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Introduction



CPMD — concept 1

• Car-Parrinello Molecular Dynamics – Roberto Car & Michele Parrinello,
Physical Review Letters 55, 2471 (1985) — 20 years of Car-Parrinello
method!





CPMD — concept 2

• CPMD code — http://www.cpmd.org/; based on the original code of Roberto Car
and Michele Parrinello



CPMD
What is it, what is it not?

• Computer code for performing static, dynamic simulations and analysis of
electronic structure

• About 200’000 lines of code — FORTRAN77 with a flavour towards F90

• (Freely) available via http://www.cpmd.org/ with source code

• Most suitable for dynamical simulations of condensed systems or large
molecules — less for small molecules or bulk properties of small crystals

• Computationally highly optimised for vector and scalar supercomputers,
shared and distributed memory machines and combinations thereof (SMP)



Capabilities
• Solution of electronic and ionic structure

• XC-functional: LDA, GGA, meta-GGA, hybrid

• Molecular dynamics with NVE, NVT, NPT ensembles

• General constraints (MD and geometry optimisation)

• Metadynamics

• Free energy functional

• Path integrals

• QM/MM

• Wannier functions

• Response properties: TDDFT, NMR, Raman, IR, . . .

• Norm conserving and ultra-soft pseudo potentials



CPMD: Examples
Amorphous Si
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CPMD: Examples
Liquid water: Solvation and transport of ions
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CPMD: Examples
RNA duplex
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CPMD: Examples
Reactions in supercritical water



CPMD: Examples
Reactions in supercritical water



CPMD: Examples
Alkane thiols and gold clusters
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CPMD: Examples
QM/MM & electronic excitations
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QM/MM & electronic excitations



(Similar) Alternatives
To be fair; for solid-state/dense systems

• abinit

• ν-espresso (PWSCF, CP, FPMD)

• NWChem

• CP-PAW

• PINY MD

• Commercial:

– Wien2k (FLAPW)

– VASP

– CASTEP



Out-line

• Monday: Molecular dynamics + density functional theory

• Tuesday: Car-Parrinello molecular dynamics + terminal session

• Wednesday: Pseudo potentials, solid + terminal session

• Thursday: Basic properties, TDDFT + terminal session

• Friday: Further properties + terminal session



apsi & Anatole
. . . and the Swiss Alps
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• M.Sc.: Teknillinen Korkeakoulu (TKK, Helsinki University of Technology,
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– supervisors: Martti Puska, Risto Nieminen

– science: defects in semiconductors, especially InP; clusters; positrons in
solids
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Max-Planck-Gesellschaft (FHI der MPG), Berlin, Germany

– supervisors: Matthias Scheffler, in practise Herbert Over @ Gerhard Ertl’s

– science: surfaces of metals; oxides
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• Post-doc: Universitá La Sapienza, Rome, Italy

– boss: Giovanni B Bachelet

– science: small fullerenes (C36)

• Post-doc: Rechenzentrum Garching der Max-Planck-Gesellschaft (RZG;
Computing Centre of Max-Planck-Society), Garching bei München, Germany

– bosses: Hermann Lederer, Stefan Heinzel

– task: user support, benchmarking, “grid computing”

– codes: CPMD, torb

– computers: IBM SP4, NEC sX-5



• Post-doc: Max-Planck-Institut für Festkörperforschung (MPI-FKF;
Max-Planck-Institute for Solid State Research), Stuttgart, Germany

– boss: Michele Parrinello

– science: vibrational properties of water

– codes: CPMD, Gaussian98

– computers: IBM SP3, Cray T3E, Hitachi SR8000-F1

• Post-doc: Centro Svizzero di Calcolo Scientifico (CSCS; Swiss
Computational Centre for Scientific Computing), Switzerland

– boss: Michele Parrinello

– science: vibrational properties of water, vibrational properties of thiols

– codes: CPMD, Gaussian98

– computers: IBM SP4, NEC sX-5, Hitachi SR8000-F1



• Post-doc: Physikalisch Chemisches Institut, Universität Zürich, Switzerland

– boss: Jürg Hutter

– science: electronic excitations in molecules, liquids and solids

– codes: CPMD, VASP, Gaussian03

– computers: IBM SP2, SP3, SP4, AMD opteron clusters, Hitachi
SR8000-F1



• Ingénieur de Recherche: CNRS & Université Pierre et Marie Curie

– bosses: Bernard Capelle, Francesco Mauri

– science: NMR, . . .

– codes: CPMD, VASP, paratec, PWSCF, . . .

– computers: AMD opteron cluster, IBM SP4, DEISA/grid computing, . . .

• Contact

URL: http://www.iki.fi/~apsi/

email: apsi@iki.fi, Ari.P.Seitsonen@iki.fi

SkyPE: ari.p.seitsonen

messenger: aps@iki.fi
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– science: density functional calculations of the vibrational states of CCl3F

– codes: CADPAC
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– supervisors: Ursula Röthlisberger

– science: atom centred potentials for properties and design

– codes: CPMD
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• Prospective Postdoc: from September 2005 at New York University with
Mark Tuckerman

– science: ab Initio compound design

– codes: CPMD, PINE

• Contact

URL: http://lcbcpc21.epfl.ch/Group_members/anatole/

email: vonLilienfeld@gmail.com
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Questions?


