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Group Contribution Methods :

UNIFAC, ASOG, CLOGP, …

- Based on experimental data

- Often fail for complex molecules

Background: Background: Predicting Properties Predicting Properties of of LiquidsLiquids
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Monte-Carlo / MD simulations :

- Based on Molecular Mechanics 

(empirical force fields)

- Very large computational effort

Continuum Solvation Models :

PCM, SCRF, COSMOCOSMO, SMx, …

- Based on quantum chemistry

- Quite limited applicability

COSMOCOSMO--RS / RS / COSMOCOSMOthermtherm :

- Based on quantum chemistry and 

statistical thermodynamics

- General applicability (!)
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1.

2.

3. Self-consistently solve the resulting Schrödinger Equation. 

Conductor-like Screening Model ( COSMOCOSMO)

1.

2. Include solvent polarization (screening charge)

into the Quantum Chemistry calculation as a

boundary condition.

Concept for describing compounds in solution: 

1. Embed the molecule in a dielectric continuum.

The “solvent” is represented by a mean 

interaction with the surrounding electric field.

Dielectric ContinuumDielectric Continuum Solvation Models (I)Solvation Models (I)
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Conventional Quantum ChemistryQuantum Chemistry describes isolatedisolated molecules at T = 0 K.

O
H

H



The CAPE-OPEN Interface to COSMO-RS – Theory and Application

©2006, COSMOlogic GmbH & Co KG

Dielectric ContinuumDielectric Continuum Solvation Models (II)Solvation Models (II)

Although dielectric continuum models have been succ essful in a number of

applications, they have some inherent weaknesses :

1. Liquids are described from the standpoint of the solute only. There is no 

possibility to describe the properties of solvents or mixtures.

2. Dielectric continuum theory is valid only for mol ecules without dipoles or 

multipoles. I.e. strictly speaking only for alkanes .

The realistic description of liquids requires a mor e sophisticated physical

model: COSMOCOSMO--RS theoryRS theory !
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COSMOtherm COSMO-RS
the program the physical model

COSMO      
the Conductorlike Screening Model

the Quantum Chemistry (QC) method

O

H

O

OH

COSMOCOSMOthermtherm:: DefinitionsDefinitions
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-

- All surfaces are assumed to be in close

contact. Thus only pair wise surface 

interactions are possible.

-

-

- If screening charges ssssssss and ssssssss ‘‘ on surface 

pairs differ, an interaction energy will

result from the “ misfitmisfit ” of these charges.

The misfit term E Misfit describes electrostatic interactions between molecu lar 

surface parts of different polarity. 

COSMO-RS theory describes interactions of molecular surface charges s s s s s s s s 

that were computed by dielectric continuum model CO SMO:

- For each molecule the screening charge

ssssssss is known from the COSMO calculation.

COSMOCOSMO--RSRS TheoryTheory: : Molecular Interactions Molecular Interactions (I)(I)
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Two additional interactions are incorporated into t he COSMO-RS model:

- Hydrogen bond interactions between 

surface pieces of strongly different 

polarity s << 0s << 0s << 0s << 0s << 0s << 0s << 0s << 0 and ssssssss ’’ >> 0>> 0:

- Spatially non-specific van der Waals

interactions:

gvdW are element specific adjustable 

parameters.

COSMO-RS interaction energy:

COSMOCOSMO--RSRS TheoryTheory: : Molecular Interactions Molecular Interactions (II)(II)
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COSMOCOSMO--RSRS: : Statistical ThermodynamicsStatistical Thermodynamics (I)(I)

The transition from microscopicmicroscopic molecular surface charge interactions to

macroscopicmacroscopic thermodynamic properties of mixtures is possible wi th a

statistical thermodynamic procedure:

- Only pairpair --wise interactionswise interactions of surface segments have to be considered in

the statistical ensemble S.

- Molecular screening charge distribution functions p(p(ssssssss )) the “ ssssssss --profilesprofiles ” hold 

all information relevant to COSMO-RS.

- The chemical potential of a surface segment is exactlyexactly described by:

- The “ ssssssss --potentialpotential ” mmmmmmmmss((ssssssss ) ) is a measure for the affinity of S to a surface of polarity ssssssss . 
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COSMOCOSMO--RSRS: : Statistical ThermodynamicsStatistical Thermodynamics (II)(II)

The chemical potential of component X in system S i s calculated by

mmmmX
C,S is a combinatorial termcombinatorial term , accounting for size and shape differences

of the molecules in the system.

The thermodynamic properties of liquids easily can be computed from 

the chemical potentials mmmmX
S. 

Example: Activity coefficients ggggggggXX
SS:

( ) ( ) X
SC,S

XX
S p m+ssms=m � d

{ }kT/)(exp X
X

X
S

X
S m-m=g
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Results: Mixture Equilibrium Data

Chemical potentials of all compounds, 
Vapor pressures, Solubilities, Activity 
coefficients, Partition coefficients, 
Excess energies/enthalpies, Phase diagrams, 
...

Start: Molecular Structure
Quantum chemical 
COSMOCOSMO calculation

Ideally screened molecule: 
Energy and screening 
charge distribution on
molecular COSMOCOSMO -surface

Database 
of 

COSMOCOSMO -files 
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COSMOCOSMOtherm therm : : AccuracyAccuracy

- Typical RMS errors of COSMO thermtherm property predictions (log 10 units):

0.30.30.350.35TZVP TZVP 
((largelarge ))

TurbomoleTurbomole

BP DFT (RI)BP DFT (RI)

log(log( ppvapvap ))log(log( gggggggg))BasisQC-Method
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- Rationale: Make available COSMO therm calculated 
properties in Process Engineering software applicat ions 
via CAPE-OPEN standard interface definitions

- CAPE-OPEN Property Package COSMOCOSMOthermtherm COCO

- Developed in collaboration with Amsterchem (J. van Baten, R. Baur)

- COSMOtherm CO provides:

- Activity Coefficient gggggggg

- Unconstrained derivatives of ggggggggwith respect to temperature

- Unconstrained derivatives of ggggggggwith respect to concentration

- Properties related to g g g g g g g g and its derivatives: GGEE, HHEE, activity, …

The The COSMOCOSMOthermtherm -- CAPE OPEN InterfaceCAPE OPEN Interface
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- The operability and CAPE-OPEN compliancy of 
the COSMOCOSMOthermtherm COCO Property Package has been 
verified in several Process Engineering and 
thermodynamics program codes:

- COCO-TEA (Amsterchem) 

- Aspen Plus, version 2004.1 (Aspen)

- Simulis Thermodynamics (ProSim)

The The COSMOCOSMOthermtherm -- CAPE OPEN InterfaceCAPE OPEN Interface
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- Example: COSMOCOSMOthermtherm COCO in Amsterchems COCOCOCO--TEATEA

1. Create new Property Pack 

template    

COSMOCOSMOthermtherm COCO –– Usage of the Property PackageUsage of the Property Package

2. Define Name and 

general properties
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3. Choose compounds    

COSMOCOSMOthermtherm COCO –– Usage of the Property PackageUsage of the Property Package

4. Define Name and 

general properties
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5. Set definitions and paths for COSMO therm calculation

COSMOCOSMOthermtherm COCO –– Usage of the Property PackageUsage of the Property Package

Database of compound COSMO files

Main COSMOtherm settings

Index file: Maps CAPE-OPEN information (compound na me, CAS-RN) 

to COSMO file name
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6. Add properties

COSMOCOSMOthermtherm COCO –– Usage of the Property PackageUsage of the Property Package

Activity coefficient will be provided by COSMO therm CO
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- Usage of COSMOCOSMOthermtherm COCO in Aspen PlusAspen Plus

1. Import Property Pack 

COSMOCOSMOthermtherm COCO –– Usage of the Property PackageUsage of the Property Package

2. Select Property 

Pack
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3. Flow sheet layout    

Example: Phase split (LLE) of 

1-butanol and water at 60°C

COSMOCOSMOthermtherm COCO –– Usage of the Property PackageUsage of the Property Package
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4. Select imported

Property Package

COSMOtherm CO

COSMOCOSMOthermtherm COCO –– Usage of the Property PackageUsage of the Property Package
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5. Select backup

Property Package

(UNIQUAC)

COSMOCOSMOthermtherm COCO –– Usage of the Property PackageUsage of the Property Package
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6. Specify 

Stream

COSMOCOSMOthermtherm COCO –– Usage of the Property PackageUsage of the Property Package
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7. Specify 

Flash

COSMOCOSMOthermtherm COCO –– Usage of the Property PackageUsage of the Property Package



The CAPE-OPEN Interface to COSMO-RS – Theory and Application

©2006, COSMOlogic GmbH & Co KG

8. Run  

Flash

COSMOCOSMOthermtherm COCO –– Usage of the Property PackageUsage of the Property Package
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9. Results

COSMOCOSMOthermtherm COCO

Liquid-Liquid 

phase splitting of 

1-butanol - water
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Distillative separation of methanol (1) – water (2), simulation in Aspen Plus*

COSMOCOSMOthermtherm COCO –– Application Example (I)Application Example (I)

* Simulation provided by O. Spuhl, Universität Erla ngen, Germany
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Distillative separation of methanol (1) – water (2), simulation in Aspen Plus*

COSMOCOSMOthermtherm COCO –– Application Example (II)Application Example (II)

* Simulation provided by O. Spuhl, Universität Erla ngen, Germany

COSMO
BOTTOM DIST FEED

Temperature C             94.4 65.4 78.2
Pressure    bar           1 1 1
Vapor Frac                0 0 0
Mole Flow   kmol/hr       700 300 1000
Mass Flow   kg/hr         12947.34 9276.004 22223.344
Volume Flow cum/hr        14.277 12.378 26.756
Enthalpy    MMkcal/hr     -46.639 -17.064 -63.862
Mole Flow   kmol/hr          
  WATER                   676 24 700
  METHANOL                24 276 300
Mole Frac                    
  WATER                   0.966 0.08 0.7
  METHANOL                0.034 0.92 0.3
*** VAPOR PHASE ***          
Fugacity Cf                  
  WATER                      
  METHANOL                   
*** LIQUID PHASE ***         
Fugacity Cf                  
  WATER                   0.822 0.4 0.474
  METHANOL                5.774 1.038 2.191
Activity Cf                  
  WATER                   1.001 1.568 1.08
  METHANOL                2.029 1.002 1.321
Vapor Pres  bar              
  WATER                   0.826 0.255 0.441
  METHANOL                2.946 1.05 1.695

reflux ratio 0.80017366
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Distillative separation of methanol (1) – water (2), simulation in Aspen Plus*

COSMOCOSMOthermtherm COCO –– Application Example (III)Application Example (III)

* Simulation provided by O. Spuhl, Universität Erla ngen, Germany
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