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Example 1: Vibrational and Thermochemical properties of Ru;CO;,
folder vibrational-and-ThermochemicalProperties/Ru3C012/Ru3C012-RefCalculations

1. Geometry optimization in Ru3C012/

2. Vibrational calculation
cpVASP Ru3C012 Ru3C012-VIB_2CO 1
cd Ru3C012-VIB_2CO

setup the frequency calculation in the INCAR file

(IBRION=5; NFREE = 2; NSW = 1; POTIM=0.0005; ediff=1.e-7)

edit and save a SELECTCAR file to calculate only two CO vibrational modes (1 axial CO and 1 in-plane
CO; the only purpose of this example is to exemplify a selective dynamics calculation) by running the
command (SELECTCAR is the default):

selvib4VASP -POS POSCAR

then:

diff POSCAR POSCARv #just to see the differences between the two POSCARs
cp POSCARv POSCAR

sbatch VASP.runjob

when the calculation is finished:

vibVASP

check the content of the freq.dat file

(in the example folder, the assignations in the right column were written afterwards)

visualize the modes.xyz file with a molecular viewer (jmol is strongly recommended; keyword =
vibration on. Then use the arrows [&|#| to navigate between modes)

3. Doing thermochemistry with VASP

(it is now necessary to calculate the vibrations of interest, i.e. all normal modes in this small cluster)
cpVASP Ru3C012 Ru3C012-VIB4Thermo 1

cd Ru3C012-VIB4Thermo

setup the frequency calculation in the INCAR file

(IBRION=5; NFREE = 2; NSW = 1; POTIM=0.0005; ediff=1.e-7)

edit and save a SELECTCAR file to calculate all vibrational modes by running the command:
selvib4VASP -POS POSCAR

then:
cp POSCARv POSCAR
sbatch VASP.runjob

when the calculation is finished:

vibVASP

check the content of the freq.dat file

visualize the modes. xyz file with a molecular viewer, just to check that everything seems OK

and then:
pos2xyz.pl CONTCAR; ThermoWithVASP

4. Hands-on tutorial

Start at step 2 in the folder
Vibrational-and-ThermochemicalProperties/Ru3C012/Ru3C012-DoItYourself



Example 2: Manipulation of unitcells
folder ManipCell/

Run the ManipCell-Pt.sh (Pt-111 slab), ManipCell-C.sh (graphene sheet) and ManipCell-
cluster.sh (Ruys cluster with surface ligands) shell commands.
They all call the ManipCell tool, with different options.

P Graphene sheet: ManipCell-C.sh makes a 3x3 unitcell, shifts the graphene sheet along ¢ and

finally changes the c parameter to 20 A:

# -fa & -fb: makes a 3x3 supercell

# -shc: shifts the graphene sheet to 3 angs (original ¢ x 0.11778)

# -c adjust c to 20 angs

ManipCell -POS CONTCAR-murnfit-PBE-D3 -fa 3.0 -fb 3.0 -shc 0.11778 -c 20.0

P Pt-111 Slab: ManipCell-Pt. sh rotates a 2x2 Pt-111 unitcell to make a V7xV7 unitcell, and also
sets the ¢ parameter to 30 A:

# angle = arccos(2.5/sqrt(7))

# fa = fb = sqrt(7)/2 (initial slab = 2x2)

ManipCell -POS CONTCAR_Pt_111_PBE_D3-ShiftedC -a 19.10660535086911 -fa
1.322875655532295 -fb 1.322875655532295 -c 30.0

P Ru13C012 cluster. ManipCell-cluster.sh shifts a molecule centered at O toward the center
of the axbxc supercell:

ManipCell -POS CONTCAR-Rul3cluster -sha 0.5 -shb 0.5 -shc 0.5



P Rul3H17-solv-GA-option folder. ManipCell-cluster.sh counts the total number non-
covalently bound species in a unitcell (based on graph theory).

ManipCell -GA

returns 125 and two files (fgraph.dat and fgraphJ.dat) that could be useful for further analysis.



Example 3: Thermochemical properties, comparison with Gaussian
folder Vibrational-and-ThermochemicalProperties/CompareWithGaussian/

See README and then run ThermoWithVASP in test-Benzene and test-TransitionState. Check that
you find the same as the original ThermoWithVASP.log.org outputs. Compare also with Gaussian
logs.



Example 4: Analysis of the electronic structure. Selection of the LOBSTER outputs with

selectLOBSTER
folder selectLOBSTER/Rul3IC-Ethanoate-H/

P General pDOS and pCOHP analysis.
Command: selectLOBSTER

P Search for the upper-part of the d-band.
Command: selectLOBSTER -F selectLOBSTER-Emax-dband.in

D Calculation of atomic d-band centers.
Command: selectLOBSTER -F selectLOBSTER-dbc.1in
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