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Introduction

Artist is a tool for editing molecular structures and estimating thermophysical and transport properties
from molecular structure directly. Artist contains a structure data bank (ChemDB) with structures for over
31000 components.

The core algorithm of Artist is an automatic fragmentation which allows to implement a wide range of
group contribution methods in a quick and reliable manner. A list of the properties and methods is ap-
pended to this document.

The list of methods comprise mainly group contribution methods — because of the underlying fragmen-
tation algorithm — but also some corresponding states methods (equation of states etc.).

Artist can additionally be used as retrieval program for components. The Dortmund Data Bank uses a
component number index and this number has to be found either by name, formula, CAS registry number
and several other techniques. Artist adds the ability to determine the DDB number from the drawn
structure.
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The Main User Interface

e |

Menu
Tool Bar

Drawing
Tool Bar

“\x\H

H

Fragment
Management Connection
to DDB

. Calculations
Rotation

Scaling

" Model
" Quality

ds: 15 Atoms: 13 Formula: CFH8 Mol Weight: 92,141 Structures 1 Symbol Indec 7 -

DDBST - Dortmund Data BNk Software & Separation Tefinology GmbH | Q@B Folders: "N:ADDB\" (public) and "K:\DDBPRW\" (private)

QBB PDLIG | B (G B ILE AW e

Artist is a typical example for a multi-document program contain multiple drawings in a parent window.
All functions either in the menus, in the tool bars, or in the context menus are operating on the drawing in
the topmost window.
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The Menus

The File Menu

Ctrl+M
Ctrl+0
Ctrl+F4

MNew
Open...

Close

Load Structure from ChemDE...

Save Structure in ChemDE...

9oay @ B P

Delete Structure in ChemDE...

Load Component List
Load NCI Component by MCI Mumber

=

Load NCI Component by CAS Registry Mumber

Load ProSim Simulis Component File

7 @

Append to Compound Definition File

Save as... Ctrl+ 4

[F &

Print Ctrl+P

Print Setup...

Exit Alt+X

X

Recent Files

2015

lf New: Open a new and empty drawing window

- Open: Opens a molecular structures file. The list
of supported file formats is shown in the appendix.

Close: Close current drawing window. If the
structure has been modified the program asks if the
drawing should be saved.

Load Structure from ChemDB: Read a
molecular structure from the structure data bank.

Save Structure in ChemDB: Save a molecular
structure in the structure data bank. If the data
bank already contains a structure, a dialog will be
displayed for either replacing a structure or adding
the new structure.

~
H Structures Already Stored = | (E] |-,
¥ Cloze
H Replace This
H 7/\’ H
- H
A H
H H
X Cancel
Replace Thiz
H H
H H H
H Replace Thiz

Figure 1: Saving Structures in ChemDB

Delete Structure in ChemDB: Removes a structure from the data bank. Artist displays a dialog from

which the structure to be deleted can be selected.

Common note for ChemDB access functions: Artist opens the standard DDB component selection dialog
for obtaining the component's DDB number because the structures are indexed (main index) by this

component number.

Artist
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H H
H
L
H S
H
H 4 H
H H
H H
H

rﬁ Structures Already Stored I. = | (=] |ﬁ |
» Close
. Delete This _Ae Delete Al |
H . s~ _H
H™ i
H H

¥ Cancel

Delete This |

Delete This

Figure 2: Deleting Structures From ChemDB

Load Component List: Component lists are
containing DDB code numbers. Files with
component lists have the extension “.stl”.If a
line is selected the molecular structure of the
component will be loaded and displayed in a
new drawing window.

Load NCI Component by NCI
Number:Artist comes with the NCI (National
Cancer Institute, U.S.A.) structure data bank
which contains approx. a quarter of a million
structures mainly for pharmaceutical
components. This menu entry allows to load a
NCI component by its NCI number.

Load NCI Component by CAS Registry
Number: This menu entry allows to load a
NCI component by its CAS registry number.

Artist

2015

Component Numbers

| -
10 5-Ethyl-2-nonanal
11 Ethanol
14 2-Fropen-1-ol
22 2-Butanol
23 2, 3-Butanediol
24 Benzyl alcohol
39 1-Butanol
a5 2-+Propanol =
=;] Display Al

639 components

Figure 3: Component List
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Load ProSim Compound Definition File: Artist can load and update compound definition files used
and created by the ProSim' Simulis process simulation software. See chapter “ProSim Simulis
Component File Update” on page 42 and following for more information.

Append to Compound Definition File: For adding new components Artist provides a dialog which al-
lows to enter name, formula, CAS registry number and molecular weight.

Current Component Count

Private Component List: _
3 _ Append to Public List
Public Component List: [45867 i =

= - Append to Other List x Cancel

3,_ Append to Private List

MNew Component

English Mame

Ricw Name]

Alternative Mame (German Mame?)

|I"~Ieuer Mame

CAS Registry Code Maximum 127 characters per name

Molecular Weight [g/maol] Formula

c7Ha | Max. 31 characters

[ 11s Ionic Liguid [ ]1s Carbohydrate [ ]isPolymer [ |Is Pharmaceutical
[ |Biodiesel [ ]oil & Gas

Figure 4: Adding a New Component

Artist can provide the molecular weight and the formula. After entering the necessary values (two names)
the component can be appended either to the private (customer) or to the public (DDBST) data bank.
Artist automatically updates the necessary files including the component basic file and the structure data
bank. Other component lists are not supported in Artist.

Save: Stores the current structure in the file it has been loaded from.
Save as: Stores the current drawing in a new file.

Print: Prints the current drawing. This function always shows a print preview first.

1 ProSim Web Site (http://www.prosim.net)
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i Plot Print Preview (=]

‘ X Close @Elint ‘ W FirstPage 4 Prev. Page » MewtPage M Last Page

— Oplionz

Change Selected Font |

Reset Selected Font |

|Pagelofl 4

Figure 5: Print Preview Dialog

Print Setup: Allows to select the printer and its properties
Exit: Closes Artist.

Recent Files: The sub menu is only visible if at least a single file has been loaded and contains the list of
the recently load files.

Recent Files r Hywdrazin

Einkerfile h

r‘\‘}
GaussianCosmoCutputFilel #D0DE=249)
WT2005-0030

GaussianCosmoCukputFile #D0DB=172)

Clear Lisk

“Clear List” removes all entries from this sub menu.
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The Edit Menu

RRERFREIESH 2O

+ 8 g

Undo Ctrl+Z
Redo Ctrl+Y
Cut Ctrl+X
Copy Ctrl+C
Clear Shift+Alt+EBkSp

Paste from Windows Clipboard
Copy as Metafile
Copy as Bitmap

Options...

Show Molecule as

Search in ChemDB as Substructure
Search in ChemDB (Exact Match)
Search In NCI DB (Exact Match)
Search in MCI DE (Eingerprint)

Undo: Undoes the latest action
Redo: Redoes the latest undone action

Cut: Copies a marked area in the Artist internal buffer and
deletes the source.

Copy: Copies a marked area in the Artist internal buffer
Paste: Paste a marked area from the Artist internal buffer
Clear: Removes the current drawing

Paste from Windows Clipboard: Pastes a MOL or CTC file
from the Windows clipboard

Copy as Metafile: Copies the current drawing as Windows
meta file to the Windows clipboard

Copy as Bitmap: Copies the current drawing as Windows
bitmap to the Windows clipboard

Options: Displays
an option dialog.

Fixed Bond Lengths |35 Points

Fixed Bond Angles |5 v Degrees

©,
,

Connection Table (.ctc format)
Connection Table (.mol format)

Fragment for Automatic Incrementation

Distance Matrix

Adjacency Matrix

Show Molecule as

Artist

[ | show Carbon [ ] show Hydrogen

A Font Selection

Figure 6: Options

Connection Table: Displays the current structure in CTC format (see description in appendix) or

in the MOL format.

Fragment for Automatic Incrementation: Displays the current structure in a format usable for
the automatic fragmentation algorithm.

Distance Matrix: Displays the distance matrix of the molecule (number of bonds between atoms,
used mainly for topological indexes)

Adjacency Matrix: Displays the adjacency matrix of the molecule (1 if a bond exists, 0 if not,
used mainly for topological indexes)

Page 9 of 58
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Search in ChemDB as Substructure: This function allows to search the molecular structure data bank
for components containing the current structure as substructure.

The dialog displays the found component as a checkable list and allows
e loading and displaying the checked components
e saving the list as a DDB component list (stl file) which then can be used in other DDB programs

e moving the components to the main DDB retrieval program and searching experimental data

: Ethylbenzene Load Structures
: Benzonitrile
: 3-Methylphenol 5 save as List
: Divinylbenzene
: Ethylstyrene <Isomer not specitied= =1 DDB Search
: Benzaldehyde =
: 1-Methylnaphthalene
: 2-Methylnaphthalene
: Butylbenzene " Ched all
: alpha-Methyl styrene
: 2-Methylphenol ) Uncheck Al
: 4-Methylphenol
: Phenylacetic acid ethyl ester
: 2-Phenylbutyric acid ethyl ester
: 5alicylic acid methyl ester @ Stop Search
i Styrene
: Toluene
1,17, 1"-Trifluorotoluene Testing Comp. 1272
: m-Xylene
! p-Xylene 151 structures found.
i 2, 3-Dimethylphenol
: 2.4-Dimethviohenol

Figure 7: ChemDB Substructure Search

Search in ChemDB (Exact Match): This function searches the structure database for exactly matching
structures.
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Show? |#DDB |Formula |Name
425 (CTHE02 Benzoic acid

3 cancel

Figure 8: Search for Exact Match - Result

This allows to identify the DDB component number for a molecule which is the main index number in the
Dortmund Data Bank. This list can contain multiple structures if conformers are available.

Search in NCI DB (Exact Match): This function searches the NCI data bank for matching structures.

Search in NCI DB (Fingerprint): This allows to search the NCI data bank for components with same (or
at least similar) formula.

The View Menu

View | Window Calculate 7 The first three entries (“Drawing Tools”, “Menu
Shortcuts”, “Rotate/Move/Size”) allow to make tool bars
visible if they have been teared off and closed.

Drawing Tools

Menu Shortcuts

Rotate/Move/Size Menu Shortcuts @
i * i |
@ Bure Compeonent Databank Entries = 1] & I‘@

@Q} Mixture Properties Databank Entries
@ Compound Definition File Entries

The three other functions allow to start other programs in the DDB Software Package by OLE access.
These function are only available if the DDB number of the component is available (see page 10 for
“Search in ChemDB — Exact Match”)

Pure Component Properties: Calling the Dortmund Data Bank main retrieval program and start a search
for pure component properties of the current molecule.

Mixture Properties Data bank Entries: Calls the Dortmund Data Bank program and retrieves all data
from mixture properties data banks.

Compound Definition File Entries: Calls the Component Editor and displays the component basic file
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entries (like names, formula, CAS registry number)

The Window Menu

The Window menu contains the standard
Windows functions for windows like

= arrangement, switching to the previous and
[ Tile Vertical next window, closing all or some windows,
=

Window | Calculate ¥

Cascade

i ) and a list of all windows.
Tile Horzontal

Arrange Icons
Minirnize All
%X Close Al

Close All Windows Except Current

E| 1 #DDB=161 [DDB] Toluene

The Calculate Menu

m ; Calculate: Display the calculation dialog —
e see details in “Estimation of
Calculate Properties”chapter.

Meodify Domalski/Hearing Parameters

Activity Coefficients

Group Assignment

MOPAC

Search for Components with Specific Properties

GC-CO5SMO-BS(01)
GC-COSMO-5AC

EE ¥ % &=

Modify Domalski/Hearing Parameters: Displays a dialog where group contribution parameters for the
Domalski/Hearing models can be modified.
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» Close | = save | (= Reopen

Search

r=ifirst | | el Next
Type 1111, for 'not available'

Description hf_gas cp0_gas s0_gas hf i ™
C-(H)3(C) 73 127 .32 —-47

C-{H)2(CiZ ; chain -20.€e3 -B3 35.1¢e -2t

C-{H)IC)3 ; chain -1.17 .08 -53.¢

—CH3 corr (tertiarv)

Figure 9: Editor for Domalski/Hearing Parameters

Reaction Enthalpy: Display the dialog for estimating the reaction enthalpy — see chapter Reaction
Enthalpy for details.

Activity Coefficients: Displays the dialog for estimating activity coefficients — see chapter Activity
Coefficients for details.

Group Assignment: Display the dialog for the automatic group assignment — see chapter Automatic
Group Assignment for details.

MOPAC: Display the dialog for calling MOPAC, Tinker, and RasMol. See chapter MOPAC, Tinker,
RasMol for details.

Search Components with Specific Properties: Display the dialog for searching components with
wanted properties — see chapter Search for Components with Specified Properties for details.

GC-COSMO-RS(0)): Opens a dialog with the results of
the GC-COSMO-RS(OI) method. This method allows the

estimation c-profiles for the COSMO-RS(OI) model by a Public ChemDB Statistics
group COl’ltI'lbllthIlS me'[hOd. Structures 'Fﬂr J4185 mmpﬂnenﬂs}
GC-COSMO-SAC: Opens a dialog with the results of the 33 sets unindexed
GC-COSMO-SAC method. This method allows the Private ChemDE Statistics
estimation c-profiles for the COSMO-SAC model by a Structures for 11 component/s;
group contributions method. 4 sets unindexed

|Update ChemDE Index
The Help Menu Public and Private DDB =~ w
T| Ea Update ChemDE Index

ChemDB Overview
@ Literature List for Implernented Models

? About

1. “ChemDB Overview” shows the content of the structure data base ChemDB. It also allows
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update the index of the data bank to accelerate the access.

2015

2. “Literature List for Implemented Models” shows all references of the model and methods

implemented in Artist.

Results Edit Search View Options Windows

X B-=-#p L[ O8

[240237] Estimation of Pure Compound Properties Using Group-Interaction Contributions
[26085] Group-Contribution Estimation of Activity Coefficents in Monideal Liquid Mixtures
[26234] Equilibrium Constants from a Modified Redlich-+wong Equation of State

Frrmmmml - [ o -1 [ T - -~ e a1 1

£

Datazets: 75

Figure 10: Literature List of Implemented Models

3. “About” shows Artist program details

Artist * <

e
Version 2015 (1.18.0.121) ==

Copyright All rights reserved
H DDBST - Dortmund Data Bank Software & Separation Technology GmbH

Marie-Curie-Str. 10

26129 Oldenburg, Germany
Tel.. +49 (0) 441 351819 0
Fasx: +49 (0) 441 351819 10

Apr 14 2015

| DDBST Weh-Site

0 CSM20150IR WESFinal OutputiWin 32\DebugArtistas. exe

Figure 11: About

Artist
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Drawing Structures

Selection of atomic symbol

methyl benzene, trimethyl group, carboxylic acids, aldehydes, nitriles, isopropyl, tert-

/?f, ///;'/, Drawing tools (single bond, double bond, triple bond, wedges, dimethyl group, benzene,
¥ ™ butyl, sulfonate, alkyl chains, nitro, glycol chains)
e

4 vl Rings

2 Delete bonds and atoms
\Q‘I Delete all hydrogens
“H Add hydrogens including a simple coordinates generation
- + Charges (minus, plus, radical, none)
+ 0

After creating a new drawing windows (by File-New or B ) an empty sheet is displayed.
Eile | Edit View Window Calculate 7

[ New Ctrl+N |
= Open.. Ctrl+0 I

The drawing tools allow to select some predefined fragments. The most simple fragment is the single

bond /£ .

The drawing mode is 'click and drag'. After selecting the position of the start atom of the bond with
pressing the left mouse key the structure can be drawn by moving the mouse while keeping the mouse
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pressed down.

Artist displays a small green box when the left mouse key is pressed down. This box is the area
where drawing of the bond can be canceled. The mouse cursor has to be moved inside this box be-
fore the mouse key is released.

When releasing the mouse key while the mouse pointer is outside the initial green box Artist

The bond itself / \ follows the movement of the mouse while the left mouse key is kept down.
fixes the bond. N s

The green box is also shown when the mouse cursor floats above already drawn atoms and
bonds. If a new bond is started on an existing atom the bond is fixed to this atom.

If a fragment has more than a single bond and two atoms there's always one atom dedicated as anchor
(center) atom which is set with the initial mouse click and an atom connected to the anchor which follows
the mouse movement. The other fragment parts are defined by the position of this atom pair and their
bond.

Multiple Structures for a Single Component

The structure data base ChemDB can contain several structures for a single component. | 13 |
These are normally a flat 2D and a 3D structure or structures with or without ™ 1/3
hydrogens. ’

o 23

13 - If multiple structures are loaded from the ChemDB all these structures are
: o . T 373
now added to a single drawing windows and drop down menu in the top
H o :
| left corner indicates how many structures are available and allows
switching between them.

Artist selects the flattest structure to be shown first.

The structure shown in the drawing windows is used for calculations and group assignment.
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Fragment Management

Artist allows to use drawn structures as fragments.

>~ r
I

The single icons have the following functions.

- Define fragment anchor atom. This atom of a fragment is set with the mouse.

The green circle defines the fragment center.

A Define an atom connected to the anchor atom which will follow the mouse movement.

This is the yellow circle in the figure above.

2L Directly use the current structure as fragment Current

structure as
fragment

Drawing a
new structure

using the
3 fragment

BL Save fragment to disk (“.FRA” file)

8- Load fragment
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- =

Open Fragment

Dinves
i & OK X Cancel

Files

Directories

£ Daten
(71 Program Files

(1 Program Files [=56]
(£ Programme

Eile
*fra

Filemaszk.
IFragment Files [*.fra] ;I

b
Figure 12: Open Dialog for Fragments
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Automatic Group Assignment

The core technology of Artist is the automatic fragmentation algorithm which allows to break a molecule
into groups. The groups are the basis for the
implementation of group contribution methods. Calculate | 7

Since almost every method has its own specific list Calculate
of groups Artist provides a bulk of group assign-

Medify Domalski/Hearing Parameters
ment schemes separately for each model. Madiy J

B QY AE

GC-COSMO-RS(OI)
GC-COSMO-SAC

The automatic group assignment can be called & Reaction Enthalp
from the Calculation menu or by the icon from the | ¥ Activity Coefficients
tool bar. - -
H  Group Assignment
Group o MOPAC
Assignment .
=i Search for Components with Specific Properties

The dialog list all files with group assignments
(“.INK” files). Many of these “files” are integrated in the Artist programs.

W Cancel

£x Lx ox £x

UNIFACDO, INE ACBOIL.INK ACT_BCM12.ink ACT_BCM12_correc...

ox ox Lx £x

AMBROSEAPT.IMK ANDERSOM.INE AROMAT.LST ASOG.INE

X Lx Lx X

Ambrose. IMK BASAHETE.IMNK BASAROVA,IME BEMSOM. IMK

Figure 13: List of Group Assignment Schemes
The latest group assignment file used will be put on top of the list (here “UNIFACDO.INK”).

A typical result for the fragmentation of bromo benzene by the UNIFAC model is shown here:

Artist Page 19 of 58



DDBSP - Dortmund Data Bank Software Package 2015

¥ Cancel

Other | Fview -

£x Lx

LIMIFAC, IMK UNIFACDO, INE

Molecule Description
#DDB=26 Bromobenzene
comment:

Group Assignment
Method: UNIFAC.INK

Group assignment was successful and complete

Subgroup number: 64 Maingroup number: 33 Groupname: Br
Atoms: 1 1in 1 Group

Subgroup number: 10 Maingroup number: 3 Groupname: AC

Atoms: 2 1in 1 Group

Subgroup number: 9 Maingroup number: 3 Groupname: ACH

Atoms: 3 4 56 7 1in 5 Groups

DDB Encoded Group List:
3 1064 1010 5009

List of rings
6 membered aromatic ring found. Atoms: 2 3 45 6 7

The group assignment found the UNIFAC subgroups 64 (Bromine), 10 (aromatic carbon with three
bonds), and 9 (aromatic carbon with two bonds).

The DDB encoded groups (“3 1064 1010 5009”) can be used in the component editor. The “3”
determines the number of different groups, “1064”” means 1 time the group number 64 [BR], “5009”
means that group 9 [ACH] has been found five times.

The group assignment can deliver also a list of ortho/meta/para pairs, a list of rings, a list of chains, and
the graphical representation of the assignment. The list of rings, chains, and o-, m-, p-pairs are suppressed
if no such structural part are present..
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Estimation of Properties

Overview
Calculate | i v

LCalculate ﬂ '1!3 (z Y

Meaedify Domalski/Hearing Parameters

&% Reaction Enthalpy Artist was originally designed for the estimation
. . of pure component properties using group

I} Activity Coefficients contribution methods, Artist now contains several

H  Group Assignment dozens of different estimation methods. A list of
models together with the references can be found

o7 MOPAC in the appendix.

=} Search for Components with Specific Properties

GC-COSMO-RS(0I) The calculation dialog can called either from

GC-COSMO-SAC menu or from an icon in the tool bar.

1] GC- -

The calculation dialog contains three major parts
1. The list of properties in a tree view with the different models grouped below the properties.

2. A dialog part where additionally needed properties (besides the model specific group contribu-
tions) can be entered. Artist collects result from previous calculations (a “history” of results) and
allows to use these results as input for other models.

3. The list of results either in a table format or as — in some cases more detailed — text output.
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<3 Calculation Methods Form - #DDB=161 Toluene = | B |
¥ Close Calculate
[ Selected Methods - .
Elg Cittical Point L @ Literature | | Joback
Ellﬂ Critical Temperature Additionally needed properties_..
@' AlvarezAvalderama [ Mormal Boiling Point [K]
@' “wilzond) asperson 38385 K by DDEB-PURE [~ [ Modifiable Group Assignment
@' ‘wen/Diang
@8 Wen/Diang Th)
@' Ambrose L
@' Frarey/Mannaalal (est Addltlonally
@' FRarep/Mannoolal (giv| :
Cf Chembsn Ty |5 needed properties
B Daubert
@' Lydersen Resul - Test  Result- Grid ]
- Klincagicz/Reid - -
@' Soma| Eﬁave Egp_l,l Erint gétleal X Remave Enor Lines
= Eanl!Enr{&\tanhnnu % Save in ParametelDB
@’ Marrera/Pardilla Froperty |Method | Fesult | Unit |Exporl ta Aspen? | Expart to PraSim? | Used Data | Companent  *
Mamero/Pardillo [Sirng
g Huang/Dong/Zharg. || | I ok sas se @ [ ho (: 3 BPT-383.85 K by DDB-PURE #DDB=161
[]...@' Critical Pressure \\ d List Of propertles [ s No BPT=383.85 K by DDB-PURE #DDBE=161
[]---@' Critical Wolume
I:I---@' Denzities A olumes and models . .
[]@' Enthalpies/E ntropies LlSt Of Results (elther
(- Heat Capacity ¥ —
4 [ | 3 Ll TeXt or Table)

Figure 14: Property Estimation

The branch “Selected Methods” can be used to collect methods from different properties branches. This
allows to make a “selected methods list” for a even quicker access. The different methods can be added
by the tree view's context menu entries.

Expand
Collapse

Add RareyfMannolal {given Th) ko "Selected Methods" List

add all Methods ko Selected Methods List
Append Meeded Properties with Methods

Artist allows to calculate properties by single methods and by all methods for a property. If the property

line is selected all methods are calculated in a row. If a single method is =B Momal Boiing Poirt
selected only this single method is used. 8 ol Boing Poi B Ericksen/Rowley
. ) . - Mormal B oiling Foint [
Some methods negd addltloqal input b§s1des the B FErickzen/Fowley @’ Rarey/Nannoola
structural information. The list of additionally B Cardac /P aran =

needed properties is displayed in the dialog and the user has to fill the missing
information. If data are missing and a complete property calculation is started the methods with missing
values will fail.

Artist provides a history of all results calculated or entered before and from the pure component basic file
(which are e. g. critical data, see component editor for more details).
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Prediction Output

Artist presents the estimation results in two different modes — a table and a text output.

Result - Text | Fesult - Grid

Eﬁave | Egp_l,l | Erint | ff’ﬂlea_r

Molecnle De=zcription
#DDB=12 Diethyl ether
Comment :

[l

m

Critical Temperature by Joback: 468.232 K

Used data:
BET=307.65 E by DDE-PFUERE

3 Groups
1: 1 #* 22 [-0-]
2: 2 * 1 [-CH3]
3: 2 * 2 [>CHZ2]

Figure 15: Property Estimation - Text Result

The text output contains additional information — especially the list of groups from the automatic
fragmentation.

The table output

Result - Text ISRy ey|

& save Copy | Print | j¢ Clear | 2 Remove Error Lines

@ Save in ParameterDB ‘ @ Expart ko IMP | E Export ko PraSim . Fit -

Property |Meﬂ’10d |Resu|t |Unit |E1r|:|ort to Aspen? |Ex|:|ort to ProSim? |Used Data |C
Ic Wen/Qiang (Tb) 091.437 K DND DND BPT=383.85 K by DDB-FURE #
BET Lydersen 3g2.004 K [No i TC=591.70 ¥ by DDB-FURE 4
BET Gani/Constantinou 392.074 K Hne Mo

£ >

Figure 16 Property Estimation - Table Output

is more concise and allows to copy the result to a spread sheet program. Results can also be stored in the
DDB parameter data bank (ParameterDB) or as Aspen INP file (selected properties only).

Storing Results in the ParameterDB /

Eﬁave |Eg|:|_l,l |Erint |E?Elea[ | ¥ Remave Erar Lines |$Save it ParameterD B |@Ez-:|:n:|rt ko [HE
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» Close

Estimated Value Parameter Database Values

Recommended Value  [m] _

Value Recommended Value [m]

Store as
Cordes + |132
dditonal & Dataset Mumber
3582.074

parameter set Location: |Private DDB
161

COUNT |1 Store
. P replacing this 5 Cordes

oatclt |a parameter set 397.074

DateY | 2015 16l
— Ir COUNT 1

Method Gani/Constantinou LrE=L L
Source Artistis

Value

|Delete this parameter set 4 | = save

|@ Set Cumponent| | it Set Value |

| g Set Author | |@Add Cnmment|

Figure 17: Property Estimation - Storing Results in Parameter Data Bank
The dialog allows to replace or delete already stored sets and to add the current result as a new data set. It
also allows to alter some of the data set entries (Component, Author, Value, Comment).

This dialog only allows to store values in a private (customer) data base. The public datasets (delivered
from DDBST GmbH) cannot be modified or removed here.

The values stored in the ParameterDB will be available for fur-
ther calculations.

G70.00 K. by DDE-PLRE

E59.017 - by Arhigt38/ParameterD B /325

Storing Results as Aspen INP File %

Eﬁave | Egp_l,l | Erint | aé’lileal | » Remove Error Lines | @Save in ParameterDB | " Expart ko[NP
Artist can store

o C(ritical temperature, pressure, volume

o Normal boiling point

o Melting temperature

® Heat of formation
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e Acentric Factor
e UNIQUACTandq
Artist allows to export only single values of each property for a component. The result grid contains

check boxes which allow to select the values intended for export.

Result- Test Fiesul - Grid |

E Save Copy Erint gf Clear | % Remove Emor Lines @ Save in FarameterDE | 51 Export to NP

Froperty | b ethiod | Result ‘ It | Export to Azpen? | Jzed Data Compao

TC Wen/Qiang (Ib} 669.695 K Yes BET=429.25 K by DDB-FURE #DDE-

BET Lydersen 426.94 K Clwe TC=670.00 K by DDB-FUERE #DLE=
Gani/Constantinon 435.93 K

BET Ericksen/Rowley 440,135 K D Ho UNIQUAC R=4.02000 - by DDB-FURE #DDB=

£ ) >

Figure 18: Aspen INP File Export

Storing Results for ProSim Software
H 5ave Capy Frint | g¢Clear | 3 Remove Enor Lines
@ Save in ParameteiDB B Export to PraSim <%\
Artist allows storing the properties
«  Critical data (temperature, pressure, volume)
«  Normal boiling point
«  Melting temperature
+  Heat of formation

Artist allows to export only single values of each property for a component. The result grid contains
check boxes which allow to select the values intended for export.
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Fesult - Text  Result - Grid ]
& save Copy Elint af' Clear | < Remove Error Lines
@Save in ParameterDB | 5 Export to INP M Export to ProSim

Froperty | Method | Result | Lt | Ewport to Aspen’y | Ewport to ProSim? | Uzed D:

TC Wen/Qiang (Tb) 576,917 K [ No Yes BET=4(

BET Lydersen 418,936 K Yes (e TC=59:
Gani/Constantinou 423,455 K

BET Ericksen/Rowley 116,667 K [No (e UNIQUZ

3l >

Figure 19: ProSim Component File Export

See also chapter “ProSim Simulis Component File Update” on page 42 and following for updating
existing ProSim component files.

Temperature-Dependent Properties

" — |

For temperature-dependent properties like viscosities, densities, heat capacities and
others the input of a temperature range is possible if a single method has been select. Temp. Range
This function does not work for multiple models.

The dialog allows entering a start, an end temperature and a step width or, alternatively, - -- &
a list of temperatures which can also be copied and pasted.

The results of the prediction are all listed in the normal result grid.

r N i N
Temperature Range @ Temperature Range @
Calculate | X Cancel Calculate | X Cancel
! Temperature Hange ] Temperatures] Temperature Fange T emperatures ]
[k
Lower Limnit * Copy Eﬁk Paste
300. K Temperatures [K] |
.. 300
IIpper Limit
330. K 310
320
Step Width 230
5.
b 340
L e
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Result - Text  Fesult - Grid ]
Hsave Copy | ByPrint | g Clear | ¢ Remove EnorLines | & Save in ParameterDB

Property | tethod | Result | Unit | Export to Aspen? | Uszed Data Component | Uzed T | Un #
LIQDEN GCVOL 886.437 kg/m3 No T=260.00 K by User #DDB=25 Ethylbenzene 260.00 K
LIQDEN GCVOL 877.365% kg/m3 No T=270.00 K by User |#DDB=25 Ethylbenzene 270.00 K —
LIQDEN GCVOL 868.477 kg/m3 No I=2580.00 K by User #DDB=25 Ethylbenzene 280.00 K
LIQDEN GCVOL 859.767 kg/m3 No I=290.00 K by User #D Ethylbenzene 230.00 K
LIQDEN GCVOL 851.23 kg/m3 HNo I=300.00 K by User #DDB=Z5 Ethylbenzene 300.00 K
LIQDEN GCVOL 842.861 kg/m3 No I=310.00 K by User #DDB=25 Ethylbenzene 310.00 K
LIQDEN GCVOL 834.655% kg/m3 No I=320.00 K by User #DDB=25 Ethylbenzene 320.00 K hd
<) il b2

Figure 20: Result of a Temperature Range Prediction

For predicted vapor pressure data an additional dialog is shown with automatically fitted Antoine
parameters which then could be copied to the Windows clipboard or saved to the DDB parameter data

F ™
Antoine Fit E@ﬂ

» Close

Table |Diagram I

ER copy

TIK] |P [kPa] | P calc. [kPa] AB | P calc. [kPa] ABC
3000 4.03079 4.04417 4,03079
305.0 5.18214 5.13108 5.13214
310.0 6.59378 6.53475 6.59878
315.0 8.32699 &.30529 3.32698
320.0 10,4183 10,3996 10.4183
325.0 12,9299 12,9324 12,9299
330.0 159245 15.976 15.9245

- Cupyl E Private ParameterDDE |
|A=7.08956 B=1413.576 C=225.17 | Cupyl & private ParameternDB |

P [mm Ha] T [°C] 4" Export T/P to Aspen INP File | [¥ Write Antoine-ABC

Figure 21: Fitted Antoine Parameters
bank.
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16
13 ® Data Poirts
14 Antoine AB
= Antaine ABC
13
12
3
o 11
% 10
no 9
o
g
7
5]
5
4
300 305 0o 315 320 325 330
Temperature [K]
Figure 22: Graphical Result
The diagram shows the fitted blue line together with the estimated red circles.
Fit Prediction Results with Other Equations
Flesult - Text  Result - Grid ]
E Save Copy Erint gf Clear | ¥ Remowve Eror Lines
@5.3\#3 it ParameterDB Fit | =
Froperty | b ethod | Feszult | Unil Vapor Pressure o Pr
H VAP Rarey/Nannoolal 36.7558 kJ4 % Ideal Gas Heat Capacity

5 Heat of Vaporization

Predicted temperature-dependent data like vapor pressures, heats of
vaporization, heat capacities, etc. can be transferred to the program
“PCPEquationFit” (see separate documentation). This program allows
fitting of parameters to a variety of different equations.

Artist

Eguation
Ideal Gas Heat Capacity
Heat of Vaparization
[ DIPPR 106 Equation |
. Extended Watson
.. PPDS 12 Equation

Liquid Saturated Density

| iewiid Miensity
Figure 23: PCP Equation Fit
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Reaction Enthalpy
Calculate | 2

Calculate

Modify Domalski/Hearing Parameters

Reaction Enthalpy h

Activity Coefficients

Group Assignment

MOPAC

Search Components with Spedific Properties

GC-COSMO-RS(0I)

HE E %N 5 =2

GC-COSMO-5AC

»

Bldld|A W

2015

Artist allows to calculate the

reaction enthalpy from estimated and known heats of formation. The calculation dialog is called from the
'Calculate' menu — 'Reaction Enthalpy' or by the icon in the tool bar. The menu entry is only activated if
three of more structures have been drawn or loaded.

Reaction Enthalpy Calculation

PR

M Cloze |

Calculate Heat of Formations | ¥ Modifiable Groups

by Domalski’Hearing
Available Components

<8 Search Heat of Formations in DDB Databasel

Drag and drop components from one list to the other

Murmber | Dezcription | Mol Count

Mumber | Description | Comml Farmula | ralwieight | Heat of Fornation | State | tales |
#DDB=11 [DDE] Ethanal C2HB0 46.069 -234.49 k1fmol Gas 1
#DDB=84 [DDB] Acetic add C2H402  a0.053 -4356.06 k1fmal Gas 1
#DDB=174 [DDE] Water H20 18.015 0 k3/mol Gas |1
#DDB=21 [DDE] Ethyl acetate C4H802  88.106 445,79 kjmal Gas i1
Educts Products
MNumber | Dezcription | Mol Count

Heat of Form. [Educts] Heat of Form. [Products)

Reaction Erthalpy

Calculate Reaction Enthalpy | |

Calculating heat of formation finished.

Figure 24: Reaction Enthalpy Calculation

All components are listed initially in the “Available Components” grid. Three types of data have to be

provided.

Artist
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1. The heat of formation of the components — which can be estimated by the Domalski/Hearing method,
typed, or search in the Dortmund Data Bank.

Calculate Heat of Formations
by Domalzki/Hearing

2. The state of the component — liquid, gas, solid. This determines the result of the Domalski/Hearing
method.

3. The number of moles for all components.

The next step is the assignment of molecules as educts and products. This can be done by selecting the
component in the main grid and using the green and red triangle to add and remove them from the sub
grids or by drag and drop. If all data are available the button starts the calculation and displays the result.

Search of Heats of Formation in the Dortmund Data Bank

The button {8 Search Heat of Formations in DDB Database| starts a search in the pure component properties

(PCP) branch of the
Dortmund Data Bank H Search PCP Database for Heat of Formations l = | B |i3-]
for heats of formation = =
of the components in |(nmpnnent | Heat of Formation [1/mol] |State |T [K] | Literature | -
the reaction enthalpy = 11 Ethanol
dialog. B 2769810 2 Liquid 298.00  [6343]
Only a single heat of [ -235919.0 3 Vapor 298.00 [6834
formation can be ) [ -236940.0 3 Vapor 298,00 | [13191]
selected for a spec_:lﬁc [ -235099.0 3 Vapor 293.00 | [31232
component. The links —
the reference of the = 84 Acetic add
heat of formation. I_ -484507.0 2 Liquid 208.00 | [230]
r -484089.0 2 Liquid 298.00 | [6&93
[ -437353.5 458 Ideal Gas | 298,16 3100
| -437437.2 43 Ideal Gas | 300,00  [3100
r -441119.1 43 Ideal Gas  400.00 | [2100
[ -445763.3 43 Ideal Gas 600,00 | [9100
|_ -448775.8 45 Ideal Gas | 800,00 3100
r -450240.2 43 Ideal Gas | 1000.00 | [2100
[ -450700.5 43 Ideal Gas | 1200.00 [3100
r -450198.4 43 Ideal Gas | 1500.00 | [2100 .
i «f Usze Checked Heat of Formations X Cancel |

Figure 25: Search Heats of Formation in Dortmund Data Bank
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Activity Coefficients '
Caaie | 2 &% |80 o
Calculate Artist allows to calculate activity coefficients of binary
Modify Damalski/Hearing Parameters and higher mixtures with the activity coefficient models
a Reaction Enthalpy e original UNIFAC
¥ Actvity Coefficients § e modified UNIFAC (Dortmund)
# Group Assignment by e modified UNIFAC (Lyngby)
o MOPAC e ASOG
1}: Search Components with Spedfic Properties
GC-COSMO-RS(ol)
GC-COSMO-SAC
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2015

-
Calculation of Activity Coefficients

m@ﬁ

» Cloze

MHurmber | Remove?

| Deszcription

|Eomment |F|:|rrnula |MDI.Weight |Gn:|up3 |

1

S % ]

#DDB=11 [DDB] Ethanal
#DDB=84 [DDB] Acetic acid
#DDB=174 [DDB] Water

C2H60  46.069
C2H402 60.053
H20 18.015
C4HBOD2 88.106

1014 1002 1001
1042 1001
1016

1021 1002 1001

#DDB=21 [DDB] Ethyl acetate

Group Contribution bethod
mod. UNIFAC [Dortmund] | = |

Conztant Composgition
x1 [x2 |x3 |x4

Conztant Temperature

| i+ Maole Fractions
i Weight Fractions

Set Compositions
0 Paints

0.2 0.3 0.1 |0.4000

Temperature [K]

Temperature Range

Start End Stepwidth
Calculate | |298 | |323 | |5 | Calculate
x1 |x2 |x3 |x4 |T[I{] |Gamma1 |Gammaz Gamma3 |GarrJ
1 0.2000 0.3000 0.1000 0.4000 298 1.4084 1.0044 3.68629 1.32
2 0.2000 0.3000 0.1000 0.4000 303 1.3947 1.0066 3.6359 1.3
3 0.2000 0.3000 0.1000 0.4000 308 1.3798 1.0082 3.6058 1.30
4 0.2000 0.3000 0.1000 0.4000 313 1.3640 1.00%92 3.5729 1.30
5 0.2000 0.3000 0.1000 0.4000 318 1.3475 1.0099 3.5372 1.2%
6 0.2000 0.3000 0.1000 0.4000 323 1.3303 1.0101 3.4989 1.28
<« [ C
& Save Fesult | D:upy Fesult
y:

Figure 26: Activity Coefficient Calculation

The activity coefficient dialog automatically uses all components currently displayed and performs an
automatic fragmentation for the chosen model. The groups are shown encoded — e. g. “4002” means 4
times sub group no. 2.

Two calculation modes are available.
1. Calculate activity coefficients for a list of compositions for a constant temperature
2. Calculate activity coefficients for a list of temperatures for a constant composition

The results of the calculation can be saved as an Excel file or copied to the Windows clipboard.
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The | Set Compositions ‘ button opens a dialog where the composition can be specified.

i Composition Settings = | B |-

¢ Cloze

4 components.
|I:|:|nstant mole fraction RATIO far A2/34 ﬂ

#DDB | Ratio
2 )
3 2

Step wWidth [Mole Percent] Laower Limit  Upper Limit
5.0 0 100 |{ B Create Data Points |

x[ |xm@ [x@E x4 | i Clear
52 Cen|

0.0000  0.0000 1.0000

0.0500 | 0.0000 0.0000  0.9500 Copy
0.1000 | 0.0000 0.0000  0.9000

0.1500 | 0.0000 | 0.0000 | 0.8500 CR, Paste
0.2000 0.0000 0.0000  0.8000 O save

0.2500 | 0.0000 |0.0000 | 0.7500
0.3000 0.0000 |0.0000 | 0.7000 (= Open
0.3500  0.0000 |0.0000 | 0.6500
0.4000 0.0000 0.0000 | 0.6000
0.4500  0.0000 |0.0000 | 0.5500 5

“ ze These Data Points

Figure 27: Composition Settings

This dialog allows to keep some compositions constant or to set some composition in a specified ratio.
The other compositions are calculated as equally distributed points.

If the activity coefficients have been calculated at a constant composition a diagram with the temperature-
dependent activity coefficients is displayed.
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i Activity Coefficients E@g

» Closg ||%Qupy &Print

Temperature Dependency of Activity Coefficierts

36 'MJ

34
3.2

#D0B=11 [DDB] Ethanol

#DDB=174 [DDB] Water
#DDE=21 [DDB] Ethyl acetate

EUEURUEY

L]

Activity Coeficients
| S N A TR N I 4 )
[ M SN TR =

o e -
- b R oW @

= = = =
) = ) = et =

300 305 30 iy b 320
Temperature [K]

® 323 y: 34089 '#DDB=174 [DDB] Water 4

Figure 28: Temperature-Dependent Activity Coefficients
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Search for Components with Specified Properties

Artist can use the built-in models to search for
components with specified properties.

The current version is limited to models estimating non-
temperature-dependent single values like the critical
temperature or the normal boiling point.

The dialog is very similar to the normal calculation dialog.
The left pane contains a tree with properties at the top and
the models list in the second level.

A search is only possible for a single model at a time and
it needs the specification of a wanted value and a
deviation either in absolute values (e. g. Kelvin for normal
boiling points) in percents.

Calculate | ?

Calculate

Modify DomalskiHearing Parameters

Reaction Enthalpy

Activity Coefficents

Group Assignment

MOPAC

Search Components with Specific Properties [k

GC-COSMO-RS(0I)

GC-COSMO-5AC

Maodel {none selected)

[ Critical Temperature

> -8 Critical Pressure

b ' Critical Volume

[ ' Mormal Boiling Point

[ ' Melting Temperature

[ ' Heat Capacity of Liquids at .
[ ' Energy of Vaporization

[ ' Entropy of Vaporization

[ ' Enthalpy of Fusion

[ ' Gibbs Energy of Formation

Wanted Valuz [n.a.]

1=} Start Search
Restrict search to component list

Mo restrictions

Allowed Deviation [%] Allowed Deviation [n.a.]

1=} Start Search

Open Companent List | | Mo Restrictions | | Create/Display/Modify

b ' Heat of Formation
[ ' Standard Heat of Vaporizati

[ ' Heat of Vaporization at Th
I ' Acentric Factor

B copy [ save §

b Print | i Clear

> - Liquid Density at 20°C

#DDB | Component Name |Property |Estimated value |unit |

[ Liquid Volume at NP

[ ' Liquid Molar Volume at 298K
> -Ef Upper Flammability Limit
- Water Solubility of Solids
- Water Solubility of Liquids

[ ' Water Solubility of Gases

b ' Octanol-Water-Partition Coe
[ ' Domalski/Hearing

> - UNIQUAC by UNIFAC Group
[ ' Topological Indices

L

< RN 0 component/s

The search can be restricted to a component list which can be created in the other DDB software

(Component Selection program).

The software works through the entire component list and tries to estimate a value for all components
stored in the chemical structure data base (more than 35000 structures).

Artist
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A typical result looks like

2015

Results l
ERcopy [Hsave Eyprint | #Clear

#DDB |Cumpunent Hame | Property | Estimated Value | Unit | ~
a0 Decane BFT 4436, 544 K —
a1 Acetic acid cyclohexyl ester |BPT 443,071 K

138 Phenol BFT 440.863 K

158 Tetrahydrofurfuryl alcohol — |BPT 445,78 K

236 4-Hydrowy-2-butanone BPT 445,567 K

341 2-Methylcydohexanal BFT 441,228 K

354 1-Decene EPT 445,736 K A
8 components -

A normal boiling point of 444 K has been search

and the lowed deviation was 1%. The model was

-
i Search for Components with Given Properties I.ilﬂléj
» Close
@' Critical Temperature - Cordes/Rarey
@' Critical Pressure i
Iﬁ' Critical Volume Wanted Value [K] Allowed Deviation [%%] Allowed Deviation [K]
=8 Normal Boiling Point - 1
----- ¢ Cordes/Rarey
----- t RareyManncolal I} Start Search [} Start Search |
----- Stein/Brown -
_____ g Devoﬁamao = Restrict search to component list
----- % Joback Mo restrictions Open Component List | Mo Res
..... @ GVS
----- &y GanifConstantinou
----- i Marrero/Pardillo Results l
----- % MarrerofPardillo (Simple ¢l - o .
----- Marrero/Pardillo (Simple ¢ Eﬂli"r' E ZTE E”nt gé‘clea[
""" § Palatinus et al. #DDB |Cnmpunerlt Name Property |Estimated *
----- ¢ Huang/Dong/Zhang/Li/zh po p— PP ]
[ﬂ---lﬁ' Melting Temperature ST ! b
[3---@' Heat Capadity of Ligquids at 2! a1 Cydohexyl acetate BFT 443.071
- Energy of Vaporization 138 Phenol BFT 440,863
[+-[E Entropy of Vaporization
[ﬂ---% EnhaT:y GFFLIJ::'lﬂH 158 Tetrahydrofurfuryl alcohal BPT 445,78
[ﬂlﬁ’ Gibbs Energy of Formation T AHudrnvw-2-hotannne RET 44 CRT
L [
[EI---I@' Heat of Formation - el
p |-T| b 152 component;s
Working on component 6962 of 40779

“Cordes/Rarey”.

Artist
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Calculate | 2
MOPAC, Tinker, RasMol Calaulate

We can distribute neither MOPAC nor Tinker and Modify Domalski/Hearing Parameters
RasMol. The user has to download the programs from the
Internet. All these programs are freely available (MOPAC
at least up to version 7).

Reaction Enthalpy

Activity Coefficents

Group Assignment

MOPAC

Artist can use MOPAC for some calculations and for
structure optimization. Artist has been tested to work with
MOPAC version 7, the last freely available version.

MOPAC %

Search Components with Specific Properties

HE % 5=

GC-COSMO-RS(00)
GE-COSMO-5AC
i morac O | B |
» Cloze D:npy Erint
MOPAC | TINKER | Raswin |
MOPALC Location Semi-E mpirical Hamiltonians kinimumm Search Algorithm
DivProgrammetDDBSP201 40Pl ] 0 AM1 " SIGMA
 MINDO/3 f* Eigenvector Following [EF]
,f Run " MMDO-PM3 "~ Bartel's method [MLLSQ)
~ MMNDO i~ BFGS
Gradient Marm
01 Hartree-Fock Hamilkonian Geometry Optimization algonthm
f* Restncted f* Broyden-Fletcher-Goldfarb-Shanno
" Unrestricted " Davidon-Fletcher-Powell

MOPAL Irput File ]

CHRRGCE=0 GMNOBRM=0.l1l BONDS GEO-OE VECTORS DEMSITY -
§DDB1lel CASE

- 4.321 1 2.08 1 a1
- 4.321 1 4.821 1 a1 =
C Z_988 1 5.391 1 a 1
C Z2_49g8 1 &.931 1 a1
C 4_ 321 1 T7.701 1 a1
C 5.855 1 &.5931 1 a1
C 5.855 1 5.291 1 o1
H 4.221 1 1.54 1 o1
H 5.785% 1 2.554 1 01 kT

Figure 29: MOPAC Interface Dialog

Since MOPAC is a standalone program, the first step for using the program is defining its location in
Artist.

Artist does not much more than writing a MOPAC compatible

MOPAC Locati . . .
peatn - 4 molecular structure file (shown in the dialog), calling MOPAC

kAL 2008 mopac. exe
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by command line and presenting the results. For a description of the different options please use the
MOPAC manuals.

The button ¢ Use Coordinates | allows to load the coordinates generated by MOPAC.

Tinker

MOPAC  TINKER | Raswin |

Tinker "Minimize" Location Tinker Parameter File Location
E:%ProgrammeTIMEE R \binhminimiz 1} E:%ProgrammehTIMEE R \pararmsmm 1}
v Run

|1z Coordinates

Tinker is a molecular mechanics programs used in Artist for generating 3D structures. The location of the
“minimize.exe” program and the location of the “mm3.prm” have to be specified before Tinker can be
used.

The button %+ Use Coordinates | can be used to read the coordinates generated by Tinker.

RasMol

MOPAC | TINKER  Raswin |

R agwin Location %
F A 2008 aswin, exe I

& Fiun

RasMol is a rather simple, but free, display program for chemical structures. Before first use the location
of the program has to be specified.
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Model Quality

Artist contains information on mean deviation for different models estimating normal boiling points,
critical temperature, critical pressure, and critical volume.

[ 8 TC Models Deviation = | 5 e |
¥ Close | ERCopy | &ShPrirt

Component : Toluene =
DDE Mumber 161 L4
Hydrocarbons (annotated HC) [1] AAD Component Count  Quality
All companents that belong to a Hydrocarbon Filker
Ambrose 306K 134 Excellent
Rarey,Manoolal 35K 141 Excellent
Somayajulu 4.86 K 141 Good
Wen/Qiang(Th) 4,99 K 124 Good
Joback 5.68 K 141 Good
Lydersen 6.36 K 141 Good
MarreroPardilo 7.06 K 123 Good
Klincewicz Reid 742K 141 Good
GanifConstantinou 10,25 K 142 Unreliable
Chein-Hsiun_Tu 13.55K 143 Unreliable
Daubert 14.29K 140 Unreliable
Wen/Qiang 14.55 K 126 Unreliable
Aromatic HC [&] AAD Component Count  Quality
All components that belong to a Aromatic
Hydrocarbon Filter
Ambrose 3.83K n Excellent
Rarey/Manoolal 407K 37 Good
Somayajulu 4,69 K 37 Good
Lydersen 6.496 K 37 Good
Jubi:k 6.89 K 37 Good o
1 F

Figure 30: Quality Data Bank
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The quality dialogs can be called either by the Q@ button from the main dialog or by the £ Dualty

button from the calculation dialog.The data bank contains quality information for component classes. The
current atom is assigned to these classes and the stored information for the appropriate component
classes. The component classes are organized hierarchical. There are comprehensive classes like
“Hydrocarbons” and more detailed classes like “Aromatic Hydrocarbons”.The AAD (average absolute
deviation) is given in Kelvin, the “Component Count” column displays the number of tested components
and the “Quality” column gives a (quite arbitrary) comment on the quality.
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COSMO-RS o-Profiles

Calculate In a new publication® a group contribution method for
= creating COSMO-RS o-profiles (“Surface Charge Density
Modify Domalski/Hearing Parameters Profiles) and cavity volumes for COSMO-RS(OI) has
been developed.

a Reaction Enthalpy
- i Additionally to the published method for COSMO-RS(OI)
Acti Coefficents . .
¥ Actvity Coefficen a second method for COSMO-SAC is already available
#  Group Assignment but not yet published.
o7 MOPAC Artist allows the creation of o-profiles by these two new
i methods.
I'=i Search Components with Spedific Properties
GC-COSMO-RS{00) I
GC-COSMO-SAC

The result dialog display three different output pages. E—— —r %)

1. The o-profile diagram. For COSMO-RS(OI) X cee
two lines with 80 intervals are shown. The ooosn [1ave | s
.. . . L. B Copy EMF B Copy BMP
additional line contains charge densities
covering hydrogen-bonding. COSMO-SAC 11

only uses 50 intervals and no separate .
hydrogen-bonding profile.

2. The second page contains the table with the
actual data. This table can be saved to a file in
a format usable by DDB software.

o = M oW oe o om o~ om

3. The third page shows the groups found in the

current molecular structure.
@30

Charge L Sigma P ?

F igure 31: o-Profile

2 Mu T, Rarey J., Gmehling J., "Group Contribution Prediction of Surface Charge Density Profiles for COSMO-
RS(O1)", AIChE J., 53(12), 3231-3240, 2007
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ProSim Simulis Component File Update

Artist can load and update compound definition files used and created by the ProSim® Simulis process

2015

rﬁ ProSim Simulis Pure Component Data File I. = | =] ﬁr
o Exi = Open Simulis ComponentFile | [ Save Simulis Component File
Update Values -.E IUpdate Group Assignments

Property | Quantity Value | Unit |
CompoundMame ETHAMNOL
CasRegistryMumber 64-17-5 (#DDB=11)
ChemicalFarmulaList 0=C2HB0
ChemicalstructureList modified UNIFAC (Dortmund, 1933) | 0=[CH3] 1 [CHZ] 1 [OH{p]] 1

original UNIFAC 1=[CH3] 1[cHZ] 1 [OH] 1

PSRE UMIFAC 2=[CH3] 1[CHZ] 1 [OH] 1

LLE UMIFAL 3=[CH3] 1[CHZ] 1 [OH] 1

modified UNIFAC {Dortmund) 4=[CcH3] 1[CHZ] 1 [0H (F)] 1

modified UMIFAC (Larsen) 6=[CH3] 1[CHZ] 1 [OH] 1

PPR7S 7=
Omega 0.643558
Ri 2,1055
Gi 1.972
Maolar Mass Maolar mass 45,0684 g fmol
Melting Temperature Temperature 159.05 kK
Mormal Boiling Point Temperature 351,44 K
Critical Temperature Temperature 514 4
Critical Pressure Pressure 60.5675 atm
Critical Volume Maolar volume 168 cn3fmol
Heat of Formation (Vapor)  Maolar enthalpy -56, 1544 kcal fmol

Figure 32: ProSim Simulis Component File Update

simulation software. The component identification relies on the CAS registry number. If a CAS-RN is not
specified in the ProSim component file the assignment will fail.

3  ProSim Web Site (http://www.prosim.net)
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A ProSim component file contains some basic properties that Artist can add or modify. The list of proper-
ties are

1. Groups assignments for

1. original UNIFAC

2. modified UNIFAC (Dortmund)
3. PSRK

Acentric factor (Omega, ®)
Volume and Surface for UNIQUAC
Molar mass

Melting temperature

Critical temperature, pressure, volume

NS kv

Heat of formation of gases

Updating Group Assignments

:-.E |Ipdate Group Assignments

After selecting one of the three supported models

rﬁ Select Group Assignment S5cheme l — | (5] |i3-r

W Cancel | By Other | Fview =

ox Lx Lx

LMIFAC.INE LMIFACDOIME LUMIFPSRE.INK

Figure 33: Group Assignment Scheme Selection for ProSim Component File Update
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Artist shows a dialog with the groups assigned to the component's molecule.

ﬁ Group Assignment Result = | (S| —

» Close Qop_l,l Pure Test Copy Rich Text Erint ﬁz Group Editor | @ =» ProSim

Moleonle Description
#DDE=11 Ethanol
Comment :

CGroup Assignment
Method: UNIFAC.INKE

Group assignment was successful and complete

Subgroup number: 14 Maingroup number: 5 Groupname: OH
Atoms: 2 in 1 Group

Subgroup number: 2 Maingroup number: 1 Groupname :
Atoms: 3 in 1 Group

Subgroup number: 1 Maingroup number: 1 Groupname : CH3
Atom=s: 1 in 1 Group

CHZ

DDE Encoded Group List:
3 1014 1002 1001

List of chains
3 membered chain found. Atoms: 1 3 2

Figure 34: Group Assignment Result for ProSim Component File Update

The button “ gy -, progim  * in the toolbar o

»

. Close Q:.p_u Pure Text Eu:up_l,l Rich Tesxt Erint %?_Gruup Editor | @8 => ProSim

will close the group assignment result dialog and enter the obtained groups in the component dialog.

Update Values

|Ipdate Values

This function opens the standard Artist calculation dialog (see chapter “Estimation of Properties” on page
21 and following).

The result grid contains an additional column “Export to ProSim?”

Artist Page 44 of 58



DDBSP - Dortmund Data Bank Software Package

Fesult - Text  Result - Grid |

Hﬁave | Egp_l,l | Erint | y[ﬁlea_r | < Remave Erar Lines | @Save in ParameterDB | @E:-:polt to IMF | M Export to ProSim

2015

Froperty | Method

IC
IC

* [l

Alvarez/Valderrama (w/0 1Jomer cCoOrr.)

Wilson/Jasperson
Wen,/Qiang

Wen/Qiang (Ib)

Ambrose

Rarey/Nannolal (est.Th)
Barey/Nannolal ({given Thb)
Chein-Haiun Tua

Daubert

Lydersen

521.429
522.691
514.629
528.409
512.5%92
495,984
523.34
490.2
508.182
521.349

EAEREREREREREREREY =

Export to &zpef? | Export to ProSim?

|_I-ID
I_Nn
I_Nn
I_I-ID
I_Nn
I_Nn
I_Nn
|_I-ID
I_Nn

|_I-I|:r
I_ND-
I_ND

FYEEI

I_ND-
I_ND-
I_ND
|_I-I|:r
I_ND-

351.45 K 1
351.45 K 1

351.45 K 1

351.45 K 1
351.45 K17

Figure 35: Property Estimation for ProSim Component File Update

where a single line for every property can be selected. Only supported properties can be selected.

The button “ M E:port to ProSim

Store Component File

The ProSim component saving routine

E Save Simulis Component File

“ will enter the selected value in the ProSim component dialog.

always asks for a file name. The previously loaded file is preselected and can be used to overwrite the old

file.
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Appendix

File Formats
Artist allows to store four and read four file formats. Readable formats are
1. The proprietary DDBST format with the extension “.CTC”.
2. The MOL format “.MOL” defined by MDL Information Systems (http://www.mdli.com/).
3. The Tinker “.XYZ” format.
4. The COSMO formats from Gaussian and Turbomole

Writable formats are
1. The proprietary DDBST format with the extension “.CTC”.
2. The MOL format “.MOL” defined by MDL Information Systems (http://www.mdli.com/).
3. The MOPAC-Z format

4. The Gaussian “.gjf” format.

The format of the MOL format can be obtained from MDL
(http://www.mdli.com/solutions/white papers/ctfile formats.jsp).

The CTC File Format

The CTC format is specially designed to match the requirements of the program Artist with respect to
storing molecular structures. It is a simple tagged format in pure ASCII. It can be viewed and edited by
simple text editors.

The program uses the following tags:

Tag Description
#ATOMS list and description of atoms in the molecule
#BONDS list and description of bonds between the atoms
#CAS CAS registry number of the component

#FORMULA empirical formula of the component

#ENAME English name of the component

#TIME file creation time

#PROGRAM program the file was created with

#COMMENT comment
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Tag Description

#FILE original filename

These tags start blocks within the file. Blocks are ended by another tag or the end of file. There is no
special order in which the blocks must appear.

#ATOMS

This block contains a list and description of the atoms in the molecule. Hydrogen atoms can be included
or may be omitted. The first line must contain the number of atoms in the molecule. The following lines,
one for each atom, contain the following entries separated by at least one blank character:

+ X-, y- and z-coordinate (Cartesian).

« Atomic symbol. Only symbols from the standard periodic system of elements (PSE) are allowed.
Functional groups like COOH or NO2 are not legal entries.

+ Charge or radical. The following predefined numbers are used to encode the different types of charges
or radicals:

« 0 — no charge, no radical
+ 1 — charge +3
« 2 — charge +2
« 3 — charge +1
+ 4 — radical
+ 5 — charge -1
« 6 — charge -2
« 7 — charge -3
The same way of encoding is used in mol files by MDL (Molecular Design). Additional number are
« 13 — charge +4
« 12 — charge +5
« 11 — charge +6
« 15 — charge -4
« 16 — charge -5
« 17 — charge -6
- mass differences to the most common isotope to specify different isotopes.

« chemical environment. The following environment are defined:
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- K — aliphatic chain ( German “Kette” means chain)
« R — aliphatic ring

+ A — aromatic system

« N — non-aromatic neighborhood

« C — aromatic or ring (cyclic neighborhood)

- * — not specified

molecule number (a ctc structure can contain multiple structures)

#BONDS

This block contains a list and description of the bonds between the atoms. The first line must contain the
number of different bonds, double and triple bonds are counted as one bond. The following lines, one for
each bond, contain the following entries separated by at least one blank character:

atom counter of the first atom.

atom counter of the second atom.

bond multiplicity (1 — single bond, 2 — double bond, 3 — triple bond)
bond orientation allows simple coding of stereo chemistry.

+ 0 — not specified

« 1 —inplane

« 5 —in front of plane

« 6 — behind plane

chemical environment in format %c. The following environment are used:
« K — aliphatic chain

- R — aliphatic ring

« A — aromatic system

« N — non-aromatic neighborhood

+ C — aromatic or ring (cyclic neighborhood)

« * — not specified

#CAS

This block contains the CAS registry number of the component.
#FORMULA

This block contains the empirical formula of the component.
#ENAME

This block contains the English name of the component.
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#DATE

This block contains the file creation date. The format is (day. Month. year).
#TIME

This block contains the file creation time as the only entry. The format is (hour: minute: second).

#PROGRAM

This block contains the name of the program the file was created with as the only entry.
#COMMENT

This block contains comments in free format (single line)

#FILE

This block contains the original filename.

Examples:

The following examples illustrate the use of the ctc format.

Ethanol (hydrogen atoms omitted)

2015

#DDB

11

#DATE

20.6.2000

#TIME

19:50:59

gATOMS
87.97 35 0 c 0 0* 1

35 42.93 14.03 o 0 0 * 1

65.88 48.36 23.63 ¢ 0 O0* 1

#BONDS

2

1 3 1 1+*
2 3 1 1+*

Ethyl benzene (hydrogen atoms included)

#DDB

25

#DATE

20.6.2000

#TIME

19:53:30

#ATOMS

18
149.4 59.29 41.23 ¢ 0 0 * 1
68.11 116.3 31.62 H 0 0 * 1
171.1 113.6 93.87 ¢ 0 0 * 1
224.4 82.79 44.89 ¢ 0 0 * 1
238.7 131.1 93.24 H 0 0 * 1

35 126.7 77.62 H 0 0 * 1

92.86 98.73 125.6 H 0 0 * 1
68.21 124.8 65.88 ¢ 0 0 * 1

Artist Page 49 of 58



DDBSP - Dortmund Data Bank Software Package

2015

200.3
257.4
192.2
163
124.6
77
138.9
213.9
84.01
92.8

#BONDS

18

=

[y
OWR O A AWRH A

10
13
9
12
11
17
2
6
16
15
5
1
15
18
18
3
7
14

RPRRRPRRNNRRENRRRRPRR R R

RPRRPRRPRRPRRRPRRRPRRRRRR

35
80.93
56.86
135.4
39.28
58.97
87.63
111.1

156
90.24

0
33.24
26.11

120
26.76
87.07
75.1
78.76
70.2
91.39

NINNIIINIIT

OCOOO0OOOOO0OO0O

OCOOOOOOOO0O

RRRRPRRRRRR
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