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The Quantum ESPRESSO project

www.quantum-espresso.org

http://www.quantum-espresso.org


The Quantum ESPRESSO project



The Quantum ESPRESSO project

ESPRESSO: opEn Source Package for Research in Electronic Structure,    
Simulation and Optimization

Quantum ESPRESSO

Pwscf code 
(pw.x)

PHonon code 
(ph.x)

CP code 
(cp.x)

TDDFPT code 
(turbo_lanczos.x)

Density Functional Theory 
(DFT): 

ground state properties 
(total energy, forces, stress 

tensor…)

Density Functional 
Perturbation Theory 

(DFPT): 
lattice vibrations

Car-Parrinello molecular 
dynamics

Time-dependent DFPT 
spectroscopy

… and there are many other components of this project.



The Quantum ESPRESSO project

Tutorials and lectures:

https://www.materialscloud.org/learn/sections https://www.quantum-espresso.org/resources/tutorials

https://www.materialscloud.org/learn/sections
https://www.quantum-espresso.org/resources/tutorials
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Input file for the pw.x code
In this lab we will study electronic properties of the bulk CaO – calcium oxide 
The input file for this system looks like this ( CaO_primitive.scf.in ):

https://www.quantum-espresso.org/Doc/INPUT_PW.html

https://www.quantum-espresso.org/Doc/INPUT_PW.html


Input file for the pw.x code

Self-consistent field (SCF): iterative solution of the Kohn-Sham (KS) equations:

initial guess

new

convergence 
threshold to stop SCF

In this lab we will study electronic properties of the bulk CaO – calcium oxide 
The input file for this system looks like this ( CaO_primitive.scf.in ):



Input file for the pw.x code

The prefix for temporary files         

The name and the path to the folder, where temporary files will 
be written        

In this lab we will study electronic properties of the bulk CaO – calcium oxide 
The input file for this system looks like this ( CaO_primitive.scf.in ):



Input file for the pw.x code

Calculation of the stress tensor

Calculation of the forces

In this lab we will study electronic properties of the bulk CaO – calcium oxide 
The input file for this system looks like this ( CaO_primitive.scf.in ):



Input file for the pw.x code

The path to the location of the pseudopotential         

Pseudopotential file names       

In this lab we will study electronic properties of the bulk CaO – calcium oxide 
The input file for this system looks like this ( CaO_primitive.scf.in ):



Input file for the pw.x code

lattice parameter, 
units are bohr

atomic coordinates (unit cell), in fractional 
units, i.e. units of alat = celldm(1) 

Bravais lattice index (FCC)

lattice parameter = 9.0 bohr

In this lab we will study electronic properties of the bulk CaO – calcium oxide 
The input file for this system looks like this ( CaO_primitive.scf.in ):



Input file for the pw.x code

Real space
(unit cell)

Reciprocal  space 
(first Brillouin Zone)

k points sampling of the Brillouin zone using the Monkhorst-Pack 
scheme

● 4x4x4 uniform grid
● 0 0 0 means that the grid is not shifted with respect to the 

center of the BZ 

Symmetries
Irreducible 

wedge of the BZ

In this lab we will study electronic properties of the bulk CaO – calcium oxide 
The input file for this system looks like this ( CaO_primitive.scf.in ):



Input file for the pw.x code
In this lab we will study electronic properties of the bulk CaO – calcium oxide 
The input file for this system looks like this ( CaO_primitive.scf.in ):

KS wavefunctions are expanded in 
a plane-wave basis set up to a 
cutoff Gcut

Kinetic energy cutoff Ecut 
units are Ry

Ecut defines Gcut:
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Performing the calculation
To perform a single pw.x calculation, it is necessary to execute the following command:

pw.x < CaO_primitive.scf.in > CaO_primitive.scf.out

Pwscf 
code

Input file Output file

read data from 
the input file

write data to the 
output file


