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Introduction

The software packageMOLGEN{ QSPRprovides methods for the study of quantitative

structure{property relationships (QSPRs) and the prediction of property values for com-

pounds in virtual combinatorial libraries. Figure 1 shows asimpli�ed 
owchart of QSPR

search and application.
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Figure 1: Flowchart of QSPR search and application
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The input of MOLGEN{ QSPRis a set of chemical compounds given as molecular

graphs together with values for a continuous target variable representing the physico-

chemical property under consideration. In the followingtutorial we will treat the boiling

points of decanes as an example.

The QSPR search consists of four principal steps:

� structure preprocessing,

� descriptor computation,

� regression analysis and validation,

� prediction of unknown property values.

All these steps can be performed withMOLGEN{ QSPR.

Structure preprocessing includes addition ofH atoms, which are typically suppressed

in electronic representations of molecular graphs, identi�cation of aromatic bonds, which

are often coded as alternating single and double bonds, and computation of a 3D layout

using a force �eld model. The latter is necessary if geometrical descriptors are to be

applied.

Molecular descriptors are used in order to map molecular structures onto real num-

bers. Currently MOLGEN{ QSPRprovides about 700 built{in descriptors of various types,

among them arithmetical, topological and geometrical indices. Furthermore, substructure

and fragment counts can be used as molecular descriptors.

Once the descriptor values are calculated, methods of supervised statistical learning

are applied in order to �nd prediction functions that �t the t arget variable well. There

are several methods available covering linear regression,arti�cial neural networks, support

vector machines, regression trees and nearest neighbors regression.

Finally, if a good QSPR is found, it can be applied for property prediction for all mem-

bers of a virtual combinatorial library. Such libraries canbe constructed usingMOLGEN's

structure generators.

MOLGEN{ QSPR's features such as structure generation, structure canonization and

removal of duplicates, numerous descriptors of various types, descriptor transformation, its

ability to plot each variable (including residuals and predictions) vs each other variable, its

variety of statistical learning methods, and its ability to provide predictions for complete

sets of compounds renderMOLGEN{ QSPRunique among similar programs.



Chapter 1

First steps

1.1 System Requirements

MOLGEN{ QSPRis available forMS Windows 95/98/NT4.0/Me/ 2000/XP/Vista .

1.1.1 Hardware

In order to useMOLGEN{ QSPRthe following hardware requirements have to be ful�lled:

� IBM{compatible PC (80486 or higher).

� CD{ROM drive for installation.

� At least 10 MB RAM and the same amount of free disc space. The space needed

depends of course on the problem, i.e. on the number of structural formulas to be

processed.

1.1.2 Software

Some of the algorithms included inMOLGEN{ QSPRcall routines provided by the software

package for statistical computingR 2.8.1 or higher. This software can be downloaded

free of charge athttp://cran.r-project.org/ . In order to be able to access sophisti-

cated regression methods, additionally the following R packages need to be installed:tree

(regression trees),e1071(support vector machines) andpls (partial least squares).

1.2 Installation

MOLGEN{ QSPRconsists of one executable and does not require any DLLs or anything

else. Therefore you can start it already from the CD-ROM. However, it is useful to copy

the program and the sample �les on your hard disc. Proceed as follows:

3
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Figure 1.1: License dialogue

1. Insert the MOLGEN{ QSPRinstallation CD{ROM into your CD{ROM drive.

2. Copy the complete folderMOLGEN{ QSPR into the Programs directory of your

hard disc drive. This is located for instance atC:n Program Files .

3. Optionally create shortcuts to your desktop or your startmenu.

1.3 Activation

After you �rst start MOLGEN{ QSPRthe Licensedialogue (Figure 1.1) will be displayed.

Please send your windows product id to

molgen@molgen.de

You will receive a license key for activation.

1.4 Demo

For evaluation purposes a free demo license can be ordered. In case you received such

a demo version, no license key will be required. The demo license o�ers full functional-

ity for calculating QSPRs. However, import functions are limited: Only the input �les

DecanesReal.sdfand DecanesReal.txtdelivered with the demo version can be imported.

Structure generators are not accessible in the demo version.



Chapter 2

Tutorial

This part of the MOLGEN{ QSPRUser Guide gives a brief description of all you need

to know for your �rst QSPR calculations. It is described stepby step, beginning with

data input, followed by descriptor calculation, regression analysis, and �nally property

prediction.

2.1 Data Input

2.1.1 Importing Structural Formulas

There are several possibilities to import electronically stored chemical structures. For our

�rst example we import a library of 50 decanes stored asMDL SD�le on the MOLGEN{

QSPR CD.

1. Click on FilejImport... to get to the Import File dialogue.

2. SelectSD�les (� .sdf) in the Filetype combo box.

3. Click on DecanesReal.sdfin order to select the desiredSD�le .

4. Use theOpen button to open the selected �le.

The 50 decanes (the real library) will now be displayed asMolecule document on the

screen (Figure 2.1).

There are various functions and controls available to modify the layout of structures,

for instance

� ViewjHydrogensto display hydrogen atoms,

� ViewjSymbolsto display element symbols,

5
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Figure 2.1: Molecule document containing 50 decanes
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Figure 2.2: Molecular Descriptorsdocument containing 50 boiling points

� Start Molecule combo box and the scrollbar to navigate through the library,

� Rows and Columns combo boxes to change the grid, etc.

2.1.2 Importing Property Values

The next step in a QSPR study is to supply property values for the structures. In this

example property values are stored in atabulator separated ascii table. Such a �le is

structured in the following way: The �rst line contains column heads, the following lines

contain data for compounds, one line for each compound. The �rst column contains the

compound name, the following column(s) contain(s) property values. Columns are sepa-

rated by tabulators. Such a �le is already prepared with boiling points of the structures

above. Use the following steps to import the property �le:

1. Click on FilejImport... to open the Import File dialogue.

2. SelectAscii Table (tabulator separated) (*.txt) in the Filetype combo box.

3. Click on DecanesReal.txtin order to select the desired �le.

4. Use theOpen button to open the selected �le.

The boiling points of the real library will now be displayed on the screen (Figure 2.2).

The status bar shows that there are 50 rows and one column in this �le (the structure

names are not counted as column). Again, there are various functions available to change

the layout of the table and to retrieve additional information about the data, for instance
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Figure 2.3: Descriptor Statistics dialogue

Figure 2.4: Link Structures dialogue

� Click on a column head to sort rows by ascending/descending values and to simul-

taneously make this particular column the current column.

� The Current Column combo box o�ers a way to change the current column without

sorting rows.

� The current column is always marked by one of the symbols , or .

� Use ViewjStatistics to display some fundamental statistical values of the current

column such as arithmetic mean or standard deviation (Figure 2.3).

2.1.3 Linking Structures and Property Values

The property values are not yet linked to the structures fromthe Molecule document.

Therefore useFilejLink Structures (Figure 2.4).

Use theMoleculescombo box to select the structures andLink by number. By clicking

OK the structures will be linked to the table with the property values. It can be useful

to save this document withFilejSave(Figure 2.5).
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Figure 2.5: File Savedialogue

A Molecular Descriptors File(extension.md4) is created. At this moment it contains

molecular structures together with property values, laterit will also contain descriptor

values and other data. If the initially imported sdf �le provided compound names, these

are now displayable usingViewjNames.

2.1.4 Alternatives for Data Input

Of course there exist various alternatives to supply data for QSPR studies, andMOLGEN{

QSPR o�ers several other ways for data import. Among these are

� Edit structures with the built{in structure editor MOLED, useFilejNewjMoled to

draw a molecular structure as a mol�le.

� Import structures from several MDL Mol�les , use FilejNewjMolecules and then

FilejAppend.

� Import structures and property values fromCODESSA input �les. UseFilejImport

and select an.inp �le.

� Add and edit property values within an existingMolecular Descriptors document,

see Subsections 2.2.2 and 2.2.3.

2.2 Displaying and Editing Data

Before starting the molecular descriptors calculation we will have a closer look at some

functionality of the Molecular Descriptorsdocument.
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Figure 2.6: Selection of rows with bps between 150 and 160� C

2.2.1 Displaying Structural Formulas

As already mentioned, rows can be sorted by property values.If we want to have a look

at the decanes of our real library with bps above 150� C and below 160� C we have to

conduct the following steps:

1. Click on the bp column head to sort rows by ascending bps.

2. Use the left mouse button to select all rows with bps between 150 and 160 (Figure

2.6).

3. FilejPass Valueswill cause the values of the current column to appear as namesin

a newMolecule document containing the selected structures.

4. UseFilejMoleculesto create the said newMoleculedocument of selected structures

(Figure 2.7).

2.2.2 Editing Property Values

Often it is necessary to edit some property values after dataimport. To do so proceed as

follows:
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Figure 2.7: Structures with bps between 150 and 160� C

Figure 2.8: Editing property values using theCurrent Entry combo box

1. Select the property column you want to edit by clicking thecolumn head or using

the Current Column combo box.

2. Select the row of the property value you want to edit. TheCurrent Entry combo

box becomes activated and the selected property value appears (Figure 2.8).

3. Edit the property value in the Current Entry combo box. The value is immediately

transferred to its place in theMolecular Descriptorsdocument.

2.2.3 Further Edit Operations

There are some further operations available to modify aMolecular Descriptorsdocument.

Selected row(s) can be deleted usingEditjDelete. To delete a column make it the current

column, then click EditjDelete Column. To delete several columns simultaneously, check

them on the Regression Setup Variablespage (see Section 2.5.1), clickOK and then

EditjDelete Columns. A new column is added byEditjAdd Column.
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2.3 Descriptor Calculation

For calculation of QSPRs we need values of molecular descriptors as input for statistical

learning procedures.MOLGEN{ QSPRo�ers three types of molecular descriptors:Indices,

substructure countsand fragment counts.

2.3.1 Calculating Indices

Having the Molecular Descriptor document selected as active window

1. useFilejIndices to obtain the Molecular Descriptorsdialogue (Figure 2.9).

Figure 2.9: Molecular Descriptorsdialogue

2. Activate check boxes in theDescriptors �eld to select descriptors to be calculated.

Click the tabulator �elds to switch between various categories of indices:

� arithmetic indices,

� topological indices,

� electrotopological indices,

� geometrical indices,

� miscellaneous indices and

� overall indices.
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Figure 2.10:Molecular Descriptorsdocument with descriptor values

On the right there are radio buttons that determine whether descriptors should be

calculated for all molecules in theMolecular Descriptors document or for selected

molecules only. Using theMessagescheck box error messages can be disabled. There

are further buttons for searching indices by their name, saving descriptor selections

and opening previously saved selections.

3. Click on the Start button to start descriptor calculation.

4. When the calculation is �nished clickOK to return to the Molecular Descriptors

document. After descriptor calculation, descriptor values will appear in additional

columns (Figure 2.10).

2.3.2 Calculating Substructure Counts

A second type of molecular descriptors aresubstructure counts. A substructure is a part

of the hydrogen{suppressed molecular graph. The substructure procedure implemented

in MOLGEN{ QSPRsystematically �nds all substructures up to a certain size that occur

in a molecular library and counts their occurrences in all molecules in the library. For

example, in 2{
uorobutane, H3C� CHF� CH2 � CH3, the substructuresF, C� F, C� C� F,

C� C� C� F, and C� C(� F) � C will automatically be retrieved and counted, along with


uorine{free substructures.

Starting from the Molecular Descriptorsdocument
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Figure 2.11: Substructure Countsdialogue

1. call FilejSubstructure Countsto obtain the Substructure Countsdialogue (Figure

2.11).

2. In the Minimum/Maximum Edges combo boxes specify the lower and upper number

of edges for the substructures to be retrieved.

3. Click the Start button to start the calculation.

4. After the calculation is �nished you can decide to ignore unique and/or nonvariant

substructures by the check boxes in theOutput �eld. Activate the Show Substruc-

tures check box if you want to create a newMolecule document with the retrieved

substructures.

5. PressOK to add the substructure counts to theMolecular Descriptorsdocument.

2.3.3 Calculating Fragment Counts

Fragment countsare a third type of molecular descriptors: A fragment is de�ned by the

user. A fragment may contain hydrogen atoms, so it is a part ofthe hydrogen{containing

molecular graph. Thus, inH3C� CHF� CH2 � CH3, 2{
uorobutane, H� C� F, H3C� CHF

etc. are fragments, they will be retrieved and counted only when de�ned and searched as

such.

To calculate fragment counts do the following:

1. UseFilejNewjMoled to edit the fragment of interest (Figure 2.12)
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Figure 2.12: Moled document

2. Name the fragment by means ofEditjProperties. The Fragment Property sheet

(Figure 2.13) appears. Enter the desired name and pressOK.

3. Switch back to yourMolecular Descriptors document using theWindow submenu

or clicking on the Molecular Descriptorsdocument's window.

4. Call the Fragment Countsdialogue (Figure 2.14) byFilejFragment Counts.

5. Add fragments using theAdd button. In the following dialogue (Figure 2.15) you

can select fragments from openedMoled documents.

6. Once you have selected one or more fragments start the calculation using the Start

button.

7. After the calculation is �nished you can decide to ignore unique and/or nonvariant

fragments by the check boxes in theOutput �eld.

8. PressOK to add the fragment counts to theMolecular Descriptorsdocument.

Our example fragment Methyl countsCH3 groups, whereas the substructure count for

C is the occurrence number ofC atoms, i.e. the sum of occurrences ofCH3, CH2, CH

groups, andC atoms without H.
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Figure 2.13: Fragment Properties Commonpage

Figure 2.14: Fragment Countsdialogue
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Figure 2.15: Add Fragment dialogue

Figure 2.16: Transform column dialogue

2.3.4 Descriptor Transformation

If you need a somewhat more complex variant of a descriptor already present, such as the

reciprocal, square, square root, logarithm, or a sum or product etc. of two descriptors

already present, useEdit j Transform Column (see Figure 2.16).

A transformation chosen here works on the current column.

2.4 Correlation Analysis

In order to select descriptors for a QSPR study it might be useful to initially analyse

property{descriptor and descriptor{descriptor correlations.
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Figure 2.17: Correlation Matrix dialogue

2.4.1 Calculating the Correlation Matrix

To obtain the correlation matrix of all variables (properties, descriptors, residuals, pre-

dictions) chooseViewjCorrelations. A window will appear showing the matrix of absolute

correlation coe�cients (Figure 2.17).

Often a Molecular Descriptor document will contain many columns, say several hun-

dred. In such cases it is advisable to calculate the correlation matrix for a small subtable

only. Editing the table is described in Section 2.2.3. In order not to lose data edit a copy

of your table rather than the table itself.

Missing values (N/A) will prohibit the correlation matrix c alculation, so make sure to

exclude a column or row containing missing values (see Section 2.2.3).

For a visualisation of intercorrelations use the scatterplot feature.

2.4.2 Displaying Correlations

Using ViewjScatterplot you can change theMolecular Descriptors document to be dis-

played as scatterplot (Figure 2.18).

Using the upper left combo boxes select a variable for the x and one for the y axis.

Again use the mouse to select and display certain subsets of structures.

Note: You may plot any column in the table (property, descriptor, residual, predic-

tion) vs any other column.

To return to the table display useViewjScatterplot again.
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Figure 2.18: Molecular Descriptorsdocument displayed as scatterplot

2.5 Regression Analysis

The most important feature of MOLGEN{ QSPRis the ability to calculate quantitative

structure property relationships. UseFilejRegressionto get to the Regressiondialogue

(Figure 2.19).

Before we start the regression analysis several settings concerning variables, prepro-

cessing and regression method have to be speci�ed. Therefore press theSetup button.

You receive theRegression Setupsheet.

2.5.1 Variable Selection

Click on the Variables tabulator �eld in order to de�ne the dependent and independent

variables (Figure 2.20).

The dependent variable is chosen with theTarget Variable combo box. Independent

variables are selected with the check boxes in theRegressors�eld.

2.5.2 Regression Preprocessing

Go to the Preprocessingtabulator �eld in order to de�ne scaling and/or centering methods

for the dependent/independent variables (Figure 2.21).
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Figure 2.19: Regressiondialogue

Figure 2.20: Regression Variablespage
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Figure 2.21: Regression Preprocessingpage

For both kinds of variables there are �ve types of preprocessing available:

� none,

� centering, the shift of variable values by their arithmeticmean,

� range scaling, transforming the variable values in such a way that they range from

0 to 1,

� auto scaling, transforming the variable values in such a waythat they have mean 0

and variance 1,

� normalization which divides the variable values by their euclidean norm, i.e. after

transformation they have euclidean norm 1.

All these preprocessings are linear transformations. As such, they do not in
uence least

squares regression and regression trees. However, for neural networks, support vector

machines and nearest neighbor regression, variable preprocessing may have an important

impact on model quality.

If such a transformation is applied, it is automatically reversed in a �nal step.

2.5.3 Regression Method

Clicking on the Method tabulator �eld you obtain a page for setting up the regression

method (Figure 2.22).



22 CHAPTER 2. TUTORIAL

Figure 2.22: Regression Methodpage

Use theAlgorithm combo box in order to select the regression algorithm to be applied.

There are various algorithms available, among them

� least squares regression,

� regression trees,

� neural networks,

� support vector machines and

� nearest neighbor regression.

Note: In order to use regression trees, neural networks, or support vector machines,

the statistics softwareR must be installed (cf. Section 1.1.2).

For the (ordinary) least squares regression no further arguments are required. Often

you will use the best subset regression (Figure 2.23).

Using the Argument and Value combo boxes parameters for the regression algorithm

can be de�ned. A short description of the algorithm and the argument is displayed.

2.5.4 Starting the QSPR Calculation

After regression setup is completed close theRegression Setupsheet with OK and start

the regression algorithm by clicking theStart button. After a while the regression analysis

will be �nished and results will be displayed in theOutput �eld (Figure 2.24).
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Figure 2.23: Regression Methodpage for best subset regression

Figure 2.24: Regressiondialogue with results in theOutput �eld
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Figure 2.25: QSPR document

In the Output �eld you see the best QSPRs calculated (one in each row). Doubleclick

on a certain QSPR to obtain further details on the selected QSPR. Use theAdd Predic-

tons/Residuals check boxes to add values calculated by the QSPR and/or residuals as

new column(s) to theMolecular Descriptors document. If the Add Models check box is

activated, QSPRs are added to a new or an existingQSPR document speci�ed by the

lower combo box.

2.6 Displaying and Saving QSPRs

If you decided to add models to a new QSPR document, the screencould look as shown

in Figure 2.25.

In a QSPR document di�erent types of QSPRs for di�erent properties using di�erent

descriptors and algorithms can be stored. UseFilejSave Asin order to save theQSPR

document (extension.qspr). With the View submenu you can add/hide columns with

certain characteristics of the QSPRs such as

� model type,

� property name,

� number of descriptors,

� degrees of freedom,
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Figure 2.26: QSPR Commonpage

� number of observations,

� R squared,

� standard error,

� Fisher's F value,

� residual sum of squares,

� mean squared residual,

� mean absolute residual,

� maximum absolute residual etc.

Doubleclick on a certain QSPR to get the QSPR's property sheet (Figures 2.26{2.32).

2.6.1 QSPR Common Properties

On the Common page you are given the information shown in Figure 2.26. Thisinforma-

tion can be edited and stored using theOK button.

2.6.2 QSPR Details

Statistical details are supplied on theDetails page (Figure 2.27).
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Figure 2.27: QSPR Details page

2.6.3 QSPR Descriptors

Names and types of descriptors as well as preprocessing transformations can be seen on

the Descriptors page (Figure 2.28).

2.6.4 QSPR Property

The property investigated by the QSPR is noted on theProperty page (Figure 2.29).

2.6.5 QSPR Model

The speci�cation of the prediction function is provided on the Model page (Figure 2.30).

2.6.6 QSPR Predictions

The Prediction page o�ers a table of residuals, experimental and calculated values (Figure

2.31).

Note: Use the left mouse button andCopy in order to copy the complete table to the

clipboard.

2.6.7 QSPR Plot

The Plot page shows a plot of experimentalvs calculated values (Figure 2.32).
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Figure 2.28: QSPR Descriptorspage

Figure 2.29: QSPR Property page
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Figure 2.30:QSPR Modelpage

Figure 2.31: QSPR Prediction page
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Figure 2.32: QSPR Plot page

2.7 Validation

2.7.1 LOO Crossvalidation

As a �rst validation step for our best QSPR equation let us perform a leave-one-out

crossvalidation. Open a .md4 and the corresponding .qspr document containing at least

one model, switch to the .md4 document and clickCrossvalidation in the View menu.

A page similar to the QSPR Details page will be displayed showing inter alia the values

of R2
cv and Scv, see Figure 2.33. Missing values (N/A) will prohibit the crossvalidation

calculation, so make sure to exclude rows/columns containing missing values (see Section

2.2.3).

As a necessary (but not su�cient) condition for a valid QSPR equation, the crossval-

idation results (R2
cv, Scv, plot) should be only moderately worse than the original ones,

compare Figures 2.33 and 2.34 to Figures 2.27 and 2.32, respectively.

2.7.2 Further Validation

As a rule, a particular QSPR model needs further validation before it can be considered

reliable. Since various validation methods are in use or recommended by various authors,

no corresponding procedures are installed as black boxes inMOLGEN{ QSPR. There are,

however, a number of features that may be helpful in validation, such as

� Random column,

� Random selection,
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Figure 2.33:Leave-one-out Crossvalidation Detailspage

Figure 2.34: Leave-one-out Crossvalidation Plotpage
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� Invert selection,

� Learning set / Test set partition.

2.8 Property Prediction

Let us now apply our best QSPR to predict the boiling points ofall those decanes not

included in our real library.

2.8.1 Generating a Virtual Library

Therefore we generate all decanes, i.e. structural formulas to the molecular formula

C10H22.

1. Create a newMolgen document usingFilejNewjMolgen.

2. UseEditjAddjFormula to call the Add Molecular Formula sheet.

3. Enter C10H22 in the Formula �eld.

4. Click OK to add the molecular formula to theMolgen document.

5. UseFilejSave Asto save theMolgen document with nameDecanes.mgp.

6. Start structure generation usingStart in the Generator �eld.

7. After a moment the computation will be completed resulting in 75 constitutional

isomers.

8. SelectFilejOpen Output to display the generated structures.

Note: Often virtual libraries cannot be described as isomers of a molecular formula.

Rather, particularly in combinatorial chemistry virtual l ibraries are speci�ed by reac-

tants and reactions. Such libraries can be generated using the reaction-based structure

generatorMOLGEN{ COMB.

2.8.2 Comparing Real and Virtual Library

Now having generated all decanes we want to identify those not included in our real

library of 50 decanes with known boiling points. Starting from the Molecule document

Decanes.mb4click FilejCompare to get to the Compare Molecule Filesdialogue (Figure

2.35).
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Figure 2.35: Compare Molecule Filesdialogue

SelectDecanesRealin the Second Filecombo box and clickStart to start the compar-

ison of the twoMoleculedocuments. The program will answer in theOutput �eld (Figure

2.36). As we are interested in structures occuring only inDecanesand not in DecanesReal,

Figure 2.36: Compare Molecule Filesoutput

we activate the corresponding check box. After pressingOK a new Molecule document

appears, namedDecanes{DecanesRealand containing the 25 decanes not included inDe-

canesReal.

2.8.3 Applying QSPRs for Prediction

In order to predict property values we have to switch back to the QSPR document.

Now select the QSPRs you want to use for prediction. OnFilejPrediction the Prediction

dialogue appears (Figure 2.37).
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Figure 2.37: Prediction dialogue

SelectDecanes{DecanesRealin the Moleculescombo box and click theStart button.

After the computation is �nished press OK, and the 25 predicted property values will

appear in a newMolecular Descriptorsdocument, see Figure 2.38.
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Figure 2.38: Prediction Result page



Chapter 3

The Molecular Descriptors

3.1 Arithmetic Indices

A; A (incl: H ) number of atoms, number of atoms (incl.H atoms)

NH ; rel: N H number of H atoms, relative number ofH atoms

NC ; rel: N C number of C atoms, relative number ofC atoms

NO; rel: N O number of O atoms, relative number ofO atoms

NN ; rel: N N number of N atoms, relative number ofN atoms

NS; rel: N S number of S atoms, relative number ofS atoms

NF ; rel: N F number of F atoms, relative number ofF atoms

NCl ; rel: N Cl number of Cl atoms, relative number ofCl atoms

NBr ; rel: N Br number of Br atoms, relative number ofBr atoms

N I ; rel: N I number of I atoms, relative number ofI atoms

NP ; rel: N P number of P atoms, relative number ofP atoms

B; B (incl: H ) number of bonds, number of bonds (incl.H atoms)

loc: B number of localized bonding electron pairs

loc: B (incl: H ) number of localized bonding electron pairs (incl.H atoms)

n� ; rel: n� number of single bonds, relative number of single bonds

n� (incl: H ) number of single bonds (incl.H atoms)

rel: n � (incl: H ) relative number of single bonds (incl.H atoms)

n= ; rel: n = number of double bonds, relative number of double bonds

rel: n = ( incl: H ) relative number of double bonds (incl.H atoms)

n# ; rel: n# number of triple bonds, relative number of triple bonds

rel: n# ( incl: H ) relative number of triple bonds (incl. H atoms)

naroma ; rel: naroma number of aromatic bonds, relative number of aromatic bonds

rel: naroma (incl: H ) relative number of aromatic bonds (incl.H atoms)

C cyclomatic number

35
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MW; mean AW molecular weight, mean atomic weight

MW (incl: H ) molecular weight (incl. H atoms)

mean AW (incl: H ) mean atomic weight (incl. H atoms)

cha total charge

rad number of radical centers

HBD number of hydrogen bond donors

HBA number of hydrogen bond acceptors

N charged number of charged atoms

mass exact; mass int Monoisotopic mass (exact and integer)

3.2 Topological Indices

W Wiener index

M1; M2 1st, 2nd Zagreb index
mM1; m M2 1st, 2nd modi�ed Zagreb index
0�; 1�; 2� Randic indices of orders 0,1,2
0� s; 1� s; 2� s; 3� s solvation connectivity indices of orders 0,1,2,3
3� s

c solvation connectivity index for clusters
0� v; 1� v; 2� v; 3� v Kier and Hall (valence connectivity) indices of orders 0,1,2,3
1�; 2�; 3� Kier shape indices 1,2,3

� �� Kier molecular 
exibility index non{alpha{modi�ed
1� � ; 2� � ; 3� � Kier alpha{modi�ed shape indices 1,2,3

� Kier molecular 
exibility index

F Platt number

NGS Gordon{Scantlebury index

J; Junsat Balaban index, unsaturated Balaban index

MT I Schultz molecular topological index

MT I 0 MTI' index

H Harary number

twc total walk count

mwc(2) ; : : : ; mwc(8) molecular walk counts of length 2,. . . ,8

twcunsat unsaturated total walk count

mwc(2)
unsat ; : : : ; mwc(8)

unsat unsaturated molecular walk counts of length 2,. . . ,8

G1 (topol:) gravitational index (pairs, topol. dist.)

G1 (topol:; incl: H ) gravitational index (pairs, topol. dist., incl. H atoms)

G2 (topol:) gravitational index (bonds, topol. dist.)

G2 (topol:; incl: H ) gravitational index (bonds, topol. dist., incl. H atoms)
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Z HosoyaZ{index

IC 0; IC 1; IC 2 Basak information content of order 0,1,2

T IC0; T IC1; T IC2 Basak total information content of order 0,1,2

CIC 0; CIC1; CIC2 Basak complementary information content of order 0,1,2

N � CIC 0; : : : ; N � CIC 2 total complementary information content of order 0,1,2

SIC0; SIC1; SIC2 Basak structural information content of order 0,1,2

N � SIC0; : : : ; N � SIC2 total structural information content of order 0,1,2

BIC 0; BIC 1; BIC 2 bonding information content of order 0,1,2

N � BIC 0; : : : ; N � BIC 2 total bonding information content of order 0,1,2

MSD mean square distance index

w; wdiag detour index,detour index (incl. half main diagonal)

Pacyc total acyclic path count
2Pacyc; : : : ; 8Pacyc molecular acyclic path count of length 2,. . . ,8
� 9Pacyc molecular acyclic path count of length 9 and higher

P total path count
2P; : : : ;8P molecular path count of length 2,. . . ,8
� 9P molecular path count of length 9 and higher

rings total ring count
3rings; : : : ; 8rings molecular ring count of length 3,. . . ,8
� 9rings molecular ring count of length 9 and higher

ch: G1; : : : ; ch: G8 topological charge index of order 1,. . . ,8

ch: J1; : : : ; ch: J8 mean topological charge index of order 1,. . . ,8

ch: J[k] global topological charge index of orderk

D topological diameter

� c eccentric connectivity index

� A
1 principal eigenvalue ofA

SCA1 sum of coe�cents of principal eigenvector ofA

SCA2 mean coe�cent of principal eigenvector ofA

SCA3 log of sum of coe�cients of principal eigenvector ofA

� D
1 principal eigenvalue ofD

� T total � index

Tm number of methyl groups

T3 number of pairs of methyl groups at distance 3

F RB freely rotatable bonds

SZD Szeged index

SZDP hyper-Szeged index
3� p; : : : ; 6� p connectivity index 3�; : : : ; 6� path



38 CHAPTER 3. THE MOLECULAR DESCRIPTORS

3� c; : : : ; 6� c connectivity index 3�; : : : ; 6� cluster
4� pc; : : : ; 6� pc connectivity index 4�; : : : ; 6� path-cluster
3� ch; : : : ; 6� ch connectivity index 3�; : : : ; 6� chain
3� v

p; : : : ; 6� v
p valence connectivity index3� v; : : : ; 6� v path

3� v
c; : : : ; 6� v

c valence connectivity index3� v; : : : ; 6� v cluster
4� v

pc; : : : ; 6� v
pc valence connectivity index4� v; : : : ; 6� v path-cluster

3� v
ch; : : : ; 6� v

ch valence connectivity index3� v; : : : ; 6� v chain

sym top size of topological symmetry group

R topological radius

con: comp: number of connectivity components

3.3 Electrotopological and AI Indices

S(sCH3) sum of E-states of sCH3

S(dCH2); S(ssCH2) sum of E-states of dCH2, sum of E-states of ssCH2

S(tCH ); S(dsCH) sum of E-states of tCH, sum of E-states of dsCH

S(aaCH); S(sssCH) sum of E-states of aaCH, sum of E-states of sssCH

S(ddC); S(tsC) sum of E-states of ddC, sum of E-states of tsC

S(dssC); S(aasC) sum of E-states of dssC, sum of E-states of aasC

S(aaaC); S(ssssC) sum of E-states of aaaC, sum of E-states of ssssC

S(sNH 3); S(sNH 2) sum of E-states of sNH3, sum of E-states of sNH2

S(ssNH 2) sum of E-states of ssNH2

S(dNH ); S(ssNH ) sum of E-states of dNH, sum of E-states of ssNH,

S(aaNH ) sum of E-states of aaNH

S(tN ); S(sssNH) sum of E-states of tN, sum of E-states of sssNH

S(dsN); S(aaN) sum of E-states of dsN, sum of E-states of aaN

S(sssN); S(ddsN) sum of E-states of sssN, sum of E-states of ddsN

S(aasN); S(ssssN) sum of E-states of aasN, sum of E-states of ssssN

S(sOH); S(dO) sum of E-states of sOH, sum of E-states of dO

S(ssO); S(aaO) sum of E-states of ssO, sum of E-states of aaO

S(sF) sum of E-states of sF

S(sP H2); S(ssP H) sum of E-states of sPH2, sum of E-states of ssPH

S(sssP); S(dsssP) sum of E-states of sssP, sum od E-states of dsssP

S(sssssP) sum of E-states of sssssP

S(sSH) sum of E-states of sSH

S(dS); S(ssS) sum of E-states of dS, sum of E-states of ssS
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S(aaS); S(dssS) sum of E-states of aaS, sum of E-states of dssS

S(ddssS); S(ssssssS) sum of E-states of ddssS, sum of E-states of ssssssS

S(sCl) sum of E-states of sCl

S(sSeH) sum of E-states of sSeH

S(dSe); S(ssSe) sum of E-states of dSe, sum of E-states of ssSe

S(aaSe); S(dssSe) sum of E-states of aaSe, sum of E-states of dssSe

S(ddssSe) sum of E-states of ddssSe

S(sBr ) sum of E-states of sBr

S(sI ) sum of E-states of sI

S(sLi ) sum of E-states of sLi

S(ssBe); S(ssssBe) sum of E-states of ssBe, sum of E-states of ssssBe

S(ssBH ); S(ssssB) sum of E-states of ssBH, sum of E-states of ssssB

S(sSiH 3); S(ssSiH 2) sum of E-states of sSiH3, sum of E-states of ssSiH2

S(sssSiH); S(ssssSi) sum of E-states of sssSiH, sum of E-states of ssssSi

S(sGeH3); S(ssGeH2) sum of E-states of sGeH3, sum of E-states of ssGeH2

S(sssGeH); S(ssssGe) sum of E-states of sssGeH, sum of E-states of ssssGe

S(sAsH 2); S(ssAsH) sum of E-states of sAsH2, sum of E-states of ssAsH

S(sssAs); S(sssdAs) sum of E-states of sssAs, sum of E-states of sssdAs

S(sssssAs) sum of E-states of sssssAs

S(sSnH3); S(ssSnH2) sum of E-states of sSnH3, sum of E-states of ssSnH2

S(sssSnH); S(ssssSn) sum of E-states of sssSnH, sum of E-states of ssssSn

S(sP bH3); S(ssP bH2) sum of E-states of sPbH3, sum of E-states of ssPbH2

S(sssP bH); S(ssssP b) sum of E-states of sssPbH, sum of E-states of ssssPb

AI (sCH3) AI of sCH3

AI (dCH2) AI (ssCH2) AI of dCH2, AI of ssCH2

AI (tCH ); AI (dsCH) AI of tCH, AI of dsCH

AI (aaCH); AI (sssCH) AI of aaCH, AI of sssCH

AI (ddC); AI (tsC) AI of ddC, AI of tsC

AI (dssC); AI (aasC) AI of dssC, AI of aasC

AI (aaaC); AI (ssssC) AI of aaaC, AI of ssssC

AI (sNH 3) AI of sNH3

AI (sNH 2); AI (ssNH 2) AI of sNH2, AI of ssNH2

AI (dNH ); AI (ssNH ) AI of dNH, AI of ssNH

AI (aaNH ); AI (sssNH) AI of aaNH, AI of sssNH

AI (tN ); AI (dsN) AI of tN, AI of dsN

AI (aaN); AI (sssN) AI of aaN, AI of sssN

AI (ddsN); AI (aasN) AI of ddsN, AI of aasN
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AI (ssssN) AI of ssssN

AI (sOH) AI of sOH

AI (dO); AI (ssO) AI of dO, AI of ssO

AI (aaO) AI of aaO

AI (sF) AI of sF

AI (sP H2); AI (ssP H) AI of sPH2, AI of ssPH

AI (sssP); AI (dsssP) AI of sssP, AI of dsssP

AI (sssssP) AI of sssssP

AI (sSH) AI of sSH

AI (dS); AI (ssS) AI of dS, AI of ssS

AI (aaS); AI (dssS) AI of aaS, AI of dssS

AI (ddssS); AI (ssssssS) AI of ddssS, AI of ssssssS

AI (sCl) AI of sCl

AI (sSeH) AI of sSeH

AI (dSe); AI (ssSe) AI of dSe, AI of ssSe

AI (aaSe); AI (dssSe) AI of aaSe, AI of dssSe

AI (ddssSe) AI of ddssSe

AI (sBr ) AI of sBr

AI (sI ) AI of sI

AI (sLi ) AI of sLi

AI (ssBe); AI (ssssBe) AI of ssBe, AI of ssssBe

AI (ssBH ) AI of ssBH

AI (sssB); AI (ssssB) AI of sssB, AI of ssssB

AI (sSiH 3); AI (ssSiH 2) AI of sSiH3, AI of ssSiH2

AI (sssSiH); AI (ssssSi) AI of sssSiH, AI of ssssSi

AI (sGeH3); AI (ssGeH2)AI of sGeH3, AI of ssGeH2

AI (sssGeH); AI (ssssGe)AI of sssGeH, AI of ssssGe

AI (sAsH 2); AI (ssAsH) AI of sAsH2, AI of ssAsH

AI (sssAs); AI (sssdAs) AI of sssAs, AI of sssdAs

AI (sssssAs) AI of sssssAs

AI (sSnH3); AI (ssSnH2)AI of sSnH3, AI of ssSnH2

AI (sssSnH) AI of sssSnH

AI (ssssSn) AI of ssssSn

AI (sP bH3); AI (ssP bH2) AI of sPbH3, AI of ssPbH2

AI (sssP bH); AI (ssssP b) AI of sssPbH, AI of ssssPb

Xu; Xu m Xu index, modi�ed Xu index
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3.4 Geometrical Indices

G1; G1 (incl: H ) gravitational index (pairs, 3D dist.)

G2; G2 (incl: H ) gravitational index (bonds, 3D dist.)

I A ; I B ; I C principal moments of inertia A,B,C

st: energy steric energy

SHDW 1; : : : ; 3 XY shadow, XZ shadow, YZ shadow

SHDW 4; : : : ; 6 standardized XY, XZ, YZ shadow

SHDW 1=SHDW 2; : : : XY/XZ, XY/YZ, XZ/YZ shadow

ssSHDW 1; : : : ; 3 size sorted shadows 1,2,3

ssSHDW 4; : : : ; 6 size sorted standardized shadows 1,2,3

ssSHDW 1=SHDW 2; : : : size sorted shadows 1/2,1/3,2/3

Vvdw ; � vdw Van der Waals volume, density by Van der Waals volume

V s
vdw standardized Van der Waals volume

Vcub enclosing cuboid

Svdw Van der Waals surface

SASAH 2O solvent accessible surface area (H2O)

SASAH solvent accessible surface area (H)

D3D geometrical diameter

Vsphere enclosing sphere

3.5 Miscellaneous Indices

slog P; sMR Crippen slog P, Crippen sMR

at C01; : : : ; at C27 Crippen atom types C01,. . . , C27

at H 01; : : : ; at H 04 Crippen atom types H01,. . . ,H04

at O01; : : : ; at O12 Crippen atom types O01,. . . ,O12

at N 01; : : : ; at N 14 Crippen atom types N01,. . . ,N14

at Hal; at Cl; at Br Crippen atom types Hal, Cl, Br

at I; at F; at P Crippen atom types I, F, P

at S01; at S02; at S03 Crippen atom types S01, S02, S03

at Me01; at Me02 Crippen atom types Me01, Me02
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3.6 Overall Indices

0� 8K sum of numbers of subgraphs of order 0 through 8
0K; : : : ; 8K number of subgraphs of order 0, . . . , 8
0TC; : : : ;6TC overall connectivity order 0, . . . , 6

TC overall connectivity
1TC� ; : : : ; 6TC� overall connectivity subgraph order 1, . . . , 6

TC� overall connectivity subgraph
0TCv; : : : ; 6TCv overall valence connectivity order 0, . . . , 6

TCv overall valence connectivity
0TM1; : : : ; 6TM1 overall �rst Zagreb order 0, . . . , 6

TM1 overall �rst Zagreb
1TM �

1 ; : : : ; 6TM �
1 overall �rst Zagreb subgraph order 1, . . . , 6

TM �
1 overall �rst Zagreb subgraph

1TM2; : : : ; 6TM2 overall second Zagreb order 1, . . . , 6

TM2 overall second Zagreb
1TM �

2 ; : : : ; 6TM �
2 overall second Zagreb subgraph order 1, . . . , 6

TM �
2 overall second Zagreb subgraph

1TW; : : : ; 6TW overall Wiener order 1, . . . , 6

TW overall Wiener
3TCp; : : : ; 6TCp overall connectivity order 3, . . . , 6 path

TCp overall connectivity path
3TC�

p ; : : : ; 6TC�
p overall connectivity subgraph order 3 , . . . , 6 path

TC�
p overall connectivity subgraph path

3TCv
p ; : : : ; 6TCv

p overall valence connectivity order 3 , . . . , 6 path

TCv
p overall valence connectivity path

3T(M1)p ; : : : ; 6T(M1)p overall �rst Zagreb order 3 , . . . , 6 path

T(M1)p overall �rst Zagreb path
3T(M1)�

p ; : : : ; ; 6T(M1)�
p overall �rst Zagreb subgraph order 3 , . . . , 6 path

T(M1)�
p overall �rst Zagreb subgraph path

3T(M2)p ; : : : ; 6T(M2)p overall second Zagreb order 3 , . . . , 6 path

T(M2)p overall second Zagreb path
3T(M2)�

p ; : : : ; 6T(M2)�
p overall second Zagreb subgraph order 3 , . . . , 6 path

T(M2)�
p overall second Zagreb subgraph path

3TWp ; : : : ; 6TWp overall Wiener order 3 , . . . , 6 path

TWp overall Wiener path
3TCc ; : : : ; 6TCc overall connectivity order 3 , . . . , 6 cluster

TCc overall connectivity cluster
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3TC�
c ; : : : ; 6TC�

c overall connectivity subgraph order 3 , . . . , 6 cluster

TC�
c overall connectivity subgraph cluster

3TCv
c ; : : : ; 6TCv

c overall valence connectivity order 3 , . . . , 6 cluster

TCv
c overall valence connectivity cluster

3T(M1)c ; : : : ; 6T(M1)c overall �rst Zagreb order 3 , . . . , 6 cluster

T(M1)c overall �rst Zagreb cluster
3T(M1)�

c ; : : : ; 6T(M1)�
c overall �rst Zagreb subgraph order 3 , . . . , 6 cluster

T(M1)�
c overall �rst Zagreb subgraph cluster

3T(M2)c ; : : : ; 6T(M2)c overall second Zagreb order 3 , . . . , 6 cluster

T(M2)c overall second Zagreb cluster
3T(M2)�

c ; : : : ; 6T(M2)�
c overall second Zagreb subgraph order 3 , . . . , 6 cluster

T(M2)�
c overall second Zagreb subgraph cluster

3TWc ; : : : ; 6TWc overall Wiener order 3 , . . . , 6 cluster

TWc overall Wiener cluster
4TCpc ; : : : ; 6TCpc overall connectivity order 4 , . . . , 6 path-cluster

TCpc overall connectivity path-cluster
4TC�

pc ; : : : ; 6TC�
pc overall connectivity subgraph order 4 , . . . , 6 path-cluster

TC�
pc overall connectivity subgraph path-cluster

4TCv
pc ; : : : ; 6TCv

pc overall valence connectivity order 4 , . . . , 6 path-cluster

TCv
pc overall valence connectivity path-cluster

4T(M1)pc ; : : : ; 6T(M1)pc overall �rst Zagreb order 4 , . . . , 6 path-cluster

T(M1)pc overall �rst Zagreb path-cluster
4T(M1)�

pc ; : : : ; 6T(M1)�
pc overall �rst Zagreb subgraph order 4 , . . . , 6 path-cluster

T(M1)�
pc overall �rst Zagreb subgraph path-cluster

4T(M2)pc ; : : : ; 6T(M2)pc overall second Zagreb order 4 , . . . , 6 path-cluster

T(M2)pc overall second Zagreb path-cluster
4T(M2)�

pc ; : : : ; 6T(M2)�
pc overall second Zagreb subgraph order 4 , . . . , 6 path-cluster

T(M2)�
pc overall second Zagreb subgraph path-cluster

4TWpc ; : : : ; 6TWpc overall Wiener order 4 , . . . , 6 path-cluster

TWpc overall Wiener path-cluster
3TCch ; : : : ; 6TCch overall connectivity order 3 , . . . , 6 chain

TCch overall connectivity chain
3TC�

ch ; : : : ; 6TC�
ch overall connectivity subgraph order 3 , 6 chain

TC�
ch overall connectivity subgraph chain

3TCv
ch ; : : : ; 6TCv

ch overall valence connectivity order 3 , . . . , 6 chain

TCv
ch overall valence connectivity chain

3T(M1)ch ; : : : ; 6T(M1)ch overall �rst Zagreb order 3 , . . . , 6 chain
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T(M1)ch overall �rst Zagreb chain
3T(M1)�

ch ; : : : ; 6T(M1)�
ch overall �rst Zagreb subgraph order 3 , . . . , 6 chain

T(M1)�
ch overall �rst Zagreb subgraph chain

3T(M2)ch ; : : : ; 6T(M2)ch overall second Zagreb order 3 , . . . , 6 chain

T(M2)ch overall second Zagreb chain
3T(M2)�

ch ; : : : ; 6T(M2)�
ch overall second Zagreb subgraph order 3 , . . . , 6 chain

T(M2)�
ch overall second Zagreb subgraph chain

3TWch ; : : : ; 6TWch overall Wiener order 3 chain

TWch overall Wiener chain

3.7 De�nitions of Descriptors

Leading references for the descriptors available inMOLGEN{ QSPR:

Todeschini, R., Consonni, V.: Handbook of Molecular Descriptors. Wiley-VCH,

Weinheim and New York, 2000; 2nd ed. 2009 under the new title Molecular Descriptors

for Chemoinformatics.

Trinajsti �c, N.: Chemical Graph Theory,2nd edition, CRC Press, Boca Raton, FL,

1992.

3.7.1 De�nitions of Arithmetic Descriptors

1. Numbers of atoms: A denotes the number of atoms excludingH atoms. A (incl: H )

means the number of atoms includingH atoms. NH is the number ofH atoms. Cor-

respondingly, we use the notationsNC ; NO ; NN ; NS; NF ; NCl ; NBr ; NI and NP .

2. Relative numbers of atoms: The descriptors

rel: N H ; rel: N C ; rel: N O ; rel: N N ; rel: N S; rel: N F ; rel: N Cl ; rel: N Br ; rel: N I ; rel: N P

mean the number of the respective atoms in the index, dividedby the total number

of atoms (including H atoms). For example,

rel: N H =
NH

A (incl: H )
:

3. Numbers of bonds: B denotes the number of bonds in the H-suppressed molecule,

while B (incl: H ) is the number of bonds in a molecule containingH atoms.
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4. Numbers of localized bonding electron pairs: loc: B is the number of localized

bonding electron pairs in an H-suppressed molecule. Aromatic � electrons are delo-

calized and therefore not counted here.loc: B (incl: H ) is analogous but it includes

bonds to H atoms.

5. Numbers of single bonds: n� is the number of single bonds in an H-suppressed

molecule. n� (incl: H ) analogously includes bonds toH atoms.

6. Relative numbers of single bonds: rel: n� and rel: n � (incl: H ) indicate the

relative numbers of bonds of an H-suppressed molecule:

rel: n� =
n�
B

and rel: n � (incl: H ) =
n� (incl: H )
B (incl: H )

:

7. Numbers and relative numbers of multiple bonds: n = is the number of

double bonds,n# the number of triple bonds, and naroma indicates the number of

aromatic bonds. Correspondingly, we use the notations

rel: n= ; rel: n= ( incl: H ); rel:n# ; rel:n#( incl: H ); rel: naroma ; rel: naroma (incl: H )

for the relative numbers of multiple bonds (relative toB, or to B (incl: H )).

8. The cyclomatic number: C is de�ned asC = B � A + 1:

9. The molecular weight 1 MW and MW (incl: H ) are the sums of the atomic

weights in an H-suppressed molecule and in the molecule including the H atoms,

respectively. The atomic weight is that of the natural abundance isotope mixture.

10. The mean atomic weight (or average atomic weight): The mean atomic

weights are de�ned as

mean AW =
MW

A
and mean AW (incl: H ) =

MW (incl: H )
A (incl: H )

:

11. The total charge: cha is the charge of the molecule.

12. The number of radical centers: nrad

13. The number of hydrogen bond donors HBD is assumed to be the number of

H atoms attached toO and N atoms, in accord with the Chemical Abstracts/ACD

de�nition. 74

14. The number of hydrogen bond acceptors HBA is assumed to be the number

of N and O atoms, in accord with the Chemical Abstracts/ACD de�nition.74



46 CHAPTER 3. THE MOLECULAR DESCRIPTORS

15. The number of charged atoms is indicated asncha.

16. Monoisotopic mass (exact and integer): These are the sums of the (exact or

integer) masses of the most abundant isotope for all atoms (incl. H), denoted by

mass exact and mass int , respectively.

3.7.2 De�nitions of Topological Indices

De�nitions of graph theoretical matrices

The graph theoretical indices are based on the following important graph theoretical

notions:

� The adjacency matrix A = ( A ij ) of the molecular graph. A ij is de�ned to be 1

if there is a covalent bond between atomsi and j , and 0 otherwise, or, in terms of

the corresponding molecular graph,

A ij =

8
<

:
1 if edge(i; j ) exists;

0 otherwise:

The degreeof vertex i or atom i , � i , is the i -th row sum:

� i =
X

j

A ij :

� The unsaturated adjacency matrix Â = ( Â ij ) is de�ned by

Â ij =

8
>>>>>>>>><

>>>>>>>>>:

1 if there is a single bond between atomsi and j;

2 if there is a double bond between atomsi and j;

3 if there is a triple bond between atomsi and j;

1:5 if there is an aromatic bond between atomsi and j;

0 otherwise:

� The distance matrix D = ( D ij ), where D ij means the distance (= shortest path

length) between atomsi and j in the H-suppressed molecular graph.

The maximal entry in its i -th row is called eccentricity of atom i ,

� i = maxf D ij j 1 � j � Ag:
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The vertex distance degree� i is de�ned as thei -th row sum of the distance matrix

D of an H-suppressed molecular graph:

� i =
X

j

D ij :

� The unsaturated distance matrix D̂ = ( D̂ ij ), the rows and columns of which

correspond to the non-H atoms. The entryD̂ ij is the length of the shortest path

from atom i to atom j , where single bonds represent a distance of 1, double bonds

represent a distance of 1=2, triple bonds represent a distance of 1=3, aromatic bonds

represent a distance of 2=3. Here is an example:

a

b

c

d

� � � H HH
H HH � � �

� � �
1

1/2

1/2

In this example, the distanceD̂ac from a to c is 1 + 1=2 = 3=2, and the distance

D̂ad = 1 + 1 =2 + 1=2 = 2.

The unsaturated vertex distance degreê� i is de�ned as the i -th row sum of the

unsaturated distance matrixD̂ of an H-suppressed molecular graph:

�̂ i =
X

j

D̂ ij :

� The charge term matrix CT = ( CTij ), a square matrix, the rows and columns of

which correspond to the non-H atoms,

CTij =

8
<

:

� i if i = j;

M ij � M j i otherwise;

whereM is de�ned asM = A � D (� 2); and

D (� 2)
ij =

8
<

:

1
(D ij )2 if i 6= j;

0 otherwise:
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� The detour matrix � = (� ij ), the rows and columns of which correspond to the

non-H atoms. The entries are the lengths of longest paths between atoms,

� ij =

8
<

:
0 if i = j;

l ij otherwise;

where l ij is the length of the longest path between atomsi and j .

A more logical de�nition includes closed detours from atomi to itself (rings of

maximal length):

� �
ij =

8
<

:

l ii if i = j;

l ij otherwise:

where l ii is the size of the largest ring containing atomi , l ii = 0 if atom i is not in

a ring.

� The Szeged matrix SZ = ( SZij ), the rows and columns of which correspond

to the non-H atoms. The entrySZij is the number of atoms in the H-suppressed

molecule that are closer toi than to j ,

SZij = j f a j a atom with D ia < D ja gj :

De�nition of graph theoretical indices

1. Wiener index: W is the half-sum of the distance matrix entries of the H-suppressed

molecule:3

W =
1
2

�
X

i;j

D ij :

2. 1st and 2nd Zagreb index: M1 is the sum (over all vertices) of squares of vertex

degrees.M2 is the sum (over all edges) of products of vertex degrees of atomsi and

j forming an edge (i; j ),2, 4

M1 =
X

i

(� i )2 and M2 =
X

edge(i;j )

� i � � j :

The vertex degree� i of atom i is the number of its neighbors in an H-suppressed

molecular graph.
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3. 1st and 2nd modi�ed Zagreb index: These indices use the reciprocal vertex

degrees of the atoms in an H-suppressed molecule,5

mM1 =
X

i

1
� 2

i
and m M2 =

X

edge(i;j )

1
� i � � j

:

Here m stands for \modi�ed".

4. Randi�c (or connectivity) indices: They form the series of indicesm � of order

m = 0; 1; 2; 3; : : :, de�ned by

m � =
X

path p of length m

A(p)Y

i =1

1
p

� i
;

where the product is taken over the atoms in pathp, and A(p) means the number

of atoms in that path.6, 7 For example, the Randi�c indices of order 0 and 1 are

0� =
X

i

1
p

� i
and 1� =

X

edge(i;j )

1
p

� i � � j
;

where the sum is taken over the vertices and the edges in an H-suppressed molecular

graph, respectively.

5. Solvation connectivity indices: They form the series of indicesm � s with m =

0; 1; 2; 3; : : : ; de�ned by

m � s =
1

2m+1
�

X

path p of length m

A(p)Y

i =1

L ip
� i

;

where the product is taken over the atoms in the path, andL i is the principal

quantum number of atomi (= 2 for C, N, O, F, = 3 for Si, P, S, Cl, etc.).1, 10

6. Solvation connectivity index for clusters: This index arises by taking the sum

over all clusters of size 3, which means subgraphs of the following form:1

�
��

@
@@
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The index is de�ned by

3� s
c =

1
24

�
X

cluster of size 3

4Y

i =1

L ip
� i

:

7. Kier and Hall (or valence) connectivity indices: These form the seriesm � v; m =

0; 1; 2; 3; : : : ; and are de�ned as follows:7, 8, 11

m � v =
X

path p of length m

A(p)Y

i =1

1
p

� v
i

:

� v
i , the valence vertex degreeor vertex valenceof atom i in an H-suppressed molecular

graph, is de�ned as

� v
i =

Z v
i � hi

Z i � Z v
i � 1

;

whereZ i is the total number of electrons (= the atomic number) of atomi , Z v
i the

number of valence electrons,hi the number of H atoms attached to atomi .

In MOLGEN{ QSPRthese indices are implemented form = 0; 1; 2; 3:

8. Kier shape indices 1, 2 and 3: These are arithmetic expressions in terms of the

number A of atoms and numberslP of paths of lengthl in the molecular graph of

the H-suppressed molecule:12{14

1� =
A � (A � 1)2

(1P)2
; 2� =

(A � 1) � (A � 2)2

(2P)2
; 3� =

8
<

:

(A � 3)�(A � 2)2

(3P )2 for evenA, A > 3;
(A � 1)�(A � 3)2

(3P )2 for odd A, A > 3:

Note that 1P = B; the number of bonds.

9. Alpha-modi�ed Kier shape indices 1, 2 and 3: 12, 13, 15 These are

1� � =
(A + � ) � (A + � � 1)2

(1P + � )2
; 2� � =

(A + � � 1) � (A + � � 2)2

(2P + � )2
;

and

3� � =

8
<

:

(A+ � � 3)�(A+ � � 2)2

(3P + � )2 for evenA, A > 3;
(A+ � � 1)�(A+ � � 3)2

(3P + � )2 for odd A, A > 3:

The modifying � is de�ned as follows:

� =
AX

i =1

� i =
AX

i =1

�
Ri

RCsp3
� 1

�
;
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where Ri is the covalent radius of thei -th atom in an H-suppressed molecule and

RCsp3 is the covalent radius of ansp3 carbon atom. Here is a table with such values:

Atom / Hybrid i Ri � i Atom/Hybrid i Ri � i

Csp3 0:77 0:00 Psp3 1:10 0:43

Csp2 0:67 � 0:13 Psp2 1:00 0:30

Csp 0:60 � 0:22 Ssp3 1:04 0:35

Nsp3 0:74 � 0:04 Ssp2 0:94 0:22

Nsp2 0:62 � 0:20 F 0:72 � 0:07

Nsp 0:55 � 0:29 Cl 0:99 0:29

Osp3 0:74 � 0:04 Br 1:14 0:48

Osp2 0:62 � 0:20 I 1:33 0:73

10. Kier molecular 
exibility index, alpha modi�ed and non-mod i�ed: 1, 16

� =
1� � � 2� �

A
and � � =

1� � 2�
A

:

11. Platt number: It is expressed in terms of the numbersN (i ) of neighbors of atoms,

F =
X

edge(i;j )

(N (i ) + N (j ) � 2);

The sum runs over all edges in the H-suppressed molecular graph.17, 18

12. Gordon-Scantlebury index: NGS is the number of path subgraphs of length 2 in

an H-suppressed molecular graph.1, 2

13. Balaban index, saturated and unsaturated: The saturated index is

J =
B

C + 1

X

edge(i;j )

1
p

� i � � j
;

where B is the number of bonds, while� i means thei -th atom distance degree,

i.e. � i =
P

j D ij : C is the cyclomatic number. The sum runs over all edges of an

H-suppressed molecular graph.19, 20 The unsaturated index is

Junsat =
B

C + 1

X

edge(i;j )

1
p

�̂ i � �̂ j
;

where ^� i is the unsaturated distance degree, i.e. thei -th row sum in the unsaturated

distance matrix.21
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14. Schultz molecular topological index MT I : We introduceMTI 0as the following

scalar product of vectors:

MT I 0 = ( � 1; : : : ; � n )t � (� 1; : : : ; � n )

and de�ne the Schultz molecular index as

MT I =
nX

i =1

� 2
i + MTI 0:

Quantities � i and � i are degree and distance degree, respectively, of atomi in the

H-suppressed molecule.22{25

15. Harary number: This is de�ned as

H =
AX

i =1

AX

j = i +1

1
D ij

;

again for an H-suppressed molecular graph.26{28

16. Walk counts: We start with the molecular walk count of lengthk, de�ned by

mwc(k) =
X

i;j

(A k) ij ;

whereA = ( A ij ) means the adjacency matrix of the H-suppressed molecular graph,

A k = (( A k) ij ) its k-th power.

Remark: mwc(0) is equal to the number of atoms,mwc(1) is equal to 2B, mwc(2) =

M1, mwc(3) = 2M2.

Using this notion, we introduce thetotal walk count

twc =
n� 1X

k=1

mwc(k) :

The sum runs over all lengthsk (from 1 to n � 1) of walks in an H-suppressed

molecular graph, wheren is the number of non-H atoms.29{32

Note: This is the original de�nition of twc.
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17. Unsaturated molecular walk counts: These are de�ned in terms of powers of

the unsaturated adjacency MatrixÂ.

mwc(k)
unsat =

X

i;j

(Âk) ij :

This expression is called theunsaturated molecular walk count of lengthk, while the

unsaturated total walk countis the sum over these:

twcunsat =
n� 1X

k=1

mwc(k)
unsat ;

wheren is the number of non-H atoms. The sum runs over all lengthsk (from 1 to

n � 1) of walks in an H-suppressed molecular graph.

18. Gravitational Indices (topo. dist.): These are the indices

G1 (topol:) =
AX

i =1

AX

j = i +1

wi � wj

D 2
ij

and G1 (topol:; incl: H ) =
A (incl: H )X

i =1

A (incl: H )X

j = i +1

wi � wj

D 2
ij

;

wherewi is the atomic weight of atomi (expressed inamu, i.e. 12.0110 for carbon),

and the sum runs, in the �rst case, over all pairs of atoms in anH-suppressed

molecular graph, while in the second case the hydrogen atomsare included.

If we restrict attention to bonds (pairs of distance 1), we obtain

G2 (topol:) =
X

edge(i;j )

wi � wj and G2 (topol:; incl: H ) =
X

edge(i;j )

wi � wj ;

where the latter includes bonds toH atoms.

19. Hosoya index Z : 34 Denoting by ak the number of sets ofk mutually non-adjacent

edges in the H-suppressed molecular graph (so that, for example, a0 = 1 and a1 =

B), while bA=2c denotes the biggest integer smaller than or equal toA=2, the Hosoya

index is

Z =
bA=2cX

k=0

ak :

20. Basak Information Contents: In order to obtain information content indices,

Basak partitions the atoms of a molecule includingH atoms into equivalence classes.

Two atoms are considered equivalent if the numbers and atom types (chemical ele-

ments) of and the bond types to all their neighbors coincide,up to the neighborhood

depth r . If for depth r G equivalence classes are found, then the number of atoms
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in the g-th class is written asAr
g, and the information content of orderr , IC r , is

de�ned as

IC r =
GX

g=1

Ar
g

A(incl: H )
� log2

Ar
g

A(incl: H )
:

The descriptorsT IC r ; CIC r ; SICr and their multiples N �CIC r ; N �SIC r ; N �BIC r ;

for r = 0; 1; 2; : : :, are de�ned as

T IC r = A(incl: H ) � IC r

CIC r = log2 A(incl: H ) � IC r

N � CIC r = A(incl: H ) � CIC r

SIC r =
IC r

log2 A(incl: H )
N � SIC r = A(incl: H ) � SIC r

BIC r =
IC r

log2 B(incl: H )
N � BIC r = A(incl: H ) � BIC r

Note: This de�nition of BIC r is the original one.

The indices carry the following names:35{37

The index its name

IC r Basak information content of orderr

T IC r Basak total information content of orderr

CIC r Basak complementary information content of orderr

N � CIC r total complementary information content of orderr

SIC r Basak structural information content of orderr

N � CIC r total structural information content of order r

BIC r bonding information content of orderr

N � BIC r total bonding information content of order r

21. Mean square distance index: This index is de�ned as

MSD =

 P
i;j (D ij )2

A � (A � 1)

! 1=2

;

where the sum is taken over all atoms in the H-suppressed molecular graph.20
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22. Detour indices: If � = (� ij ) denotes the detour matrix of an H-suppressed

molecular graph,

w =
1
2

�
X

i;j

� ij

is the detour index. A variant is

wdiag =
1
2

�
X

i;j

� �
ij ;

where � � = (� �
ij ) means the detour matrix including main diagonal elements6=

0.38{42, 73

23. Path counts: 1, 43, 44 With lPacyc being the number of paths of lengthl in the H-

suppressed molecular graph without counting any closed paths (rings), and lmax

being the maximum length of all unclosed paths, thetotal molecular acyclic path

count is de�ned as

Pacyc =
lmaxX

l=1

lPacyc :

In MOLGEN{ QSPR, acyclic path counts are implemented up to8Pacyc. Longer

paths (if any) are collectively counted in

� 9Pacyc =
lmaxX

l=9

lPacyc:

Considering also closed paths we getlP, the number of paths of lengthl in the

H-suppressed molecular graph, and thetotal molecular path count

P =
lmaxX

l=1

lP :

Path counts are implemented inMOLGEN{ QSPRup to 8P. Again, paths longer

than 8 (if any) are collectively counted as

� 9P =
lmaxX

l=9

lP:

24. Ring counts: Restricting attention to rings, we obtain the total ring count

rings =
lmaxX

l=3

l rings ;
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where l rings is the number of rings of length (ring size)l in the H-suppressed

molecular graph,lmax the maximum ring size.1

In MOLGEN{ QSPRring counts 3rings; : : : ;8 rings are implemented, rings of size

� 9 (if any) are collectively counted as

� 9rings =
lmaxX

l � 9

l rings:

25. Topological charge indices of order k: These indices use the charge term matrix

CT = ( CTij ) as well as the distance matrix. They are de�ned in terms of the atoms

in the H-suppressed molecule as follows,45, 46

ch: Gk =
1
2

�
X

i;j

jCTij j � � (k; D ij ); k = 1; 2; : : :

where � (k; D ij ) is the Kronecker delta, i.e.

� (k; D ij ) =

8
<

:
1 if k = D ij ;

0 otherwise:

These indices are calledtopological charge indices of orderk (k = 1; : : : ; 8 in

MOLGEN{ QSPR), while the mean topological charge indices of orderk are

ch: Jk =
ch: Gk

A � 1
; k = 1; 2; : : :

and the global topological charge indices of orderk are

ch: J[k] =
kX

l=1

ch: Jk :

In MOLGEN{ QSPR, mean topological charge indices are implemented up toch: J8,

as well as the global topological charge indexch: J[5].

26. The diameter is the maximal distance between two atoms in the H-suppressed

molecule,

D = maxf D ij j 1 � i < j � Ag:
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27. The eccentric connectivity index: This is

� c =
AX

i =1

� i � � i ;

where� i is the maximum entry in the i -th row of the distance matrix, � i the vertex

degree of atomi .50

28. The principal (leading, �rst) eigenvalue of A: � A
1 is the principal eigenvalue

of the adjacency matrix. We note thatA is a real symmetric matrix and therefore

diagonalizable, with real diagonal elements.

29. The sum of coe�cients of the principal eigenvector of A: 51 Denoting by cA1
i

the i -th coe�cient of the eigenvector of the principal eigenvalue ofA, we obtain the

descriptors

SCA1 =
X

i

j cA1
i j ; SCA2 =

SCA1
n

; SCA3 =
n
10

� log (SCA1) :

The sum runs over alln atoms of an H-suppressed molecule.

30. The principal (leading, �rst) eigenvalue of D: � D
1 denotes the principal eigen-

value of the distance matrix.52

31. The total Chi index is de�ned as

� T =
AY

i =1

1
p

� i
:

The product runs over all atoms of an H-suppressed moleculargraph.53

32. The number of methyl groups is denoted byTm .53

33. The number of pairs of methyl groups at distance 3 is T3.53

34. The number of freely rotatable bonds F RB means the number of bonds that

are acyclic, single, not terminal (in the H-suppressed molecule), and not an amide

C� N bond.54

35. Szeged indices: These are expressed in terms of the Szeged matrix de�ned above:

SZD =
X

edge(i;j )

SZij � SZj i and SZDP =
AX

i;j =1

SZij � SZj i :
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The edges and pairs are those in an H-suppressed molecular graph. SZD is called

the Szeged index, while SZDP is the hyper-Szeged index.59{62

36. Connectivity indices for substructures: These topological indices are expressed

in terms of subgraphs of typeq (which means paths, clusters, path-clusters or chains)

in the H-suppressed molecular graph.m is the order, i.e. the number of edges of

the subgraphs considered.K (m; q) is the number of subgraphs of typeq and order

m. n is the number of atoms in the subgraph considered.8, 9

m � q =
K (m;q)X

k=1

1
p Q n

i =1 � i

; m � v
q =

K (m;q)X

k=1

1
p Q n

i =1 � v
i

:

Available in MOLGEN{ QSPRare the connectivity indices

m � p; 3 � m � 6; m � c; 3 � m � 6; m � pc; 4 � m � 6; m � ch; 3 � m � 6;

and the valence connectivity indices

m � v
p; 3 � m � 6; m � v

c; 3 � m � 6; m � v
pc; 4 � m � 6; m � v

ch; 3 � m � 6;

where a subgraph is

{ of type chain (ch) if it contains a cycle (m � 3),

{ otherwise if every vertex has either one or more than two non-H neighbors it

is of type cluster (c) for m � 3,

{ otherwise if every vertex has one or two non-H neighbors it is of type path (p)

for m � 3,

{ otherwise it is of type path-cluster (pc) for m � 4. So a path-cluster has no

cycles but vertices with one, two and more than two non-H neighbors.

For example, chains of orderm = 3; 4; 4 are

�
��

@
@@

�
��
@

@@

�
��

@
@@
�

��
@

@@

Clusters of orderm = 3; 4; 5 are

�
��
@

@@
�

��
@

@@

@
@@

�
�� �

��
@

@@
�

��

@
@@
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Paths of orderm = 3; 4; 5 are

�
��

@
@@

�
��

�
��

@
@@

�
��

@
@@

�
��

@
@@

�
��

@
@@

�
��

Path-clusters of orderm = 4; 6; 6 are

�
��
@
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�

��
�

��
@
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@
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�
��@

@@
�

��
�

��
@

@@
� ��H HH�

��

@
@@

For classi�cation of subgraphs, the numbers of non-H neighbors are taken as they

are in the isolated subgraphs, whereas in the calculation of� values the� i are taken

as they are in the whole graph.

37. Size of the topological symmetry group: The topological symmetry group is

the set of automorphisms of the H-suppressed molecular graph. An automorphism

is the possibility to exchange vertices such that all neighborhood relations are con-

served, that is, after this operation the graph looks the same as before.75 The order

or size of this group is indicated assym top. In a completely unsymmetric graph

this number is 1, since there is always one automorphism, thetrivial exchange of

every vertex against itself. In the (H-suppressed) graph of2-methylbutane (or of

2-methyl-2-butene) the two methyl groups bound to the same Catom are exchange-

able, so that there is one nontrivial automorphism, and the size of the topological

symmetry group is 2.

38. The topological radius is:1

R = min
1� i � A

�
max

1� j � A
(D ij )

�
:

39. The number of connectivity components con: compmeans the number of

connected components of the molecular graph. In most cases,this index is equal to

1. If the compound is made of more than one component, the index increases.

3.7.3 De�nitions of Electrotopological and AI indices

1. Sum of E-state of atomic subgraphs: Every non-H atom i is attributed a

number Si (electrotopological stateor E-state) that is composed of two terms:

Si = I i +
X

j

� I ij :
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The �rst term is the intrinsic state I i , characteristic for an atom type plus its

attached H atom and bonds, e.g. the methyl group, and de�ned as

I i =
(2=L)2� v

i + 1
� i

:

The second term stands for the sum of in
uences of all other atomsj in the molecule

on atom i , where

� I ij =
I i � I j

(D ij + 1) 2
:

Thus, Si characterizes a particular non-H atom, e.g. a particular methyl group in

the ethyl acetate molecule. InMOLGEN{ QSPR, the sum of E-state values of all

such atoms is available, e.g. the sum of E-states of all methyl groups in a molecule,

called S(sCH3), which in the case of ethyl acetate is the sum of E-states of the two

methyl groups.

Here is a table of the 80 available sums of E-states of atomic subgraphs:

S(sCH 3) S(sssNH ) S(aaS) S(ssSiH 2)

S(dCH 2) S(dsN) S(dssS) S(sssSiH )

S(ssCH2) S(aaN) S(ddssS) S(ssssSi)

S(tCH ) S(sssN) S(ssssssS) S(sGeH3)

S(dsCH) S(ddsN) S(sCl) S(ssGeH2)

S(aaCH) S(aasN) S(sSeH) S(sssGeH)

S(sssCH) S(ssssN) S(dSe) S(ssssGe)

S(ddC) S(sOH ) S(ssSe) S(sAsH 2)

S(tsC) S(dO) S(aaSe) S(ssAsH )

S(dssC) S(ssO) S(dssSe) S(sssAs)

S(aasC) S(aaO) S(ddssSe) S(sssdAs)

S(aaaC) S(sF ) S(sBr ) S(sssssAs)

S(ssssC) S(sP H2) S(sI ) S(sSnH 3)

S(sNH 3) S(ssPH) S(sLi ) S(ssSnH2)

S(sNH 2) S(sssP) S(ssBe) S(sssSnH)

S(ssNH 2) S(dsssP) S(ssssBe) S(ssssSn)

S(dNH ) S(sssssP) S(ssBH ) S(sP bH3)

S(ssNH ) S(sSH) S(sssB) S(ssPbH2)

S(aaNH ) S(dS) S(ssssB) S(sssPbH)

S(tN ) S(ssS) S(sSiH 3) S(ssssP b)

wheres means a single bond,ss two single bonds,d a double bonds,t a triple bond,

a an aromatic bond, etc. to the speci�ed atom, disregarding bonds to H atoms

speci�ed.58
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2. AI of atomic subgraphs: These are quantities similar to the electrotopological

indices. For example,

AI (sCH3) = m +
P m

i =1 � mod
i � � 2

iP A
i =1 � mod

i � � 2
i

;

wherem is the number of� CH3 subgraphs, and� i the distance degree of atomi .

� mod
i is the modi�ed degreeof atom i ,

� mod
i = � i + ki ; where ki =

1
�

2
A

� 2
� Z v

i � h i

Z i � Z v
i � 1 + 1

=
1

�
2
A

� 2
� � v

i + 1
;

hi is the number ofH atoms attached to atomi , Z v
i the number of valence electrons

of atom i and Z i its atomic number. Remember that the term

Z v
i � hi

Z i � Z v
i � 1

= � v
i ;

called valence degreeof atom i , was introduced above, in connection with Kier and

Hall (or valence) connectivity.

Here is the list of all AI descriptors available inMOLGEN{ QSPR:

AI (sCH 3) AI (sssNH ) AI (aaS) AI (ssSiH 2)

AI (dCH 2) AI (dsN) AI (dssS) AI (sssSiH )

AI (ssCH2) AI (aaN) AI (ddssS) AI (ssssSi)

AI (tCH ) AI (sssN) AI (ssssssS) AI (sGeH3)

AI (dsCH) AI (ddsN) AI (sCl) AI (ssGeH2)

AI (aaCH) AI (aasN) AI (sSeH) AI (sssGeH)

AI (sssCH) AI (ssssN) AI (dSe) AI (ssssGe)

AI (ddC) AI (sOH ) AI (ssSe) AI (sAsH 2)

AI (tsC) AI (dO) AI (aaSe) AI (ssAsH )

AI (dssC) AI (ssO) AI (dssSe) AI (sssAs)

AI (aasC) AI (aaO) AI (ddssSe) AI (sssdAs)

AI (aaaC) AI (sF ) AI (sBr ) AI (sssssAs)

AI (ssssC) AI (sP H2) AI (sI ) AI (sSnH 3)

AI (sNH 3) AI (ssPH) AI (sLi ) AI (ssSnH2)

AI (sNH 2) AI (sssP) AI (ssBe) AI (sssSnH)

AI (ssNH 2) AI (dsssP) AI (ssssBe) AI (ssssSn)

AI (dNH ) AI (sssssP) AI (ssBH ) AI (sP bH3)

AI (ssNH ) AI (sSH) AI (sssB) AI (ssPbH2)

AI (aaNH ) AI (dS) AI (ssssB) AI (sssP bH)

AI (tN ) AI (ssS) AI (sSiH 3) AI (ssssP b)
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wheres means a single bond,ss two single bonds,d a double bonds,t a triple bond,

a an aromatic bond, etc. to the speci�ed atom, not counting bonds to H atoms

speci�ed.63{66

3. Xu indices are de�ned as follows:1, 67 The Xu index is

Xu =
p

A � log
P A

i =1 � i � � 2
iP A

i =1 � i � � i

;

while the modi�ed Xu index is

Xu m =
p

A � log
P A

i =1 � mod
i � � 2

iP A
i =1 � mod

i � � i

:

3.7.4 De�nitions of Geometrical Indices

1. The steric energy: st: energy is calculated by molecular mechanics inMOLGEN,

it is the target quantity minimized thereby. All other descriptors appearing in this

subsection depend on geometry, that is on the particular conformer obtained in such

optimization.

2. Gravitational Indices (3D dist.): 1, 33 Using the geometrical distance (expressed

in �Angstr•om �A) of atoms i and j , we �nd the indices

G1 =
AX

i =1

AX

j = i +1

wi � wj

r 2
ij

and G1 (incl: H ) =
A (incl: H )X

i =1

A (incl: H )X

j = i +1

wi � wj

r 2
ij

:

Again, the summation runs, in the �rst case, over all pairs ofatoms in an H-

suppressed molecular graph, while in the second caseH atoms are included.

If only bonded pairs are considered, the following indices are obtained, without and

with consideration of bonds toH atoms,

G2 =
X

edge(i;j )

wi � wj

r 2
ij

and G2 (incl: H ) =
X

edge(i;j )

wi � wj

r 2
ij

:

3. Principal moments of inertia: I A ; I B ; I C are the three principal moments of

inertia of the molecule with I A � I B � I C , i.e. moments of inertia for rotation

about three mutually perpendicular axes oriented such thatone of the moments is

a maximum, another one a minimum.1

4. Shadows: SHDW 1; SHDW 2 and SHDW 3 mean the areas of the projection of

the molecular surface onto the planesXY; XZ and Y Z, respectively. They are
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called theXY shadow, theXZ shadow, theY Z shadow. X; Y and Z axes are the

molecule's principal axes of inertia.1, 55{57

From these indices we obtain the descriptors

SHDW 4 =
SHDW 1
L x � L y

; SHDW 5 =
SHDW 2
L x � L z

; SHDW 6 =
SHDW 3
L y � L z

;

where L x ; L y and L z are the maximal dimension of the molecular surface inX; Y

and Z direction using vdw radii. They are called thestandardizedXY; XZ and Y Z

shadow.

We also introduce the quotients

SHDW i
SHDW j

; i; j 2 f 1; 2; 3g ; i < j :

These quotients are theXY=XZ shadow, etc..

Moreover, we introduce thesize sorted shadows

ssSHDW 1; ssSHDW 2; ssSHDW 3;

of which ssSHDW 1 is the largest,ssSHDW 2 is the second largest, andssSHDW 3

is the smallest. The pre�x ss stands for size sorted.

In addition we have thesize sorted standardized shadows

ssHDW 4 =
ssSHDW 1

L x � L y
; ssHDW 5 =

ssSHDW 2
L x � L z

; ssSHDW 6 =
ssSHDW 3

L y � L z
;

and the quotients
ssSHDW i
ssSHDW j

; i; j 2 f 1; 2; 3g; i < j :

5. Van der Waals volume Vvdw , density � vdw , V s
vdw and Vcub are calculated for

molecules includingH atoms.

Vvdw is the volume of the molecule, evaluated by using vdw radii for each atom. The

other descriptors are obtained as follows:

� vdw =
MW (incl: H )

Vvdw
; Vcub = L x � L y � L z ; V s

vdw =
Vvdw

Vcub
;

whereL x ; L y and L z are the maximum dimensions of the molecular surface inX; Y

and Z direction by using vdw radii, whereX; Y and Z are the principal axes of
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inertia of the molecule (incl. H atoms).

Vvdw is called the Van der Waals volume, � vdw is the density by Van der Waals

volume, V s
vdw the standardized Van der Waals volume, Vcub the enclosing cuboid.1

6. Van der Waals surface Svdw is the surface of the molecule by using vdw radii for

each atom.

7. The solvent accessible surface area SASAH 2O is the solvent accessible surface

of the molecule by using vdw radii and anH2O molecule (r = 1.5�A) as a probe,

while SASAH is the solvent accessible surface of the molecule by using vdw radii

and an H atom (r = 1.2�A) as a probe.

8. The geometrical diameter D3D is the maximum distance of two points on the

vdw surface of the molecule includingH atoms:

D3D = maxf j b� aj for points a; b in the vdw surfaceg:

9. Enclosing sphere Vsphere is the volume of the enclosing sphere (including vdw

radii) of the molecule includingH atoms:

Vsphere =
4
3

� � �
�

D3D

2

� 3

= � �
D 3

3D

6
:

3.7.5 De�nitions of Miscellaneous Indices

1. Crippen atom type numbers: at C01� atC27; atH 01� atH 04; atO01� atO12; atN 01�

atN 14; atHal; atCl; atBr; atI; atF; atP; atS 01 � atS03; atMe01; atMe02 are occur-

rence numbers of atom types. In Crippen's scheme, an atom is typi�ed according

to its nature and to that of its neighbors.47 Thus,

the C atom in a methyl group bonded to aliphaticC is of atom type C01,

the C atom in a methyl group bonded toN or O is of atom type C03,

the C atom in a methyl group bonded to aromaticC is of atom type C08, etc..

2. slog P and sMR: These are logP and molar refraction as calculated by Crippen's

method.47 Denote by Nk the number of atoms of Crippen typek, and by ak the

hydrophobicity increment of an atom of typek, then

slog P =
X

k

ak � Nk :
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If bk denotes the increment for the molar refractivity of an atom of type k, then we

obtain sMR, the molar refractivity as calculated by Crippen's method,

sMR =
X

k

bk � Nk :

3.7.6 De�nition of Overall indices

1. Numbers of subgraphs: Let m K denote the number of subgraphs ofm edges in

the H-suppressed molecular graph,

mK = jf S j S a subgraph ofm edgesg j ; m = 0; 1; 2; : : : :

Using these indices we obtain numbers of subgraphs with restricted number of edges.

For example,

0� 8K =
8X

m=0

m K

is the number of subgraphs of� 8 edges.48, 49

2. Overall indices: 68{71 These indices are denoted asm TO;m TO� ; : : : ; TO�
q. T is the

overall index sign. For the molecule each connected subgraph S up to size m is

constructed. The letter O means one of these:M1, the �rst Zagreb index, or M2,

the second Zagreb index, orW, the Wiener index, orC (for connectivity, stands for

the sum over the vertex degrees of the atoms in the subgraph considered), orCv

(represents the sum over the valence vertex degrees of the atoms). In formal terms,

we obtain the indices

mTO =
X

S of size m

O(S); m TO� =
X

S of size m

O� (S) ;

m TOq =
X

S of size m; type q

O(S); m TO�
q =

X

S of size m; type q

O� (S) :

If subgraphs of all sizes are considered, we obtain

TO =
X

S

O(S); TO� =
X

S

O� (S) ;

TOq =
X

S of type q

O(S); TO�
q =

X

S of type q

O� (S) :
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MOLGEN{ QSPRcontains these indices for the following parameters:

descriptor range of parameterm unrestricted version
mT C 0 � m � 6 T C
mT C� 1 � m � 6 T C�

mT Cv 0 � m � 6 T Cv

mT M1 0 � m � 6 T M1
mT M �

1 1 � m � 6 T M �
1

mT M2 1 � m � 6 T M2
mT M �

2 1 � m � 6 T M �
2

mT W 1 � m � 6 T W
mT Cp 3 � m � 6 T Cp
mT C�

p 3 � m � 6 T C�
p

mT Cv
p 3 � m � 6 T Cv

p
mT(M 1)p 3 � m � 6 T(M 1)p
mT(M 1)�

p 3 � m � 6 T(M 1)�
p

mT(M 2)p 3 � m � 6 T(M 2)p
mT(M 2)�

p 3 � m � 6 T(M 2)�
p

mT Wp 3 � m � 6 T Wp
mT Cc 3 � m � 6 T Cc
mT C�

c 3 � m � 6 T C�
c

mT Cv
c 3 � m � 6 T Cv

c
mT(M 1)c 3 � m � 6 T(M 1)c
mT(M 1)�

c 3 � m � 6 T(M 1)�
c

mT(M 2)c 3 � m � 6 T(M 2)c
mT(M 2)�

c 3 � m � 6 T(M 2)�
c

mT Wc 3 � m � 6 T Wc
mT Cpc 4 � m � 6 T Cpc
mT C�

pc 4 � m � 6 T C�
pc

mT Cv
pc 4 � m � 6 T Cv

pc
mT(M 1)pc 4 � m � 6 T(M 1)pc
mT(M 1)�

pc 4 � m � 6 T(M 1)�
pc

mT(M 2)pc 4 � m � 6 T(M 2)pc
mT(M 2)�

pc 4 � m � 6 T(M 2)�
pc

mT Wpc 4 � m � 6 T Wpc
mT Cch 3 � m � 6 T Cch
mT C�

ch 3 � m � 6 T C�
ch

mT Cv
ch 3 � m � 6 T Cv

ch
mT(M 1)ch 3 � m � 6 T(M 1)ch
mT(M 1)�

ch 3 � m � 6 T(M 1)�
ch

mT(M 2)ch 3 � m � 6 T(M 2)ch
mT(M 2)�

ch 3 � m � 6 T(M 2)�
ch

mT Wch 3 � m � 6 T Wch
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The sums run over the subgraphs (regardingm and q if speci�ed) and sum up the

values of the indices speci�ed (e.g.W for Wiener index) of the subgraphs. In

TC; TM1; TM2 calculations the � values of the vertices of the subgraphs are used.

If no asterisk appears in the symbol of an index, then these are taken as they are

in the parent graph. If an asterisk appears in the symbol of anindex, then � values

are taken as they are in the respective isolated subgraph.68{71
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