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Introduction

Artist is a tool for editing molecular structures and estimating thermo physical and transport properties
from molecular structure directly. Artist contains a structure data bank (ChemDB) currently containing
over 19000 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 num-
ber 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

X|bDsa B & &g 485 &8 #loo BmmEPR ¥
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S Al i Tool Bar

Fragment
Management

Connection
to DDB

Calculations

ol \eights 92,141  Stpdctures: |1 Symbol Index: 7

7 Atoms: 7 Formula: |(C7HS

Bionds:
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K Model Rotation

Quality Scaling

Artist is a typical example for a multi-document program contain multiple drawings in a parent win-
dow. 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

9 @y @ 0§ | P

P B 5 %

X

e Chrl+M
CIpEn thrI+0
Close l’t"l‘trI+F4

Load Structure from ChemDE. ..
Save Structure in ChemDE. ..

Delete Structure in ChemDE. ..

Load Component Lisk

Load MCI Component

Append ko Campound Definition File

Save as... Chrl+4,
Erint Ckel+P
Print Setup. ..

Exit Akt
Recent Files

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
the structure data bank. If the data bank already contains a struc-
ture a dialog will be displayed for either replacing a structure or
adding the new structure.

Ko Structures Already Stored

Replace Thiz A
H H gﬂ: Append
H @ Er

M Carcel

H Replace Thiz
H A H

H QJ\B[
H

3 o

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 dia-
log for obtaining the component's DDB number because the structures are indexed (main index) by this
component number.
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4. Structures Already Stored

M Cloze

Delete This

X Cancel

H Delete This
H_ e H

H’NJ\ B %
H

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 load-
ed and displayed in a new drawing window.

4 Component Numbers E| @| E|

10150 b

=0 Display Al | [

Figure 3: Component List
Load NCI Component: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.

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.
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Hew Component
Current Component Count

Privake Component List: (170

Public Component List; (20729

Mew Component

English Mame

e MNarne

Alkernative Mame (German Mame?)
Meuer Marme

CAS Registry Code

Eormula

_aHSEr

Molecular Weight
157,010

x)

x Cancel

3, Append to Private List

g«: Append to Public Lisk

Maximum 127 characters per name

5

Max, 31 characters

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 struc-

ture data bank.

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.
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Y Plot Print Preview

‘ » Cloze %Erint ‘ H Firzt Fage 4 FPrew. Fage F MHewtPage M Lazt Page

B[(=/e3

— Optionz

-]

Change Selected Font

Reset Selected Font

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 »

Hydrazin

kinketFile h

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

r‘\‘}
Gaussian”osmoCutputFile #DDE=249)
WT2005-0030

Gaussian”osmoCutputFilel #D0DE=172)

Clear Lisk
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The Edit Menu

Edit | Yiew Window Calculate 2

7 Undo Chrl+Z
Cd Redo Chrl+
Cut Chrl
Copy ChrliC
CE paste Chrl+y
i Clear Shift+AlE+EKSp
Copy as Metafile

Options. ..

Shove Molecule as CTC

Showe Molecule as &I Fragment

Search in MCI DB (Fingerprink)

] Search in ChemDE as Subskrocture
D%B Search in ChemDE (Exact Matkch)

W Search In NCI DB (Exact Match)

usable for the automatic fragmentation algorithm.

Search in ChemDB as Substructure: This function allows to
search the molecular structure data bank for components con-

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

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

Options: Displays a option
dialog.

Show Molecule as CTC:
Displays the current struc-

ture in CTC format (see de-
scription in appendix)

Dptiun'-&

[v Fixed Bond Lengths |35 Foints

[v Fixed Bond &nglez |5 |+ Degrees

Show Molecule as Al [ Show Carbon [ Show Hydrogen
Fragment: Displays the
current structure in a format A Font Selection |

Caricel |

taining the current structure as substructure. Figure 6: Options
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+ Substructure Search Result

FOMOOENZENE

EEX

: o-Bromonitrobenzene
03
Q00 :

1129:

1384 :

1385:

1386:

1403 :

1404 :

1410

1411:

1412:

m-EBromoni trobenzene
p-Bromonitrobenzene
Bromopentaf luorobenzene
2-Bromotoluene
3-Bromotoluene
4-Bromotoluene
o-0ibromobenzene
m-01 bromohenzens
o-Fluorobromobenzene
m-F 1uorobromobenzene
p-Fluorobromobenzene

Load Structures

& Save as List

" Check &l

) Uncheck &l

@ Stop Search

Testing Comp. 1620

|24

Figure 7: ChemDB Substructure Search
Search in ChemDB (Exact Match): This function allows to search the structure database for exactly
matching structures.

4 Component List

EBEX

Show? |#DDB |Fnrn1ula |Name |
Z6 CeHSEr EBromohenzene
yhﬁelect ¥ Cancel

...... e

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.
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The View Menu

@& & G

Wig | Window  Calculate 7

Drawing Tools
Menu Shorkcuts

RotateMove/Size

Pure Component Databank Entries
Mixture Properties Databank Entries

Compound Definition File Entries

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.

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 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 entries (like names, formula, CAS registry number)

The Window Menu

419 08 4F

Window | Calculate 2

Cascade
Tile Yertical

Tile Horizontal

Rlexck Windov F?

Previous \Window F3

Arrange icons
Minimize 2l
Close all

Close all windows Except Current

1 #DDB=26 Bromobenzens

Z #DDE=6755 Raffinose

The Window menu contains the standard Windows functions
for windows like arrangement, switching to the previous and
next window, closing all or some windows, and a list of all win-
dows.
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The Calculate Menu

Caleulate | 2 Calculate: Display the calculation dialog — see details in
Calculate Estimation of Properties chapter.

Modify DomalskifHearing Parameters

Reaction Enthalpy

Ackivity Coefficients

&
Y
:-.E Graup Assignmment
i

MOPAC

Modify Domalski/Hearing Parameters: Displays a dialog where group contribution parameters for
the Domalski/Hearing models can be modified. Please

A Modify Hearing/Domalski Parameters
W Close | [HlSave | [ Beopen

Search

1}: Firat | 1}: Mext ‘ ];}-: Prew. |

Type 1117, for 'not avaiIFl:uIe'

Dezcriphion hf_gaz cpll_gas z0_gas l'Tihf_liquiu:l | cpl_liquid | =0_liquid hf_zolid
C-(H)2({C) 2L.732 127,32 -47. 61 356,48 833 45 .74 —

C-{H)2({C)Z ; chain —Z0.e32 zZ.g28 259.1e —-ZE.72 20.4E 2Z.38 —-Z9.41

C-{H}iC)3 ; chain -1.17 E0.08 -E3. & -4._77 z1.38 -£3.85 -]

—CH3 corr i(tertiary) —Z.286 a -£.1%8 a —£.34

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.
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Drawing Structures

; Selection of atomic symbol

s //? ///// Drawing tools (single bond, double bond, triple bond, wedges, dimethyl group,
. benzene, methyl benzene, trimethyl group, carboxylic acids, aldehydes, nitriles,
G oY isopropyl, tert-butyl, sulfonate, alkyl chains, nitro, glycol chains)
0 gV
—QE —’Eﬂ ~(=N
g
=0

WM-N:\D

NI

e =] Rings

N Delete bonds and atoms
\\{g‘{ Delete all hydrogens
M Add hydrogens including a simple coordinates generation
— + Charges (minus, plus, radical, none)
. 0

After creating a new drawing windows (by File-New or D ) an empty sheet is displayed.

File | Edit  wiew ‘window Calculate 7

[ Mew k. ChrlH

= Ooen... il Chrl+C
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
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.
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The bond itself follows the movement of the mouse while the left mouse key is kept

down. When \ releasing the mouse key while the mouse pointer is outside the initial green
box Artist fixes the bond.

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 fol-
lows the mouse movement. The other fragment parts are defined by the position of this atom pair and
their bond.
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Fragment Management

Artist allows to use drawn structures as fragments.

>~k
s

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
L}a structure using the

fragment

BL Save fragment to disk (“.FRA file)

B- Load fragment
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Drives
|B= d: [abrakadabra] = W 0K X Cancel |

Directarnies Filez

O wwpics

o 1114101

£ AdvantageD atabazeT est

77 Anzchreiben 2001 bl

Filermaszk File
| Fragment Files (% fra) ﬂ |E xarmple.fra

v
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Automatic Group Assignment

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

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

ment schemes separately for each model.

The automatic group assignment can be called from the Calcula-

tion menu or by the icon from the tool bar.

Group

{ Assignment

a2

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

—

Calculate | 2

Calculake

Modify DomalskifHearing Parameters

Ackivity Coefficients

e

Group Assignment

e

MOPAC

+. Select Group Assignment Scheme

‘Jiew

oY

BERSOMCIS.INE

Y

BEMNSOMCDINE

¥ Cancel Other
ACBOIL.IME AMBROSE.INK
ASOG.IME BASAHETE.IME

-

ANDERSOM.IME

BASAROWA MK

CHEIM.INK,

AROMAT.LST

Y

EEMSOM.IME

Y

CHUESWAINE,

A typical result for the fragmentation of bromo benzene by the UNIFAC model is shown here:
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ta Select Group Assignment Scheme [Z”E|E|

BZSelect | ¢ Cancel Other "v"iew -

TU_WaP MK

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 in 1 Group

Subgroup number: 10 Maingroup number: 3 Groupname: AC

Atoms: 2 in 1 Group

Subgroup number: 9 Maingroup number: 3 Groupname: ACH

Atoms: 3 4 5 6 7 1in 5 Groups

DDB Encoded Group List:
3 1064 1010 5009

List of rings
6 membered aromatic ring found. Atoms: 2 3 4 5 6 7

-
o

7

l I
I&FI\G

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
(“STOFFEditor”). The “3” determines the number of different groups, “1064” means 1 time the group
number 64 , “5009” means that group 9 [ACH] has been found five times.
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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 sup-
pressed if no such structural part are present..
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Estimation of Properties

Calculate | 7

Calculate [

[odify DumaI:k%IHearing Parameters

Reaction Enthalpy

T Ackivity Coefficients
&

Group Assignment

o MOPAC

Artist was originally designed for the estimation of pure compo-
nent properties using group contribution methods, Artist now
contains several dozens of different estimation methods. A list of
models together with the references can be found in the ap-
pendix.

The calculation dialog can called either from menu or from an
icon in the tool bar.

’31!3.{‘}’

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.

% Calculation Methods Form - #DDB=26 Bromobenzene
¥ Cloze Calculate

Selected Methods ~ "
Literature
- g Critical Temperature @

@" Ambroze

@" Rarey/Mannolal [est. Th)
Iﬁ" Farey/Mannalal [given Tt
Iﬁ' Cheir-Hziun Tu

Iﬁ' [ aubert

Iﬁ' Lyderzsen
B Klincewicz/Reid

Joback
@" obac| O save

@" Gani/Constantinou

Additionally needed properties._.
Marmal Bailing Paint [I% 42925 K by DOE-PUURE -

@' Somayajulu Fiesult - Text  Fesult - Grid ]
Copy Elint af Clear | ¥ Remave Ermor Lines @ Save in ParameterDB

[uality ‘wWen/Qiang [Th]

-

@' Critical Pressure

@' Critical Yolurme

@' Marmal Bailing Point

@' Freezing Paint

@' Heat Capacity of |deal Gazes
@' Heat Capacity of Liquids

@' Heat Capacity of Liguids at 2¢
@' Energy of % aparization

B F by nf Yanrizatins ¥

A5 -[H-F-E-E-E-E-E-E

@'Manemx’?aldillo Froperty | Methad Fesult rit | Export to Azpen? | Uzed Data | Component

WMen/Qiang 659,017 E Mo #DDE=26 Bromobenzene

Figure 9: Property Estimation

The branch “Selected Methods™ can be used to collect methods from different properties branches. This
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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 RareyiMannolal (given Th) to "Selected Methods" List

Add all Methods ko Selected Methods Lisk
Append Meeded Properties with Methods

Artist allows to calculate properties by single meth-
ods and by all methods for a property. If the proper- = :

. . ; Ericksen/Rowl
ty line is selected all methods are calculated in a IE”CESEP;HDMEJ" g |::|:|:.F=E" =
row. If a single method is selected only this single ) B FareyNannooll
method is used. B 1 darean

r'-ll:!rr|'|-5|| B oiling Point = Iﬁr Mormal Boiling Point

Some methods need additional input besides the structural information. The list of additionally 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).

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

The text output

Result - Teut | Result - Grid N

Eﬁave I:gp_l,l Erint E'*?Elea[

Molecule Description ~
#DDE=2z6 Bromobhenzene
Contoent :

Critical Temperature hy Wen/Qiang: 659,017 K

T Groups
1: 1 # 114 [(=C<)C]
2: S5 % 113 [(=CH-)]
K- 1 # 215 [-EBr]
4: 6 % 206 [(=C<)C]
T Z % 300 [(=C<)C + [=C<)C]
' 1 # 301 [(=C<)C + -Br]
T 10 * 302 [[(=CH-)C + (=C<)(C]

Figure 10: Property Estimation - Text Result
contains additional information — especially the list of groups from the automatic fragmentation.
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The table output

Fesult - Text  Hesult - Grid ]
[ save Capy Erint g{’ Clear | W Remove Enar Lines @ Save in ParameterDB

Froperty | bMethod Result nit | Expaort to Azpen? | Uzed Data Compatient
Wen/Qiang 659 [ { #DDE=26 Br

EPT Lyderzen 476,94 E [we TC=670,00 K by DDE-PURE #DDE=26 Br

EPFT Gani /Constantinou 435,93 K D Mo #DDE=26 Br

*

<

Figure 11: 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 /

E Save Copy Erint gf‘ Clear | 3 Remove Enar Lines @ Save in ParameterDB
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#| parameter. Database

! Cloze

E zhimated Yalue Parameter D atabase Values

& Aecommended Walue 1
Key Walue — 7 RecommendedValue

cordes : sloreas Dataset Mumber: 325
{ additional g _
C1 26 : parameter set Location: Fitvate DDB
COUNT 1 =
e B lsmre = Ky W alue
replacing this cordes

Datell |3 pararmeter et C1 76
Date¥ 2006 —_—
EQID 26 Ly 1
Method Wen/Qiang DateD 16

SJource Artistos % LUEKE| g b
TC 659,017

Delete thiz parameter set 4 |

@ Set Component it SetWalue

Q Set Author @ Add Comment

Figure 12: 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-  pmrmmmmermeyrer
ther calculations. B59.017 - by Artistd8/ParameterD B /325

Storing Results as Aspen INP File

E Save Copy Erint gf’ Clear | ¥ Remave Enar Lines % Save in ParameterDB | 5 E:-cpu:uré- IMP
Artist allows to store

® (ritical temperature, pressure, volume

® Normal boiling point
® Melting temperature
°

Heat of formation
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® Acentric Factor
® UNIQUACTrandq

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.

Fesult - Text  Result - Grid ]

E Save Copy Erint aé Clear | W& Remoave Error Lines @ Save in ParameterDE | 5 Export to INP

Property | b ethiod | Fesult | it | Ewport to Azpen’? | |Jzed Data Cormpan
MPFT Joback 243,86 K ¥l ves #DDE=2
EFT Ericksen/Rowley 440,15 K e UNIQUAC F=4,0Z000 - by DDE-FURE #DDE=2Z
EPT Cordes/Rarey 429,702 K DHD #DDE=2
EPT Rarey/Nannoolal 437,983 K DHD #DDE=2

70,00 E by DDE-FURE

BEPT SteinsBrowm 435,353 K DI-ID #DDE=2
BEPT Dewvotta/Fao 440,95 E DI-ID #DDE=2
BFT Joback 429, 7E E I:lI-II:I #DDE=2
BFT Vo 431,701 K DHD #DDE=2
EPT ani/Constantinon 435,93 K D o [% 8% #DDE=2
EPFT Marrero/Pardillo 420,367 K DHD #DDE=2
£ L] »
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Reaction Enthalpy

Calculate | i
Calculate

Modify DomalskifHearing Parameters

Reaction Enthalpy M
M

T Ackivity Coefficients
[

Garoup Assignment

o MOPAC

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 PISE Rl |
of more structures have been drawn or loaded.

. Reaction Enthalpy Calculation Z E' rs—_<|

X Close LCalculate Heat of Formations | [ Modifiable Groups @ Search Heat of Formations in DDB Database|
by Damalzki/Hearing

Avallable Components

Mumber [ Description |Eu:umment Formula |M|:|I.Weight Heat af Farmation |State |M|:|Ies |
#DDE=84 Acetic acid C2HAOZ 60,055 -436.06 k2fmol Liguid 1
FODE=174 “Water HZo 18.015 a. Liquid 1
#DDE=11 Ethanal C2HED 46,069 -463.47 Liguid 1
#DDE=Z1 Ethyl acetate C4HS0Z &8, 106 -445.,79 kfmaol Liquid 1

I i Educts I i Products

Mumber | Description ol Count Mumber | Description kol Count
FODE=174 “Water 1 " #DDB=84 Acetic acid 1
#ODB=21 Ethyl acetate 1 p’ #ODE=11 Ethanal 1

| (| >

Heat of Form. [Eductz] Heat of Farm. [Productz]  Reaction Enthalpy %
Calculate Reaction Enthalpy | -445.73 -670.55 -224.76

Calculating heat of Farmation finished.

Figure 13: Reaction Enthalpy Calculation

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

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.
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LCalculate 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 re-

sult.

Search of Heats of Formation in the Dortmund Data Bank

The button {8 Search Heat of Fomations in DD Database | Starts a search in the pure component properties

(PCP) branch of the Dortmund Data Bank for heats of formation of the components in the reaction en-

thalpy dialog.

Only a single heat of formation

can be selected for a speciﬁc |Eumpunent Heat of Formation [1/mol] |5tal:e |T [K] |Literature |
component. The links “[230]” etc. | =84 Acetic acid
display the reference of the heat of || [ -454507.0 ZLiquid | 298.00 |[230]
formation. ] -454052,0 2 Liquid | 298.00 [£698]
-433520.0 2 Liquid |293.00 |[[13791
] -437354.0 3¥apor |298.00 [15320]
=174 \Waker
] 285890.0 3¥apor |298.15 [16335]
=111 Ethanal
-276981.0 2 liguid |298.00 [6343]
] -236919.0 I¥apor |298.00 [6534]
I:l -236940.0 3 Wapor 293,00 |[[13191
=1 21 Ethyl acetate
] -442165.0 3Yapor |298.00 [6364]
O -443700.,0 IVapor  298.00 [£687]
] -432810.0 3¥apor |298.00 [13318]
.481996.3 2 liguid 298,15 [17494]
+f Use Checked Heat of Formations X Cancel |

. Search PCP Database for Heat of Formations

EBX

Figure 14: Search Heats of Formation in Dortmund Data Bank
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Activity Coefficients
Calculate |

Calculate

Modify DomalskifHearing Parameters

Reaction Enthalpy

Ackivity Coefficients [
‘\_',

&
Y
:-.E Garoup Assignment
o

MOPAC

A Calculation of Activity Coefficients

. Close

Artist allows to calculate activity coefficients of binary and
higher mixtures with the activity coefficient models

original UNIFAC

modified UNIFAC (Dortmund)
modified UNIFAC (Lyngby)
ASOG

B=1(ES

Murmber | D escription

| Comment | Farmula

Mol wieight | Groups

1 #DDE=52 Hexane
2 #DDE=28 Eromohehnzene
3 #DDE=123 Naphthalene

Group Contribution kethod
mod, UMIFAC (D ortmund]| =

Conztant Temperature

Congtant Composition

CoH14
CeHS5EBr 157,010
C10HS

d6,177 4002 2001
logd 1010 5009

125,174 2010 s009

Set Compozitions | xl |:|-:2

|:|-:3

[ Paints

T emperature K]

293
Stark

Calculate 298

Temperature Range

End
323

Stepwidth

5 Calculate

Copy Result

Figure 15: Activity Coefficient Calculation

The activity coefficient dialog automatically uses all components currently displayed and performs an
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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 | SetCompositons | button opens a dialog where the composition can be specified.

*. Compuosition Settings

» Cloze

3 components.
Consztant mole fraction BATIO for #1427

#DDE |Ratio
1 5
2 zZ

Step Width [Mole Percent]

8.0 =Y Create Data Points

COX

0,0000 1,0000
0,0357  0,0143  0,9500
0,0714  0,0286 | 0,9000
0,1071  0,0429  0,8500

¢ Use These D'ata Paints

Figure 16: 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.
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MOPAC, Tinker, RasMol

We cannot distribute neither MOPAC nor Tinker and RasMol the

user has to download the programs from the Internet. All these &

programs are freely available (MOPAC at least up to version 7). | ¥ Activity Coefficients
e

MOPAC

Calculake | 2
Calculate

Modify DomalskiiHearing Parameters

Reaction Enthalpy

Group Assignment

=8

MOPAC P

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

EBX

& Fiun

Gradient Morm
01

X Close | EXCopy
MOPAC | TINKER | Raswin |

MOPALC Location
KA 2006 mopac. exe

|1z Coordinates |

Erint

Semi-E mpirical Hamilbohians
v A1

" MINDOS3

" MMDO-P 2

" MNDO

Hartree-Fock Hamiltaonian
{« Restricted
" Unrestricted

kinimum Search Algarithm

" SIGMA

{« Eigenvectar Following [EF]
" Bartel's method [MLLSG)
i~ BFGS

Geometry Optimization Algarithmm
{« Broyden-Fletcher-Goldfarb-Shanno
" Davidon-Fletcher-Powell

#DDEZG CASH

2.9E3
2.8E
573
. 333
. E43
EGE
=0
.GlE
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. E8d
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. 04E
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Figure 17: MOPAC Interfacing

Since MOPAC is a standalone program the first step for using the

program is defining its location in Artist.

MOPAC Location ‘
k.50 20064 mopac. exe I=:
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Artist does not much more than writing a MOPAC compatible molecular structure file (shown in the
dialog), calling MOPAC 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:“\ProgrammeiT IMKER\binsminimiz 1}: E:\Programmeh T IMK.ER\paramsimm 1}:
" 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 Coardinates | can be used to read the coordinates generated by Tinker.

RasMol

MOPAL | TINKER  Raswin |

R as'win Location %
K.:A\G0 2006 raswin. exe =

-+ Run

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

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

The quality dialogs can be called either by the Q@ button from the main dialog or by the
£ tualty button from the calculation dialog.

*.a TC Models Deviation

» Close Q:up_l,l %Erint
‘Camponent : Bromobenzens ”~
COE Murnber % 26
Brominated (HC) AaD Component Count  Quality
All compaonents that belong ko all Brominated
Monofunckional Compaounds
Rarey/Manoolal 221K 3 Excellent
KlincewiczfR.eid 221K 3 Excellent
Joback, 3.09K 3 Excelent
Ambrose 425K 3 Good
Wen/Qiang(Th) 525K 3 Good
GanifConskankinou 5,56 K 3 Good
Chein-Hsiun_Tu 5,69 K 3 Good
Somayajulu 5.84 K 3 Good
Lydersen g8.49 K 3 Good
Daubert 11.75 K 3 Unteliable
When)'Ciang 20,61 K 3 nrecommendead
Dipole-Induced Dipole Interactions AaD Component Count Quality
All compaonents that exhibit Dipole (or Induced) -
Dipole {or Induced) Interaction(s) {(Mote: Under Development)
Ambrose 373K 62 Excellent
Rarey/Manoolal 389K A9 Excellent
Somayajull 41K 69 Good
Marrero/Pardillo 541K 43 Good
Joback 5.82 K 69 zood hd

Figure 18: Quality Data Bank
The data bank contains quality information for component classes. The current atom is assigned to
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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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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 editors such as Notepad or UltraEdit.

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 includ-
ed 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 PSE are allowed. Especially, 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
14 — 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:

K — aliphatic chain

R — aliphatic ring

A — aromatic system

N — non-aromatic neighborhood

C — aromatic or ring (cyclic neighborhood)

Page 34 of 44



* — 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 — in plane
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.

#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)
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#FILE

This block contains the original filename.

Examples:

The following examples illustrate the use of the ctc format.

Ethanol (hydrogen atoms omitted)

#DDB
11
#DATE
20.6.2000
#TIME
19:50:59
#ATOMS
3
87.97 35 0O ¢c 0 0 =* 1
35 42.93 14.03 0 0 0 * 1
65.88 48.36 23.63 C 0 0 * 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 Cc 0 0 * 1
68.11 116.3 31.62 H 0O O * 1
171.1 113.6 93.87 Cc 0 0 * 1
224.4 82.79 44.89 C 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 C 0 0 * 1
200.3 35 0 H 0 0* 1
257.4 80.93 33.24 H 0 0* 1
192.2 56.86 26.11 Cc 0 0 * 1
163 135.4 120 H 0 0 * 1
124.6 39.28 26.76 H 0 0 * 1
77 58.97 87.07 H 0 0 * 1
138.9 87.63 75.1 C¢c 0 0 * 1
213.9 111.1 78.76 C 0 0 * 1
84.01 156 70.2 H 0 0 * 1
92.8 90.24 91.39 ¢ 0 0 * 1
#BONDS
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