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1 Introduction

Predict Pure is a tool for editing molecular structures and estimating thermophysical and transport properties
from molecular structure directly. Predict Pure contains a structure data bank (ChemDB) with structures of the
DDB.

The core algorithm of Predict Pure is an automatic fragmentation, which allows implementing a wide range of
group contribution methods in a quick and reliable manner. A list of the properties and methods is appended to
this document.

The list of methods comprises mainly group contribution methods — because of the underlying fragmentation
algorithm — but also some corresponding states methods (equation of states etc.).

Predict Pure 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 or
several other techniques. Predict Pure adds the ability to determine the DDB number from the drawn structure.

DDB Predict Pure Page 4 of 42



DDB 2026

2 The Main User Interface

"2" DDB Predict Pure
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Predict Pure 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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2.1 The Menus

2.1.1 The File Menu
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 to database: Save a (modified) molecular structure in the structure data bank. The structure(s)
will be shown in the data sheet of the DDB Components application. There the Save button can be used make all
modifications permanent.

Add structure to existing component: If at least one structure has been loaded from the database, then this
function can be used to quickly add a new structure to the existing component. The sub-menu lists only
component humbers with matching formulas. The structure will be added without confirmation.

Load Component List: Component lists are containing DDB code numbers. Files with component lists have the
extension “.stl” or “.ddbpr”. The component list is displayed within the DDB Components application.

Load NCI Component by NCI Number: Predict Pure 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 loading an NCI component by its NCI number.

Load NCI Component by CAS Registry Number: This menu entry allows loading an NCI component by its
CAS registry number.

Load ProSim Simulis Component File: Predict Pure 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 29 and following for more information.

Add private component: For adding new components to the databank, Predict Pure opens the program DDB
Components, which allows entering name, formula, CAS registry number and molecular weight. The molecular
weight and the formula are provided. After entering the necessary values, the component can be appended.

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.

Print Setup: Allows the user to select the printer and its properties.
Exit: Closes Predict Pure.

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.

1 ProSim Web Site (http://www.prosim.net)
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2.1.2 The Edit Menu

Undo: Undoes the latest action.

Redo: Redoes the latest undone action.

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

Copy: Copies a marked area in the Predict Pure internal buffer.

Paste: Paste a marked area from the Predict Pure 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 metafile to the Windows clipboard.
Copy as Bitmap: Copies the current drawing as Windows bitmap to the Windows clipboard.
Options: Displays an option dialog.

Show Molecule as

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

e Fragment for Automatic Group Assignment: 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).

e 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 searching the molecular structure data bank for
components containing the current structure as substructure.

The dialog displays the found components in a list where the components can be selected. It allows
e loading and displaying the checked components,
e saving the list as a DDB component list (“ddbpr” file) which then can be used in other DDB programs,
e moving the components to the main DDB retrieval program and searching experimental data.

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

This allows identifying 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 searching the NCI data bank for components with same (or at
least similar) formula.

2.1.3 The View Menu

The first three functions call other DDB software applications. These functions are only available if the DDB
number of the component is available.

Pure Component Databank Entries: Calling the Dortmund Data Bank main retrieval program and start a
search for pure component properties of the current molecule.
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Mixture Properties Databank Entries: Calls the Dortmund Data Bank program and retrieves all data from
mixture properties data banks.

Compound Definition File Entries: Calls the program DDB Components and displays the component file
entries (like names, formula, CAS registry number).

List of Structures from Component List with Group Assignments: Opens a list of components and shows the
group assignments based on a chosen method.

2.1.4 The Window Menu

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 windows.

2.1.5 The Calculate Menu

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

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

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

Search for 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(0OI): 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 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.

2.1.6 The Help Menu
1. “Manual” opens the manual.

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

3. “Literature List for Implemented Models” shows all references of the model and methods
implemented in Predict Pure. This function requires the DDB Access Package.

4. “About” shows Predict Pure program details (like the version number).

DDB Predict Pure Page 8 of 42



DDB 2026

3 Drawing Structures

. Selection of an atomic symbol

o // // Drawing tools (single bond, double bond, triple bond, wedges, dimethyl group, benzene,
. methyl benzene, trimethyl group, carboxylic acids, aldehydes, nitriles, isopropyl, tert-
d % ' butyl, sulfonate, alkyl chains, nitro, glycol chains, ketones)

0 oWV
—g‘; -fﬂ -(=N
e
A AA -Nf\g

N0

< ¢

4 v IO Rings

2% Delete bonds and atoms

\?3‘{ Delete all hydrogens
A Add hydrogens including a simple generation of coordinates.

— + Charges (minus, plus, radical, none)

+ 0

13, Specifying isotope information. The specific mass has to be entered in a dialog.
12 12 . . .

C The button = removes all isotope information.

After creating a new drawing window (by File-New or [3) an empty sheet is displayed.
The drawing tools allow the selection of some predefined fragments.

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.

Predict Pure 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 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 Predict Pure 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 follows the mouse
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movement. The other fragment parts are defined by the position of this atom pair and their bond.

3.1  Multiple Structures for a Single Component

B3 v
The structure data base ChemDB can contain several structures for a single component. 173
These are normally a flat 2D and a 3D structure or structures with or without .
hydrogens. 0, 23
T 373

If multiple structures are loaded from the ChemDB all these structures are added to a
single drawing window and drop down menu in the top left corner indicates how many
structures are available and allows switching between them.

Predict Pure selects the flattest structure to be shown first.
The structure shown in the drawing windows is used for calculations and group assignment.

3.2 The Context Menu

The drawing window has a context menu with several functions. Some are replicating functions from the main
menu (“Search” and “Copy” functions) and one is a short-cut for a function from the drawing tools panel (“Add
Hydrogens”).

The other functions are only available through this context menu:
e “New Window from Structure” creates a new window with the chosen structure.
e “Add Empty Structure” adds an additional multiple structure to the given window.

e “Make Bond Vertical” and “Make Bond Horizontal”: This allows the orientation to change of the drawn
molecule by making the selected bond either vertical or horizontal.

e “Flip Horizontal” and “Flip Vertical”: These functions allow mirroring the drawn molecule.

e “Check Consistency of Multiple Structures”: If two or more structures are available for the current
molecules (see also previous chapter “Multiple Structures for a Single Component”) this function allows
the user to check if the drawn or loaded structures are identical.

e “Create 2D Structure with OpenBabel”, “Create 3D Structure with OpenBabel”, Create SMILES String
with OpenBabel”: If OpenBabel is installed it is possible using it to create 2D or 3D structures or a
SMILES string with OpenBabel. OpenBabel is invoked by command line and the program “obabel.exe”
must be in the Windows search path.

e “Search for Similar Components”. This function is described in chapter 9, “Search for Similar
Components”.
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4  Fragment Management

Predict Pure allows the user to use drawn structures as fragments.

>~
% 9 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 movement.

This is the yellow circle in the picture above.

-

Clear fragment atoms

SF Current
structure as
fragment

Drawing a
new structure
. h using the
Directly use the current structure as fragment fragment
BL  Save fragment to disk (“.FRA” file)

B-  Load fragment
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5 Automatic Group Assignment

The core technology of Predict Pure is the automatic fragmentation algorithm which breaks 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, Predict Pure provides a bulk of group assignment
schemes separately for each model.

The automatic group assignment can be called from the “Calculate” menu by the “Group Assignment” option Or
by the icon from the tool bar.

Group Assignment

NP I

The dialog lists all files with group assignments (“.INK” files). Most of these “files” are integrated in the Predict
Pure program.

DDB

Select Group Assignment Scheme

| By Other | Fview ~

B UNIFAC.INK Mg AcCBOILIMNK Mg ACT_BCM12.ink ®g ACT_BCM12_corrections.ink
B Ambrose INK ™ AMBROSEAPLINK B ANDERSOM.IMK

B AROMAT.LST ™ BASAHETE.INK ™ BASAROVA.IMK ®g BENSON, INK

B o BENSONCIS.INK B ¢ BENSONCO.INK ®g CerianiGaniLiu.ink

“ Champion-TB-corr-groups.ink “ Champion-TB-groups.ink

“ ChampionRareyRamjugernathVP.ink “ CHEIM. IMK

B o CHUESWA.INK ™ CVMTASSIOS. INK B o DALBERT.INK

B DEVOTTA.INK SgE vaP.IMK  ®gFedors.NK ™ FedorsConjugatedDoubleBor
B FORTHO.INK ™ FUNKTION.INK ®g GANTIO.INK ™ GANI20.INK

B GARVIM.INE B GCVOLIMNK S GOvoLs0.INK Sy GC_VAPLINK

B, GovenderTCNLiquid.ink . GrunbergMissanlsdale.ink

B o HAN_PENG.INK Mg HEARING.INK S HEAR_NEW.INK

B HEAR_RSC.INK S HIGH.INK B HOSHIND.INK  ®g HsuSheuTu, INK

R ¢ HuangDongZhangLizhang.ink B JOBACK.INK Mg J0BVIS.INK

b a

The latest group assignment file used will be put on top of the list (here “UNIFAC.INK”). A typical result for the
fragmentation of bromobenzene 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: 12 in 1 Group

Subgroup number: 9 Maingroup number: 3 Groupname: ACH

Atoms: 1 2 8 10 11 in 5 Groups

Subgroup number: 10 Maingroup number: 3 Groupname: AC

Atoms: 6 1in 1 Group

DDB Encoded Group List:
3 1064 5009 1010

List of rings
6 membered aromatic ring found. Atoms: 1 8 11 2 6 10

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

(aromatic carbon with three bonds).

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 0-, m-, p-pairs is suppressed if no such

structural part is present.

DDB Predict Pure
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6 Estimation of Properties

6.1 Overview

Predict Pure was originally designed for the estimation of pure component properties using group contribution
methods. Predict Pure 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 be called either from the menu

(Calculate-Calculate) 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.

2. A dialog part where additionally needed properties (besides the model specific group contributions) can
be entered. Predict Pure collects result from previous calculations (a “history” of results) and allows
using these results as input for other models.

4F Calculation Methods Form - #DDB=161 Toluene

Caleulate |
Cg i’:‘:;;g;imds & Uterature Quality Joback
~ - Critical Temperature Additionally needed properties...
..... ﬁ Fedars Normal Boiling Point [K]
[ Avarez/Valderrama (w/; [T Modifiable Group Assignment
----- Iﬁ Wilson/Jasperson
B wen/Qiang
----- [ Wen/qiang (Tb)
Amb HH :
_____ e o T Additionally needed properties

B RareyMannoolal (given
----- B cheinHsiun Tu

[ Daubert Resut-Text  [nTNen)
----- R Lydersen

B Kincewicz/Reid B save Copy | Eyprint | i Clear | ¥ Remove Error Lines
----- [ Somayajulu

B 5ave in ParameterDB ‘ | -

----- [ Gani/Constantinou

Iﬂ Marrero/Pardilo Property |Method |Result Unit |Export to Aspen? |Export to ProSim? |Used Data Component
..... Iﬁ Manero/Pardilo (Sinple Ic Joback 594.161 K LB BPFT=383.92 K by DDE-PURE #DDB=161
----- ¥ Huang/Dong/zhang/Lifz|| ks chace See- - =385.52 K by BREH g

» B Critical Pressure
> @ Critical Volume
» -Bf Densities Nolumes
> i Enthalpies/Entropies

B ot Copecty ™ List of properties List of results

> @ Phase Equillbria

- Fvll and models (either text or table)

> B8 Transport Properties
> - Other

4 - »

[C)show Values from DDB Basic Parameters File

3. The list of results either in a table format or as — in some cases more detailed — text output.

The branch “Selected Methods” can be used to collect methods from different properties branches. This allows
the user to make a “selected methods list” for an even quicker access. The different methods can be added by the
tree view's context menu entries.
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T’;'E';_— Expand
ZE:E Collapse
Add Joback to "Selected Methods" List

Clear Selected Methods List
Add All Methods to Selected Methods List

Append Needed Properties with Methods

IH Save Selected Methods List
(& Load Selected Methods List

Predict Pure allows the user 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 selected only this single

method is used. w Iﬁ' Mormal Boiling Point
v @ Mormal Boiling Paint | - Pailhes
- [ Pailhes Ericksen/Rowley
B Ericlcan Do .[F Cordes/Rarey

- 'ﬁr Rarruibannnnlal

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.

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

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

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

Result - Grid

) save | Copy | Print | i Clear

Molecnle Description
#DDB=12 Diethyl ether
Comment :

Critical Temperature by Joback: 468.338 K

Used data:
BET=307.72 E by DDE-PURE

3 Groups
1: 1 = 22 [-0-]
2: 2 = 1 [-CH3]
3: 2 = 2 [»CH2]

v

The table outputs are more concise and allow copying the result to a spread sheet program. Results can also be
stored in the DDB parameter data bank (ParameterDDB), as Aspen INP file (selected properties only), or as
ProSim compatible XML file.

Result - Text
E Save

Result - Grid

E Save in ParameterDB |

Copy | Print

gf‘ Clear

< Remove Error Lines

| -

Property | Method

|F‘.e5u|t ‘Unit ‘Export to Aspen? |Exportto ProSim? |Used Data

BET Lydersen

Gani/Constan

3s2.004 ¥ [ne Owe TC=591.70 K by DDB-FURE

tinou 392.07¢4 E Wmo

IC Wen/Qiang (Th) 591.545 K e O e BFT=333.92 K by DDBE-FURE

6.3  Storing Results in the ParameterDDB

E Save in ParameterDEB

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

The dialog allows the user to replace or delete already stored sets and to add the current result as a new data set.
It also allows the user to alter some of the data set entries (Component, Author, Value and Comment).

The values stored in the ParameterDDB will be available for further calculations.

DDB Predict Pure
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6.4  Storing Results as Aspen INP File
'a. Export to INP

Predict Pure can store
o Critical temperature, pressure, volume
e Normal boiling point
e Melting temperature
e Heat of formation
e Acentric Factor
e UNIQUACTrandq

Predict Pure allows the user to export only single values of each property for a component. The result grid
contains check boxes which allow the user to select the values intended for export.

6.5 Storing Results for ProSim Software
# Export to ProSim

Predict Pure allows storing the properties
e Critical data (temperature, pressure, volume)
e Normal boiling point
e Melting temperature
e Heat of formation

Predict Pure allows the user to export only single values of each property for a component. The result grid
contains check boxes which allow the values to select intended for export.

See also chapter “ProSim Simulis Component File Update” on page 29 and following for updating existing
ProSim component files.

6.6 Temperature-Dependent Properties

Temp. Range

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 selected. 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.

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.

The Diagram shows the fitted blue line together with the estimated red circles
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6.6.1 Fit Prediction Results with Other Equations

B rt -

tesult | BB Heat of Vaporization

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

Predict Pure allows the user 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.

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 methods Domalski/Hearing,
Benson, Joback and Gani/Constantinou, typed in, or searched in the Dortmund Data Bank.

2. The state of the component — liquid, gas, solid. This determines the result of the selected method.
3. The number of moles for all components.

The next step is the assignment of molecules as educts (reactants) 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.

7.1 Search of Heats of Formation in the Dortmund Data Bank

The button Search Heat of Formations in the 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.

2% Search PCF Database for Heat of Formations

Component |Heat of Formation [1/mol] |State |T [K] | Literature | &
[=—| 21 Ethyl acetate

O -442155.0 3 Vapar 208,00 | [35314]

O -443700.0 3 Vapor 298.00 | [35117]

[l -432810.0 3 Vapor 298,00 | [40110

] -451996.5 2 Liquid 208,15 | [43245]
= B4 Acetic acd

O -434507.0 2 Liquid 293.00 | [31400]

[l -434089.0 2 Liquid 298,00 | [35126]

] -437353.5 45 Idesl Gas | 298.16 | [33115]

|:| -437437.2 48 Ideal Gas | 300.00 | [38115]

O -1119.1 43 Ideal Gas |400.00 | [383115]

] -445753.3 45 Idesl Gas | 600.00 | [33115]

|:| -A43775.8 48 Ideal Gas | 800.00 38115

O -450240,2 45 Ideal Gas | 1000.00 | [33115]

O -450700.5 45 Ideal Gas | 1200.00 | [33115]

] -450198.4 45 Idesl Gas | 1500.00 | [33115]

O -483520.0 2 Liquid 208,00 | [40085] -

| " Use Checked Heat of Formations | » Cancel

b, |

Only a single heat of formation can be selected for a specific component. The links in the Literature column
display the reference of the heat of formation.
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8 Search for Components with Specified Properties

Predict Pure 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 can be opened in the Calculate menu by the Search for components with Specific Properties menu

item or by the =% icon in the tool bar. It 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) or in percent.

Search for Components with Given Properties

{E_Critical Temperature Model (none selected)
-[@@ Critical Pressure
@’ Critical Volume Wanted Value [n.a.] Allowed Deviation [%] Allowed Deviation [n.a.]

Iﬂ’ Mormal Boiling Point
@' Melting Temperature
-Ef Heat Capadity of Liquids at 1=} Start Search I} Start Search
Iﬁ' Energy of Vaporization
Iﬁ' Entropy of Vaporization
@' Enthalpy of Fusion No restrictions Open CompenentList Mo Restrictions | Create/Display/Modify
Iﬂ’ Gibbs Energy of Formation
@' Heat of Formation

@' Standard Heat of Vaporizati

Restrict search to component list

@' Heat of Vaporization at Tb N
Iﬁ' Acentric Factor | "‘é e
[ Liquid Density at 20°C #DDB |Cumpn-nent Name |Pmpertv |Etimated Value |Un'l|: |

B Liquid Volume at NEP

Iﬂ’ Liquid Molar Yolume at 238K

@' Upper Flammability Limit

B Water Solubility of Solids

- Water Solubility of Liquids

Iﬁ' Water Solubility of Gases

Iﬁ' DomalskiHearing

@’ UNIQUAC by UNIFAC Group

@' Topological Indices

@' Parachor

@' Valderrama /Robles Method 1

- Bondi volumes and surfaces
Iﬁ' Flash Paint

== I

4

>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>

» 0 component/s

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

The software works through the entire component list and tries to estimate a value for all components stored in
the chemical structure database.
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Typical results look like this:

Copy E Save Print | gf’ Clear

#ZDDE | Component Name

Property |Estimated Value

Unit

- b

31 Cyclohexyl acetate BFT 448,071 K

138 Phenal BFT 440,863 4

158 Tetrahydrofurfuryl alcohol BFT 445,78 K

236 4-Hydroxy-2-butanone BFT 446,567 K

31 2-Methylcydohexanol <Isomer not specified>  BPFT 441,228 K

354 1-Derene BET 4495 776 K =
117 components

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

“Cordes/Rarey”.

“2% Search for Components with Given Properties

Gani/Constantinou

Allowed Deviation [3%] Allowed Deviation [K]

10

I} Start Search

Open ComponentList Mo Restrictions

Create/Display/Modify

433,348
507.101
508,698
509.358
496,652
502.773
501.239
508.226

Rla aadaadala
ARSI EIES

407 791

#DDB | Component Name Property |Estimated Value |Unit

- b

v ' Critical Temperature -
. -4 Fedors
9 Wen/Qiang Wanted Value [K]
¢ Rarey/Nanncolal (est.Tl 500
¢ CheinHsiun Tu .
% Gani/Constantinou I} Start Search
A ' gﬁHLﬁ)nngong{Zhangﬂ_lﬁ Restrict search to component list
B ritical Pressure
3 .’ Critical Volume Mo restrictions
> ' Mormal Boiling Point
> ' Melting Temperature
> ' Heat Capacity of Liquids at .
> ' Energy of Vaporization - Ei o .
> - B Entropy of Vaporization Copy [ save Print | ﬁ Clear
> ' Enthalpy of Fusion
> ' Gibbs Energy of Formation
> ' Heat of Formation
> [ Standard Heat of Vaporizati 7 Ethyl bromide
> ' Heat of Vaporization at Th 73 Dimethoxymethane
> ' Acentric Factor a5 2-Propanal
> [ Liquid Density at 20°C nal
> [ Liquid Volume at NEP 100 1-Hexene
> B Liquid Molar Volume at 298K 111 | 2-Methylpentane
> ' Upper F|EI11IT.I.EbI|ItY L|rr.||t 112 IMethylpentane
> ' Water Solubility of Solids :
> B Water Solubility of Liquids 219 | tert-Butyl chloride
> ' Water Solubility of Gases 294 2-Methyltetrahydrofuran
> ! DomalskijHearing w || l23n 2 rhlarm.1
' memt e 91 component/s
Working on component 14632 of 116464

Here a critical temperature of 500 K + 10 K has been searched with the model of Gani and Constantinou.
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9  Search for Similar Components

9.1 Component Similarity search

The Similarity search is started either by the context menu entrance described in the “Drawing Structures”
chapter or by the ™ icon. The first way to use the similarity search is to find a list of related components for a
given component. This list allows, for example, a broader search for comparable experimental data. When the
“Similarity Search” dialog opens, it will automatically create search criteria on basis of the starting component to
find comparable components. These criteria can be found in the query window.

Structural Details

Given Structure

Given Structure

Number of Carbons All Found Groups A
4 4 5, Add to Query Found Families v
Query
Groups Mode Remove? |Min.Freq. |Max.Freq.
Carbons Remove 3 5
[Chain alkane groups] h One group must be present Remove |3 5
[153] h One group must be present Remove |1 1
[158] h One group must be present Remove |1 1
Single Branches (Chain) Remove O 0
Double Branches (Chain) Remove O 0
Allowed Functional Groups
Just th ked () all oth : g
el Iz Substructure Search  IFf  Find
E Save | [& Load 8 consider Branching
Functional Group Selection
E’;_— Expand Eﬂ Caollapse | 1?: Deselect all
.,G3 | (] 143: Acetate (jon)
] 155: Conjugated ester (=-C=0)
O G153
156: Ester (=0)
[_]157: Anhydride (-0-)
» {_JCharged O/F/S
» {_|Charged nitrogen
.'638 » {JCyanide
// M“‘“‘. G0 v [Jester
[o]-c156 =P
\ Selected Groups: 2 3 10 38 156 153 156
. G2 3“_ Add as list, one group must be present
3“_ Add as list, all groups must be present
WHLabel
ane 3“_ Add as list, no group must be present

The user can now modify this criteria list for his specific needs if this is necessary

1. “Carbons”
This criterion specifies the limits for the frequency of C-Atoms which are allowed in the wanted related

components.

2. “Aromatic groups”
This criterion specifies the limits for the frequency of aromatic carbon groups which are allowed in the

related components (e. g. CH group in benzene).

3. “Chain alkane groups”
This criterion specifies the limits for the frequency of chain-alkane carbon groups which are allowed in

the related components (e. g. CH3 or CH2 groups in n-Hexane).

4. “Cyclo alkane groups”
This criterion specifies the limits for the frequency of cyclo alkane carbon groups which are allowed in

the related components (e. g. CH2 group in Cyclohexane).
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5. “Allowed Functional Groups”
This criterion specifies the limits of the frequency of the functional groups which are allowed (e. g. OH
group in Alcohols). These functional groups are all groups which do not belong to the structure groups
named above.

a) “Just the marked groups”
Only the given functional groups in the query are allowed in the related components.

b) “All other groups”
The given functional groups have to be in the wanted components, but all other functional groups
are allowed.

6. “Consider Branching”
When this option is marked, branching criteria are created on basis of the analysis of the chosen
molecule. Only components with a similar branching will be in the list of related components (e. g. n-
Pentane and n-Heptane for a given n-Hexane).

7. “Find”
This button will start the search for similar components. After the search a component list is opened.

8. “Substructure Search”
This will also conduct a search but will use the component list to start a substructure for just the found
components.

9.2 Family Search

It is also possible to start the similarity search with already predefined component families which contain the
given component. For this option the “Found Families” drop down control (1) has to be opened and the wanted
family has to be marked.

All Found Groups j/;]
Found Families

127: Ester_chain_single(lewvl}
JE 135: Ester_nointra(lewv2)
137: Ester_all{+formic}_nointra(lev3)
3 128: Ester_all{lewa)

s Ia

1 Find Components with Specified Families /
1 1

] 0

The button “Find Components with Specified Families” (2) will start the search. At the end a list of components
with all family members will be shown.

9.3 Custom Search

Another way to use the similarity search is to create own search criteria. Open the “Similarity Search” with a
random component. After all unneeded criteria have been deleted by the “Remove” button (6) in the query, new
criteria can be defined by the “Functional Group Selection” entries. Specific groups can be marked. If a main
group like “Alcohol” is chosen, every sub group is marked. Main groups can be expanded or collapsed by the
arrow at the main group (3). It is also possible to expand or collapse all main groups with the “Expand” and
“Collapse” buttons at the top (2). The “Deselect all” button removes all marks (2). The selected groups (4) can
be added as criterion to the query by the following three buttons (5):
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e “Add as list, one group must be present”
Components which fulfill this criterion consist at least of one of the defined groups.

e “Add as list, all groups must be present”
Components which fulfill this criterion consist of all defined groups.

e “Add as list, no group must be present”
Components which fulfill this criterion consist of none of the defined groups.

The frequency of C atoms can be defined by the “Number of Carbons” dialog (1) at the top of the menu (the
“Add to query” button will add this criterion). The “Allow functional groups” function can be used in the same

way described in chapter A. At the end the list of components which fulfill all criteria can be created by the
“Find” button.

Structural Details

Given Structure

Given Structure

Mumber of Carbons All Found Groups v
7 14 5,-Add to Query 1 Found Families -
Tuery
Groups Mode | Remoye? | Min.Freq. |Max.Freg.
[30,53,54,55] ™ One group must be present 6 Remave | 1 99
[2,3,4,5,6,7,9,10,14,15,17,18,19,21,22,31,32,34,36,37,33,40,41] h One group must be present Remove 1 99

Allowed Functional Groups
© 1ust the marked groups

() all other groups

E Save

= Load

B consider Branching

I}: Substructure Search I}: Fird

Functional Group Selection

f&: Expand 3] Collapse

I} Deselect all

2

v @ Akyne I
a— - in chiain with a triple bond without an electronegative

WHLabel

. [@ 51: C with a triple bond in a ring
- [@60: C with conjugated triple bonds
¢ L @e1: C with conjugated triple bonds
w [ Amide
© L @1as: Amide (=0)

- [839: Cin chain with a triple bond without an electronegative r

H AA . Pl e e e M d ek e B

Selected Groups: 20 39 5160 61 145 I a4

gﬂ. Add as list, one group must be present

=
:|-l_
Eﬂ_ Add as list, no group must be present

Add as list, all groups must be present 5
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10 MOPAC, Tinker, RasWin

We can distribute neither MOPAC nor Tinker nor RasWin. The user has to download the programs from the
Internet. All these programs are freely available (MOPAC at least up to version 7). The calculation dialog can be
opened by the MOPAC menu item in the Calculate menu or by the «% icon in the tool bar.

10.1 MOPAC

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

2% maopac

Copy | Print
IIEMTINKER RasWin

MOPAC Location Semi-Empirical Hamiltonians Minimum Search Algorithm
C:\DDEMAIN\DDE2025\MOPAC.EXE =} AM1 ' Eigenvector Following (EF) -

-f Run Hartree-Fock Hamiltonian Geometry Optimization Algorithm
Gradient Morm Restricted v Broyden-Fletcher-Goldfarb-Shanno -~
0.1

CHRRGE=0 GNORM=0.l BONDS GE0-OE VECTORS DENSITY 'Y
$DDB400 CRS§

c 14.773 1 1 0.8351 1

o 2.136 1 1 0.592€7 1

c 4_€51 1 1 0.93€68 1

o 3.072 1 1 0.9247 1

c 1.71z2 1 1 0.54€3 1

c 3.1%€ 1 4.222 1 0.355% 1

H 5.877 1 €.528 1 0.9255 1

H 4.257 1 €.664 1 0.01774 1

H 4.274 1 €.6€1 1 l.872 1

H 5.1s2 1 4.237 1 o1

H 5.183 1 4.232 1 1.857 1

H 1.871 1 1.145 1 0.92€e 1

H 1l.1€5 1 2.82 1 l.852 1

H 1.145 1 2.633 1 0.0l€€l 1 v

Figure 1: MOPAC Interface Dialog

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

MOPAC Location
C:\Program Files (x86)\DDBST Gmbt i A/

"ﬁ’ Use Coordinates

The button allows the user to load the coordinates generated by MOPAC.
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10.2 Tinker

MOPAC R4S Ras\Win
Tinker "Minimize" Location Tinker Parameter File Location

C:\Program Files (x86)\DDBSTGmbH 2} C:\Program Files (x86)\DDBSTGmbH 1}

Tinker is a molecular mechanics programs used in Predict Pure 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.

3’ Use Coordinates

The button can be used to read the coordinates generated by Tinker.

10.3 RasWin

mopac  |Trer [

RasWin Location
C:\Program Files (x38)\DDBSTGmbH 1}:

RasWin 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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11 Model Quality

Predict Pure contains information on mean deviation for different models estimating normal boiling points,

critical temperature, critical pressure, and critical volume.

2% TC Models Deviation

Copy | % Print

gEon'pormt

DDE Mumber

Esters (HC, no =-=0) [25]
All components that belong to Esters
{(Monefunctional Compounds, without C=C-C=0 correction)

Rarey/Manoolal
Wen/Qiang(Th)
Wen,/Qiang
Ambrose
Klincewicz/Reid
Lydersen
Somayajulu
Marrera/Pardilo
Joback
Gani/Constantinou
Chein-Hsiun_Tu
Daubert

All Oxygenated Compounds (HC) [29]
All companents that belong to all Oxygenated
Maonaofunctional Compaounds

Rarey/Manoolal
Marrera/Pardilo
Ambrose
Klincewicz/Reid

Wen/Qiang(Th)

| Ethyl acetate

21

AAD Component Count  Quality

3.69K
397K
4.64K
4.65K
475K
482K
493K
5.41K
5.54K
16K
17.06K
30,07 K

AAD Component Count

338K
4.66 K
469K
4.96 K
3.16K

37

37
37
37
37

37
37

37

119
114
114
114
107

Excellent
Excellent
Good
Good
Good
Good
Good
Good
Good
Good
Unreliable

Unrecommended

Quality

Excellent
Good
Good
Good
Good

- b

The quality dialogs can be called either by the . button from the main dialog or by the & Quality 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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12 COSMO-RS o-Profiles

In a 2007 publication? a group contribution method for creating COSMO-RS c-profiles (“Surface Charge
Density Profiles) and cavity volumes for COSMO-RS(QI) has been developed.

In 2009 a second method for COSMO-SAC has been published?.

Predict Pure allows the creation of o-profiles by these two new methods in the 'Calculate’ menu by using the
'‘GC-COSMO-RS(OI)' or the 'GC-COSMO-SAC' option.

res Sigma Profile

Diagram  Table Groups
ER Copy EMF B Copy BMP
13
12
"
10
]
L]
T
6
B
4
3
2
1
0
-0.03 -0.02 -0.01 0 0.01 0.02 0.03
[ fein!
Charge C Sigrna P ?

The result dialog displays three different output pages.

1. The o-profile diagram. For COSMO-RS(OI) two lines with 80 intervals are shown. The 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.

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

®  MuT., Rarey J., Gmehling J., “Group Contribution Prediction of Surface Charge Density Distribution of Molecules for
COSMO-SAC”, AIChE J., 55(12), 3298-3300, 2009
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13 ProSim Simulis Component File Update

Predict Pure can load and update compound definition files used and created by the ProSim* Simulis process
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.

oos

ProSim Simulis Pure Component Data File

= Open Simulis Component File | E Save Simulis Component File

Update Values | -3 Update Group Assignments

CasR.eqgistryNumber
ChemicalFormulaList

ChemicalStructurelist

Omega

Ri

Qi

Molar Mass

Melting Temperature
Mormal Boiling Point
Critical Temperature
Critical Pressure
Critical Volume

Heat of Farmation (Vapor)

Property Quantity

Value |I.ln'rt

Ethanal

64-17-5 (#0DDB=11)

0=C2H50
modified UNIFAC {(Dortmund, 1993)  0=[CHZ] 1 [CH3] 1 [0OH (7] 1
original UMIFAC 1=[CHZ] 1 [CH3] 1[OH] 1
PSR UMIFAC 2=[CHZ] 1[CH3] 1[OH] 1
LLE UMIFAC 3=[CHZ] 1 [CH3] 1[OH] 1
modified UNIFAC {Dortmund) 4=[CHZ] 1 [CcH3] 1[oH F)] 1
modified UNIFAC (Larsen) 6=[CHZ] 1 [CH3] 1 [OH] 1

0.643558

2.1055

1,972
Malar Mass 46,0684 afmaol
Temperature 159.05 K
Temperature 35144 K
Temperature 523.534 K
Pressure 60,5675 atm
Volume 168 om3fmol
Malar enthalpy -56, 1544 kcal frmol

A ProSim component file contains some basic properties that Predict Pure can add or modify. The list of proper-

ties is
1. Groups assignments for
a) original UNIFAC

b) modified UNIFAC (Dortmund)

c) PSRK

2. Acentric factor (Omega, ®)

3. Volume and Surface for UNIQUAC

4 ProSim Web Site (http://www.prosim.net)
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Molar mass
Melting temperature

Critical temperature, pressure, volume

N o o &

Heat of formation of gases

13.1 Updating Group Assignments
:-.E |Ipdate Group Assignments

After selecting one of the three supported models

ooe

Select Group Assignment Scheme

o4 Lr o4

UMNIFPSREL IME LINIFAC, IMK UMIFACDO.INK

-

Predict Pure shows a dialog with the groups assigned to the component's molecule.

ooBe

=" Group Assignment Result

Molecnule Description
#DDBE=11 Ethanol
Comment:

& save Copy Pure Text Copy Rich Text | Frint | M == Prosim

Group Assignment
Method: UNIFAC.INE

Group assignment was successful and complete

Atoms: 2 in 1 Group

Atoms: 1 in 1 Group

.,

Subgroup number: 14 Maingroup number: $5 2 Groupname:
Subgroup number: 1 Maingroup number: 1 Groupname:

Suhoronrn mimher e 7 Mainmarnnrn miamheaeres 1 Fronnmams

CH

CH3

CH?

E Save Copy Pure Text Copy Rich Text | Print | ﬂ == ProSim

The button @ = Fo5im i the toolbar will close the group assignment result dialog and enter the obtained

groups in the component dialog.

13.2 Update Values
Update Values

This function opens the standard Predict Pure calculation dialog (see chapter “Estimation of Properties” on page

14 and following).
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Property |Meﬂ10d Result |Ur1it |Exportto Aspell?  |Export to ProSim? | sl Data

C Rarey/Nannoolal {given Th) 523.534 K DND DND BPf=351.52 K by

T Chein-Hsiun Tu 490.2 E Do Owe

T Daubert 508.41¢6 E Obio One BPf=351.5% ¥ by
Lydersen

T Klincewicz/Reid 523.866 E Do One BPf=351.5% ¥ by

TC Somayajulu 514.163 E  Owe Ore BPf=351.5% K by

C Joback 520.18 ¥k  One Do BPf=351.58 K by |

T Gani/Constantinou 459.284 B Ono One

T Marrero/Pardillo 525.605 E Ono One BFf=351.5% K by

[ ]

The result grid contains an additional column “Export to ProSim?” where a single line for every property can be
selected. Only supported properties can be selected.

The button Export to ProSim will enter the selected value in the ProSim component dialog.

13.3 Store Component File
E Save Simulis Component File

The ProSim component saving routine 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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14 Appendix

14.1 File Formats

Predict Pure supports several 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.
5. The SDF format; a file containing single or multiple MOL files.

6. The SMILES format (file extension *.smi), if OpenBabel is installed.
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.

A description of the MOL format can be found the English Wikipedia:
https://en.wikipedia.org/wiki/Chemical table file

14.1.1 The CTC File Format

The CTC format is specially designed to match the requirements of the program Predict Pure 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

#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
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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:

e X-, y-and z-coordinate (Cartesian)

o 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 (“K” for 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:
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« atom counter of the first atom
« atom counter of the second atom
e bond multiplicity (1 — single bond, 2 — double bond, 3 — triple bond)
« bond orientation allows simple coding of stereo chemistry
e 0 — not specified
e 1—inplane
e 5 —infront of plane
e 6 — behind plane
« chemical environment in format %c, the following environment are used:
« K —aliphatic chain
« R — aliphatic ring
e A — aromatic system
« N — non-aromatic neighborhood
e C — aromatic or ring (cyclic neighborhood)
e * — 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).

#FILE
This block contains the original filename.

Examples:
The following examples illustrate the use of the ctc format.

Ethanol (hydrogen atoms omitted)
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#DDB
11
#DATE
20.6.2000
#TIME
19:50:59
#ATOMS
3
87.97 35 0 ¢c 0 0* 1
35 42.93 14.03 o 0 0 * 1
65.88 48.36 23.63 ¢ 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 ¢ 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
200.3 35 0O H O O0* 1
257.4 80.93 33.24 H 0 0 * 1
192.2 56.86 26.11 ¢ 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 ¢ 0 0* 1
213.9 111.1 78.76 ¢ 0 0 * 1
84.01 156 70,2 H 0 0 * 1
92.8 90.24 91.39 ¢ 0 0 * 1
#BONDS
18
410 1 1+
113 1 1~
11 9 1 1 *
312 1 1¢*
411 1 1=
8§ 17 1 1 *
§ 2 1 1+*
8§ 6 1 1*
416 2 1*
115 1 1 *
16 5 1 1 *
11 1 2 1=
315 2 1 *
8§18 1 1 *
1518 1 1 *
16 3 1 1 *
18 7 1 1%
1814 1 1 *

DDB Predict Pure

Page 35 of 42



DDB

2026

15

15.1

10.

11.

12.

13.

14.

15.

15.2
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15.5

15.6
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15.14 Liquid Viscosity
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