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Methodology 1

ÅCOSMO-Calculation (A. Klamt) ŀquantum chemical calculation inside a cavity in an ideal

conductor leads to shielding surface charges :

ÅCharge averaging and calculation of the shielding charge density distribution on the

molecular surface leads to the so-called s-Profile .
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Methodology 2

ÅCOSMO-RS (A. Klamt) ŀelectrostatic "charge missfit" interactions and calculation of the

probability of inter -segment contacts leads to chemical potentials of the surface segments in

pure components and mixtures via

Åquasichemical approximation (UNIQUAC, UNIFAC)

Åsolution of a set of self consistent equations (SCE)

Åexplicite quasichemical (Guggenheim)

ÅHydrogen "Bonds" are approximated by assuming especially high interaction energies

between segments of very high and very low shielding charge (on all or some atom types) .

ÅDispersive Interactions are often not taken into account in mixture property calculation .
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Problem

ÅResults of group contribution methods can be improved 
"locally" for individual types of mixtures.

ÅModification of COSMO-RS type models affects nearly 
all results.

ÅFast and detailed test procedure required.

ÅImplemented and applied to COSMO-RS(OL)* und 
COSMO-SAC**.

ÅCOSMO-RS (A. Klamt) could not be tested.

*     Grensemann, H.; Gmehling, J. Performance of a Conductor-like Screening Model for Real 
Solvents in Comparison to Classical Group Contribution Methods. Ind. Eng. Chem. Res. 2005, 
44(5), 1610-1624.

**   Lin, S. T.; Sandler, S. I. A Priori Phase Equilibrium Prediction from a Segment Contribution 
Solvation Model. Ind. Eng. Chem. Res. 2002, 41(5), 899-913
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Test Procedure
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Solute Solvent
Number of 
data points

n-Alkanes n-Alkanes 4 5.65
Saturated HC Saturated HC 72 11.30
Alkanes (non -cyclic) Alkanes (non -cyclic) 21 4.99
Alkanes (non -cyclic) Alkanes (cyclic) 23 18.15
Alkanes (cyclic) Alkanes (non -cyclic) 17 12.47
Aromatic HC Aromatic HC 34 13.30
Saturated HC Aromatic HC 143 16.17
Hydrocarbons (HC) Aromatic HC 229 16.57
Alkenes (HC) Alkenes (cyclic C=C) 7 10.76
Alkenes (cyclic C=C) Alkenes (HC) 7 10.88
Alkenes (cyclic C=C) Alkenes (cyclic C=C) 4 16.76

Alkenes Alkenes 10 8.44
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Model Comparison ïActivity Coefficients at Infinite Dilution
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and COSMO-SAC with ů profiles from different model chemistries as well 

as UNIFAC and modified UNIFAC(Do), 6189 data points.
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Systematic Deviation
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Filter Rules

Automatic Component 

Classification via 

Group Contribution 

and Automatic 

Structure Analysis

check combinatorial part

3 n-Alkanes 3 n-Alkanes

2 Saturated HC 2 Saturated HC

4 Alkanes (non-cyclic) 4 Alkanes (non-cyclic)

cyclic - non-cyclic  (different disperion) 

4 Alkanes (non-cyclic) 5 Alkanes (cyclic)

5 Alkanes (cyclic) 4 Alkanes (non-cyclic)

5 Alkanes (cyclic) 5 Alkanes (cyclic)

aromatic compounds

6 Aromatic HC 6 Aromatic HC

6 Aromatic HC 2 Saturated HC

2 Saturated HC 6 Aromatic HC

dienes

7 Alkenes (HC) 7 Alkenes (HC)

7 Alkenes (HC) 8 Alkenes (cyclic C=C)(HC)

8 Alkenes (cyclic C=C)(HC) 7 Alkenes (HC)

8 Alkenes (cyclic C=C)(HC) 8 Alkenes (cyclic C=C)(HC)

alkane-aromatic systems

1 Hydrocarbons (HC) 6 Aromatic HC

6 Aromatic HC 1 Hydrocarbons (HC)

non polar -  polar

1 Hydrocarbons (HC) 11 Alcohols (HC)

11 Alcohols (HC) 1 Hydrocarbons (HC)

1 Hydrocarbons (HC) 20 Ketones(HC, no =-=O)

20 Ketones(HC, no =-=O) 1 Hydrocarbons (HC)

1 Hydrocarbons (HC) 21 Ketones(HC,  =-=O)

21 Ketones(HC,  =-=O) 1 Hydrocarbons (HC)

6 Aromatic HC 11 Alcohols (HC)

11 Alcohols (HC) 6 Aromatic HC
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Deviations ïActivity Coefficients at Infinite Dilution

Solute Solvent 
Number of 
Data points 

%ȹɔrel

¤  

n-Alkanes n-Alkanes 4 5.65 
Saturated HC  Saturated HC 72 11.30 
Alkanes (non-cyclic) Alkanes (non-cyclic) 21 4.99 
Alkanes (non-cyclic) Alkanes (cyclic) 23 18.15 
Alkanes (cyclic) Alkanes (non-cyclic) 17 12.47 
Aromatic HC Aromatic HC 34 13.30 
Saturated HC Aromatic HC 143 16.17 
Hydrocarbons (HC) Aromatic HC 229 16.57 
Alkenes (HC) Alkenes (cyclic C=C) 7 10.76 
Alkenes (cyclic C=C) Alkenes (HC) 7 10.88 
Alkenes (cyclic C=C) Alkenes (cyclic C=C) 4 16.76 
Alkenes  Alkenes  10 8.44 
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Dispersive Interactions

An additional term for dispersive interactions based on polarizabilities from 

quantummechanical calculations is currently tested.
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Sigma Profile of Ethanol (SAC-Type Averaging)
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Ethanol in Aromatic Hydrocarbons
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Aromatic ïAlkohol Mixtures
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Excess Enthalpy Ethanol (1) + Benzene (2) at 298.15 and 318.15 K
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Description of Hydrogen Bonding
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Solubility of Pharmaceuticals

ĄInkrementation by ĂCheating 

Approachñ leads to very good 

results
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Hartree-Fock Gas 

Phase Optimization

How to Speed Up

A typical calculation of the s-potential 

(surface shielding charge distribution)

O

Sketch Start 

Configuration

Fast Force-Field 

Optimization

O
O

High Level DFT 

Optimization in 

Dielectric Continuum

O
O

Single Point 

High Level 

Calculation in 

Ideal Conductor

Final  

Configuration

O

Molecular-Dynamic 

Conformer Generation



19

Profiles from Group Contribution
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GC-COSMO

Mu, T. C.; Rarey, J.; Gmehling, J. Group Contribution Prediction of Surface Charge 

Density Profiles for COSMO-RS(Ol), AIChE Journal, 2007, 53(12), 3231-3240

Mu, T. C.; Rarey, J.; Gmehling, J. Group Contribution Prediction of Surface Charge 

Density Profiles for SAC, in preparation


