generate new Batch Job

+ job_GFO_18 En) -
job_GEO_19 31 a
32 a

TmoleX will generate a table with the most important data.

8 s CX2
Save as Excel
¥ W Projectlist e job_0000 job_0001 job_0001 job_SP_7
¥ [= TmoleXProject
Job_GEO_1 Project-Name TmoleXProject TmoleXProject TmoleXProject TmoleXProject
job_GEQ_5 Job-Name job_0000 job_0001 job_0001 job_sP_7
job_SP_6
[ job_sP_7 N
Job_SP_8 2D structure k \L
» |7 job_sCAN_9
v [ job_SCAN_11 o
scan_0000 N
scan_0001 Number of atoms 10 14 12 12
scan_0002 Basis functions def-SV(P) def-SV(P) def-SV(P) def-SV(P)
scan 0003 Charge 0.0 0.0 0.0 0.0
mn}ﬂﬂ‘t Multiplicity Singlet Singlet Singlet Singlet
- Freeze off off off off
Ecanoc0s Level of theory DFT+Disp DFT-D3 ...  DFT+Disp DFT-D3...  DFT+Disp DFT-D3 ... DFT b-p
scan_0006 Cosmo off off off off
scan_0007 Energy -135.062169 -287.413943 -194.204778 -232.075794
scan_0008 Dipole moment 1.351271
<ran nnna | Zero point vib ener... 0.113743 0.104456
4 3

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_ GEO 2
job 3 job_SP_3

Project 2 TmoleXproject 2
job 1 job_GEO_1
job 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 Directoryk‘
i

View Project Direct

Open Shell
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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 Stat

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:

" job_SP_3
" job_sSP_4

» |7, job_sCAN_11
» =, OPT+FREQ 15

drag & drop jobs

job_SP_23

job_GED_24

job_SP_25
" job_SP_26
.#inh 5P 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):

w ATt

" 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 j
I v funtional Refresh Job

> [, TEMPLAT _
— = Rename this Job

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

]

¥ B Projectlist
¥ [ TmoleXProject 2

huniar@localhost:~/TmoleXProject_2/job_SP_1 X
[huniar@localhost job_SP_1]% 1=

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:

i

v | Projectlist l.
¥ [ TmolexProject_2 '

o job_SP_1

o ey

Close
Stop this Job
View Job Directory

View Project Directory
Cpen Shell
Refresh Job

Rename this Job 5

Delete this Job

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