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Solubility and Solvation Energy 

•solubility of solids in room-temperature SCFs 
(e.g. naphthalene in CO2) 
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• the key quantity is the solvation free energy (excess 
chemical potential): the free energy associated with 
transfer of solute from gas to solution 

•simulating solubilities ≅ simulating ΔsolG
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Simulating ΔsolG
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•the fundamental relationship
average over equilibrium 
solvent in the absence0 solvent in the absence 
of the solutesolute-solvent

interaction energy

equilibrium solvent

•particle insertion approach:
test insertions 

th d f il t hi h b t ll t f SCF
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•method fails at high ρ, but excellent for SCFs



Simulation Methodology

•equilibrium configurations of neat SC solvents from NVT, 
NPT molecular dynamics (or Monte Carlo)NPT molecular dynamics (or Monte Carlo) 

•1000 solvent molecules 

•~200 configurations collected over runs of 2-5 ns•~200 configurations collected over runs of 2-5 ns

•attempt insertions at 104-105 locations and 10 solute 
orientations for each configurationg

•solvents examined: Xe, C2H6, CO2, CHF3 (& HS)solvents examined: Xe, C2H6, CO2, CHF3 (& HS) 

•solvent conditions:  T-Tc=5-20 K,  0.2<ρ/ρc<3
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“Realistic” Interaction Models
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fluid properties

solventssolute

-56

+47

-4

+71

+66

(+16)

+38

-30

-36
-56

+47

-4

+71

+66

(+16)

+38

-30

-36

C H

•solute geometries & 
charges from ab initio

l l (+4)
-50

(+4)
-50

-33 +66 -33

C2H6

caffeine
calculations

•LJ parameters from 
CO2

-28 +28

p
OPLS-AA force field

5

CHF3



Density Dependent Data
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Comparison to Experiment (#1)

•4 solutes 35

•4 SC solvents
•12 u+v combinations
•2 selected densities, / k
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Comparison to Experiment (#2)
data set #2:
15 solutes in SC CO2 (1.6ρc) 
from E compilation of Teja & co.1 T
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Summary of Sim-Expt Comps.

simulations predict ΔsolG to an accuracy of ~2kJ/mol 
(~10%) without any adjustment of potentials (OPLS-AA) 
or empirical inputor empirical input 

but solubilities only accurate to within a factor of 2

CO l l ll f %in CO2 electrical interactions typically account for ~15% 
of ΔsolG even for non-dipolar solutes

(choice of combining rules matters)(choice of combining rules matters)

ne t se Xe and model sol tes to e amine effects ofnext use Xe and model solutes to examine effects of 
solvent density inhomogeneity and local density 
augmentation
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Effect on ΔsolG 

10 naphthalene

Three Solutes in “Xe” (300 K) • density heterogeneity.  
large κT have little effect 
on solubility
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Density Dependence, ΔcavG & ΔattG  
GGG attcavsolv Δ+Δ=Δ
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Single-Site “Benzene” in Xe 
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ΔattG of Single-Site Solutes
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• ΔattG & thus ΔsolG predictable for 
atomic systems
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Free Energy vs. Interaction Energy
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Why is ΔattG different from Uuv?
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Summary & Conclusions

simulations using solvent potentials tuned for coexistence properties 
and all-atom solute representations with standard (OPLS) potential  
provide reasonable (10%) accuracy in prediction of solvation freeprovide reasonable (10%) accuracy in prediction of solvation free 
energies and solubilities in SCFs

solvation free energies are insensitive
Anthracene/CO2

BT 20

25
solvation free energies are insensitive 
to the density fluctuations present in 
SC solvents (not true of enthalpies 
and entropies)
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than do solute-solvent interaction 
energies (and spectral shifts) OPLS
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