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WHAT IS QUANTUM ESPRESSO?
• Quantum ESPRESSO is an integrated suite of Open-Source computer codes for electronic-

structure calculations and materials modeling at the nanoscale.
It is based on density-functional theory, plane waves, and pseudopotentials.

• Quantum ESPRESSO has evolved into a distribution of independent and inter-operable codes 
in the spirit of an open-source project. The Quantum ESPRESSO distribution consists of a 
“historical” core set of components, and a set of plug-ins that perform more advanced tasks, 
plus a number of third-party packages designed to be inter-operable with the core 
components. Researchers active in the field of electronic-structure calculations are encouraged 
to participate in the project by contributing their own codes or by implementing their own 
ideas into existing codes.



WHAT CAN QE DO?
• Ground-state calculations.

• Structural Optimization.

• Transition states and minimum energy paths.

• Ab-initio molecular dynamics.

• Response properties (DFPT).

• Spectroscopic properties.

• Quantum Transport.

• Platforms.

http://www.quantum-espresso.org/project/what-can-qe-do/%231
http://www.quantum-espresso.org/project/what-can-qe-do/%232
http://www.quantum-espresso.org/project/what-can-qe-do/%233
http://www.quantum-espresso.org/project/what-can-qe-do/%234
http://www.quantum-espresso.org/project/what-can-qe-do/%235
http://www.quantum-espresso.org/project/what-can-qe-do/%236
http://www.quantum-espresso.org/project/what-can-qe-do/%237


GROUND STATE CALCULATIONS
• Self-consistent total energies, forces, stresses;

• Kohn-Sham orbitals;

• Separable norm-conserving and ultrasoft (Vanderbilt) pseudo-potentials, PAW (Projector
Augmented Waves);

• Several exchange-correlation functionals: from LDA to generalized-gradient corrections 
(PW91, PBE, B88-P86, BLYP) to meta-GGA, exact exchange (HF) and hybrid functionals (PBE0, 
B3LYP, HSE);

• VdW corrections (DFT-D) or nonlocalVdW functionals (vdw-DF);

• Hubbard U (DFT+U);

• Berry’s phase polarization;

• Spin-orbit coupling and noncollinear magnetism.



STRUCTURAL OPTIMIZATION
• GDIIS with quasi-Newton BFGS preconditioning;

• Damped dynamics.

TRANSITION STATES AND MINIMUM ENERGY PATHS
• Nudged Elastic Band method;

• Meta-Dynamics, using the PLUMED plug-in.

AB-INITIO MOLECULAR DYNAMICS
•Car-Parrinello Molecular Dynamics (CP package);

•Born-Oppenheimer Molecular Dynamics (PWscf package).

https://sites.google.com/site/plumedweb/home


RESPONSE PROPERTIES (DFPT)
• Phonon frequencies and eigenvectors at any wavevector;

• Full phonon dispersions; inter-atomic force constants in real space;

• Translational and rotational acoustic sum rules;

• Effective charges and dielectric tensors;

• Electron-phonon interactions;

• Third-order anharmonic phonon lifetimes, using the D3Q package;

• Infrared and (non-resonant) Raman cross-sections;

• EPR and NMR chemical shifts, using the QE-GIPAW package. 

http://www.qe-forge.org/gf/project/d3q/
http://qe-forge.org/gf/project/qe-gipaw/


SPECTROSCOPIC PROPERTIES
• K-, L1 and L2,3-edge X-ray Absorption Spectra (XSpectra package);

• Time-Dependent Density Functional Perturbation Theory (TurboTDDFT package);

• Electronic excitations with Many-Body Perturbation Theory, using the YAMBO package;

• Electronic excitations with Many-Body Perturbation Theory (GWL package).

QUANTUM TRANSPORT
• Ballistic Transport ( PWCOND package);

• Coherent Transport from Maximally Localized Wannier Functions, using the WanT code;

• Maximally-localized Wannier functions and transport properties, using the WANNIER90

code.

http://www.yambo-code.org/
http://www.wannier-transport.org/
http://www.wannier.org/


PLATFORMS
• Runs on almost every conceivable current architecture (really! also cell phones and 

playstations): from large parallel machines (IBM SP and BlueGene, Cray XT, Altix, Nec SX) to 
workstations (HP, IBM, SUN, Intel, AMD) and single PCs running Linux, Windows, Mac OS-X, 
including clusters of 32-bit or 64-bit Intel or AMD processors with various connectivity (gigabit 
ethernet, myrinet, infiniband…). Fully exploits math libraries such as MKL for Intel CPUs, ACML 
for AMD CPUs, ESSL for IBM machines.
GPU-enabled version available via the QE-GPU add-on package. 

http://www.democritos.it/pipermail/pw_forum/2010-November/018504.html
http://www.democritos.it/pipermail/pw_forum/2010-November/018508.html
http://qe-forge.org/gf/project/q-e-gpu/


GENERAL OVERVIEW
• The full Quantum ESPRESSO distribution contains the following core packages for the calculation

of electronic-structure properties within Density-Functional Theory (DFT), using a Plane-Wave
basis set and pseudopotentials:

• PWscf (PW) : Plane-Wave Self-Consistent Field,
• CP (CPV): Car-Parrinello Molecular Dynamics.

• It also includes the following more specialized packages:

• PWneb (NEB) : energy barriers and reaction pathways through the Nudged Elastic Band method,
• PHonon : phonons with Density-Functional Perturbation Theory,
• PostProc (PP) : various utilities for data postprocessing,
• PWcond : ballistic conductance,
• XSPECTRA : K-edge X-ray adsorption spectra,
• GIPAW (Gauge-Independent Projector Augmented Waves): NMR chemical shifts and EPR g-

tensor.
• TDDFPT : calculations of spectra using Time-Dependent Density-Functional Perturbation Theory.

http://iramis.cea.fr/Pisp/alexander.smogunov/PWCOND/pwcond.html
http://qe-forge.org/gf/project/qe-gipaw/


• The following auxiliary codes are included as well:

• PWgui : a Graphical User Interface, producing input data files for PWscf,
• atomic : a program for atomic calculations and generation of pseudopotentials.
• QHA : utilities for the calculation of projected density of states (PDOS) and of the free energy in the 

Quasi-Harmonic Approximation (to be used in conjunction with PHonon).
• PlotPhon : phonon dispersion plotting utility (to be used in conjunction with PHonon).

• Several additional packages that exploit data produced by Quantum ESPRESSO or patch some 
Quantum ESPRESSO routines can be installed as plug-ins:

• WANNIER90 : maximally localized Wannier functions.
• WanT: quantum transport properties with Wannier functions.
• YAMBO: electronic excitations within Many-Body Perturbation Theory: GW and Bethe-Salpeter

equation.
• PLUMED: calculation of free-energy surface through metadynamics.
• GIPAW (Gauge-Independent Projector Augmented Waves): NMR chemical shifts and EPR g-tensor.
• GWL: electronic excitations within GW Approximation.
• WEST: Many-body perturbation corrections for standard DFT.

http://www-k3.ijs.si/kokalj/pwgui/
http://www.wannier.org/
http://www.wannier-transport.org/
http://www.yambo-code.org/
https://sites.google.com/site/plumedweb/home


PWSCF (PW), PLANE-WAVE SELF-
CONSISTENT FIELD



PWSCF (PW)











TYPES OF ELECTRONIC STRUCTURE 
CALCULATIONS

• Single-point (fixed-ion) SCF calculation

• Band structure calculation

• Noncollinear magnetization, spin-orbit interactions

• DFT+U

• Dispersion Interactions (DFT-D)

• Hartree-Fock and Hybrid functionals

• Dispersion interaction with non-local functional (vdW-DF)

• Polarization via Berry Phase

• Finite electric fields

• Orbital magnetization



TYPES OF OPTIMIZATION AND 
DYNAMICS CALCULATIONS

• Structural optimization

• Molecular Dynamics

• Free-energy surface calculations

• Variable-cell optimization

• Variable-cell molecular dynamics



POSTPROC (PP), POST-PROCESSING 
AND ANALYSIS TOOLS





USER TOOLS
•Input data can be prepared using the graphical user interface PWGui, by Anton Kokalj
•An alternative graphical user interface running on WIndows: Burai, by Satomichi
Nishihara
•Visualization of the results can be obtained using XCrySDen
•An experimental web-based interface is available at NERSC: see the presentation
video, contact the authors if interested in trying it
•Other visualization software that can produce input data or read output data for 
Quantum ESPRESSO: 
•GDIS
•J-ICE (on-line converter available at this link) 
•VMD
•gOpenMol
•VESTA. 

http://www-k3.ijs.si/kokalj/pwgui/
http://nisihara.wix.com/burai
http://www.xcrysden.org/
http://web-qe.meteor.com/video
http://gdis.sourceforge.net/
http://j-ice.sourceforge.net/index.html
http://j-ice.sourceforge.net/ondemand/
http://www.ks.uiuc.edu/Research/vmd/
http://www.chem.utah.edu/directory/anderson/research-group/gopen/
http://jp-minerals.org/vesta/en/


USER TOOLS

•Quantum ESPRESSO plug-ins (i.e. software that add functionalities by modifying QE 
code): 
•PLUMED: Meta-Dynamics 
•Environ: self-consistent continuum solvation model 
•External software using Quantum ESPRESSO code: 
•thermo_pw: Elastic constants, Vibrational properties in the Quasi-Harmonic Approximation 
•QE-GIPAW: EPR and NMR chemical shifts 
•WEST: Electronic excitations with Many-Body Perturbation Theory 
•GWL: Electronic excitations with Many-Body Perturbation Theory 
•EPW: Calculation of electron-phonon interactions coefficients 

https://sites.google.com/site/plumedweb/home
http://www.quantum-environment.org/
http://qeforge.qe-forge.org/gf/project/thermo_pw/
http://qe-forge.org/gf/project/qe-gipaw/
http://www.west-code.org/
http://http//gww.qe-forge.org/
http://epw.org.uk/


USER TOOLS
•External software that can either use QE as a quantum engine, or use QE output data for further
processing
•AiiDA: Automated Interactive Infrastructure and Database for Computational Science 
•YAMBO: Electronic excitations with Many-Body Perturbation Theory 
•WanT: Coherent Transport from Maximally Localized Wannier Functions
•WANNIER90: Maximally-localized Wannier functions and transport properties
•BerkeleyGW: Many-Body Perturbation Theory 
•QMCPACK: Quantum Monte Carlo calculations
•ElaStic: Elastic Constants 
•XtalOpt: Evolutionary/Genetic Algorithm (no longer maintained) 
•USPEX: Evolutionary/Genetic Algorithm
•PHON: Phonon calculation using the Frozen-Phonon approach
•phononpy: Phonon calculation using the Frozen-Phonon approach
•CALYPSO: Crystal structure prediction via Particle Swarm Optimization
•NanoTCAD ViDES: Simulation of nanostructured devices
•BoltzTraP: Calculation of transport properties
•AMULET: Dynamical Mean Field Theory calculations
•PYXAID: non-adiabatic Molecular Dynamics 
•Other QE resources found in external sites: 
•Virtual NanoLab (VNL) graphical user interface, a free product by QuantumWise
•NanoHub

http://www.aiida.net/
http://www.yambo-code.org/
http://www.wannier-transport.org/
http://www.wannier.org/
http://www.berkeleygw.org/
http://www.qmcpack.org/
http://exciting-code.org/elastic
http://xtalopt.openmolecules.net/wiki/index.fcgi/
http://uspex.stonybrook.edu/uspex.html
http://www.homepages.ucl.ac.uk/%7Eucfbdxa/phon/
http://atztogo.github.io/phonopy/
http://www.calypso.cn/
http://vides.nanotcad.com/vides/
http://www.icams.de/content/departments/cmat/boltztrap/
http://amulet-code.org/
https://www.acsu.buffalo.edu/%7Ealexeyak/pyxaid/overview.html
http://www.quantumwise.com/products/vnl
https://nanohub.org/resources/dftqe
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