Activity Coefficients from Vapor-Liquid Interfaces:
A Molecular Dynamics Approach for Separation Chemistry
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Context

= Understanding solvent extraction — Recycling of rare = The equilibrium constant K° describes the extraction = A multiscale approach provides
earth elements and spent nuclear fuels process and is given by the Mass Action Law mesoscopic thermodynamic properties
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= Measuring activity and the vapor pressure p,": Vapor pressure = Controlling the error of the method
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Measurements decreases solvent vapor pressure yi <1 N w1 N A: Evaporation rate T,: Time of flight

and thus activity L e — S Oy (t): Relative error of the method
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» |deal case: Solvent vapor pressure
by Raoult’s law

Pressure p

Aqueous dysprosium nitrate Dy(NO,), solutions ©)

Water activity a, Osmotic coefficient ¢, Activity coefficient yg
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— MD data
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Salt molality: be / mol kg™ beiq. / mol kg™ besia. / mol kg™
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Gibbs-Duhem relation

Molecular dynamics simulation of liquid-vapor equilibria of organic solvent phases
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DMDC.)HI.E.MA n-heptane > Aggre-gatlr(])n of DIMDOHE]MA In the Solvent activities in binary mixtures of n-heptane and DMDOHEMA show ideal behavior
amphiphilic volatile orggtlnll;:_lpt as]:e retle(sg)on c and follow Raoult’'s law in good agreement up to a high extractant concentration
extractant solvent avallabiiity ot water Attractive and repulsive interactions in the mixtures cancel out
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