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CONTEXT

A General coverage of chemicals by thermodynamic data is low
I More than 60million pure substances filed in Chemical Abstracts
I 26 million possible organics built with 11 C, N, O, F (FiRegmondJChInfModel2007)
T 140,000 substances declared by the chemical industry to comply with EU regulation REACH
i 43,911 compounds in Dortmund Databank (VLE, LLEcr8h&lpicCz. @2 f dzY SG NR O
I~ 3,000 compounds well characterized in DIPPR database (34 correlated properties)
I Low coverage of properties at extreme T and P or toxic, hazardous compounds

A Expectations of chemical engineers vs prediction methods
I Consistent prediction of multiple properties (6€xg enthalpy, TbPsat ...)
I Sound principles, wetlefined reference states
I Sound parametrization , efficient validation
i {YFff AYyFtdzSyOS 2F ydzYSNAOFf LI N} YSGSNEZ
I Ability to consider multifunctional molecules and mixtures with a limited number of parameter
A Which thermodynamic properties can be obtained by simulation from their
molecular structure :
A Quantum chemistry (DFT, SeBErmpirical methods, COSMO, QSPR)
A Forcefieldbased methods (Monte Carlo, Molecular dynamics)

T What uncertainties ?
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1 MEDEA SOFTWARE
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MedeA’s Three Tier Architecture
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Molecular modeling applied to molecules

Quantum mechanics
(QM)

A DFT (VASP)

A semi-empirical (MOPAC)

Classical statistical

mechanics
A Molecular Dynamics (MD)
LAMMPS
A Monte Carlo (MC) GIBBS
A Forcefields tff +, TraPPE, AUA
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Property Calculation in MedeA®
with Forcefield Methods

Molecular Dynamics Monte Carlo

(MedeA® -LAMMPS¥) (MedeA® -GIBBS**)
Forcefields: AA (  pcff +, OPLS,..) Forcefields: TraPPE , AUA, pcff +

u  Static Properties
Density

Pressure

u  Static Properties

Cohesive Energy Density

u  Transport Properties

u  Mechanical Properties

* Large Scale Atomic/Molecular Massively Parallel ** Gibbs v. 9.3, IFP-Energies Nouvelles, Rueil-Malmaison &

Simulator ®, Sandia Corporation (2003) Laboratory of Physical Chemistry, University Paris Sud-CNRS, Orsay
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