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Introduction

This document will provide a hands-on tutorial demonstrating the COSMO-RS GUI. Its purpose is to give a
quick tour of the main features of the COSMO-RS GUI.

The first tutorial describes how to create COSMO result files that are needed as input for the COSMO-RS
calculation. The second tutorial describes the use of the COSMO-RS GUI.

Additional information may be found in the COSMO-RS GUI Reference manual and COSMO-RS manual

The COSMO-RS GUI module ADFcrs

The COSMO-RS GUI module is:
ADFcrs

This utility (PADFBIN/adfcrs) enables ADF users to easily select compounds, create COSMO-RS jobs,
run the jobs, and visualize the results.

ADF installation

We will assume that you have installed the ADF package on your machines.

Depending on your platform, you start the COSMO-RS GUI module in a slightly different way:

UNIX (such as Linux) users

In this tutorial we assume that you have added $ADFBIN to your PATH. We advise you to do this if you have
not already done so. If you do not wish to add $ADFBIN to your PATH, you must start the utilities using

$ADFBIN/adfcrs &
instead of just
adfcrs &

On all UNIX platforms, including Mac OS X, the ADF-GUI programs are XWindow programs. Your
environment should have been set up correctly to run such programs. In particular, you need to make sure
that your DISPLAY environment variable has been set properly.

You can test this easily by starting a simple X program from your shell:
xcalc &
Assuming the xcalc program is in your $PATH, a small window should appear with the image of a calculator.

If not, please consult your local system administrator for additional help. Typical problems have to do with
your DISPLAY variable, and with security issues when trying to connect to the X server.

Windows users

In this tutorial we will assume that you have installed the ADF packaged using the Installer with all default
options.


http://www.scm.com/Doc/Doc2008.01/CRS/CRSGUI_reference/page1.html
http://www.scm.com/Doc/Doc2008.01/CRS/CRS/page1.html

You can start the COSMO-RS GUI (adfcrs) by double-clicking its icon on the desktop.

Macintosh users

Macintosh users have several easy ways of starting the ADF-GUI modules:

» double click the '"ADFLaunch' program, and use that to start the COSMO-RS GUI module, or
« follow the instructions for UNIX users (as MacOS X is just another UNIX version)

Macintosh users who are not used to the "Terminal' should use the ADFlaunch program. Once you have
launched it, you will see several buttons to start the ADF-GUI modules and the COSMO-RS GUI module. To
start the COSMO-RS GUI, click the COSMO-RS button.



Tutorials
Tutorial 1: COSMO result files

If you already have COSMO result files for all the compounds that you are interested in you can skip this
tutorial, without problems of continuity.

The purpose of this tutorial is to teach you how to make data for a compound using the ADF program such
that it can be read by COSMO-RS. COSMO-RS expects so called COSMO result files, which are results of
guantum mechanical calculation using COSMO. In ADF such a COSMO result file is called a TAPE21 (.t21)
file, or a COSKF (.coskf) file. In other programs such a file can be a .cosmo file. For example, at
http://www.design.che.vt.edu/VT-Databases.html a database of .cosmo files can be found, which were made
with a different program. Note that the optimal COSMO-RS parameters may depend on the program
chosen.

Please read through the first ADF-GUI tutorial before starting with this tutorial, see ADF-GUI tutorial.
Even better: try using the ADF-GUI yourself, especially Tutorial 1

Step 1: Start ADFinput

For this tutorial we prefer to work in a separate directory, for example the Tutorial directory, as was
explained in ADF-GUI Tutorial 1.

You know how to start ADFjobs (in your home directory), and move to the Tutorial directory:

cd SHOME
Start adfjobs
Click on the Tutorial folder icon

Next start ADFinput using the SCM menu. Notice that currently no job is selected. If a job is selected, the
SCM menu will open the selected job, which is not what we want now. You can toggle the selection in
ADFjobs using the right mouse button (or control-left). To clear the selection, click anywhere in the search
bar on the bottom (except in the input fields).

Make sure no job is selected in ADFjobs Select the first Input command from the SCM menu

Step 2: Create the molecule

First we construct a water molecule, and preoptimize its geometry:

Select the O-tool by clicking on the button with the 'O’

Click somewhere in the drawing area to create an oxygen atom
Select the select-tool by clicking on the button with the arrow
Click once in empty space so nothing is selected

Select the 'Add Hydrogen' command from the 'Edit' menu

Click the optimizer button

Your water molecule should look something like this:


http://www.design.che.vt.edu/VT-Databases.html
http://www.scm.com/Doc/Doc2008.01/ADFGUI/ADFGUI_tutorial/page1.html
http://www.scm.com/Doc/Doc2008.01/ADFGUI/ADFGUI_tutorial/metatag1.html
http://www.scm.com/Doc/Doc2008.01/ADFGUI/ADFGUI_tutorial/metatag1.html
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Step 3: Optimize the gas phase geometry

The next step is to optimize the geometry using ADF. In this case we will use the Becke-Perdew functional
and a TZP basis set, since those are used for the optimization of the COSMO-RS parameters.

Enter a proper title in the Title field (like ‘water’)
Select the 'Geometry Optimization' preset
Select 'GGA-BP' for the 'XC potential in SCF'
Select 'TZP' for the 'Basis Set'

Main Options

Title: water

Presst: Geometyryr optimization

Task: Geometryoptimization [
Total charge: 0.0

Spin polavization: 0.0

Tarestricted: Yes

¢ potemtial im SCF: GGA:BP [

IC emerygy aftexr SCF: | Default

Belativilyr: Hone [
Basis Set: TP [
Core Type: Large

Integration accuwracy: [

With the proper options selected, now run ADF:



Select the 'Run' command from the 'File' menu

Click "Yes' in the pop-up to save the current input

In the file select box, choose a name for your file (for example 'water') and click 'Save'
Click "Yes' when ADFjobs asks you 'Continue using ...?"

Now ADF will start automatically, and you can follow the calculation using the lodfile that is automatically
shown.

Wait until the optimization is ready (should take very little time)
Click "Yes' in the pop-up to read the coordinates from a .t21 file.

Now the geometry of the water molecule is the optimized one.

Step 4: Set up the COSMO calculation

First set up the COSMO calculation with the COSMO parameters as they were used in the ADF
parametrization of COSMO-RS. The calculation will be a 'Fragment Analysis' calculation, in which the
fragment is the gas phase molecule, and final molecule is in a solvent, represented in the COSMO model by
a dielectric medium with a dielectric constant. This dielectric constant is infinite in the COSMO-RS model.

Select the 'Solvent CRS' preset
HMain Optioms

Title: watexr

Preset: Solvent CRS

Task: Fragmentinalysis [
Total chaxrge: 0.0

Spin polavization: 0.0

Threstyicted: Yo

¢ potemtial in SCF: | GEA:-BP [

¥C emerygy after SCF: | Default

Relativityr: Hone [
Baxziz Set: TZP [
Core Type: Large

Inteqgration accuracy: [



Note for charged molecules: the charge of the molecule can be entered in the 'Total charge' field. The

charge should also be specified for the 'Untitled' gas phase fragment if one selects 'Task: FragmentAnalysis'
in the 'Properties' Menu.

Part of the COSMO parameters that are set can be found if one selects 'Solvation' in the ‘Model' Menu. The

dielectric constant is infinite if one chooses 'CRS' for the Solvent. The so called 'Klamt' radii are used for the
construction of the molecular cavity.

Solvation

Solvent: I CBs

Solvent epsilom: I
Solvent radius: I

Atom ERadius lea:rnt - Radii

o)y |1.72
H(1l) |1.30
H{Z) |1.30

Another part of the COSMO parameters that are set can be found in the 'Solvation Details' in the 'Details'
Menu:



Solvation Details

Surface

Surface type: Delleyr

Hidiv: 4

Hinimum radius of comstructed sphere: Angstrom

Maximum sphexre ovexrlap:

Empiyical scaling parameter:

Non-electrostatic pavam. 1: 0.0
Non—-electrostatic pavam. 2: 0.0
Iterative Charge deteymination

Charge detexmination method: COMRY
CONVeryence:

Max. iteratioms:

Belaxation pavameter Omedgs:

Coxrect for outlydng charge: i Yes
Calculate Coulomb inmteractiom: EXACT
Dise

Disc scaling:

Dise legendre order:

Disc toleramce:

Charges

Handle charges: VAR
Charges in which 5CF cycles: ALL

Toleramce foxr TOL optiom: 0.1

Step 5: Perform the COSMO calculation and obtain the COSMO
result file

With the proper options selected, now run ADF:



Select the 'Run' command from the 'File' menu

Click "Yes' in the pop-up to save the current input

Click "Yes' in the pop-up to replace water.adf.

Click "Yes' when ADFjobs asks you 'Calculations for water are found
and will be deleted. Continue with Run Command?'

Now ADF will start automatically, and you can follow the two calculations using the logfiles that are
automatically shown. The first calculation is the fragment calculation, which is the gas phase water
calculation, named water.Untitled. The second one is the COSMO calculation for water which was called
water.

After the calculation has finished the file water.t21, which is a COSMO result file, can be used as input for a
COSMO-RS calculation.

In a COSMO-RS calculation the 'COSMO' part of this water.t21 file is needed. In the COSMO-RS manual it
is explained how one can use a command-line utility to make a file called water.coskf, which consists only of
the 'COSMO' part. Note that such a .coskf file is not a complete .t21 anymore, and can not be viewed with
ADFview, for example. It is useful only for COSMO-RS calculations.

Step 6: Visualize the COSMO surface: ADFview

You can use ADFview to have a look at the COSMO surface, and the COSMO surface charge density.

Select 'View' from the 'SCM' menu
Select 'COSMO: Surface Charge Density on COSMO surface (reconstructed)’
from the 'Add' Menu

Then you will see something like:

10


http://www.scm.com/Doc/Doc2008.01/CRS/CRS/page1.html

The red part represents positive COSMO charge density (which is the opposite of the underlying molecular
charge), the blue part negative COSMO charge density. You can also look at the COSMO surface points
themselves.

Select 'COSMO: Surface Charge Density on COSMO surface points'
from the 'Add' Menu

The small spheres represent the COSMO surface points that are used for the construction of the COSMO
surface.

Tutorial 2: COSMO-RS overview: analysis
Step 1: Copy COSMO result Files

For this tutorial it is convenient to start with an empty directory, for example, with the name Tutorial.

In tutorial 1 it was shown how to make ADF COSMO result files. In this tutorial we will use some ADF
COSMO result files that were made before. These files can be found the directory $ADFHOME/examples/
crs/Tutorial2. Copy these COSMO result files (water.coskf, methanol.coskf, ethanol.coskf, and
benzene.coskf) to the directory Tutorial. As the name suggests these are COSMO result files of water,
methanol, ethanol, and benzene, respectively.

Note that these COSKF (.coskf) files contain only the part of an ordinary TAPE21 (.t21) file which is needed
in a COSMO-RS calculation. These COSKF files can not be used in ADFview, for example.

11



Step 2: Start ADFcrs

On a Unix-like system, enter the following command:

$ADFBIN/adfcrs &

On Windows, one can start ADFcrs by double-clicking on the ADFcrs icon on the Desktop:
double click the ADFcrs icon on the Desktop

On Macintosh, use the ADFLaunch program to start ADFcrs:

double click on the ADFLaunch icon
click the 'COSMO-RS' button

Alternatively if you know how to start ADFjobs (in your home directory), and move to the Tutorial directory:

cd SHOME

Start adfjobs

Click on the Tutorial folder icon

Make sure no job is selected in ADFjobs

Select 'COSMO-RS' from the 'SCM' menu

eoe N ADF COSMO-RS 98 2007.01

SEBM rile view Properties RS Help

List of Compounds Y !\[Fite name- Y
Hame:
Bond Enexngyr: 0. 00000000 a_ u.
Gas Phase Bowd Enexqgyr: 0. 00000000 a u.
COSHO0 surface Aresa: 0. 00000000 Angstrom™*2
COSHO Volume: 0. 00000000 Angstrom™*3

Input optioms
Hyding:
Drop H-bond interaction:

Fure compounid vapor pressuve: bhax
at temperature: ¥elvin
Antoine coefficients A
E:

¥elvin
keal /mol
keal/(mol K)

Melting point:
Delta H_ fusiom:
Delta cp_fusiom:

| i

I"'\l |,.-" "f IH L 'fz
This ADFcrs window consists of the following main parts:
» the menu bar with the menu commands

« on the left: a list of compounds
« on the right: for the selected compound some properties

12



This is the so called 'Compounds' window, which is the window you will get if you select 'Compounds' from
the 'View' Menu.

Step 3: Add Compounds

Select 'Add Compound' from the 'File' menu
File | View Propertiss CRS

Hew
open. . .
Add Compoumd I
Save
Save As
-
-
quit <control-g>

A file select box will open

File wame: | open |

Filex of type: COSMO files (. cosmo) — Cancel |

T ADF result files (% £21)
CoSHD kf files (*_coskf)
cosyD files (*.cosmo)

Select 'COSMO kf file (*.coskf)' in the popup menu 'Files of type'
Select water.coskf

On the right side of the 'Compounds' window one finds some data that was written from the file water.coskf.
Here it is also possible to add some pure compound input data. We will not do so now since there is no
need. For some other types of compounds user input is required at this point, however. We will encounter an
example of that in the next step.

13



File Mame: /tmp /Tutoxial /water. coskE

Name: water

Bond Enexgyr: -0.01031073 a u.

6as Phase Bowd Energyr: 000000000 & u_

COSHM0 surface Area: 4301346629 Angstrom™*2
COSHO0 VWolume: 25_55768378 Angstrom™*3

Input options

Nfl."i‘l'iy: L}
Dxop H-bond interaction: Yes
Fure compound vapor pressuve: (0.0 bar
at temperatuwre: 0.0 EKalvin
Antoine coefficients A: 0.0
BE: 0.0
L]
Melting point: L] Kelvin
Delta H_fusion: 0.0 kcal /mol
Delta Cp_fusiom: L] kcal/imol K)

Repeat these instructions to add methanol.coskf, ethanol.coskf, and benzene.coskf.

Step 4: Set pure compound parameters

In the COSMO-RS model in Ref.[2] there is a ring correction term. This is important for, for example, the
benzene molecule, which has 6 ring atoms. However, it is really required only when the vapor pressure of
the compound is going to be computed (either because that is explicitly requested or because it is used in
predicting partial vapor pressures in a mixture or gas/liquid partitioning coefficients).

Select 'Compounds' from the 'View' Menu
Click on the left side benzene.coskf
Enter '6' without quotes in the 'Nring' field

14



File Mame: /tmp /Tutorial /benzene . coskE

Name: benzene

Bond Enexgyr: —0. 00426937 a_ u.

&as Phase Bond Enerqgyr: 000000000 & u._

CO5M0 surface Rrea: 12301665440 Angstrom**2
COSHO0 Volume: 111. 86355721 Angstrom™*3

Input options

weins

Drop H-bond interaction: Yes
Fure compound vapor presse: (0.0 bar
at temperature: 0.0 EKelvin
Antoine coefficients A: (0.0
B: 0.0
0.0
Melting point: LI ] Eelvin
Delta H_fusion: 0.0 kcal /mol
Delta Cp_fusiom: 0.0 kcal/(mol K)

For some properties, like solubility of a solid, one can include some pure compound properties in the left
window of the 'Compounds' window for a selected compound.

Step 5: Set the COSMO-RS parameters

Select 'Parameters' from the 'CRS' Menu

COSHO-ES Paramebers COSHMO-BS element specific parameters
Atom Dispersion Constants
Use: COSHO-BS 9% ADF combil2005 parameters H 0. 0240
Genexral COSMO-RS parameters L3 0.0
v av 0.400 Angstrom EE -
a' 1510.0 (keal/mol) A~2/e2 Be 0.0
£ cmras 280z E 0-C
¢_hb 8850_0 (keal/mol) A"Z/e"2 C RIELITE
sigma_hb 0.00854 e/A*2Z L a2
a_eff 6.94 a2 0 m00333
lanbda 0.130 = 0-C
omega —0.212 keal/mol Ne 0.0
eta Z9.65 R 0-C
ch_ortf 0.816 B 0-C
Al 0.0
use: Klamt 2005 combinatorial term si 0.0
& onlyr H-bond for H, ¥, 0, and F P oo
i use temperature dependent H-bond 0.0
cl ~0.0485
Ar 0.0

Default 'COSMO-RS 98 ADF' parameters are selected, which are ADF optimized COSMO-RS parameters. If
one selects the 'COSMO RS 98 Klamt' option for 'Use: ... parameters’, the optimized parameters are
chosen, which are optimized by Klamt et al., see Ref [2] and the the COSMO-RS manual.

15


http://www.scm.com/Doc/Doc2008.01/CRS/CRS/metatagCRSPARAMETERS.html

Step 6: Analysis: The sigma profile

Select 'Sigma Profile' from the 'CRS' Menu

In the left part of the window select 'water' for compound '1'
Select 'ethanol' for compound '2'

Select 'benzene' for compound '3’

Select 'Run’' command from the 'File' menu

Click 'Yes' when asked to 'Save changes (required to run)?'
Enter the name 'tutorial2' in the 'File name' field

The sigma profiles (o-profile) of the three pure compounds will be shown in a graph and in a table in the
right part of the window. The whole window can be resized. The relative size of the left part of the window
compared to the right part can be changed if one moves the sash that is in between these parts. In the right
part of the window one can also change the relative size of the upper part compared to the lower part if one
moves the sash that is in between these parts.

pisigma) sigma-profile
15
= &
_Z::,l,.
B - 1
I I I I I
-0.02 -0_01 oo LI s 0.0z

sigma (e/R**2)

The o-profile shows the amount of surface area for a given COSMO charge density. If the default settings
are used, the red curve is the water o-profile, the blue curve the methanol o-profile, and the green curve is
the benzene o-profile. If one clicks in the graph one can zoom (right mouse, or Command-Left (drag up or
down)), or translate (left mouse) the graph. If one clicks in the graph window at the left or below the axes, a
popup window will appear in which one can set details for the graph window.

Note that the o-profile depends on the actual value for r_av (ray), which is one of the COSMO-RS
parameters, see previous step.

Step 7: Analysis: The sigma potential

Select 'Sigma Potential' from the 'CRS' Menu

In the left part of the window select ‘water' for compound '1'
Select 'ethanol' for compound '2'

Select 'benzene' for compound '3’

Select 'Run’' command from the 'File' menu

Click "Yes' when asked to 'Save changes (required to run)?'

The sigma potentials (o-potential) of the three pure compounds will be shown in a graph and in a table in the
right part of the window. The o-potential depends on the temperature of a compound. Here the temperature
is set to 25°C (298.15 K).

16



Sigma Potential

(1/a**2) (keal mol) sigma-potential
0.0 ,’rf—r‘-"'"—— = =
-0.1 —
-2 —
0.3 —
I | | | I
—0._02 -0.01 0.0 0.0 0.2

sigma (e/A**2)

If the default settings are used, the red curve is the water o-potential, the blue curve the methanol o-
potential, and the green curve is the benzene o-potential. In the details for the graph window the line width

was set to '3'.

Note that the o-potential is not calculated for values of the COSMO charge density that are non-existent on

the COSMO surface of a certain compound.

17



Sigma Potential

Temperature:
Fure Compounds

water
ethanol
benzene

sigma
(e /A*2)
—0_ 02500

-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
=0.
-0.
-0.
-0d200
01100
- 01000
- 00
MLILLE )
LILLF I
L
LB
- D
MILLELIL]
LI
- LD
LTI
- LoD
il
- 00300
MLILIE I
LB
L]
LILLELIL
LILLE ]
LRI
- 01000
01100
-01200
L0300
- 01400
- 01500
- 01600
01700
- 01800
- 01900
L2000
-2100
2200
L2300
- 2400
L2500

02400
02300
w2200
02100
02000
01300
01800
01700
01600
01500
01400
01300

298 15000 Kelvin

File wame

watexr

- 25712754
- 22926210
- 18161329
- 13524274
06797131
03787273
- 0D006425
- 03652815
- 4597740
- 05528165
. 06086144
- 05788695
- 05530359
- 05396783
- 051382318
- 05009515
- 05018474
- 4957756
922421
- 4681465
- 04704187
- 334082
- 04782301
- 04588230
- 05238064
- 04388550
- 05360632
- 05478380
- 03787534
- 02217456
- DD410866
- 03882021
- 03040299
12289426
- 18706375
- 22880785
- 24204649

18

Jtmp /Tutorial ‘'watexr coskf
tmp /Tutoxrial /fethanol . coskE
Jmp /Tutoxrial /henzene. coskE

ethanol

- 33434632
- 3009859
- 23630887
17528166
- 12067077
- 05953427
- 00729096
-D2ZET5E6
- 02996492
- 03443509
- 03607605
- 027463914
2319232
- 01894970
- 01485865
01212641
-0DFa6124
ML e b
- 0D§11354
B ILIEh e
- DDEE2354
- 01563644
- 01936584
- 2440752
0251128
- 4140192
- 426463
- 479756
- 06611471
-07Z23349
- 07510914
07085211
- 06151804
02993274
- DD466894
- 01593836

benzene

0. 03124734
0. 02842672
0. 02203299
0. 01557233
0. 01121835
0. 00795043
0. 00603059
0. 004015849
0. 00314301
0. 00293467
0. 00395285
0. 00726163
0. 01334002
0. 01903504
0. 02383580
0. 02454307



Tutorial 3: COSMO-RS overview: properties

How the properties are calculated and definitions used can be found in the section Calculation of properties
in the COSMO-RS manual.

Step 1: Start ADFcrs

For this tutorial we assume that you know how start ADFcrs and how to add compounds. Like in tutorial 2
we ask you to add the compounds water, methanol, ethanol, and benzene. One can do this, for example, by
opening the .crs file that was created in tutorial 2. Save the file as tutorial3.crs.

Start ADFcrs

Select 'Open..." command from the 'File' menu
Select 'tutorial2.crs' in the 'File name' field
Select 'Save As' command from the 'File' menu
Enter the name 'tutorial3' in the 'File name' field

Alternatively on a Unix like system one may copy the COSMO result files (water.coskf, methanol.coskf,
ethanol.coskf, and benzene.coskf) in the directory SADFHOME/examples/crs/Tutorial2 to an empty directory
and enter the following command in this directory where the COSMO result files are present:

$ADFBIN/adfcrs water.coskf methanol.coskf ethanol.coskf benzene.coskf &
Note that one has to set the number of ring atoms for the benzene compound.

Select 'Compounds' from the 'View' Menu

Click on the left side benzene.coskf

Enter '6' without quotes in the 'Nring' field
Select 'Save As' command from the 'File' menu
Enter the name 'tutorial3' in the 'File name' field

In the compounds window one can also set the vapor pressure of the pure compounds at a given
temperature, or set the Antoine parameters. If these values are not specified (if they are zero) then the pure
compound vapor pressure will be approximated using the COSMO-RS method. This is relevant, for
example, for the calculation of the (partial) vapor pressures of mixtures, calculation of boiling points of
mixtures, and calculation of Henry's law constants.

Step 2: Calculate a solvent vapor pressure

Warining: up to and including the 2008.01c version ADF COSMO-RS contains a bug in case more than 1
temperature is calculated, which can happen in solvent vapor pressure calculations, solubility calculations,
or boiling point calculations.

Select 'Solvent Vapor Pressure' from the 'Properties' Menu
Select 'methanol’ for the first component in the Solvent
Select 'Run’' command from the 'File' menu

Click 'Yes' when asked to 'Save changes (required to run)?'
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Yapory pressure solvent

Solvent: Mole fractiom
methanol I 1.0
| 0.0
| 0.0
Temperature Kelwin £xom: | 29815
to: | 298 15
Mumber of temperature steps: | 10

In this case the result is a table with one entry:

Yapor pressure solvent

Solvent Mole fractiom File wame
methanol 1. 00000000 Jtmp Tutorial ‘methanol. coskE
Temperature Vapor pressure
(Kelvin) (bax)
298_150 0. 13805431

Select 'Celsius' for the scale of the "'Temperature'

Enter '0.0" without quotes in the 'from:’ field

Enter '100.0" in the 'to:' field

Select 'Run’' command from the 'File' menu

Click 'Yes' when asked to 'Save changes (required to run)?'

In this case the result is a graph and a table. If one clicks in the graph window at the left or below the axes, a
popup window will appear in which one can set details for the graph window. After some manipulation in the
details of the graph, the graph can look like:
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Vapor pressuve (Tory) methanol

3500 —

F000 —

2500 —

Z000 —

1500 —

1000 —

500 —

I I I I I I I I I I
280 290 300 310 320 330 340 350 360 370

Temperature (Kelwvin)

In this case COSMO-RS predicts a vapor pressure of about 0.59 bar (around 440 Torr) at 323.15 K (50.0°C)
for the pure liquid methanol.

Yapor pressure solvent

Solvent Mole fractiom File name
methanol 1. 00000000 Jamp /Tutoxrial /methanol. coskf
Temperature Yapor pressure

(Kelvin) (har)

273_150 0. 02330540

283 150 0. 04964279

293 150 0. 09955282

303 _150 018894147

313 . 150 0. 34093814

323 150 0_58731513

333 150 0_ 969341264

343 _150 1_ 53830085

353 . 150 2. 35401102

363150 3. 48383714

373 150 4_ 99985888

Step 3: Calculate the boiling point of a solvent

Warning: up to and including the 2008.01c version ADF COSMO-RS contains a bug in case more than 1
temperature is calculated, which can happen in solvent vapor pressure calculations, solubility calculations,
or boiling point calculations.

Select 'Solvent Boiling Temperature' from the 'Properties' Menu
Select 'methanol’ for the first component in the Solvent

Select 'ethanol’ for the first component in the Solvent

Enter '0.5' for the 'Mole fraction' of methanol

Enter '0.5' for the 'Mole fraction' of ethanol

Select 'atm'’ for the scale of the 'Pressure’

Enter '0.1' in the 'from:’ field

Enter '1.0' in the 'to:' field
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Select 'Run' command from the 'File' menu
Click 'Yes' when asked to 'Save changes (required to run)?'

Boiling temperature solvent

Solvent: Mole fraction
methanol 0.5
ethanol 05

0.0

Pressuve atm Exom: 0.1

to: 1.0
¥umbey of pressuve steps: 10

In this case the result is a graph and a table.

¥apor pressuve (bar) boiling-point

1.0 —
08 —
b6 —
04 —
2 —

I I I I I I I I I
300 305 310 315 220 325 330 335 340

Temperature (Kelvin)

The red curve is the total vapor pressure, the blue curve the partial methanol vapor pressure, and the green
curve is the partial ethanol vapor pressure. The table gives the numerical values.

Boiling temperature solvent

Solvent Mole Fractiom File name

methanol 0_ 50000000 Jtmp Tutorial ‘methanol. coskE

ethanol 0. 50000000 Jmp /Tutoxial fethanol. coskE

Temperature Vapor Pressuve Partial pressuves (bhar)
(Kelvin) (hax) methanol ethanol
298966 0. 10132500 0. 07368120 0. 02763666
309303 019251750 0. 13845565 0. 05407172
315995 0. 28371000 0. 20264831 0. 08106520
321 041 0. 37490250 0. 26645681 0. 10844940
325.133 0. 46609500 0. 32997241 0. 13612665
328 597 0._55728750 0. 39325294 0. 16403875
331613 0. 64848000 0. 45633510 0.19214883
334293 0. 73967250 051924852 0. 22042925
336711 0. 83086500 0. 58201170 0. 24885805
338 918 032205750 0. 64464325 0. 27742084
240952 1. 01325000 0. 70715340 0. 30610447

Thus in this case COSMO-RS predicts a boiling point of 340.9 K (67.8°C) at 1 atm. for this mixture of 50%
mole fraction methanol and 50% mole fraction ethanol. At this temperature COSMO-RS predicts that the
vapor consists about 70% of methanol.
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Step 4: Calculate partition coefficients (log P)

Select 'Solvent Log Partition Coefficients' from the 'Properties' Menu
Select 'benzene' for the first component in Solvent 1

Select 'water' for the first component in Solvent 2

Click "Yes' in the 'Use input volume quotient’ field

Enter '4.93" in the 'Input volume solvent/solvent 2' field

Select 'Run’' command from the 'File' menu

Click 'Yes' when asked to 'Save changes (required to run)?'

Log partitiom coefficienmts solute (solvent 1/s0lvent 2)

Solvent 1: Mole fractiom
benzene | 1.0
| 0.0
| 0.0
Solvent 2: Mole fractiom
water | 1.0
| 0.0
| 0.0
Temperature Kelwin | 298_15
Use input volume guotient: F Yex
Input volume =olvent 1/solvent 2: 4_93
Solutes
1: watexr
2: methanol
Z: ethanol

4: henzene
In case of partly miscible liquids, like, for example, the octanol-rich phase of octanol and water, both
components have nonzero mole fractions.

Here an input value is used for the volume quotient of the two solvents. If one does not include such value,
the program will use the COSMO volumes to calculate the volume quotient. The COSMO volumes can be
found in the 'Compound' window.

The result of the calculation is given in the form of a table.
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Log pavtition coefficients solute (solvent 1/solvent 2)

Temperature: 298 15000 ¥elvin
Solvent 1 Mole Fractiom File wame
4: bhenzene 1. 0000000D /tmp /Tutorial /benzene . coskE
Solvent 2
1: water 1. 00000000 /tmp /Tutoxrial /'watex coskf
Solutes
1: water /tmp /Tutordial fwatexr. coskE
2: methanol Stmp /Tutorial /methanol. coskE
3: ethanol /tmp /Tutorial /fethanol. coskE

4: henzens /tmp /Tutorial /benzene  coskf

Solutes Log P
1: water —d_84269464
2: methanol -2_056D0657
3: ethanol -1_40184471
4: benzens 2.63121340

Step 5: Calculate activity coefficients

Select 'Activity coefficients' from the 'Properties' Menu
Select 'water' for the first component in Solvent

Select 'Run’' command from the 'File' menu

Click 'Yes' when asked to 'Save changes (required to run)?'

Activity coefficients

Solvent: HMole fractiom
watewr 1.0
oo
oo
Temperabture Kelwvin 298 _15
Use input demsibty solvent: Yes
Input demsiby solvent: 1.0 ky/L
Compoumds
1: water
2: methanol
2: ethanol

4: bhenzene

If one does supply a density of the solvent in the input the program calculates the density of the solvent by
dividing the mass of a molecule with its COSMO volume. Note that the activity coefficients do not depend on
this density.

The result of the calculation is given in the form of a table.

Activityr Henyy Constant Henry Constant Delta &

Solvent Coefficient mol/(L atm) dimensionless keal /mol

1: water 1. 00000000 6_373388e+04 1_579937e+06 —#_45648614
Solutes (infinite dilute)

2: methanol 2 4188845 1_902108e+02 4_715249e+03 -h_ 01157376

2: ethanol 8_29330929 1. 491462e+02 2_697275e+03 —d_8E747791

4: benzene 2108 _ 92066179 1. 960954e-01 4_§61126e+00 -0_93687988
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Relevant for the calculation of AG is the reference state, used here is 1 mol/L both in the gas and solution
phase.

Step 6: Calculate solubility

Warining: up to and including the 2008.01c version ADF COSMO-RS contains a bug in case more than 1
temperature is calculated, which can happen in solvent vapor pressure calculations, solubility calculations,
or boiling point calculations.

Select 'Solubility coefficients' from the 'Properties’ Menu

Select 'benzene’ for the first 'Solute'

Enter '273.15' without quotes in the 'Temperature Kelvin from:' field
Enter '373.15' in the 'to:' field

Select 'Run’' command from the 'File' menu

Click "Yes' when asked to 'Save changes (required to run)?'

First the solubility of benzene in water for a range of temperatures.

Solubility solute in Solvent

Solvent: HMole fractiom
water | 1.0
| 0.0
| 0.0
Solutes:

1: bhenzene

2:

3:

Temperature Kelwin | from: | 272.15
to: 3:11_15|

Hunbexr of temperature steps: 10

If a range of temperatures is requested a graph is shown.

molar fraction
solute solubilityr benzene in water

00012 —

0001 —
0.0008 —
0.0006 —
0.0004 —

I I I I I I I I I I
280 290 F00 310 320 330 340 350 360 370

Temperature (Kelwin)

Next the solubility of water in benzene for a range of temperatures.
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Solubility solute in Solwent

Solvent: Mole fractiom
henzene | 1.0
| 0.0
| 0.0
Solutes:
1: water
2:
3:
Temperature Kelvin | £xrom: | 273_15
to: 3?p_15|
Yunbexr of temperature steps: in

Again a graph (and table) is shown.

molay fraction
solute solubility water im benzene

0. 0035
0. 003
0. 0025
0. 002
0. 0015
0. 001
0. 0005

I I I
280 290 200 310 320 230 240 350 360 370

Temperature (Kelwin)

For the solubility of a solid compound it is necessary to include the melting point, the enthalpy of fusion, and
optionally, since it is often not so important, the A heat capacity of fusion of the pure compound. These
values can be given for each compound when '‘Compounds’ is selected from the 'View' menu.

Step 7: Calculate binary mixtures VLE/LLE
Isothermal

A binary mixture is calculated in which the pure compound vapor pressures are approximated using the
COSMO-RS method. The binary mixture will be calculated for a list of molar fractions between zero and one.

Select 'Binary Mixture VLE/LLE' from the 'Properties' Menu
Select 'water' for the first compound

Select 'methanol’ for the second compound

Enter '298.14" in the "Temperature Kelvin from:' field
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Select 'Run' command from the 'File' menu

Click 'Yes' when asked to 'Save changes (required to run)?'
Einary Mixture VLE/LLE
Compounds:

1: water

2: methanol

Munber of mixtures: in
Isotherm or isobar: isotherm
Temperature Kelwin | 298 14

An activity coefficient plot for water(1) and methanol(2) will be shown.

activity

coefficients binaxvyr-mixture of water(l) and methanold(2)
2.4 —
2.2 —
2.0 —
1.8 —
1.6 —
1.4 —
1.2 —
1.0 —

[ [ [ [ [ [ [ [ [ I

oo 0.1 o2 0.2 0.4 [ 0.6 0.7 0.8 0.9 10

x1: molar fractiom 1

The results of the calculation are also given in the form of a table, which shows the molar fraction of each
compound, the activity coefficients, the activities, the temperature, the total and partial vapor pressures, the
molar fraction of each compound in the vapor, the excess Gibbs free energy GE, the excess enthalpy HE,
and the Gibbs free energy of mixing G™*.

27



Binayy Mixture VLE/LLE
Compounds. File wame
1: water

2: methanol

tmp /Tutoxial /water. coskf
Jtmp /Tutorial /methanel. coskE

Tnits: pressurel(bar), energy (keal/mol), temperature (Kelwin)

x1 x2
0_ 00000 1. 00000
0. 02000 0. 98000
0. 10000 0. 90000
0. 20000 0. 80000
0. 30000 0. 70000
0. 40000 0. 60000
0_50000 0_50000
0_ 60000 0_ 40000
0_ 70000 0_30000
0_g0000 0_2ooon
0_ 90000 0_ 10000
0. 98000 0. 0Z2oon
1. 00000 0. 00000

x1 temperature total p
0. 00000 29%. 14000
0_0zoon 298 _14000
0_ 10000 298 _14000
0_2o000 298 _14000
0_ 30000 298 _14000
0_ 40000 298 _14000
0_50000 29%. 14000
0. 60000 29%. 14000
0. 70000 29%. 14000
0. 80000 29%. 14000
0_ 90000 29%_14000
0_98000 298 _14000
1. 00000 298 _14000

x1 &°E
LURLILILILILS LML 1]
0. 02000 0. 00449 -0
0. 10000 0.02343 0.
0. 20000 0. 04407 0.
0. 30000 0. 06152 -0
0_ 40000 0_07516 -0
0_5s0000 0_08414 -0
0_ 60000 0_08730 -0
0_ 70000 0_08306 -0
0_g0000 0_06928 -0
0. 90000 0. 04297 -0,
0. 98000 0.01017 0.
1. 00000 —0_00001 0.

POEPOEEOE0ERYE SENERNERNERNE

ak Il pammady T { opammacE
1.00000 0. 41955 0. 00000
1.00013 0. 40652 0.00013
1.00251 0. 37285 0. 00251
1. 01046 0. 33030 0. 01041
1.02580 0. 28670 0. 02547
1.05210 0. 24097 0. 05079
1.039507 0._13322 0. 03032
1.16452 0_14405 0.165231
1.27741 0.09535 024483
1.46718 0.05032 038334
1.80416 0.01502 0_59010
2.28565 0. 00064 0. 82665
2.45500 —0. 00001 089813
partial pl partial p2 vl
0. 00000 0.13797 0. 00000
0.00003 0.13522 0. 00022
0._00015 0_12448 0_00117
0_00028 0.11153 000250
000040 0.09307 0. 00404
0.00051 0._08709 0. 00584
0. 00061 0.07554 0. 00801
0. 00070 0. 06427 0. 01072
0. 00077 005287 0. 01443
0. 00085 0. 04048 0. 02046
0._00032 0._02489 003558
0.00099 0.00631 0._13516
0.00101 0. 00000 1. 00000
B mix
0. 00000
—0.05319
—0.16917
—0.25240
—0. 30040
—0.32358
—0.32652
—0_31144
—0_27885
—0.22720
—0.14963
—0. 04792
—0. 00001

al: x1*gammal a2: x2*gammal
0. 00000
0. 03003

=2--N-R-N-N-R-3-3-13-]

=E-—R-R-3-R-R-0-—R-—R—R—3—1J

-14519
27828
- 39961
.50899
_GOESE
_E9236
_77003
_BHza
_91362

98063
99999

2
00000
39978

_99883

29750
99596

i

=2-2-N-N-N-N-3-3-N-J-}-]

These values can also be shown in a graph. The property for the x- and y-axes can be selected from the

‘View' Menu. For example, a graph of the excess energies can be shown by:

Select 'excess energies G"E, H E Gibbs energy of mixing' for 'Graph Y Axes' from the 'View' Menu

SE»

EBinary Mixture 1 cormomds

Compoumds: Graph X Axes
1: water Graph ¥ Axes
Z: methanol

Mumber of mixtuwres:

Tse input vapor pressure:

Isothexm ox isobar:

Temperature XKelwin

File View  Properties

¥ excess energies 6E, H*E &ibbs energy of mixing

CRS Help

molar fractions compounds
activity coefficients

In (activity coefficients)
activities

molar fractiows iw vapor phase
Temperature

total and partial wapor pressures

A plot of the excess energies will be shown.
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excess energies 6°E, H'E
&ibbs energy of mixding (keal /mol) binayyr-mixture of wateri(l) amd methawodiZ)
0.0 —
-0.1 -
-0.2 —
-0.3 —
[ | [ [ [ [ [ [ [ I
0.0 LLW B 0.2 0.3 0.4 o5 0.6 0.7 0.8 0.9 i0

x1: molay fractiom 1

The red curve is the excess Gibbs free energy GF, the blue curve is the excess enthalpy HE, and the green
curve is the Gibbs free energy of mixing G™*.

Isothermal, input pure compound vapor pressure

A binary mixture is calculated with input data for the pure compound vapor pressures. These can be, for
example, experimentally observed pure compound vapor pressures. Note that the calculated partial and
total vapor pressures will now depend on these input pure compound vapor pressures.

Select 'Compounds' from the 'View' Menu

Click on the left side water.coskf

Enter '0.123416' in the 'Pure compound vapor pressure:' field
Enter '322.45" in the 'at temperature:’ field

File Mame: Jtmp Tutorial ‘water coskf
Hame : water

Bond Enexqyr: -0_01021072 a u.

6as Phase Bond Enexrqgy: 0. 00000000 a_ w.

COSM0 surface Avea: 43 01346629 Angstrom**2
COSH0 Volume: 25_65h768378 Angstrom**3

Input optioms
Hying: 0

Dyop H-bond interactiom: Yes

Fuye compound vapoxr pressuve: (00123416 hax

at temperature: (32245 ¥elvin
Melting point-: 0.0 Kelvin
Delta H_fusiom: 0.0 kcal /mol
Delta cp_ fusiom: 0.0 kcal/(mol K]
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Click on the left side ethanol.coskf

Enter '0.294896' in the 'Pure compound vapor pressure:' field

Enter '322.45' in the 'at temperature:' field

Select 'Binary Mixture VLE/LLE' from the 'Properties' Menu

Select 'water' for the first compound

Select 'ethanol’ for the second compound

Enter '322.45' in the "Temperature Kelvin from:' field

Select 'x2: molar fraction 2' for 'Graph X Axes' from the 'View' Menu

Select 'total and partial vapor pressures' for '‘Graph Y Axes' from the 'View' Menu
Select 'Run’' command from the 'File' menu

Click 'Yes' when asked to 'Save changes (required to run)?'
Einary Mixture VLE/LLE

Compownnds:

1: water

2: ethanol

Fumbeyx of mixtures: 10
Isotherm or isobax: isothexm
Temperature Kelvin 322_45

A vapor liquid equilibrium (VLE) diagram for water(1) and ethanol(2) will be shown.

total amd partial
vapoyry pressuves (bar) binayy-mixture of water (1) amd ethaneol (2)

0.2 —

0.2 —

0.1 —
0.0 —

oo 0.1 o2 LI = o4 05 LU o7 LI 0.9 10
x2: molay fraction 2

The red curve is the total vapor pressure, the blue curve is the partial water vapor pressure, and the green
curve is the partial ethanol vapor pressure. One can also change the x axes, for example:

Select 'y2: molar fraction 2 in vapor phase' for ‘Graph X Axes' from the 'View' Menu
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total and partial
vapoy pressuves (bax) binavy-mixtuwre of watexr (1) amd ethamol (2)

015 —

0.1 —

005 —

I I I I I I I I I I
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

r2: molar fractiom 2 im vapor phase

Isobaric

A binary mixture is calculated in which the pure compound vapor pressures are approximated using the
COSMO-RS method if the input values for the pure compound vapor pressures are zero.

Select 'Compounds' from the 'View' Menu

Click on the left side ethanol.coskf

Enter '0.0' in the 'Pure compound vapor pressure:' field

Enter '0.0' in the 'at temperature:' field

Click on the left side methanol.coskf

Enter '0.0' in the 'Pure compound vapor pressure:' field

Enter '0.0' in the 'at temperature:' field

Select '‘Binary Mixture VLE/LLE' from the 'Properties' Menu
Select 'methanol’ for the first compound

Select 'ethanol’ for the second compound

Select 'isobar' for 'Isotherm or isobar:'

Select 'x1: molar fraction 1' for '‘Graph X Axes' from the 'View' Menu
Select "Temperature' for 'Graph Y Axes' from the 'View' Menu
Select 'Run’' command from the 'File' menu

Click "Yes' when asked to 'Save changes (required to run)?'
Einary Mixture VLE/LLE

Compownnds:-

1: methaneol

2: ethanol

Fumbeyxy of mixtwres: 10
Isotheyrm or ischaw: isobar
Pressure bar | 101225

The calculated boiling points for a binary mixture of methanol(1) and ethanol(2) will be shown.
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Temperature (Kelvin) binavy-mixture of methanoli1l) and ethanoli2)

350

345

340

335

i 5 0.2 o3 o4 0.5 0.6 0.7 0.8 L] i0

x1: molar fractiom 1
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