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Quantum Espresso code
● Different executables for different tasks in  QEDIR/bin

● Documentation in  QEDIR/Doc/INPUT_XX.txt

Code organization
● pw.x     main code
● pp.x     data analysis
● ph.x     phonons/electron-phonon coupling
● dos.x   density of states
● bands.x       plot band structure
● pwcond.x    transmitance
● cp.x             molecular dynamics

more tools avilable:
x-ray spectra, optics ,EELS, superconductivity,
magnetic resonance (NMR) etc..



  



  



  



  



  



  



  

 &control
    prefix='silicon',
    pseudo_dir='./'
    outdir = ‘./',
 /
 &system    
    ibrav=  2, 
    celldm(1) =10.2, 
    nat=  2, 
    ntyp= 1,
    ecutwfc = 12.0, 
 /
 &electrons
 /
ATOMIC_SPECIES
 Si  28.086  Si.dojo.UPF
ATOMIC_POSITIONS {crystal}
 Si 0.00 0.00 0.00 
 Si 0.25 0.25 0.25 
K_POINTS automatic
2 2 2 0 0 0

Typical input file



  



  



  



  

Bravais Lattices: ibrav flag
https://en.wikipedia.org/wiki/Bravais_lattice

ibrav =1,3,2

ibrav =4, 5, -5

ibrav =6, 7

ibrav =8, 9, 10, 11

ibrav =12, -12, 13

ibrav =14



  



  

 &control
    prefix='silicon',
    pseudo_dir='./'
    outdir = ‘./',
 /
 &system    
    ibrav=  2, 
    celldm(1) =10.2, 
    nat=  2, 
    ntyp= 1,
    ecutwfc = 12.0, 
 /
 &electrons
 /
ATOMIC_SPECIES
 Si  28.086  Si.dojo.UPF
ATOMIC_POSITIONS {crystal}
 Si 0.00 0.00 0.00 
 Si 0.25 0.25 0.25 
K_POINTS automatic
2 2 2 0 0 0

Typical input file



  



  



  



  

 &control
    prefix='silicon',
    pseudo_dir='./'
    outdir = ‘./',
 /
 &system    
    ibrav=  2, 
    celldm(1) =10.2, 
    nat=  2, 
    ntyp= 1,
    ecutwfc = 12.0, 
 /
 &electrons
 /
ATOMIC_SPECIES
 Si  28.086  Si.dojo.UPF
ATOMIC_POSITIONS {crystal}
 Si 0.00 0.00 0.00 
 Si 0.25 0.25 0.25 
K_POINTS automatic
2 2 2 0 0 0

Typical input file



  



  



  

Pseudo-potentials of this tutorials
http://www.pseudo-dojo.org/ (QE format is called UPF)



  



  

 &control
    prefix='silicon',
    pseudo_dir='./'
    outdir = ‘./',
 /
 &system    
    ibrav=  2, 
    celldm(1) =10.2, 
    nat=  2, 
    ntyp= 1,
    ecutwfc = 12.0, 
 /
 &electrons
 /
ATOMIC_SPECIES
 Si  28.086  Si.dojo.UPF
ATOMIC_POSITIONS {crystal}
 Si 0.00 0.00 0.00 
 Si 0.25 0.25 0.25 
K_POINTS automatic
2 2 2 0 0 0

Typical input file



  

First calculation: 
Self-consistent calculation for Silicon 

in the diamond structure

Espace de Travail: tutorials/Si_bulk/
or download from http://attaccalite.com/QE_tutorial/

Unpack files:  tar zxvf  Si_bulk.tgz

Look the input file:  
cd Si_bulk/
gedit/xed/nano/vi/emacs Si.scf.in 

Run calculations!!  
pw.x -inp  Si.scf.in  > output_scf



  

Look the output file: check electrons, convergence, etc... 



  

First calculation: 
Converge the total energy 

with respect 
to G-vectors and K-points

You can use ‘gnuplot’ or 
‘xmgrace’ 

 &control
    prefix='silicon',
    pseudo_dir='./'
    outdir = ‘./',
 /
 &system    
    ibrav=  2, 
    celldm(1) =10.2, 
    nat=  2, 
    ntyp= 1,
    ecutwfc = 12.0, 
 /
 &electrons
 /
ATOMIC_SPECIES
 Si  28.086  Si.dojo.UPF
ATOMIC_POSITIONS {crystal}
 Si 0.00 0.00 0.00 
 Si 0.25 0.25 0.25 
K_POINTS automatic
2 2 2 0 0 0



  

Using Xcrysden to verify input/output



  

Using Xcrysden to verify input/output



  

What can we do with the total 
energy?

Structure optimization, phonons, 
compressibility, phase transitions, binding 

energy, etc...



  

Second calculation: 
Optimal lattice parameter for Silicon



  

Third calculation: 
Silicon band structure (Si.nscf.in)

 &control
    calculation=’nscf’,
    prefix='silicon',
    pseudo_dir='./'
    outdir = ‘./',
 /
 &system    
    ibrav=  2, 
    celldm(1) =10.2, 
    nat=  2, 
    ntyp= 1,
    ecutwfc = 12.0, 
    nbnd=8
 /
 &electrons
 /
ATOMIC_SPECIES
 Si  28.086  Si.vbc.UPF
ATOMIC_POSITIONS {crystal}
 Si 0.00 0.00 0.00 
 Si 0.25 0.25 0.25 
K_POINTS crystal_b
3
0.5 0.5 0.5 20
0.0 0.0 0.0 20
0 0.5 0.5 10

New calculation type

Number of bands

k-points list using crystal_b
(generate a path in  k-space) 



  

Bands plot

 &bands
    prefix  = 'silicon'
    outdir='./'
    filband = 'bands.dat'
 /

Run bands.x  
bands.x <  bands.in  > output_scf

bands.in    file  

Plot with gnuplot
gnuplot 
gnuplot> plot ‘bands.dat.gnu’ u 1:2 w l



  

4th calculation: data analysis

  &inputpp
    prefix  = 'silicon'
    outdir='./'
    filplot = 'sicharge'
    plot_num= 0
 /
 &plot
    iflag = 3
    output_format = 5
    fileout = 'si.rho.xsf'
 /
  

    

Charge density

Run pp.x  
pp.x <  si.pp_rho.in  > output_pp

Visualize with Xcrysden
xcrysden --xsf si.rho.xsf



  

Data Visualization with Xcrysden
Tools  Data grid→ Set Isolevel



  

Structure optimization



  

The king of structure optimization

Artem Oganov
https://en.wikipedia.org/wiki/Artem_R._Oganov

Among the highlights are the discovery of 
the structure of a superhard phase of 

boron, gamma-B, transparent phase of 
sodium, new carbon allotrope, stability of 

MgSiO3 post-perovskite in the Earth's 
mantle, prediction and synthesis of 

"forbidden" compounds (e.g., Na3Cl), 
discovery of helium chemistry, and creation 

of borophene - a 2D-monolayer of boron 
atoms, with great promises for future 

technologies

see wiki for references.



  

Why you will not be as successful 
as Artem Organov 

Artem Oganov
https://en.wikipedia.org/wiki/Artem_R._Oganov

Use UPEX!!

Energy landscape 
too complex

https://en.wikipedia.org/wiki/Artem_R._Oganov


  



  



  



  



  

 &control
    calculation= ‘relax’,   
    prefix='silicon',
    pseudo_dir='./'
    outdir = ‘./',
 /
 &system    
    ibrav=  2, 
    celldm(1) =10.2, 
    nat=  2, 
    ntyp= 1,
    ecutwfc = 12.0, 
 /
 &electrons
 /
&ions
  ions_dynamics=’damp’ or ‘BFGS’
/
ATOMIC_SPECIES
 Si  28.086  Si.vbc.UPF
ATOMIC_POSITIONS {crystal}
 Si 0.00 0.00 0.00 
 Si 0.25 0.25 0.25 
K_POINTS automatic
2 2 2 0 0 0

Structural relaxation
New calculation type

New namelist

Optimization methods for finding minimum energy paths
J. Chem. Phys. 128, 134106 (2008)



  



  



  

● Input file for the 3x3 graphene:  graphene3x3.in

● Input file for the oxygen: oxygen.in

● Put the oxygen on the graphene and relax the structure

● Calculate the absorption energy
 E_abs = E_tot – E_graphene -E_o



  

Data Visualization with Xcrysden
Tools  Data grid→ Set Isolevel
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