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Background

Energy Fomaldehyde is the prototype molecule for
studying the n — 7* type of excitation chro-
mophores. Here is a scematic presentation
of the processes that we are going to study
Eflwo in this session. R®S and RES represent the

ground and excited state minimum geome-

tries, respectively. EGS and EES are the cor-
Eadia responding energies. Eabse Efluo 5,4 padia
are the absorbtion, fluorescence and adia-
batic transition energies, respectively.

Eabso

EGS

>
RGS RES
Geometry

From http://dx.doi.org/10.1016/j.cplett.2006.01.068
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Outline

We are using Turbomole 7.1/TmoleX 4.2/TD-DFT to study formaldehyde in order to:

» Obtain the equilibrium structure of the ground state

v

Calculate the vertical absorbtion spectrum of the ground state

v

Identify and characterize the first excited state

v

Optimize the structure of the first excited state

v

Calculate the emission spectrum of the first excited state
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Download and install TmoleX

Download the TmoleX GUI client from
http://www.cosmologic.de/support-download/downloads/tmolex-client.html

(Users who feel more comfortable working from the command line are of course free to

do so)

H runeberg@vihertikka:~/Sscc16

@ TmoleX Client - COSMOlogic - Predicting Solutions - Vimperator aea 2
Fle Edt view oy Bookmarks Dols _Help
= Tmolex client- Cos... x | @ [runeberg@vihertikka SSCC16]$ ./TmoleXClient4l_Linux.bin D o
(@ —cjnla ©- =
-CSC- it § Graphite Browser Jjaspersoft: Login | ASKARE Menu

Google #FT { jNewTb ~CsC

intra & hitpyjcom.che

4 -
Theory [ Company > Support & Download News & Events.

ned to run TURBOMOLE on remote LinuxiUnix systens fr

kiop. Run TURBOMOLE jobs on external system

EAE
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Task 1

Opt

ial guess for the geometry specifying the 3N-6
coordinates. This initial structure place the system on the energy surface that is

ini

We need an

ly defined by the computational model we are going to use (B
performance of the model often vary at different parts of the surface.

unique

N. Runeberg



Launch TmoleX

N. Runeberg

and create a new project

o

File

B Frojecttist p

4 TmoleX 4.1 (client)
Help

[S[S]E3]

Welcome to TmoleX

Version 4.1 (client)

We recommend to
watch the video
introduction first,

New to
Tmolex?

2 *

new project dif y (]

Lookin, §5CC16

o Click on 'New Project’
and select a directory

doc

on your local system
to start with TrmoleX,
Default will be a new
directory

called TmoleX_Project
in your home folder.

Please choose one of
the following options:

New Project

File Name, /hom e /runcberg/SSCE16/qe_int

Files of Type

2 Open Project
Online Videos "How To'

(|| TmaleX Docum entation I
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Define your first Turbomole job

4 TmoleX 4.1 (client) - qc_int [E]5]X]
File Edi Templies Resuts Bxras Tools Help
Eeg @ 0pen 30 Motecutar sutcer | [jobs rurming toca (Quaga  remore: (uu0i)] Memory useator Tmotex: (QEERENEIEEN  sveem: [o0r7
v B projectuist Atomic Attributes ——{ _Molecular Atirioutes ] Wethod B~ surtjon P Resuns
v o acint g
B job_notRun_1 Choose Job Templat | Charge: Use from input = =l Apply Job Templat
Coords & sym.
| 725 import CoorainateFie || @B Open 0 botecuiar suier || prawzo | | M sunss o0 | s (4w
- 2 P
Atomic Symmetry

emal coordinates
Number of atoms 0

Current pointaroup  C1 (53 || Cllo || B8 I G| B
Max. tolerance 0001 3| Autodetect Symmetry |
( NewAtom | T 7
" MNewpointgroup | CL || Apply NewPoint Croup |
| Delete selectedt atoms | e
Number | Element | x v z Fixed cartesian  Fixed internal @
Lo

Continue >>
Manage Job(s) |

A complete Turbomole job comprises the sequence:

Geometry - Atomic Attributes - Molecular Attributes - Method - Start Job - Results
N. Runeberg SSCC17 — 14-17 March 2017 CSC — IT Center for Science



Geometry: Build formaldehyde
Open the 3D builder, right-click on canvas and load formaldehyde from the library

L Tmolex visualization
e[ i o[ et coor [ s [0 o
¢ |4 Nun of atoms 0 Number of bonds 0

Objects | <nathing selected> =

Quickstart guide

Select GhIf-dlck

atoms)

SHILES

ton: Click or drag to select | right-mouse button: rotate, MMB; move, wheel: o0

Close the builder and continue to Atomic Attributes
N. Runeberg SSCC17 — 14-17 March 2017 CSC — IT Center for Science



Atomic Attributes: Select basis set
Select the default def-SV(P) basis set

4 TmoleX 4.1 (client) - qc_int

v B Proectist

¥ [ qcint

Atomic Attributes

Geomety -

Choose Job Template

~ — Charge: Use from input ¥ —

Fle Edl Templaes Resuts Exins Taols Heb
P— surtjob = Results

Method

ApplyJob Template

| asis sens |

Basis Functions 34 Basis set EcP
o der-svp)

c der-sw(P)
H def-SV(P)
H

der-svep)

Basis Set for all Atoms

def-sv®) -

Basis for elements
ShowECP.

C | det-sv(m)

0 | def-Sv(R)

H | der-sv)

ividual Aton

Basis for i

Select item s from table
or graphic viewer

Choose Basis Sets

Mass
159994
120110
10078
L0078

Nuclear char... | Basis functio,

s 15

6
1 2
1

<< Previaus

Manage Job () J

Continue

Continue to Molecular Attributes
N. Runeberg SSCC17 — 14-17 March 2017
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Molecular Attributes: Generate initial guess MQOs

Generate initial MOs by doing an extended Hiickel calculation

(O] 4 TmoleX 4.1 (client) - qc_int

HEX

File Edit Templates Resuts Extras Tools Help

Jobs running local:| 074 remote:

Wemory usedfor Tmolex: [ 4S8f6AaME] System: [ 0077

[0 5555 | e @ open 0 otecuar suier

v B Froait

—

Ceometry

Choose Job Template harge: Use from input Apply Job Template

Startjob = Results

| wotecutar orbitats |

Molecular Orbitals | Tabte | Diagram |

Manage Job ) J

pree—— [ oml on. | Gown. | omm T
Muliplichy | Auwromatc 2} Inform
- ? | Perform an extended Hueckel calculation
Fully occupied (3
Party occupied g symmetry c
{ Charge: 00
Unpaired electrons: 6.0
£nra0s
c 02
o 02
Fermi settings g 2R
O rermi Cancel
Frozen orbitals for MP2/ CC
| Freezing paint [Hartrez]
<< Previous Continue >>

Continue to Method

N. Runeberg
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Method: Define your method
Select the default method (ri-dft BP86/m3)

@

4 TmoleX 4.1 (client) - qc_int

Fil: Edit Templates Results Extras Tools Help

B S H e ® osenadHakcuarsuider

Jobs running

local: | 0/4 | remote:|_ 0|

Memory used for TmoleX: |

s2ereesmn |

System: [ 0047

v H Projectiint Atomic Attributes

Geomerry. Molecular Attributes

v [ qeint

Choose Job Template

— Charge: Use from input

Method p—__startjob R
Apply Job Template

esuls

| tevet of Theory | sCF Convergence | Solvation |

Level

Auxiliary basis sets for RI-

Two component treatment

oFT > Buser Eement| Basis set | Auciiary basis set
C eSO a-sve)
DFT settings
O def-SVP ae-sv)
Functional | greg .
H o der-SV® der-sve)
Grgsize | m3 -
CcosmMo
[JActivate Filzname [job_notkun_1 file format [ cosm

Manage Job (5) |

Activate Kramers mplex DIIs
<< Previous ( CRpinue >>

Continue to Start Job
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Start Job: Define your job type

We want to do a geometry optimization of the ground state

2 4 TmoleX 4.1 (client) - qc_int 208
File Edi Templates Resuts Extras Tools  Help
[ 55 55 © G5 @ orendweicuarsuiger [jobs runming  tocak (078 | remote:|_0_ || memory useator Tmorex: [ 42e7easue] sysem: [00/7
Geometry Atomic Attributes Molecular Attributes Method start Job Resulis
Chaose Job Template Charge: Use from input v == Apply Job Template
| start Catcutation |
D = Metnoa
| Geometry Optimization ) Ground state Level DFT
% Functional  b-p
Spectra & Excited States b -
single Foirt ) Basisser  der-SV®  Symmetry C1
Single Point Properties
gle ol Properties ) Convergence Parameter
Potential Energy Scan(PES) b Eneryy 106 Density
Transition State Search
fion Stat 4 Use resources
Templates ) Memory used for ) MB
Batch processing b Disk ) B for HF
No. of CPUS f
Options
Delete scratch files after run
Convergence criteria
Energy 6/ 10" Hartree Save and Run
Gradient norm ixy2l = 1070 Hartree /Bohr
t 3 | 1dE/dxyzl = 10" Hartree/Boh ( Run (oca) J
1 eyl
ax.no. o cycles 50 [ = |
[2) Use internal redundant coordinates ( Run (network) J
<< Pravious |
Manage Job(s) |

Continue to Run(network)
N. Runeberg SSCC17 — 14-17 March 2017 CSC — IT Center for Science



Run(network): Setup remote job

Machine/IP: taito.csc.fi

User: trngXX

Work directory: /wrk/trngXX/qc_int

TURBOMOLE directory: /appl/chem/TM7.1/TURBOMOLE
Submit with: sbatch

Check status: squeue -u $USER

Script before job execution:
#SBATCH --partition=serial
#SBATCH --reservation=trng_wed

Save Settings and Start
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Run(network): Job starts

@

4 TmoleX 4.1 (client) - qe_int

Fle Edit Templates Resuts Extras Tools Help
0O & & @ open 30 Motecutar Builder | Jobs running  local:| 0/4 remote: [ 1 ‘Memumussdlur Tmolex: | 49.0/64.9M8 | System: [ 0.0/7"
v B FrojeciList | Ceometry = Atomic Attributes_f——d_ Wolecular Attributes_—__Hthod P— Starjob = Fecuns
¥ = qc_int
 job_GEO_L Choose Job Template ¥ = Charge: Usefrom input ¥ == Apply Job Template
| Jobs |
D hame Type start stop Wachine
1 Job_GEO_L GEO,DFT/RIB-P.charge 0,CLdef-SVe..  Mar2 2016 %:0..  Running tano.cscfl
BM Follow
Bea it O
Refresh
Energy vs. Geometry cycle
1.00
075
050
025
0.00
00 01 02 03 04 05 06 0.7 08 08 1.0
Manage Job(s) J

N. Runeberg
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Results:

The geometry optimization needed 5 cycles to reach the

surface

File Edit Templates

Results

Extras

4 TmoleX 4.1 (client) - qc_int

Tools

e H G

v Frojectis
v

@ 0pen 30 Holectar ctr

Manage Job (5)

Help

Jobs running

stationary point on the energy

toca|_or4_|

remore: |0 Wemoryused or Tmolex |

483/77.0M8 |  System: | 0.0/7
Geomery - b j——{__Molccular Attributes = Method fo—_ startjoh 3 Resurs |
Chaose Job Template ~ — Charge: Use from input v —  Apply Job Template
Job Results
Type of Calculation Geometry Optimization Status mos Converged | SCF Convergence | VPEMl VIEWET 4
HOMO-LUMO gap 3728 &V

Geometry Convergence Criteria

Status geometry  Converged

[

Convergence

( orbital/Density Piot

J{ Cradients

ibration:

$convinfo
energy change
geom. gradient

Energy

acwalvalue = -0.4453E-06 threshold = 0.1000E-05
acwalvalue = 0.2801E-04 threshold = 0.1000E-02

Therm ochemical Proper
Population Propertie:
MR Shielding:

few.cosmo File

total energy

-114.41873721126

Kinetic energy
potential energy =

113.44915075231
227.86788796357

‘ Output
‘ Energy

‘ Moments

Gradients

Gycle= 1 SCFenergy= -1144184569854 |dE/dxyz = 0.016886
eycle= 2 SCFeneray 44187043913 [dE/dxyz] = 0.005723
eycle= 3 SCFeneray 44187321508 |dE/dxyz| = 0.002025
ycle= 4 SCFenergy 44187367567 |dE/dxyz| = 0.000444
eycle= 5 SCFenergy= -1144187372020 |dE/dxyz] = 0.000052

B e e

e

<< Previous J

N. Runeberg

SSCC17 — 14-17 March 2017

CSC - IT Center for Science



Results: Gradients

The length of the arrows show how steep the energy surface is in that direction

N. Runeberg

|| TmoleX visualization

File View Edit Tools Display Type Window Help

qc_int, job_GEO_1 (gradient)

[

2 Q@ %% ol QO [cwens oo | memaicooras | @ suiaer @ orviviewr | B8 scun
(]

— © X [ Number of atoms 4

Number of bonds 3

3
Objects | Gradient

Gradient

Arrows
Arrow seale

Energy

B vsinle
2009

-114.41846

-114.418475

-114.418525
-114.418550
-114.418575
-114.418600
-114.418625
-114.418650
-114.418675
-114.418700
-114.418725
-114.418750

-114.418450 |

-114.418500 | |

*

10 15 2.0 2.5 3.0 3.5 40 45 5.0

|| Calculate bonds

{ ‘ s H Close

J

Done
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Results: Gradients

At the end of the geometry optimization we have reached a stationary point (gradient
smaller than a given threshold) that could correspond to:

> a minimum A

» an inflection point B

B
» a maximum C E _//

A

The nature of the stationary point can be deduced from the curvature (Hessian). A
positive curvature corresponds to a minimum, a negative to a maximum.

N. Runeberg SSCC17 — 14-17 March 2017 CSC - IT Center for Science



Vibrational spectrum

In order to verify that the stationary point is a true minimum (positive curvature in all
directions = positive frequencies) do a frequency calc (Reuse data by just hitting "Start
new job by using current data as input" )

N. Runeberg

@

4 Tmolex 4.1 (client) - qc_int

8668

Fle Edi Templates Resuts Extras

T
v

Manage ob(s)

e | =

qc_int i
job_GEO_L

Tools  Help

Ceometry - Atomic Auributes _j——— Attributes_|—{__Method }p—__startjob_—>__Resuns

-0.4453€-06 threshold = 0.1000-05
0.2801E-04 threshold = 0.1000E-02

-114.4187372020 |de/dryz] = 0.000052

Open Files
ouput
Eneray
Maments ]
| |
B
B
||
What next
start newjon with current dstags imput_|
Save 15 job tempinefo urher usage_|

SSCC17 — 14-17 March 2017
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Vibrational spectrum

4 TmoleX 4.1 (client) - qc_int m
File Edit Templates Resuts Edaras Tools Help
Nhasesd @ Open 30 Molecutaruider | |jobs running  tocat_o7e | remote:[_o \Mmmmm ol |__sea787M8 | system: [ 0.0/73
v B ProjeciList Ceometry == Atomic Attributes === Molecular Attributes == Method = Statjob = oo
v [ oacim i
/ Job_GEO_L Choose Job Template ~ — Charge: Use from input v |—|  Apply Job Template
| start catcutation |
Job type Method
Geometry Optimization ) Cround state Level DFT
Functional  b-p
Spectra & Excited States )| (TR TEE eI -
UV/Vis and CD(vertical excitations)
Single Point )
e st def-SV@)  Symmetry 1
Single Point Properties M| papyan & viorationa frequencies rgnce Parameter
Potential Energy Scan(PES) || Optical rotations / dynamic polanizabiity Iy 1476 Density
Static polarizabiliy
Transition State Search i g
TS [ Memory used for ) v
Batch processing b Disk )| MB for HE
No. of CPUS 1
Options
[ [ Delete scratch files after run
Energy 6 10 Hartree Save and Run
Cradient narm 3 |dE/dxyz| = 10" Hartree/Bohr Run @ocal)
Max. no. of cycles
i ED save
[£ use internal redundant coordinates Run (networky
<< Previous
Manage Job(s) J
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Results: Frequency calculation

All calculated frequencies are positive indicating that the structure corresponds to a
true minimum.

O] & Fr i 16/qc_int/job_SP_2 3] 8=
File
| craphics | Tabeorisna | Tabe e enueope uncion | O ser Looisom |
Uit 1/em = =2m
1o
He If O e ]
sta.devition P50
275 mpiate
Minfre
a 505.1430 o0
Ma freq 34460039 =25
Frequency shitt o 2 200 Tnermochemica properies |~
e —— — s e
£ 150
[ broadeneaby € Caussian (_ Lorentzian %0 T
[ Line spectra % 100 p iew.cosmo File
T | g s
= s \ Open Files
Visuat settings i y \
Wit line (e spectrs) os N i — \ ,,, N output J
750 1,000 1,250 1,500 1,750 2,000 2,250 2,500 2,750 3,000 3,250 Energy J
1/em Momen:
D mjmol R Raman Wivis Spectrum
s oor oooom - - B
2 000 ooooon - - .
3 o000 ooooon - - | ERE
i 000 oooono -
5 000 000000 - - B ranan
B 000 ooooon - -
7 a 114389 147895 YES YES 1 R Specrum
8 a 123234 1007929 YES YES e )|
9 2 lamsass  4sus e ves
10 a 181321 10538786 YES YES What next
1La 277713 7299154 YES YES
B L T Sy Start newjob with current data ss input_|
Save 35 job tempiate for further usage |
<<Previous J
Manage Job(s) I

N. Runeberg SSCC17 — 14-17 March 2017 CSC — IT Center for Science



Task 2: Vertical absorbtion spectrum of the ground state

"Start Job" -> "Spectra & Excited states"
Do for singlet states and 10 excitations

[7] 4 TmoleX 4.1 (client) - qc_int [Z]5]X]
File Edi Templates Resuts Extras Tools Help

E&d
rojectLs Ty} S
v ProjectList Geometry. Atomic Attributes Molecular Attributes === Method Start job _[—>—
vagaum || ST o e e L

4

| start Gatcuation |

Job type

@ Open sovotcutrsuder | Jobsruming tocar|_0j4_| remote: (0| | Memoryuseator Tnokex |_eryjorims] system [corssrome | |

Methoa

Level

Geometry Optimization b & 1 ,,lm
unciional  b-p

Spectra 8 Excited States | UV/Vis and COWvertical excitations) S

S [ Basisset  def-SV@® symmetry 1
A=A e [ Convergence Parameter
Potential Energy scan(Pes) b Energy 196 Density

Transition State Search b Use resources

Templates ) Memory used for ) e
Batch processing b oisk ) M for HE
No. of CPUS
Excited states
[ Delete scratch fles after run

O singier Triplet RPA-Random Phase Approx. v
i Save and Run

No_of excitations 10 ( Run docah J
Unit v~ I save J
Run (etworky J

<< previous J

Manage Job(s)
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Spectra & Excited states

HE 4 Frequencies/home/runeberg/SSCC16/qc_int/job_SP_3

8

Tow|

Fie
Graphics | Table orginsdats | Table calc envelope uncion | ST oo (00570
Unit o =
LA iayel
Ha I [F>—starion Resuns
St devation 043
0.40
i teg 35073
s freq 194878 5035
Frequency st o 2030 Thermahemica properies =
samping painis 116 5o Poputaion rapert
[ Broadened by © Gaussian (_ Lorentzian 5020 MR Shielding:
[ Une specira 5 few cosma File
Catcutemin max z \
=) o010 / \ / pen Files
Visun setings oo /
Waninenespecry (o5 000 P ot
3 5 7 8 5 1 Eneray
eV Moments
1303273115176 40?0 SRLATZATTIE LS 3 s wv/visspecrrum
€D Spectrum 1% Co Spectrum
039873140186511E+01 - 61696473521186E-11 - 32891042171083E-11 -.28727712362941E-11 - 7771964968(
o cion -1 o > 3 irsossasse B oo soecnm
B B s 1 Deaminas
: : h s 1 CTrssazsis
e
: : : Casssize ]
o z 2 i 1 a19m2961
o 31 1 ogsan = 3 What next
o1 o2 0 o 11 oo 11519950
o o 10 0 03262279343 Start newjob with curre it a nput
013035273115176E402 011 B o i 1 “1Ssas0ss07
| Save o templte fo urtner usage
<< previous
Manage Job(s)

N. Runeberg
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Task 3: Identify and characterize the first excited state

Check output for the lowest excitation E2°° and the type of excitation this corresponds
to

4 TextViewer - escf.out [%]
| Fite | Ean
1 singlet a excitation

Total energy: 0.1465310340469408
Excitation energy: 0.1465310340469408
Excitation energy / eVv: 3.987314018651063
Excitation energy / m: 310.9467762672303
Excitation energy / cmA(-1): 32159.84458354145

oscillator strength:

velocity representation: 0.5215757899036950E -15
Tength representation: 0.2185914223305519E-15
wixed representation: 0.3376566191450008E-15

Rotatory strength:

velocity representation: 0.5802037506757178E-17
velocity rep. / 10A(-40)erg*cmA3:  0.3748395679062240E-12
Tength representation: -0.9549625686869016E -16
Tength rep. / 10A(-40)erg*cnA3: -0.6160647352118631E-11

3
Change of electron nunber: v
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Spectra & Excited states

| Viewallin ane Jedlculate selected

(] |/ 3D-visualizer job_SP_3 BEEa
Choose Molecular Orbital(s)
sel No spin sym. Energy(Hartree]  Deg. | Oce. HOMO/LUMO quick  high
12 ab 12a 0.1705 1 0 LUMO + 3 & &
11 ab 11a 01121 1 0 LUMO + 2 [
10 ab 10a 0.0463 1 0 LUMO + 1 o
= 9 ab 9a -0.0875 1 0 LUMO 8 ) 8
= 8 ab 8a -0.2245 1 2 HOMO |
7 ab Ta -0.3665 1 2 HOMO -1 |
3 ab 6a -0.3957 1 2 HOMO - 2 8 ) B
s w 52 -0.4395 1 2 HOMO - 3 EFRE"
4 ab 4 _0.5652 1 2 HoMo-a4 | & | W
Choose Density and Electrostatic Properties
Sel Plot-propertyname Plot-filename quick high-res
Electrostatic potential i | foa I o |
Electric field i | £ I & |
Gradient of electric field tg £ &
Electrostatic potential color-coded on den. tp_td S $
View selected J| Close

Select the relevant "8a" and "9a" orbitals
SSCC17 — 14-17 March 2017
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Relevant orbitals

@ Cjmoiex visuaizaton 880 @ imoiex visuaizaton

©000/0 | oo

The "8a" HOMO orbital corresponds to a non-bonding (n) electron pair on oxygen.
The "9a" LUMO orbital corresponds to an antibonding (7*) orbital between oxygen
and carbon. The lowest vertical excited state is the n — 7* we are interested in.
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Task 4: Optimize the excited state structure

@ % Tmolex 4.1 (client) - qc_int Be8|

# Tmolex 4.1 (client) - qcint

R — Massgeiors |

The geometry optimization converged to a stationary point but is it a true minimum?
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NumForce

TmoleX is not capable of doing NumForce calc’s. Hence we need to copy yhe optimized
structure to taito-shell and do the Numforce from command line.

5] = ihertil /SSCC16/qc_int 28 'E M runeberg@c308:/wrk/runeberg/job_GEO_4 @8
[runeberg@vihertikka qc_int]$ scp -r job GEO 4/ taito-shell.csc.fi:/wrk/runeberg/ O A
kill-job 100% 1620 1.0KB/s 00:00 To see which node(s) your jobs in Taito-Shell are running on, run:
start-job.out 100% 28 0.0KB/s  0:00 squeue -M shell -1 -u SUSER
Job_Ended 100% 0 0.0KB/s  00:00
GEO_OPT_CONVERGED 100% 1171 1.1KB/s  00:00 |- software
message . output 100% 0 0.0KB/s  00:00 Available modules can be listed with command: module avail | module spider
slurm-8607810. out 100% 406 0.4KB/s  00:00 = News
job.start 100% 772 0.8KB/s  00:00
auxbasis 100% 1784 1.7KB/s  00:00 2015-05-25: Changed default slurm instance to Taito's. For example
start-job 100% 870 0.9KB/s  00:00 srun now submits jobsko Taito's partitions, like parallel
coord 100% 1419 1.4KB/s  00:00 instead of the oversubscribed.
job.last 100% 57KB 56.6KB/S  00:00
energy 100% 758 0.7KB/s  00:00
mos 100% 23KB 23.RKB/s  00:00 [runeberg@c308 ~]$ cd Jwrk/runeberg/job_GEQ_4/
gradient 100% 5764 5.6kB/s  00:00 [runeberg@c308 job GEO_4]$ ls
converged leex 321 0.3KB/s  00:00 auxbasis  coord Jnh Ended message.output slurm-8607810.out
basis 100% 1067 1.0KB/s  00:00 basis energy ob.last mos start-job
control 100% 2027 2.0KB/s  00:00 control  GEO_OPT_CONVERGED ]uh start numforce start-job.out
[runeberg@uihertikka qc_int]$ ssh taito-shell.csc.fi -1 runebergl] converged gradient kill-job  slurm-8561347.out

[runeberg@c3e8 job GEO 4]$ module load turbomole

Turbomole version 7.02 environment loaded

Get an example job script with the command:

wget http://extras.csc.fi/chen/progs/turbomole/job-tn762-taito. job

v [runeberg@c368 job GEO 4]$ cpc numforcel] v

Copy directory: scp -r job_GEO_4 taito-shell:/wrk/<username>
Login: ssh -X taito-shell -1 <username>
Go to directory: cd /wrk/<username>/job_GE0_4
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NumForce

B runeberg@c308:/wrk/runeberg/job_GEO_4 B@ =] [T, g wrk/ 9/job_GEO 28
2015-05-25: Changed default slurm instance to Taito's. For example 0 Srun now submits jobs to Taito's partitions, Like parallel [
srun now submits jobs to Taito's partitions, like parallel

instead of the oversubscribed.
instead of the oversubscribed.

[runeberg@c308 ~]$ cd Jwrk/runeberg/job_GEQ_4/
[runeberg@c308 ~1$ cd wrk/runeberg/job GEO_4/ [runeberg@c308 job GEO_4]$ module load turbomole
[runeberg@c308 job GEO 4]$ module load turbomole ‘Turbomole version 7.02 environment loaded
Turbomole version 7.02 environment loaded Get an example job script with the command:

Get an example job script with the command: wget http://extras.csc.fi/chen/progs/turbomole/job-tn702-taito. job
wget http://extras.csc.fi/chem/progs/turbomole/job-tn702-taito. job [runeberg@c308 job GEO 4]$ cpc numforce
[runeberg@c308 job GEO 41$ cpc numforce File control is copied to nunforce

File control is copied to numforce File coord is copied to numforce

File coord is copied to numforce File job notRun 1.cosmo does not exist
File job_notRun_1.cosmo does not exist File basis is copied to numforce

File basis is copied to numforce L3 File forceapprox does not exist

File forceapprox does not exist File auxbasis is copied to numforce
File auxbasis is copied to numforce File gradient is copied to numforce
File gradient is copied to numforce File coord is copied to nunforce

File coord is copied to numforce File mos is copied to numforce

File mos is copied to numforce File energy is copied to numforce

File energy is copied to numforce File optinfo does not exist

File optinfo does not exist File hessapprox does not exist x
File hessapprox does not exist [runeberg@c38 job GEO 4]$ cd numforce/
[runeberg@c308 job GEO 4]$ [] v [runeberg@308 numforce]$ NumForce -ri -ex 1 >& NumForce.outs[] v

Windows users should issue the command: dos2unix *

Load turbomole environment: module load turbomole
Copy inputs to a new directory: cpc numforce

Go to new directory: cd numforce

Start NumForce: NumForce -ri -ex 1 &> NumForce.out&
Check results: cat vibspectrum
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NumForce

Since there is one imaginary frequency (negative force constant) the stationary
structure is not a minimum but a saddle point. Use Jmol to analyze what kind of
motion the imaginary frequency corresponds to.

2 = gliob_GEO . 828 @ B runeherg@c308:/wri/ gliob_GEO, EIEx]
RAMAN - YES YES YES YES YES 0 # END OF NumForce # L
date: Wed Mar 2 22:17:29 EET 2016
# END OF NumForce # [runeberg@c308 numforce]s cat vibspectrum
svibrational spectrum
date: Wed Mar 2 22:17:29 EET 2016 # mode symmetry wave number IR intensity selection rules
[runeberg@c308 numforcels cat vibspectrum # n**(-1) km/mal IR RAMAN
svibrational spectrum 1 a -621.32 .00000 YES YES
# mode symmetry wave number IR intensity  selection rules 2 -0.00 0.00000 - -
# ame(-1) km/mol R RAMAN 3 0.00 0.00000 -
1 a -621.32 0.00000 YES YES 4 Y 0.00 0.00000 -
2 -0.00 0.00000 - - 5 0.00 0.00000 -
3 .00 0.00000 6 0.00 .00000 -
4 0.00 0.00000 7 0.00 0.00000 - -
5 .00 0.00000 8 a 840.37 4.28662 YES VES
6 0.00 0.00000 9 a 1230.44 32.87044 YES YES
7 .00 0.00000 - - 10 a 1328.64 0.11242 YES YES
8 a 840.37 4.28662 YES YES 1 a 2977.91 13.33541 YES YES
9 a 1230.44 32.87044 YES YES 12 a 3085.26 7.52101 YES YES
10 a 1328.64 K 0.11242 YES YES send
1 a 2977.91 13.33541 YES YES [runeberg@c368 numforce]$ aoforce2g38 numforce/aoforce.out > g98.out
12 a 3085.26 7.52101 YES YES [runeberg@c308 numforce]s module load jmol
send Jmol version 14.2 is now in use
[runeberg@c308 nunforce]s [] v [runeberg@c3e8 numforce]$ jmol g98.out | v

N. Runeberg

Convert from aoforce to g98

load the Jmol environment: module load jmol
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aoforce2g98 numforce/aoforce.out > g98.out
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Jmol

Launch Jmol using the data in g98.out: jmol g98.out

Select the imaginary frequency: model 1/13

Activate animation: Vibration: O0On
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Excited state optimization, new try

Since the mode corresponds to an umbrella motion where the planar structure is
balancing on the ridge of folding the umbrella either left or right) we want to distort the
new starting structure in that direction. Open the 3D Builder, select the carbon atom
and distort it in the y-direction. Then redo the optimization.
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From the "Gradients" menu confirm that this is a new stationary point corresponding
to a pyramidal structure

@

500 xmQ

I\ Fel @DIOI@ N ¢

Copy the new optimized structure to taito-shell and redo the Numforce.
Copy directory: scp -r job_GEO_5 taito-shell:/wrk/<username>
Login: ssh -X taito-shell -1 <username>
Go to directory: cd /wrk/<username>/job_GEO_5
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NumForce

. L wrk/r 9/job_GEO_! e EEa @ Y 9@c307:/wr g/job_GEO_ e
[runeberg@c367 runeberg]$ cd job_GEO_5/ A File optinfo does not exist
[runeberg@c367 job GEO 5]$ module load turbomole File hessapprox does not exist
Turbomole version 7.02 environment loaded [runeberg@c307 job GEO 5]% cd numforce/
Get an example job script with the command: [runeberg@c3e7 numforce]$ NumForce -ri -ex 1 & Numforce.out&
wget http://extras.csc.fi/chem/progs/turbomale/job-tm762-taito.job [1] 19592
[runeberg@c3e7 job_GEO_51$ cpc numforce [runeberg@c307 numforce]$ cat vibspectrum
File control is copied to numforce Svibrational spectrum
File coord is copied to numforce # mode symmetry wave number IR intensity selection rules
File job_notRun_l.cosmo does not exist # km/mol IR
File basis is copied to numforce 1 0.006808 - -
File forceapprox does not exist 2 0.00000 - -
File auxbasis is copied to numforce 3 0.00008 - -
File gradient is copied to numforce 4 0.00000 - -
File coord is copied to numforce 5 0.060000 - -
File mos is copied to numforce 6 Y 0.00800 - -
File energy is copied to numforce 7 a 732.06 53.90179 YES YES
File optinfo does not exist 8 a 875.25 5.22147 YES YES
File hessapprox does not exist 9 a 1229.08 36.02499 YES YES
[runeberg@c367 job GEO 513 cd numforce/ 10 a 1335.56 2.07743 YES YES
[runeberg@c307 numforce]$ NumForce -ri -ex 1 & Numforce.outd]] k 11 a 2868.53 2.46759 YES YES

" 12 a 2952.71 0.18470 YES YES

send
) [1]+ Done NumForce -ri -ex 1 &Numforce.out )
v [runeberg@c307 numforce]s [] v

Load turbomole environment: module load turbomole
Copy inputs to a new directory: cpc numforce

Go to new directory: cd numforce

Start NumForce: NumForce -ri -ex 1 &> NumForce.out&
Check results: cat vibspectrum
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Task 5: Calculate the emission spectrum of the first
excited state

The optimized exited state geometry corresponds to a true minimum. At that geometry,
redo the exitation spectrum "Start Job" -> "Spectra & Excited states"
Do it for singlet states and 10 excitations

) 4 Textviewer - escf.out 8|

Fle o

Lsingetae

Total energy: 0.100700314345043

Excitation energy: 0.1007093143465043
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a e 10000
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Results

N. Runeberg

Tabulate all relevant data such as RS, RES EGS EES a5 well as E2bse, Efluo padia
and E?9a,p\e

Compare your results with experimental data found in the literature

Compare your results with computational results obtained at more sofisticated
levels of theories

If you have time, apply the efficient ricc2 implementation in Turbomole on the
system

If you have time, extend the study to include solvent effects (COSMO)
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Possible issues?

» Is the basis set sufficient?

» What is the ultimate choise of functional?

» For this particular physical problem is tddft the method of choise?
» How does the environment interact?

» Should we be more careful when treating dispersion (intra, inter)?
» Relativity?

» Temperature and dynamics?
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