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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) with structures for over
26000 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

*a, Artist - The Structure Editor

File Edit  Wew Window Calculate 7

i oo BMBTPHE Y

. #DDB=161 Toluene Menu M=E3
Tool Bar

Drawing
Tool Bar

Fragment
Management
: % Connection
R s to DDB
%y < Modgl
Quality
Rotation -
: Scaling Calculations
e
i‘)‘; ?‘ Bonds: |7/ Atoms: |7 Formular (CFHS Mol Weight: 92,141 Struckurest 1 Swmbol Index: |7

ONIE~ > SORGRUNCRE SIS IRGE L R

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
O Hew crany | NeW: Open a new and empty drawing window
‘Ii-" Open... Chrlo | Open: Opens a molecular structures file. The list of supported file
I, . . .
& Close - formats is shown in the appendix.
Close: Close current drawing window. If the structure has been
Load Struckure From ChemDE. .. . . .
- modified the program asks if the drawing should be saved.
Saye Structure in ChemDE. ..
. . Load Structure from ChemDB: Read a molecular structure from
Delete Structure in ChemDE. ..

the structure data bank.

Load Component Lisk . .
Save Structure in ChemDB: Save a molecular structure in the the

I

Load MCI Component .
L i structure data bank. If the data bank already contains a structure a
Append to Compound Definition File dialog will be displayed for either replacing a structure or adding the

new structure.

B saveas... Chri-A
24 Print Chrl4+P Far Structures Already Stored

Print Sefup...
X Ext Alt+

Recent Files 3 Feplace Thiz g

Er
HH
X Cancel

H Replace Thiz
H e H

H NJ\B[
H

K @

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.
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*o Structures Already Stored

X Cloze
[ieleta Thiz
H H
e e
H Br

. x Canicel

H [relete Thiz
H e H ]

H’NJ\ By [%
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 loaded and
displayed in a new drawing window.

to Compo

[17
(130
[174
1408
{608
|63
L1050

520 Display Al A

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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New Component

—Current Component Count gﬂ: ; nd to Privabe List

Private Component List: 3

= L §
g = d to Public List
Public ComponentList; 22804 o ik

-

x Cancel |

i~ MNew Compaonent
English MName
|Mew MName

Alternative Name (German Mame?)
[Meuer Mame

CAS Registry Code Maximum 127 characters per name

Molecular Weight Eormula
130,070 e 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 structure data
bank. Other component list is 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.
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*.. Plot Print Preview

— Optionz

Chart Dezcription

Change Selected Fant

Reszet Selected Fant

Figure 5: Print Preview Dialog

Print Setup: Allows to select the printer and its properties

Exit: Closes Artist.

2009

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

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

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

GaussianCosmoCutputFile] #D0DB=172)

Clear Lisk
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The Edit Menu

Edit | View Window Caloulate 7

¥ Undo Ctrl+Z
T4 Redo Ctrl -+
35 cut Cirl+¥
Copy Crl+c

Clear Shift+alt+BkSp

R

Copy as Metafile

Options...

Show Molecule as *

Search in ChemDB as Substructure

# @ T

Search in ChemDB (Exact Match)

=
=l
m

=

Search In MCI DB (Exact Match)

Search in NCI DB (Fingerprint)

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.

3

Optio n'-&

v Fixed Bond Lengths |35 Paints
[v Fixed Bondéngles |5 | = Degees

Show Molecule as [ Show Carbaon [ Show Hpdrogen

Connection Table { ctc format)

gg

Connection Table {,mol format)

Eragment for Automatic Incrementation

A Font Selection ‘

[::] Distance Matrix

[::] Adjacency Matrix

Cancel |

Figure 6: Options

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

in the MOL format.

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

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

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

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
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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

" Substructure Search Result (=] [5__<|
i 24t bBenzy |l alcohol H
25: Ethylbenzene = Load Structures
29: Benzonitrile
49: 3-Methylphenal E B e L

59: Divinylhenzene

G4: Ethylstvrene <Iszomer not specified =
79: Benzaldehyde Iz=i DDE Search
108: 1-Methyl naphthalene
109: Z-Methyl naphthalene

116: Butylbenzene

121: alpha-Methyl styrene b + Check Al
130: 2-Methylphenol

132: 4-Methylphenol @ rcheck &l

133: Phenylacetic acid ethyl ester
135: Z-Phenylbutyric acid ethyl ester
147: Salicylic acid methyl ester

150: Styrene

161: Toluene

169: 1',1",1"-Trifluorotoluene

175: m-Xylene

176: p-Xylene A5 comp's found.
277: Z,3-Dimethylphenaol
278: Z,4-Dimethylphenal
279: Z,6-Dimethylphenaol
RN 2 E-Mimathwlnhannl

54

Figure 7: ChemDB Substructure Search

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

4o Component List E||E| E|

EEhnw? |#DDB |Furmula Mame |

; 26 CEHEB:  Bromohenzene

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.
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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

Wi | Window  Calculate 7

Drawing Toals
Menu Shorkcuts

RokateMaove/Size

@ Pure Component Databank Entries

\‘f’«f’} 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.

— & o x| 4 |
58 2 8 oe 9 W

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
entries (like names, formula, CAS registry number)
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The Window Menu

49 @08

X
X

(=]

Window | Calculate 7

Cascade
Tile Yertical

Tile Horizonkal

et Window F7

Previous Windom Fa

Arrange icons
Minimize all
Close all

Close Al Windows Except Current

1 #DDB=26 Bromobenzens

2 #DDE=A7S5 Raffinose

The Calculate Menu

EEH Y % ==

Calculate | 2

2009

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.

Calculate

Modify Domalski/Hearing Parameters

Activity Coefficients

Group Assignment

MOPAC

Search Components with Spedfic Properties

GC-COSMO-RS(0)

GC-COSMO-5AC

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

Modify Domalski/Hearing Parameters: Displays a dialog where group contribution parameters for the

Domalski/Hearing models can be modified. Please
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+a. Modify Hearing/Domalski Parameters |'Z|E|E|
¥ Close | [ESave | @ Reopen

Search

=i First | =i Mext ‘ =i Frev. ‘

Type 11171, far 'nat avail&ble'

Drezcription hf_gaz cpl_gaz | z0_gaz l']Snf_liql.ncl | cpl_liquid | 20 _hguid hf_zoid
C—{Hy2(C} 2.7z 1z7. 2z 47 51 2648 8332 o 1

C-(HyZ{C)Z ; chain -Z0_ &3 2z_89 25 16 -25.73 20._4z2 3E_38 -29_41

C-{Hyi(C)3 ; chain -1.17 Zo.og -52.6 -4.77 Z1.38 —£3.89 -5.92

—-CH3 corr (tertiary) -Z_.Z6 u] -z_.18 ] -Z.34

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(OI): Opens a dialog with the results of the GC-COSMO-RS(0OI) method. This method
allows the estimation o-profiles for the COSMO-RS(Ol) model by a group contributions method.

GC-COSMO-SAC: Opens a dialog with the results of the GC-COSMO-SAC method. This method
allows the estimation o-profiles for the COSMO-SAC model by a group contributions method.
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Drawing Structures

_1 Selection of atomic symbol

I
4

p /// Drawing tools (single bond, double bond, triple bond, wedges, dimethyl group, benzene,
s methyl benzene, trimethyl group, carboxylic acids, aldehydes, nitriles, isopropyl, tert-
«F ™ butyl, sulfonate, alkyl chains, nitro, glycol chains)

N

i—2 Rings
& "aDu &

N Delete bonds and atoms

Q%ﬂ Delete all hydrogens

2! Add hydrogens including a simple coordinates generation
— 4+ Charges (minus, plus, radical, none)

+ 0

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

File | Edit  Wiew window Calculate 7

[ few M Chrl+h

= Ooen... Ve 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
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where drawing of the bond can be canceled. The mouse cursor has to be moved inside this box before the
mouse key is released.

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. % 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.
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Fragment Management

Artist allows to use drawn structures as fragments.

P
% 8- 9

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 movemen

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 fragment
%
BL- Save fragment to disk (“.FRA file)

8- Load fragment
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Open Fragment

Drives
|E= d: [abrakadabrs] - ' OK X Cancel |
Directanies File=
A |afra
HVPICE

Co 11141

£ AdwantageD atabazeT est

[T Anzchreiben 2001 ¥
Filermaszk. File
|Fragment Filez [*.fra) j |E:-:am|:|le.fra

v

X]

Figure 10: Open Dialog for Fragments

2009
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Automatic Group Assignment

2009

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.

Since almost every method has its own specific list of
groups Artist provides a bulk of group assignment
schemes separately for each model.

The automatic group assignment can be called from the
Calculation menu or by the icon from the tool bar.

Group
{ Assignment
d o2

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

Calculate | 2

Calculate

Modify DomalskiHearing Parameters

Activity Coeffidents

Group Assignment

BHEH E % |62

MOPAC

[
]

Search Components with Spedfic Properties

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

+a Select Group Assignment Scheme

¥ Cancel | [B Other | B View

ox ox

Y

EOX

3 4

ACBOILINK AMBROSE.IMK AMDERSOM.IME. AROMAT.LST
AS0G.IME BASAHETE.IMK BASARDOVAIME EEMSOM.IME
BENSOMCIS.INE BEMSOMCOLIME CHEIM.IMEK CHUES WA TN

Figure 11: List of Group Assignment Schemes

A typical result for the fragmentation of bromo benzene by the UNIFAC model is shown here:
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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: 3 456 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

. 1
|
2
.5/.\.7

|
LN\

||
|k
IIS’

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

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 | ?

Calculate

HE E N & =

[
Modify Domalski/Hearing Parameters i

Reaction Enthalpy

Activity Coefficients

Group Assignment

MOPAC

Search Components with Spedfic Properties

GC-COSMO-RS(0)

GC-COSMO-5AC

»

2009

@4 " L

Artist was originally designed for the estimation of pure
component 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 appendix.

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

The calculation dialog contains three major parts

1. The list of properties in a tree view with the
different models grouped below the properties.

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.

The list of results either in a table format or as — in some cases more detailed — text output.
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% Calculation Methods Form - #DDB=26 Bromobenzene |Z||E|E|

» Close Calculate

Selected Methods s . . -
— Literat it Wen/ Th
= g Critical Temperature @ erate el el nallib)

@' Wwen/Qiang Additionally needed properties...

e vien/iang [Tt Normal Bailing Point [K] 42325 K by DDB-PURE <
ﬁ Ambrose -

B Rarey/Narnolal (et Th) =

ﬁ Rarey/Mannolal [given Tt LlSt OfResllltS (elthel‘ Add]tlona]]y

Iﬂ' Cheir-Hziun Tu

B Dabet Text or Table) needed properties

Iﬁ' Lydersen

ﬁ Klincewicz/R 0

B Somavaiulu Fiesult - Test  Resull- Grid l

Joback ]

% Goan?;Constantinou B save Egpy Erint gfclea[ ¥ Remove Enar Lines @Save in ParameterDB

ﬁ M arrera/Pardilla Property | Method Fiesult Unit |Expart to Aspen?  |Used Data Component
+ ﬁ Critic:al Pressure
+ Iﬂ' Critical Yaolume
+] ﬁ Mormal B oiling Paint . .
#.- [ Freszing Poirt List of properties
+ ﬁ Heat Capacity of |deal Gases
+-B Heat Capacity of Liquids and HlOdelS
+ ﬁ Heat Capacity of Liquids at 2¢
+-FR® Frneru of Yannrization b ¢ I 5
£ | ¥

Wen/Qiang (Th) 669.695 K Ho BPT=429.25 K by DDB-FURE #DDBE=26& Bromobenzene

JlList of additionally needed property.

Figure 12: 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 Rarey/Mannolal {given Th) ko' cted 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 = @" Narmal Boiling Point

selected only this single method is used. B Ericksen/Rowley
= @r i n:grrnal Bailing Paint

Some methods need additional input besides the B Erickzen/Rowls

structural information. The list of additionally B Cardas P aran ’ g ﬁﬂ?'fﬁahmalal
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.

The text output

Riesult - Text | Result - Grid

= save Copy | SyPrint | g# Clear %
Molecnle Description *
#DDBE=26 Bromobenzene
Comment :
Critical Temperature by Wen/Qiang: 669.695 K
Used data:
BEPT=4259.25 K by DDBE-PUERE
7 Groups
1: 1 % 114 [ (=C<)C]
2: S5 * 113 [ (=CH-)C]
3: 1 #* 218 [-Br]
4 & * 2086 [[(=C<)C]
5 2 * 300 [[(=C<)C + (=C<)C]
6: 1 # 301 [{=C<)}C + -Br)
T: 10 * 302 [(=CH-)C + (=C<)C)]
________________________________ v

Figure 13: Property Estimation - Text Result
contains additional information — especially the list of groups from the automatic fragmentation.

The table output

Result - Text  Result - Grid ]
H save Copy | Z4Fint | 4 Clear | % Remove Enorlines | % Save in ParameterDB

Property | Method Reszult nit | Export toAspen? | Uzed Data Compone
Wen/Qiang (Tb) 669, G95 BET=429.25 K by DOB-FURE #DDBE=2/
BPT Lydersen 426,94 K Clwe TC=670.00 K by DLDB-PURE #DCB=2
BET Gani/Conatantinou 435.893 K Cwe #00B=2
40 | | >

Figure 14: 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).
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Storing Results in the ParameterDB
@ Savein Paéeterﬂﬁ

E Save Copy Erint gf Clear | ¥ Remove Enor Lines

[ parameter Database

M Cloze
E ztimated Y alue Farameter D atabaze Walues
i Hecommended Value 1
Ky Walue ————  hecommended Yalue
cordes . Slore as D'ataset Mumber: 325
i additional 5! _
C1 28 | parameter set Lacation: Private DDB
COUNT 1 =
DateDl 1A lStl_:ure bie o Key Value
replacing this cordes
vaEal B parameter zet Cl 2E
Date¥ 2006 _—
EQID 26 & 1
Method  Wen/0ianeg DEHED 9
Source Artist93 % Datel 2 W
TC 59,017 .
Delete this parameter set 4 |
@ Set Companent it SetValue
Q Set Author @ Add Comment

Figure 15: 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-

. G70.00 K. by DDE-PLRE
ther calculations. BESL017 - by Artistan/ParameterDE /325

Storing Results as Aspen INP File %

Save | EECopy | i24Print | 4 Clear | % Femove Emor Lines Save in ParameterD B Ewpart ta [MP
= h ; . »
Artist can store

e Critical temperature, pressure, volume
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o Normal boiling point
e Melting temperature
e Heat of formation

e Acentric Factor

e 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 - Tewt  Result - Grid l

Hsave Copy Erint gf Clear | ' Remove Emar Lines @ Save in ParameterDB | 51 Export bo NP

Property | M ethod | Fesult ‘ it | Export to Aspen? | zed Data Compd

C Wen/Qiang (Tb) £69.6395 K Yes BET=429.25 K by DDB-FURE 2DDB-

BET Lydersen 424,94 K D Ho TC=670.00 K by DDE-FURE #0DB-
Gani/Constantinon 435.93 K

BET Ericksen/Rowley 440.15 K |:| No UHIQUAC B=4.02000 - by DOB-FURE #DDB-

£ ) >

Figure 16: Aspen INP File Export

Storing Results for ProSim Software

E Save Copy Erint Ef‘ Clear | % Remove Ermor Lines
@ Save in ParameterDB B Export to PraSim ‘L
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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Result - Tent Fiesult - Grid |
H save CQF'.'H Elint aé'lﬂea_r > Remove Error Lines

@Save in ParameterDB | 5 Export to INP M Export to ProSim

Property |Methnd |F|esu|t |Unit |E>:pnlttn.t’-‘-.spen? |EHDDIttDPIDSiI‘I‘I? |Jeed D

TC Wen/Qiang (Tb) 576,917 K [ No [¥]¥es
BET Lydersen 418,936 Yes (e

24
Gani/Constantinou 423,455 K
24

BET Ericksen/Rowley 416,667

O (e

Temperature-Dependent Properties

2009

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. This function does not work for multiple

models.
IS TOIM - PUUD=22 LU -
Temperature Range ['5—(|
Temp. Range —
Temperature A ange
- & Sterat Lowwer Lirnit
250 K
Il ¥ Cancel
Upper Lirnit
373 K]
Step Width %
10 [K]

The dialog allows entering a start, an end temperature and a step width. The results of the prediction are

all listed in the normal result grid
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Result - Text Result - Grid ]
E Save Copy Erint aé Clear | P4 Remaove Error Lines @ Save in ParameterDB
Property | M ethod | Fesult | [dnit | Export to Azpen? | Uszed Data Component | Used T | Ln
LIQDEN GCVOL 886.437 kgo/m3 No I=260.00 K by User #D0B=25 Ethylbenzene 260.00 K
LIQDEN GCVOL 877.365 kg/m3 No I=270.00 K by User |#00B=25 Ethylbenzene 270.00 K —
LIQDEN GCVOL 868.477 kg/m3 No I=280.00 K by User #D0B=25 Ethylbenzene 280.00 K
LIQDEN GCVOL 855.767 kg/m3 No I=290.00 K by User #0 = Ethylbenzene 2%0.00 K
LIQDEN GCVOL 851.23 kg/m3 HNo I=300.00 K by User #D0B=£5 Ethylbenzene 300.00 K
LIQDEN GCVOL 842.861 kg/m3 No I=310.00 K by User #D0B=25 Ethylbenzene 310.00 K
LIQDEN GCVOL 834.655 kg/m3 No I=320.00 K by User #D0B=25 Ethylbenzene 320.00 K b
£ L] >

Figure 17: 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

bank.

4. Antoine Fit
» Close
Table lDiagram ]

B copy

S(=1E

TIK] |P[kPa] |Pcalc.[kPa] AB |P calc. [kPa] ABC ~
250,00 0,039 0.042 0.039 =
260,00 0,090 0,093 0,090

270,00 0,194 0,193 0,194

280,00 10,393 0.379 0,393

290,00 0,748 0,712 0,748 %

300,00 1,352 1,283 1.352 -

P [mm Ha] T [3C]

[a=8.39654B=-2223.945 C=273| 15 | Bk Copy
|=7.14886 B=1528.546 C=221.99 | B3k Copy

E Private ParameterDDE

E Private ParameterDDE

Figure 18: Fitted Antoine Parameters
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& [ata Pointz
— Antoine AB

— Antoing ABC

R T e LI A

e e e e L e L e e

boocoooood

boococooooq

r

an}----

C
20f----

=
104----

[e4y] auns=a1g

—
304 320 340 360

Temperature [K]

280

250

Figure 19: Graphical Result

The diagram shows the fitted blue line together with the estimated red circles.
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Reaction Enthalpy

Calculate | 2
Calculate

Modify Domalski/Hearing Parameters

Reaction Enthalpy h

Activity Coeffidents

Group Assignment

MOPAC

Search Components with Spedfic Properties
GC-COSMO-RS{0N

GC-COSMO-SAC & 8| AN

Artist allows to calculate the reaction enthalpy from estimated and known heats of formation. The cal-
culation 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.

HE E X% = ==

A Reaction Ent halpy Calculation : ilgl

X Close Calculate Heat of Formations | [~ Modifisble Groups @ Search Heat of Formations in DDE Database|
by Damalzki/Hearing

Awailable Components

Murnber | Description |Enmment |Fu:urmu|a |M|:|I.Weight Heat of Faormation |State |MD|E.'S |
#DDB=84 Acefic acid C2HA02 60,053 -436.,06 kJjmol Liguid 1
#DDE=174 ‘Water Hz20 15.015 a0, Liguid 1
#DDB=11 Ethanal CZHED 46,069 -463.47 Liquid 1
#DDB=21 Ethyl acetate CAHEOZ g5, 106 -445,79 kJjmol Liquid 1

! i Educts ! & Products
Mumber | Dezcription Mol Count Mumber | Dezcription Mal Count

#DDB=174 Water 1
#DDB=21 Ethyl acetate 1

#DDB=84 Acetic acid 1
#DDE=11 Ethanol 1

Heat of Form. [Educts] Heat of Form. [Products]  Reaction Enthalpy %
Caloulate Reaction Enthalpy | 44573 -B670.55 -224 76

£ (1) *

Calculating heat of Formation finished.

Figure 20: Reaction Enthalpy Calculation

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

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 <B Search Heat of Formations in DDB 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 enthalpy dialog. |Eumpunent |Heat of Formation [1/mol] |5I:ate |T [x] |Literature |
Only a single heat of s
formation can be selected for a [ -484507.0 2 Liguid 25800 [230]
specific component. The links O] -484089.0 2 Liquid  298.00 [6698]
“[230]” etc. display the -483520.0 Zliquid 29800 [13791
referenpe of the heat of O] 4373540 Syapor  298.00 [15320]
formation.
=174 \Water
] ZE5890,0 Svapor | 295.15 [16385]
=11 Ethanol
-276981.0 2liguid | 2953.00 [6343]
] -236919.0 S¥apor | 293.00 | [6834]
D -236940.0 3%apor |293.00 [13191
=121 Etheyl acetate
] -442165,0 S¥apor | 298,00 |[63654]
F -443700.0 SVapor 298.00 [6657]
] -432810.0 Svapor | 295.00 [13315]
4819968 ZLliquid 29815 [17494]
" Uze Checked Heat of Formations x Cancel |

. Search PCP Database for Heat of Formations

EEX

Figure 21: Search Heats of Formation in Dortmund Data Bank
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Activity Coefficients

Caloulate | 7 Artist allows to calculate activity coefficients of binary

Call:ul;te and higher mixtures with the activity coefficient models
Modify DomalskiHearing Parameters e original UNIFAC

e modified UNIFAC (Dortmund)

e modified UNIFAC (Lyngby)

s e ASOG

Reaction Enthalpy

Activity Coefficients

Group Assignment

MOPAC

Search Components with Spedfic Properties

GC-COsSMO-RS(ON

GC-COSMO-SAC

HE E X% 52 =20
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*a Calculation of Activity Coefficients Z' |E| E'

» Cloze

MHurnber |Hemnve? |Descriptiu:un |E|:|mment |F|:|rmula |I'-1|:|I.Weight Eroups
1 #D0B=25 Ethylbenzene CBH10 106.167 1012 5009

2 #DDB=12 Diethyl ether C4H100 74.123 1025 1002
3 4DDB=11 Ethanol C2HE0 46.069 1014 1002

Graup Caontribution bethad
|mod. UNIFAC [Dortmund) |

Constant Temperature Conztant Composzition
Set Compaszitions | x1 |x2 |x3 | f* Maole Fractionsz
0 Paints 0.2 0.3 |0.5000 ™ Weight Fractions

T emperature [K]

238 Temperature Fange
Start End Stepwidth
Calculate 298 323 5 Calculate
x1 |x2 w3 T[K] |Gammal |Gamrna1 |Gamrna3 | i
1 0.2000 0.3000 0.5000 298 2.0715 1.372 1.4311 —
2 0.2000 0.3000 0.5000 303 2.0548 1.3633 1.4287
% n__3Aian a_ 200N n_SAnn k=l T_N2A3 1 _2SAA hi 1A 73 (v

I 5ave Result Copy Fesul

Figure 22: 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.

The | Set Compositions | button opens a dialog where the composition can be specified.

Page 32 of 54



DDBSP - Dortmund Data Bank Software Package

+.. Composition Settings

» Cloze

3 components. [:-S

|Eu:nnstant riale fraction BATIO far #2437

#DDB | Ratio
2 5 {
3 )

Step Width [Mole Percent]  Lower Limit Upper Limit

50 0 100 Create Data Points |

x[@  |x@ |
0.0000 0, 0000
0.9500 0.0357 0.,0143
0.9000 0.0714 0,028
0.8500 0,1071 0,0429

[ =TT T N 14790 L Lk |

-~

& Use These Data Points

i

Figure 23: Composition Settings

2009

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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m Copy % Print

» Close

A
[
A
15
[ ]
=y
=
=
=T
.T f

Temperature Dependency of Activity Coefficients

25 Ethylbenzens
12 Diethyl ether

11 Ethanol

m #0ODB
m #0ODE
O #DDB

I e R B

3 | s

1
1
cococoooaofoooooo
1
1
1
1
coooccooococpoooooo

3 | s
hoooooooodooooooooodloooooooood oo oo oo oo oS oo oo oo
B e R B B
B e e e e R

boooooooodoooocooooodlocoooooood
PoooooooogoocoocoocqEeoooooooq)

i el il Bl il Bttt

i I e e e
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1685 4----
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Figure 24: Temperature-Dependent Activity Coefficients
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Search for Components with Specified Properties

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

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

Modify Domalski Hearing Farameters

Reaction Enthalpy

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.

Activity Coeffidents

Group Assignment

MOPAC

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.

)

Y

il

1}: Search Components with Spedfic Properties l}
GC-COsMOo-RS(al)

GC-COSMO-5AC

*. Search for Components with Given Properties

» Close

0 Iﬁr Critical Temperature Model (none selected)
+ Iﬁ' Critical Pressure

+ Iﬁ' Critical Valume Wanted Value [n.a.] Allowed Deviation [%:] Allowed Deviation [n.a.]

+ Iﬂ' Mormal Boiling Point

+ Iﬂ' Freezing Point

+ [ Heat Capadity of Liquids at 25 Deg C = I |
+ Iﬂ' Energy of Vaporization
+ Iﬂ' Entropy of Vaporization
+ Iﬂ’ Enthalpy of Fusion Open Component List | Mo Restrictions | Create /Display/Modify
¥ Iﬂ’ Gibbs Energy of Farmation
+ Iﬂ’ Heat of Formation

Restrict search to component list

+] Iﬂ’ Standard Heat of Vaporization at 298 K ResLlts l

[+ Iﬂ’ Heat of Vaporization at Tb .

+ @’ Acentric Factor gfclea[

2 @’ Liquid Density at 20°C #DDB |-Component Name |Pr<:r.~er|:'.|r | Estimated Value | Unit |

+-[§ Liquid Volume at NBP

+ @' Liquid Molar Volume at 298K

+ @' Upper Flammability Limit

+ @' Octanol-Water-Partition Coeffident

+ @' Domalski/Hearing

+ Iﬁ' UMIQUAC by UNIFAC Groups

+ @'Topological Indices

+[§ Parachor

+ Iﬂ' Valderrama /Robles Method for Ionic Liquids

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 25000 structures).

A typical result looks like
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Results l

Elcopy [Hsave

B print

#DDB | Component Name

aéclea[

|Prupert\r |Btimated Value |Un'|t |

&0 Decane EFT 446.9494
31 Acetic acid cyclohexyl ester  |BFT 443,071
138 Phenal BFT 440,863
158 Tetrahydrafurfuryl alcohol — |BPT 445,73

236 4-Hydroxy-2-butanone BPT 446,567
341 2-Methyloydohexanal BFT 441,228
354 1-Decene BFT 446,735

3 component/s

K

ECT N o o i

[

b

2009

A normal boiling point of 444 K has been search and the lowed deviation was 1%. The model was

“Cordes/Rarey”.

" Search for Components with Given Properties

» Close

@' Critical Temperature

ﬁ Critical Pressure

@" Critical Volume

ﬁ Mormal Boiling Point
Rarey/Mannoolal
Stein/Brown
Devotta/Rao

Joback

GYs

GanifConstantinou
Marrero/Pardillo

ﬁ Freezing Point

IE Heat Capacity of Liquids at 25 Deg C
@' Energy of Vaporization

IE Entropy of Vaporization

@' Enthalpy of Fusion

@ Gibbs Energy of Formation
@' Heat of Formation

ﬁ Standard Heat of Vaporization at 298 K
@" Heat of Vaparization at Th
ﬁ Acentric Factor

B Liguid Density at 20°C

¥ Liquid Volume at NEP

Iﬂt Liquid Molar Yolume at 293K

-
||

=5 = = =D =D =D =D =D

|| -F-E-E-E-E-E-E--E - - E
| £

Cordes/Rarey

Wanted Value [K]
<44 1

I} Start Search

I} Start Search |

Allowed Deviation [32] Allowed Deviation [K]

S=Ey

Restrict search to component list

Open Component List | Mo R

|Prc|-pel‘t\0‘ |Btimated Value |Un'|t | A

Results l
any E Save Erint ﬁéclea[

#DDB | Component Name

a0 Decane BPT

a1 Acetic add cycdohexyl ester | BPT

133 Phenal BFT

158 Tetrahydrofurfuryl alcohol | BPT

236 4-Hydroxy-2-butanone BFT

34 2-Methyloycdohexanal BPFT
354 1-Decene BPT

2 companents

416.944
448.071
440.863
446,78

446,567
441,223
446,736

K =

AR AR AR R

54
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Calculate | 2
MOPAC, Tinker, RasMol Calculate

We cannot 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 Coeffidents

Group Assignment

MOPAC

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.

MOPAC %

Search Components with Specfic Properties

GC-COSMO-RS{00)

HE E % 5= =

GC-COSMO-5AC
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EOX

. Cloze Eu:up_l,l Erint
MOPAC | TINKER: | Fiaswin |

MOPAC Location Semi-Empinical Hamiltonians  Minimum Search Algorithm
k402006 \mopac. exe el AMI £ 5IGMA
" MINDOA3 {+" Eigervector Following [EF]
,{? Run Q " MMDO-P 2 " Bartel's method [MLLS0)
" MHDO ™~ BFGS
Gradient Morm
01 Hartree-Fock Hamiltaonian Geometry Optimization Algarithmm
{« Restricted {+ Broyden-Fletcher-Goldfarb-Shanno
" Unrestncted " D avidon-Fletcher-Powell

Ilze Coordinates |

@1

CHARGE=0 GNOPFM=0.1 EONDE GEO-OFE VWECTORS DENSITY
#DDEZE CAZE

C 2.9L5%3 1 2.7E6 1 O.0E736 1
C 3.9 1 L2836 1 004347 1
H 1.573 1 2.883 1 0.05%25 1
H 6.33% 1 2.9326 1 ol
H 1.542 1 L. 642 1 o.o0737 1
C L EeE 1 L.osl 1 O.0Z3E8 1
H 3.977 1 1.543 1 0.01253 1
C 2.gle 1 2807 1 0.04868 1
H 2.8594 1 7.08 1 0.04235% 1
C L. g4 1 3.833 1 0.01&45 1
C Z.6 1 S.046 1 0.05632 1
EBr 7.04EF 1 6 137 1 0O.00&351 1

Figure 25: MOPAC Interfacing

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 Location . . .

. d—molecular structure file (shown in the dialog), calling MOPAC
KM 200EM ropac. exe =t . . o

* 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.
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Tinker

MOPAC  TINKER | Raswin |

Tinker "Minimize"" Lozation Tinker Parameter File Location
E:%ProgrammetTIMEE R binhminimiz 1}» E:%ProgrammehTIMEE R pararmztmm 1}»
A PRun

Ilze 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  Rasiin |

R aswin Location [%
K- 432006 raswin. ere =

& Run

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 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 Q2 button from the main dialog or by the £ Qualy

button from the calculation dialog.

4 TC Models Deviation

» Cloze Eop_l,l %Erint
ECDmpnnent Bromobenzene ~
DDE Mumber % 26
Brominated (HC) AAD Component Count  Quality
Al components that belong to all Brominated
Monofunctional Compounds
Rarey Manoolal 221K 3 Excellent
Klincewicz/Reid 221K 3 Excellent
Joback, 309K 3 Excellent
Ambrose 425K 3 Good
Wen/Qiang(Th) 525K 3 Good
GanifConstankinou 5.56 K 3 Good
Zhein-Hsiun_Tu 569K 3 Good
Sormayajulu 5.84 K 3 Good
Lydersen 349K 3 aood
Daubert 11.75K 3 Inreliable
WenQiang 20,61 K 3 Unrecommended
Dipole-Induced Dipole Inkeractions AAD Component Count  Quality
All compaonents that exhibit Dipole {or Induced) -
Dipole {or Induced) Interactionis) (Mote; Under Developrent)
Arnbrose 373K 62 Excellent
Rarey Manoolal 389K &9 Excellent
Somavajulu 41K &9 Good
Marrerof/Pardilo 541K 45 Good
Joback, 5.82K =] Good hd

Figure 26: Quality Data Bank

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

Page 40 of 54



DDBSP - Dortmund Data Bank Software Package 2009

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

Calclate 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.

ﬂ Reaction Enthalpy
. . Additionally to the published method for COSMO-RS(OI)
T actvity Coeficents a second method for COSMO-SAC is already available
H  Group Assignment but not yet published.
o MOPAC Artist allows the creation of o-profiles by these two new
. methods.
I Search Components with Specific Properties
GC-COSMO-RS{0I)
GEC-COSMO-SAC
The result dialog display three different output pages. RN EO&X

X Close

1. The o-profile diagram. For COSMO-RS(Ol) (EYa5%] et | G|
two lines with 80 intervals are shown. The y
additional line contains charge densities
covering hydrogen-bonding. COSMO-SAC
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.

3. The third page shows the groups found in the
current molecular structure. 48

Charge Density:  |-0,0020  |Sigma Profile  |14,6910

1 MuT., 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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Appendix

File Formats

Artist allows to store four and read four file formats. Readable formats are

1.
2.
3.
4.

The proprietary DDBST format with the extension “.CTC”.

The MOL format “.MOL” defined by MDL Information Systems (http://www.mdli.com/).
The Tinker “.XYZ” format.

The COSMO formats from Gaussian and Turbomole

Writable formats are

1.
2.
3.
4.

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

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 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:

- K — aliphatic chain
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« 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

2009

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

2009

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)

#DDB

11

#DATE
20.6.2000
#TIME
19:50:59
#ATOMS

3

87.97
35
65.88
#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
68.11
171.1
224.4
238.7
35
92.86
68.21
200.3
257.4
192.2
163

35
42.93
48.36

59.29
116.3
113.6
82.79
131.1
126.7
98.73
124.8

35
80.93
56.86
135.4

NOoN

ITINIINIITITNNOIN

[elele)

COOO0OOOOOOOO0O

[eolele]

%o

OO OO OOOOOOO0O

R

RRRRPRRRRRRRRR
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124.6
77
138.9
213.9
84.01
92.8

#BONDS

18

=

[y [y
OUVTOWR O RN WR RN

[y
[e o N0 ]

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

RPRRRPRENNRRNRRPRRRP R R

RPRRRPRRRPRRPRRRRRRRRRRE

39.28
58.97
87.63
111.1

156
90.24

26.76
87.07
75.1
78.76
70.2
91.39

NINNIIT

[elelolelele]

OO OOOO

RRRERER

2009
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