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Abbreviations  

2D: Two dimensional  

3D: Three dimensional  

AM1 : A semiempirical quantum chemical meth ods 

BP-SVP / BP-TZVP: Becke-Perdew 1, 2, 3 (BP) functional for density functional theory calculations 

with a single valence plus polarization function (SVP) or triple valence  plus 

polarization function basis set.  The necessary parameterization file does 

always correspond to one  functional and basis set. The term òBP-TZVP 

parameterization ó is thus sometimes used and refers to the COSMO therm  

parameterization not the basis set sp ecification.  

CAS-Number:  The Chemical Abstracts Services registration number is a unique identifier 

for compounds.  

COSMO: COnductor like Screening Model  

COSMO-RS: Conductor like Screening Model for Real Solvents  

DB: Database, usually used for the COSMO ther m compound databases.  

DFT: Density Functional Theory: A quantum chemical theory used in several 

software packages for molecular or lattice calculations.  

HB: Hydrogen Bond  

LFER: Linear Free Energy Relationship  

LLE: Liquid Liquid Equilibrium  

MW:  Molar Weight  

QC / QM: Quantum Chemical / Quantum M echanical  

QSPR: Quantitaive Structure Property Relationship, also QSAR (A = activity)  

s (sigma): The COSMO screening charge 

SLE: Solid Liquid Equilibrium  

SMILES: Simplified Molecular Input Line Entry Specification , notation to describe 

molecules e.g. methane is òCó ethane is òCCó and ethanol is òCCOó 

SMS: Sigma Match Similarity  

VLE: Vapor L iquid Equilibrium  
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1 Introduction : COSMO-RS theory  

COSMO-RS is a predictive method for thermodynamic  equilibria  of fluids and liquid mixtures that 

uses a statistical thermodynamics approach based on the results of quantum chemical calculation s. 

The underlying quantum chemical model, the so called òCOnductor-like Screening M Odeló 

(COSMO)4, is an efficient variant of dielectric con tinuum solvation methods. In COSMO calculation s 

the solute molecules  are calculated  in a virtual condu ctor environment . In such an environment  the 

solute molecule induces a polari zation  charge density s on the interface between the molecule and 

the conductor, i.e. on the molecular surface. These charges act back on the solute and generate a 

more polar ized electron density than in vacuum. During the quantum chemical  (QC) self-consistency 

algorithm, the solute molecule is thus converged to its energetically optimal state in a conductor 

with respect to electron density. The molecular geometry can be optim ized using the same methods 

for calculations in vacuum. The time consuming QC  calculation has to be performed only once for 

each molecule of interest.  

The polari zation  charge density of the COSMO calculation  (also called screening charge density ), 

which is a good local descriptor of the molecular surface polarity, is used to extent the model 

towards òReal Solventsó (COSMO-RS)5, 6. The (3D) polari zation  density distribution on the surface of 

each molecule i is converted into a distribution -function, the so called s-profile  p i(s), which gives 

the relative amount of surface with polarity s on the surface of the molecule. The s-profile  for the 

entire solvent of interest S, which might be a mixture of several compounds,  pS(s) can be built by 

adding th e p i(s) of the components weighted by their mole fraction xi in  the mixture.  

() ()ä
Í

=
Si

i

iS pxp ss  (1) 

The most important molecular interaction energy  modes, i.e. electrostatics  (Emisfit ) and hydrogen 

bonding  (EHB) are described a s functions of the polari zation  charges of two interacting surface 

segments s  and s'  or sacceptor  and sdonor  , if the segments are located on a hydrogen bond donor or 

acceptor atom. Electrostatic energy arises from the misfit  of screening charge densities s  and s' , as 

illustrated above . The less specific van der Waals (EvdW) interactions  are taken into account in a 

slightly more approximate way.  

2)'(
2

'
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a
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( ) ( )( )
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Eqs. 2-4 contain five adjustable parameters, an interaction parameter aõ, the effective contact area 

aeff , the hydrogen bond strength cHB, the threshold for hydrogen bonding sHB, and the element 

specific vdW interaction parameter tvdW. In order t o take the temperature dependenc y of EHB and 

EvdW into account , temperature dependent factors are applied, each with one adjustable 

parameter .7 

The transition from microscopic  molecular surface charge interactions to  macroscopic 

thermodynamic properties of mixtures is possible with a  statistical thermodynamic procedur e. The 

molecular interaction s in the solvent are fully described by pS(s), and the chemical potential of the 

surface segments can be calculated solving a coupled set of non -linear equations.  
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The s-potential  mS(s) is a measure for the affinity of the system S to a surface of pol arity s. The vdW 

energy , which does not appear in Eq. (5), is added to the reference energy in solution (energy of 

the COSMO calculation ). The chemical potential  of compound i in the system S (the solvent) can 

now be calculated by integration of mS(s) over the surface of the compound.  

() ()ssmsmm d , S

ii

SC

i

S pñ Ö+=  (6) 

To take into account size and shape differences of the molecules in the system an additional 

combinatorial term , mi
C,S, which depends on the area and volume of all compounds in the mixture 

and three adjustable parameters  is added.  For information on the exact expression for the 

combinatorial term refer to the COSMOtherm  Userõs Manual . The chemical potential can be used to 

calculate a wide variety of thermodynamic properties , e.g. the activity coefficient : 
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g exp   (7) 

where   mi
S is the chemical potential in the solvent S, and mi

i is the chemical potential of the pure 

compoun d i. 

For a more detailed introdu ction to COSMO and COSMO -RS, refer to the COSMOtherm  Userõs 

Manual and the cited  literature.  
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2 COSMOtherm  and COSMOtherm X 

COSMOtherm  is a command line/file driven pr ogram which can be run  directly from a UNIX or DOS 

shell. It allows for the calculation of any solvent or solvent mixture and solute or solute system at 

variable temperature and pressure. COSMOtherm  uses the chemical potentials derived from 

COSMO-RS theory to compute all kinds of equilibrium thermodynamic properties  or derived 

quantities, e.g. : 

 

¶ Vapor  pressure 

¶ Free energy of solvation  

¶ Activity coefficients  

¶ Partition coefficients  

¶ Solubility and solid -liquid equilibria (SLE) . 

¶ Liquid -liquid equilibrium (LLE) a nd vapor -liquid  equilibrium (VLE)  

¶ Phase diagrams, azeotropes, miscibility gaps, excess enth alpies and excess free energies  

¶ pKA of acids and bases 

¶ Various QSPR models 

¶ Reaction constants  

¶ Liquid extraction equilibria  

 

COSMOtherm X is a Graphical User Interface to the COSMO therm  command line program. It allows 

for the interactive use of the COSMOtherm  program, i.e. selection of compounds, preparation of 

property input, program runs and display of calculation results .  

2.1 Quality levels and parameterization s 
The input for the compounds is read from  the COSMO files , identified by the extension s .cosmo  or 

.ccf , which are result files from quantum chemical COSMO calculations.  COSMOtherm  extracts the 

relevant information direc tly from the  COSMO files. The compressed COSMO files (.ccf ) use 

significantly less disk space than  conventional COSMO file s. At least one COSMO file or compressed 

COSMO file has to be selected as compound input.  

Because the quality, accuracy, and systematic errors of the electrostatics resulting from the 

underlying COSMO calculations depend on the quantum chemical method as well as on the basis 

set, COSMOtherm  needs a special parameterization for each method / basis set combination. All of 

these parameterizations are based on molecular structures  quantum chemically optimized at the 

given method / basis set level.  

COSMO files shipped with COSMO therm  are available on various quantum chemical levels . 

Recommendations for which method to use depend upon the required quality and the later usage 

of the predictions.  

The application of COSMO therm  in chemical and engineering thermodynamics (e.g. prediction of 

binary VLE or LLE data, activity coefficie nts in solution or vapor pressures) typically requires high 

quality of property predictions of mixtures of small to medium sized molecules (up to 25 non -

Hydrogen atoms). The recommended quantum chemical method for such a problem is a full 

TURBOMOLE BP-RI-DFT COSMO optimization of the molecular structure using the large TZVP basis 

set8, in the following denoted BP -TZVP, and the corresponding parameter file 

BP_TZVP_C21_0110.ctd . A similar quality can be reached with the DMOL 3 program package 

using full COSMO and gas phase geometry optimization with the PBE DFT functional and the 

numerical D NP basis set and the  corresponding parameter file  DMOL3_PBE_C21_0110.ctd  in 

COSMOtherm . 
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As an alternat ive approach for predictions in the core region of fluid -phase organic chemistry  the 

calculation level BP -TZVP-ISOCAV was introduced to COSMO therm  and TURBOMOLE in 2008. This 

method is based on a full Turbomole BP -RI-DFT COSMO optimization of the molecules  geometry 

using the large TZVP basis set, and on top of the optimized BP/TZVP/COSMO geometry, employs a 

novel type of molecular surface cavity construction (Scaled Isodensity Surface), based on the 

electron density distribution of the molecule. Until furth er experience is gained, this level of theory 

and parameterization are provided in an òas isó state.  

 

Screening a large number of compounds, e.g. prediction of solubility of compounds in various 

solvents, typically requires a predictive quality that is so mewhat lower than for chemical 

engineering applications. The molecules involved are often larger (>100 atoms) and an overall large 

number of compounds has to be computed by quantum chemistry. Thus a compromise between 

computational demands and quality of t he predictions has to be made: A very good compromise is 

the optimization of molecular geometry on the computationally very cheap semiempirical MOPAC 

AM1 -COSMO level 9 with a subsequent single point COSMO calculation on Turbomole  BP-RI-DFT 

COSMO level using the small SVP basis set. This method is named BP -SVP-AM1  in the following , and 

the corresponding parameterization is available in the BP_SVP_AM1_C21_0110.ctd parameter 

fi le. 

For more  information on available  quantum chemical levels  and parameterization s refer to the 

COSMOtherm  Userõs Manual, section 3. 

2.2 Getting s tarted  
At initial start of COSMO therm X a GENERAL 

SETTINGS dialog opens where som e settings  

are already specified: Paths for the 

COSMOtherm  executable and the CTDATA 

directory  of the COSMO therm  installation  

are set, and the parameter files  for the  

quantum chemical levels  (extension .ctd ) 

are specified. Additionally, you can set paths 

for the  Adobe Acrobat Reader  and a web 

browser . If you intend to use COSMO 

meta files (extension .mcos ) for  the 

fragment approach, you should also specify 

the fragment directory . When the path for 

the QSPR property directory  is set QSPR 

coefficient files  (extension .prop ) can be read from there.  

A standard user directory can be specified, which will automatically be used after COSMO therm X is 

started. If you want to save input file the user directory will be used as starting point for the file 

select dialog. After saving a file, th e last used directory will be used as long as COSMO therm X is not 

closed. 

Similar to the standard user directory a standard data directory can be defined. This directory will 

be used for the CONVERT SELECTION option form the compound list context menu.  

USE NETBOOK OPTION (SCROLLBARS) will enable global scrollbar for the main window. This is helpful for 

small displays. 

 

The databases that come  with 

the COSMOtherm  release are 

specified in the DATABASES 

panel.  Addition al databases 
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can be added in this panel with òADD DATABASESó. For detailed information on adding your own 

databases, refer to the section òUsing your own COSMO filesó. 

The GENERAL SETTINGS can always be changed in the EXTRA/GENERAL SETTINGS menu . Changes can be 

done  permanently or  for the current session only, e.g. in order to use a special parameterizati on. 

2.3 Flowchart  of a property calculation with COSMO therm X 

 

Start  

Select compounds from the 

Databases or the Fil e 

Manager  

Found all 

compounds?  

Yes 

No 

Select settings for proper ty 

calculations  

Use the Compound Wizard to 

generate COSMO files and/or 

gas phase structures.  

Add compounds to database  

Add  

Another 

property?  

Run 

Yes 

No 

COSMOtherm X external  

TURBOMOLE 
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2.4 The main window  
The main window is separate d into 4 parts: the pull down menu and shortcuts section in the upper 

region, the compounds list, database access and file list on the left side, the input preparation and 

the property section on the right and right bottom side.  

 
 

The COSMOtherm X main window has several menu s: 

File: 
NEW: Create a new input file. Type the filename and press òOpenó. Also available as shortcut . 
 

OPEN: Open an existing input file. Select a file from the directory or type the filename into the òFile 

nameó text field and press òOpenó. The panel also al lows for changing the directory,  also available 

as shortcut . 

 

OPEN SCREENING FILE: Allows to open an existing solvent screening file. The solvent screening is a 

complex option  and a special format is thus  needed.  

 

OPEN COMPOUND LIST: A list of previously saved compounds can be loaded with this option. The saved 

concentrations of the compounds will also be loaded but not automatically applied. Please select 

APPLY LIST CONCENTRATIONS from  the extras menu for this feature.  

 

SAVE: Save the input file  to the current directory with the actual name. Also available as shortcut . 

 

SAVE ASé: Choose a directory and a name for the input file to be saved.  

Open Table File : Select a COSMOtherm  table file  from the directory or type the filename into the 

òFile nameó text field and press òOpenó. The panel also allows for changing the directory. 

 

SAVE COMPOUND LIST: With this option it is possible to save the complete co mpound list to a file for 

later use. The concentrations are also saved. To save only the selected compounds to a list the SAVE 

TO COMPOUND LIST option from the compound list context menu has to be used.  

 

OPEN MIC FILE: Open an output file from a COSMO mic run.  

Main men u and shortcuts  

Compound list  

Files 

Database access 

Input preparation  

Property section  
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VIEW VRML IN BROWSER: Open an existing .wrl  file in a web browser window. A VRML browser plug -

in has to be installed and the path of the browser has to be given in the GENERAL SETTINGS dialog . 

 

QUIT: Exit the progr am. 

 

Run:  
RUN: The actual input file  is saved automatically  with the current file name  and COSMOtherm  is run.  

Also available as shortcut . 

 

EDIT INPUT: Open the actual input file  in a text editor w indow. The input file can be changed 

manually, e.g. for additional input in the compound lines  (further information: COSMO therm  Userõs 

Manual).  Then, the input  file  can be saved or COSMOtherm  can be run. Note that not all changes 

can be read in when the input file is re -opened with COSMOtherm X. Also available as shortcut . 

 

RUN (EXTERNAL) INPUT: A COSMOtherm  calculation  can be run with an external input file , without 

opening it in the GUI.  Any valid  COSMOtherm  input file can be run.  

 

Extras: 
GLOBAL OPTIONS: A panel with selections for gas phase energy  input, units, COSMOtherm  output 

print options , additional output files and prog ram control. Also available as shortcut . For a 

detailed description of the global options dialog see below.  

 

M IXTURE OPTIONS: A panel with options applying to settings for the mixture calculation. A shortcut is 

also available in t he main window . Mixture options are used to apply certain options to a mixture 

only. With this options  it is possible to use different options in a single COSMO therm  run. Mixture  

options will only be used if the òUse Mixture Optionsó checkbox is activated in the property panel.  

If several mixtures or properties are calculated in a single run, the mixture options have to  be 

activated each time the property settings are transferred the property selection window , otherwise 

they  will not be used for the respective property calculation.  For a detailed description of the 

mixture options dialog see below . 

 

APPLY LIST CONCENTRATIONS: If a list of molecules is saved from the compound context menu , the 

composition is also saved. To app ly these compositions, it is necessary to chose the Option òApply 

List Concentrationsó from the extras menu. These concentrations are not automatically applied, 

when the list is loaded!  

 

VIEWER SETTINGS: Change atom / bond color, show or hide label, change  sphere / cylinder smoothness 

and so on.  

 

GENERAL SETTINGS: Opens the GENERAL SETTINGS dialog where the COSMO therm  executable path and 

other settings  can be changed. This is the same dialog that pops up at initial use.  

 

Tools: 
VRML-VIEWER: Opens the COSMOview  tool which allows for the visualization of .wrl  files 

generated by COSMO therm. For more information, please refer to the section òUsing 

COSMOviewó. 

 

METAFILE-EDITOR: Opens the COSMOweight  tool. For information on atom weighting and the 

COSMOweight  tool, please refer to the section òAtom Weightingó. 
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Databases: 
SVP DB: open database index files of the BP -SVP-AM1 level of theory in tabulated form.  

 

TZVP DB: open database index files of the BP -TZVP level of theory in tabulated form.  

 

ISOCAV DB: open database index files of the BP -TZVP-ISOCAV level of theory in tabulated form.  

 

DMOL3 DB: open database index files of the DMOL3 -PBE level of theory in tabu lated form.  

 

SEARCH IN ALL DB: Search a compound in all databases that are listed in the EXTRAS/ GENERAL SETTINGS 

DATABASES pane, irrespective of the parameterization which the DBs are linked to . 

 

COMPOUND WIZARD: The Compound Wizard  allows searching for a  compound by name, CAS -Number, 

SMILES or structure. It also offers the possibility to generate a complete new structure with 

TURBOMOLE (if installed).  

 

FILE MANAGER: Opens a compound from an arbitrary directory . 

 

Help:  
PHYSICAL CONSTANTS: Displays informat ion  about some physical constants and conversion factors.  

 

COSMOTHERM MANUAL: Open the COSMO therm  Userõs Manual with the Adobe Acrobat Reader.  

 

COSMOTHERMX TUTORIAL: Open the COSMO therm X Tutorial (this document)  with the Adobe Acrobat 

Reader. 

 

COSMOMIC MANUAL: Open the COSMOmic manual with the Adobe Acrobat Reader.  

 

ABOUT: Information about the current COSMO therm X version is displayed.  

2.5 Global  options  
Global options can be set from the òGLOBAL OPTIONSó panel. The panel offers selections for gas 

phase energy  input, units, COSMOtherm  output print options , additional output files,  program 

control  and QSPR options. The panel can be opened from òExtras/Global  Optionsó or directly from 

the main wi ndow . 

Global options apply for the whole COSMO therm  run, i.e. all temperature / mixture / property lines 

in the input.  

 

Gas phase estimation : 
USE ENERGY FILE: The gas phase energy  is required for certain properties (e.g. the calcul ation of  the 

chemical potential  in the gas phase ). It  can be taken from a gas phase quantum chemical 

calculation (.energy  file) or empirically estimated by COSMO therm . If possible, the quantum 

chemical calculated value of the gas phase energy  should be used. Energy files  from COSMObase 

use Hartree units . If this option is checked COSMO therm  will use the energy file if no adequate 

pure compound properties are available . 

 

USE COMPOUND PROPERTY FILE: For some properties experimental vapor pressure data can be used.  The 

relevant pure compound property data are taken from the .vap  file . The Antoine  or Wagner  

coefficients  might be used in thi s case. 
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Units:  

The units  for the gas phase energy input and the  general COSMOtherm  output of the calculated 

properties can be chosen  here.  

 

Print options for the COSMO therm  output file : 
PRINT COMPOUND/MIXTURE NUMBER: Write compound  / mixture number to the right side of the output 

file. This may be useful for efficient processing of the output file.  

 

PRINT CONFORMER INFO: If a compound input consists of several conformers  this option causes the 

output of the calculated COSMO therm  mixture information to be written for each individual 

conformer. By default, only the results for the mixed compo und are written to the output file.  

 

SUPPRESS PURE COMPOUNDS INFO: Pure compound information  will not be written  to the output file.  

 

SUPPRESS MIXTURE OUTPUT IN .OUT FILE: Mixture information  will not be written  to the output file.  

 

PRINT 15 DIGIT LONG NUMBERS TO .OUT-FILE: Print all real numbers in scientific exponent number format 

with 15 significant digits to the output file  

 

PRINT FULL LENGTH ATOMIC WEIGHT STRING: Print complete atomic weight  or real weig ht string to the 

compound section  of the output file. If you toggle this option, the line for the atomic weights may 

become very long.  

 

PRINT MOLECULAR SURFACE CONTACTS: Print statistics of molecular surface contacts  for all compounds in 

all mixtures to the output file . For a detailed description see section 5.7 of the COSMOtherm  Userõs 

Manual.  

 

PRINT DETAILED SEGMENT MOLECULE CONTACTS: Print statistics of the molecular surface contacts  for all 

segments of all compounds in all mixtures to the output file  and to the contact statistics table file  

name.contact . Refer to the COSMOthe rm  Userõs Manual, section 5.7, for details.  

 

PRINT DERIVATIVES OF CHEMICAL POTENTIAL: Print the values of the temperature and composition 

derivatives of the chemical potential s of all compounds in all mixtures to the output file.  See 

section 5.6 òChemical Potential Gradientsó of the COSMOtherm  Userõs Manual for further 

information.  

 

Additional output files :  
s-MOMENTS (.MOM ): Write the s-moments  of all processed compounds in tabulated form to 

filename.mom . In addition some other molecular information will be written to filename.mom , 

including volume V, molecular weight, dielectric energy E die l, average energy correction dE, van der 

Waals energy in continuum E vdw , ring correction energy E ring  and the standard chemical potential of 

the molecule in the gas phase with respect to the ideally screened state mQSPR
gas = ECOSMO - Egas + dE + 

EvdW + Ering ð mgasRT, using T = 25°C. Please note that mQSPR
gas is only used as special QSPR descriptor 

and is only loosely connected to the gas phase chemical potential used otherwise). Refer also to 

sections 5.4 and 5.5 of the COSMOtherm  Userõs Manual. 

 

ATOMIC s-MOMENTS (.MOMA ): Write the atomic s-moments  of all processed compounds to 

filename.moma . If this option is used, s-moments will be calculated for each atom of the 

compounds.  
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s-PROFILES (.PRF): Write the s-profiles  of all processed compounds to file filename.prf . A summary 

of the s-profiles will be written in tabulated form to the table file filename.tab . 

 

s-POTENTIALS (.POT): Write the s-potentials  of all calculated mixtures to filename.pot . A summary 

of the s-potential information will be written in tabulated form to the table file filename.tab . 

 

GENERATE VRML (GEOMETRY): Create VRML files name_mol.wrl  of the molecular geometry  of all 

compounds. The files will be written to the directory of the selected input file in the next 

COSMOtherm  run.  

 

GENERATE VRML (s-SURFACE): Create VRML files name_sig.wrl  of the molecular COSMO surface 

charges of all compounds.  The files will be  written to the directory of the selected input file  in the 

next COSMOtherm  run . 

 

 
QSPR Property Computation :  
Only one of the following options can be chosen at a time. T hese options allow for the calculation 

of  special properties in addition to normal COSMO therm  calculations.  If different QSPR properties 

should be calculated in a single run, the M IX QSPR panel has to be used . 

Please be aware, that  the fitting  for QSPR is done on the BP-SVP-AM1  parameterization level.  Only 

compounds from the SVP Database  should be used . 

NO SELECTION: This option is preselected, no QSPR (Quantitative Structure Property Relationship) will 

be calculated.  

 

LOGBB.PROP: The penetration of the blood brain barrier will be calculated.  

 

LOGKIA.PROP: The intestinal absorption will be calculated.  

 

LOGKHSA.PROP: The binding to human serum albumin will be calculated.  

 

LOGKOC.PROP: The soil water partition will be calculated.  

 

LOGPOW.PROP: The octanole water partition will be calculated.  

 

By default, the computed property value will be listed in the compound section of the 

COSMOtherm  output file. An additio nal file with the extension . mom will be written, listing the 

molecular s-moments  and, in the last column, the computed property. Note that QSPR property 

calculations can also be done from the Mix -QSPR card, which allows for a larger variety of settings.  

 

Program control settings : 
SWITCH OFF TEMP. DEPENDENCY OF HYDROGEN BOND CONTRIB.: Switch off temperature dependency  of the 

VRML, the "Virtual Reality Modeling Languageó, is a script language allowing for the 

interactiv e examination of virtual three -dimensional objects. VRML files are usually 

identified by the extension .wrl. All VRML files generated by COSMO therm  can be 

viewed by the internal VRML viewer of COSMO therm .  

Otherwise, VRML files can be viewed with common Wo rld -Wide -Web browsers such as 

Mozilla Firefox or Microsoft Internet Explorer if an appropriate VRML browser plug -in 

has been installed. Plug -ins are freely available, e.g. the Cortona VRML client 

(http://www.parallelgraphics.com/products/cortona ) COSMOtherm offering advanced 

functionality like colour correction and charge picking. For more information refer to the 

section 'Using COSMOview '.  

http://www.parallelgraphics.com/products/cortona
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hydrogen bond contribution to the total interaction energ y of the compound for the complete 

COSMOtherm  run.  

 

SWITCH OFF TEMP. DEPENDENCY OF VAN DER WAALS CONTRIB.: Switch off temperature dependency of the 

van der Waals contribution  to th e total interaction energy of the compound, active for the 

complete COSMO therm  run.  

 

SWITCH OF HYDROGEN BONDING: Switch off hydrogen bonding (HB) contribution to the chemical 

potential . 

 

SWITCH OFF VAN DER WAALS CONTRIBUTIONS: Switch off van der Waals (vdW) interaction energy 

contribution to the chemical potential .  

 

SWITCH OFF COMBINATORIAL CONTRIB. TO CHEMICAL POTENTIAL: Switch off combinatorial  contribution to the 

chemical potential for the complete COSMO therm  run.  

 

USE SUM OF FRAGMENT ENERGIES AS METAFILE ENERGY: (Expert use only)  Use the sum of the fragment 

COSMO file energies in the calcula tion of the total free energy (by default a zero value is used 

instead). Details on the usage of atomic weights and COSMO -metafiles are given explained in 

section 5.3 of the COSMO therm  Users manual. 

 

USE òEXTERNALó QUANTUM CHEMICAL ENERGIES: The external q uantum chemical energies and zero point 

energies from the property files .vap  files are not used until this option has been checked.  

 

CHANGE THRESHOLD FOR THE ITERATIVE SELF-CONSISTENCY: Change threshold for the iterative self -

consistency cycle for the det ermination of the chemical potential . A smaller value leads to higher 

accuracy of the COSMO therm  results but also to a longer computational time due to an increasing 

number of iterations. Default value: 10 -8. 

 

Compound input sett ings:  
USE ALL CONFORMER FILES FOUND FOR A COMPOUND: Use all .cosmo , .ccf  or .mcos  files as conformers 

that are found in the database or directory from where the compound is selected. The COSMO file 

filenames must follow the name convention  of conformer COSMO files in COSMObase (i.e. 

conformer COSMO files are named by subsequent numbers starting with zero: name0.cosmo, 

name1.cosmo, é , name9.cosmo). When this option is checked, you will be enabled to make a 

selection from c ompounds 0 -9. 

2.6 Mixture o ptions  
Settings from the M IXTURE OPTIONS panel can be  appl ied  to individual  temperature / mixture / 

property lines.  The dialog is available as shortcut  button   Mixture Options. Mixture op tions will 

only be us ed if the USE M IXTURE OPTIONS checkbox is activated in the property panel. If several 

mixtures or properties are calculated in a single run, the mixture options have to be activated each 

time the property settings are transferred the property selection win dow , or  they will not be used 

for the respective property calculation.  

 

Print options  for the COSMO therm  output file:  
SUPPRESS MIXTURE OUTPUT IN .OUT-FILE: Mixture information  will not be w ritten  to the output file.  
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PRINT DERIVATIVES OF CHEMICAL POTENTIAL: Print the values of the temperature and composition 

derivatives of the chemical potential s of all compounds in all mixtures to the output file. See 

COSMOtherm  Userõs Manual, section 5.6 òChemical Potential Gradientsó for further information.  

 

Program control settings : 
SWITCH OFF TEMP. DEPENDENCY OF HYDROGEN BOND CONTRIB.: Switch off temperature dependency  of the 

hydrogen bond contribution to the total interaction energy of the compound for the complete 

COSMOtherm  run.  

 

SWITCH OFF TEMP. DEPENDENCY OF VAN DER WAALS CONTRIB.: Switch off temperature dependency of the 

van der Waals contribution  to the total interaction energy of the compound, active for the 

complete COSMO therm  run.  

 

SWITCH OF HYDROGEN BONDING: Switch off hydrogen bonding contribution to the chemical potential . 

 

SWITCH OFF VAN DER WAALS CONTRIBUTIONS: Switch off van der Waals (vdW) interaction energy 

contribution to the chemical potential . 

 

SWITCH OFF COMBINATORIAL CONTRIB. TO CHEMICAL POTENTIAL: Switch off combinatorial contribution to the 

chemical potential  for the complete COSMO therm  run.  

 

DO NOT CHECK FOR CHARGE NEUTRALITY: Overrides the check for charge neutrality  of a given mixture 

composition and allows you to compute non -neutral mixtures.  

 

Select compounds printed in .out file:  

Write  to the COSMO therm  output file  the evaluated information only for the selected compounds. 

Helps to shorten the output file if not all evaluated information is required by the user.  

 

Advanced s ettings: Switch of combinatorial contribution for specific compounds:  

The combinatorial cont ribution is switched off for the selected compounds only.  

2.7 Output f iles 
Files produced  by COSMOtherm  and  COSMOtherm X are  

 

¶ The regular input file .inp  

¶ The regular output file with the extension  .out  

¶ In property calculations the summary table file .tab  

¶ If th e corresponding options are set:  

s-profiles .prf  

s-potentials .pot  

s-moments .mom 

s-moments .moma 

¶ Files and folders for 

special cases such as 

solvent screening  

 

The summary table file will be  

displayed in a table editor. If the 

print options for s-profiles or s-
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potentials have been set, the data for the s-profiles or s-potentials will also be displayed in the 

table editor in individual tabs.  Moreover, there will be tabs where s-profiles or s-potentials can be 

plotted .  

 

Some of the output files can be saved in MS Excel format or (on Windows systems ) opened directly 

with the standard software connected to .xls  files,  using the options òFileŸSave Asó or 

òFileŸOpen with MS Exceló. These options are available for .tab, .prf, .pot,  .mom and 

.moma files.  
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3 Compound s 

Apart from the menu  and shortcut  bars, the COSMOtherm X main window  has two sections . The 

section on the left may show one of two different tabs. The COMPOUNDS tab contains a list  of  

selected compounds . At the bottom  of this section , there are buttons to open the  FILE MANAGER, 

database files or the COMPOUND WIZARD from which the compounds can be selected . The FILES tab 

shows a list of recent calculations.  

3.1 Compound s election  
The compound section of the COSMOtherm X main window offers various functio nalities for 

compound selection. There are four  òDBó buttons which  open  the  database index file s of the 

corresponding level of theory  in tabulated form.  The locations of the database index files  from the 

COSMOtherm  release are set automatically. Locations for other databases have to be given in the 

DATABASES panel of the GENERAL SETTINGS dialog.  

Hint:  Inside the FILE MANAGER or  the database files,  a list of compounds  can be highlighted by using 

the òCtrló or òShiftó keys together with the mouse. 

 

¶ ACTIVATE CONFORMERS TREATMENT: If this checkbox is marked and you have selected more than 

one conformer for a compound, the conformers will be weighted internally by 

COSMOtherm  using their COSMO energy  and their chemical  potential . 

¶ SVP DB: COSMO files are calculated on the BP/SVP quantum 

chemical level , based on AM1 molecular structures . 

¶ TZVP DB: Same as SVP-Database, but COSMO files are calculated 

on the BP/TZVP quantum chemical level.  

¶ ISOCAV DB: COSMO files are calculated u sing  the  scaled 

isodensity (ISOCAV) method,  based on optimized molecular 

structures  on the BP/TZVP quantum chemical level.  

¶ DMOL3 DB: COSMO files are calculated on the PBE/DNP 

quantum chemical level with the DMOL3 program.  

¶ FILE MANAGER: Opens the  directory tree  of your system and 

enables to choose COSMO files  of any quantum chemical level  

directly from the file system. Make sure that you use an 

adequate parameterization  for the COSMO files. If you do not 

plan to use any compounds other than those provided with 

your  COSMOtherm  installation, it is more convenient  and fail -

safe to use th e database buttons.  

¶ OPEN LIST: A list of previously saved compounds ca n be load ed 

with this option. The saved concentrations of the compounds 

will also be loaded but not automatically applied. Please sele ct 

APPLY LIST CONCENTRATIONS from  the extras menu for this feature.  

¶ COMPOUND WIZARD: With this tool it is possible to sear ch compounds in all Databases by 

name, SMILES, CAS-Number, 2D structure and 3D structure. It is also possible to generate a 

3D structure from smiles and to start COSMO calculations with TURBOMOLE directly from 

the Compound Wizard. See detailed description below.  

¶ CLEAR: Clear all compounds from the selection  window.  Note that i ndividual compounds can 

be removed using the Delete key.  
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3.2 The compound s context menu  
A right mouse button click on one or more compounds insid e the 

compound list opens a context  menu  with several optio ns for the 

highlighted compound. This option is also available in the database 

search and the COMPOUND WIZARD and may vary by applicability.  

 

¶ compound properties  

¶ conformer properties  

¶ decompose conf ormer / combine to conformer  

¶ open  

¶ remove from list  

¶ view gas phase geometry  

¶ view cosmo geometry  

¶ view sigma surface  

¶ view sigma profiles / -potentials  

¶ convert selection  

¶ write to list  

¶ show existing files  

 

COMPOUND PROPERTIES: Pure compound property data  can 

be edited  with this option . Data entries in the dialog 

come from the .vap  file of the compound. Properties 

highlighted in green indicate that data entries are 

available, while for properties highlighted in blue no 

data entries exist so far. Data can be changed or added 

and can subsequently be used in the COSMO therm  

input for the current calculation only or saved 

permanently to the .vap  file. Note that if applied to 

database compounds òSave to Vapó will change the 

corresponding .vap  files in the database permanently.  

The use of the saved pure compound property can be 

switched on and off in the GLOBAL OPTIONS dialog. By 

default the data are used where possible.  

 

CONFORMER PROPERTIES: A conformer weight  factor can be 

specified. The conformer weight factor  is a degeneracy or symmetry factor that has to be used if it 

is possible to form this conformer in several different ways. Note that this option is only available in 

the compound list for compounds with conformers and only if the conformers treatment  is 

activated.  

CREATE CONFORMER / DECOMPOSE CONFORMER: If several compounds  (not conformers)  are highlig hted 

and this option is selected from the context menu, the highlighted compounds will be treated as 

conformers of a single compound. A name for  the compound can be specified.  

If a single conformer is selected the option will appear as DECOMPOSE CONFORMER and construct 

individual compounds of the different conformers of the selected conformer. Note that this option 

is only available in the compound list and only if the conformers treatment  is activated.  

OPEN: Opens th e .cosmo  or . ccf  file of the compound in a text editor.  

REMOVE FROM LIST: Deletes a compound from the compound list, same as òDeló key. 

IEW COSMO GEOMETRY: 3D ball -and-stick model  of the molecular geometry  from the .cosmo  file . 

VIEW GASPHASE GEOMETRY: 3D ball -and-stick model of the molecular gas phase geometry . 
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VIEW SIGMA-SURFACE: 3D preview of the molecular s-surface. This graphic has a lower resolution than 

the graphic you get from a VRML  of the s-surface in a VRML viewer.  

VIEW SIGMA-PROFILES /-POTENTIALS: The s-profiles  and the s-potentials  of the selected compounds are 

plotted.  

CONVERT SELECTION: The selected files can be converted into a va riety of other file types like  .xyz , 

.pdb  or .ml2 . 

SAVE TO COMPOUND LIST: The selected files can be  written to a list which can be used for further 

pro cessing. If the complete compound list should be save, the SAVE COMPOUND LIST option from the 

FILE menu can be used alternatively.  

EDIT WEIGHT STRING: Opens the .cosmo  or .ccf  file in the COSMO weight  tool and allows for the 

setting of a  weight string  and correction charges which will be written to the compound list of the 

input file.  The weight string will not be saved to the .cosmo  or .ccf  file.  

EDIT .MCOS-FILE: Opens the .cosmo  or .ccf  file in the COSMO weig ht  tool and allows for the creation 

of a .mcos  file.  

 

Note that the options EDIT WEIGHTSTRING and EDIT .MCOS-FILE are available only in the compound list 

and only i f the conformer  treatment is deactivated. R efer to the section òAtom weightingó for 

information on the use of the COSMO weight  tool.  

 

The options òview cosmo geometryó, òview gasphase geometryó, òView Sigma-surfaceó and òView 

Sigma-profiles / -potentialsó from the context menu require a COSMOtherm  run in the background. 

Output files of the runs are written to temporary files which will be removed when the display 

windows are closed. For the 3D ball -and-stick model  of the molecular geometry  or the s-surface of 

the molecule to be written to permanent files check the corresponding checkboxes in the òExtrasó 

menu. s-profiles  and s-potentials  are written to permanent files with the extensions .prf  and 

.pot  when the corresponding options in the òOptionsó dialog are selected. 

 

3.3 Selecting compounds from databases  
After opening one of the database parameterizations (e.g. TZVP DB) a window for the compound 

search and selection appea rs. Inside the window all implemented databases of the chosen 

parameterization will show as different tabs. If no additional databases are implemented, only one 

tab  (e.g. Database-TZVP) will be visible. The database table s can be sorted with respect to number, 

name (which is the name of the .cosmo or .ccf  file),  CAS-Number,  molecular w eight  (MW) , 

charge and formula. For some compounds, there are several conformers  with different s-profile s to 

be considered. By default,  all available conformers are selected. You can uncheck the selection to 

use only the lowest energy conformer. In case you should need a specific conformer other than the 

lowest energy conformer, you can us e the òDeló key to delete the unwanted conformers from the 

selection or se lect it from the FILE MANAGER. 
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The database tables can also be searched for compounds. It  is possible to enter a search string  

(name, formula, CAS -Number)  or open  a text file with a list of compound names which will then be 

searched for in the database.  The search can be processed in the current database only  or in all 

databases which are opened in the databases dialog, e.g. all databases which are registered in th e 

EXTRAS/GENERAL SETTINGS/DATABASES dialog for the corresponding quantum chemical level . 

3.4 Compound Wizard  
The Compound Wizard  is a universal tool for adding known or unknown compounds to your 

calculation. It also offers some advance d search options for the database.  

The wizard makes use of free external tools, which have not been developed by COSMO logic . We 

cannot guarantee that all offered functionality will operate smoothly under all possible 

circumstances. The Compound Wizard will  be very useful for setting up COSMO therm  calculations 

in many cases involving compounds that are not readily available from the COSMO databases.  

The following list gives an overview of the general option:  

 

¶ Search all databases by names, CAS-Number, SMILES, drawn structures  or loaded structures  

¶ Search the free I nternet database ChemSpider by compound name 

¶ Draw two dimensional or three dimensional structures for database searches or to start 

quantum mechanical COSMO calculations.  

¶ Load structures  from files  

¶ Convert SMILES or two dimensional structures to three dimensional structures . This option is 

only available in the search results window.  

¶ Modify an existing molecule to generate a new one.  

 

Start Search:  
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Inside t he first window , the name, CAS-Number or SMIL ES can be given to start the corresponding 

database search. Alternatively a structure  can be drawn or a molecule taken from file . If a quantum 

mechanical COSMO calculation has been started previously,  you can also directly go the QM Results 

panel.  

The search for name, SMILES, CAS-Number or a drawn 2D structure will always lead  to the DB 

Search Results window.  The 2D structure is therefore converted to a SMILES.  

 
The above search for ethanol led to a number of perfect hits (green) and near hits (yellow). Th e 

right column shows in which database the compound was found. After selecting a compound from 

the  results list, several options are available:  

¶ Use one of the structures for a quantum mechanical COSMO calculation to obtain a .cosmo 

file for a different par ameterization level.  

¶ Use structure for 2D or 3D editing if only similar molecules have been found.  

¶ Add the molecule to the compound list for the COSMO therm  calculation.  

¶ The Internet database ChemSpider can be used to find a SMILES for a given name. This 

option is only available if the search was started by compound name.  

¶ If the search was started by SMILES or a drawn structure, you can also choose to convert the 

SMILES to a 3D structure. 

 

In case that a drawn 3D structure or a molecule file should be used f or the search, the 3D molecule 

editor will open. Only two options are available after a 3D geometry has been build or opened 

from file. Either use the structure for a quantum mechanical COSMO calculation or restart the 

search with a SMILES generated from t he 3D structure. The latter option is useful to search the 

databases for a given 3D Structure.  

 

Start quantum mechanical calculations : 
If the requested  compound could not be found inside the database or not with the nee ded b asis set 

level (e.g. TZVP), a QM calculation is necessary to generate the appropriate .cosmo  file. The QM 

Calculation panel can either be accessed from the DB Search Results or from the 3D editor.  
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Inside the QM Calculation panel you can choose the parameterization level (SVP or TZVP),  the type 

of calculation ( gas phase or COSMO or gas phase and COSMO) and the output file type (.cosmo or 

.ccf). With START CALCULATION (NETWORK) the QM calculation can also be done on a remote machine 

(Linux only).  

 
 

After the Q M calculation is finished you can transfer  the molecules to your compound list to start 

COSMOtherm  calculations . The QM Results panel can be directly accessed from the Wizard Starting 

window.  

Example: Glycofurol  

During a conference you heard that Glycofuro l is a nice solvent for special purposes, but 

unfortunately you donõt know anything but its name. 

General informations about a remote system are:  

1. The name or the IP address of a remote machine  

2. User name on that machine  

3. Password to log in  (will not be saved to disk!)  

Those three field s have to be filled in first. To check if the settings are correct, and if a connection can be established, 

click on check password settings . The Wizard  will try to log in and determine the home directory of t he user which has 

been given in the User field.  

If the connection has been successful, the home directory will be added to the 'Path' field.  

4. Path provides the information  in which path on the remote machine the job shall run ð a local fast disk should 

be chosen here.  

5. TURBODIR has to be set to the TURBOMOLE installation directory on the target system.The default behaviour 

of ssh when starting remote jobs without an explicit shell or terminal is such that not all settings on the 

remote system are sourced. So it is very likely that your Turbomole settings (like $TURBODIR, $PATH, etc) are 

not available in such a case. It is therefore unavoidable to set the PATH to the Turbomole directory on the 

remote system by hand.  

6. The number of CPUs can be left unchanged.  Not e that this field is not to tell TURBOMOLE  how many CPUs or 

cores are available in general, but how many CPUs shall be used for the calculation of each job!  

7. If the background option is activated, the jobs are started with nohup. In this case, TURBOMOLE  does not get 

a notice when the job has finished, so it has to check actively if the job is still running or not. The frequency 

for those checks can be given in minutes.  

The queueing system option is described in the next chapter.  

After settings 1 -5 are complete, click on  save settings , and the machine with user name and paths will be added to the 

pull down list of machines for future usage.  
































































