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CONTEXT
Å General coverage of chemicals by thermodynamic data is low

ï More than 60 millionpure substances filed in Chemical Abstracts

ï 26 millionpossible organics built with 11 C, N, O, F (Fink & Reymond, JChInfModel, 2007)

ï 140,000 substances declared by the chemical industry to comply with EU regulation REACH 

ï 43,911 compounds in Dortmund Databank (VLE, LLE, SLE, enthalpic, CpΣ ǾƻƭǳƳŜǘǊƛŎΣΧύ

ï ~ 3,000  compounds well characterized in DIPPR database (34 correlated properties)

ï Low coverage of properties at extreme T and P or toxic, hazardous compounds 

Å Expectations of chemical engineers vs prediction methods
ï Consistent prediction of multiple properties (ex. Cp, enthalpy, Tb, Psat, ...)

ï Sound principles, well-defined reference states

ï Sound parametrization , efficient validation

ï {Ƴŀƭƭ ƛƴŦƭǳŜƴŎŜ ƻŦ ƴǳƳŜǊƛŎŀƭ ǇŀǊŀƳŜǘŜǊǎΣ ŀǾŜǊŀƎƛƴƎ ǇǊƻŎŜŘǳǊŜǎΣ ΧΦ

ï Ability to consider multifunctional molecules and mixtures with a limited number of parameters

Å Which thermodynamic properties can be obtained by simulation from their 
molecular structure :

ÅQuantum chemistry (DFT, Semi-Empirical methods, COSMO, QSPR) 

ÅForcefield-based methods (Monte Carlo, Molecular dynamics)

ïWhat uncertainties ? 
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Quantum mechanics 
(QM)

Å DFT (VASP)

Å semi -empirical (MOPAC)

Å Ideal gas

properties

Å Molecular and 

electronic

structure

400-600 atoms

IR vibrational analysis

Classical statistical

mechanics
Å Molecular Dynamics (MD) 

LAMMPS 

Å Monte Carlo (MC)  GIBBS

Å Forcefields pcff +, TraPPE, AUA

Å Energy, enthalpy , density

Å Free energy

Å Structure & dynamics of 

matter

Molecular modeling applied to molecules 

Up to 20000 atoms

nanoseconds

Kerogen 

fragment

Hydrogen-

dimethylether

(periodic 

boundary 

conditions)
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Property Calculation in MedeA® 
with Forcefield Methods 

Molecular Dynamics 
(MedeA® -LAMMPS*) 

Forcefields: AA ( pcff +, OPLS,..) 

Monte Carlo 
(MedeA® -GIBBS**) 

Forcefields: TraPPE , AUA, pcff +

u Static Properties 

u Transport Properties 

u Mechanical Properties 

Density 

Pressure 

Cohesive Energy Density 

Viscosity 

Thermal Conductivity 

Self-Diffusion Coefficient 

Shear Modulus 
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u Static Properties 

Density 

Pressure 

Chemical Potential & Fugacity 

Henry Solubility Constants 

Boiling Point Temperature 

Phase Equilibrium 

Derivative Properties 

(residual heat capacity, isobaric thermal 
expansivity, isothermal compressivity, 
Joule-Thomson coefficient) 

Adsorption Isotherms 
* Large Scale Atomic/Molecular Massively Parallel 

Simulator ®, Sandia Corporation (2003) 
** Gibbs v. 9.3, IFP-Energies Nouvelles, Rueil-Malmaison & 
Laboratory of Physical Chemistry, University Paris Sud -CNRS, Orsay
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