
Introduction 

 

The numerical representation of a generical chemical structure is obtained with 
Molecular Maps of Atom-Level Properties (MOLMAPs) technology. [1] This codification 
technology consists on the pattern of activation of all the structural features of a given 
chemical system in a trained Kohonen neural network. [2] A structural feature type can 
be an atom, [3-5] bond [6-8] or an atom-binary inter/intra-molecular interaction. [9, 10] 
The position of a generical structural feature in a trained Kohonen Neural Network 
depends on its profile of (combined-)atomic properties. Structural features with similar 
profiles will activate/will be mapped in nearby neurons. This mapping approach 
corresponds to an intuitive/generical form of unveiling resemblances and differences 
between the structural features, of a given type, representing a given chemical system. 
This codification approach enables the algorithm the possibility to learn non-specific 
relationships during the training stage that can be transposed to different structural 
profiles in the validation sets. Additionally, this codification method permits to compare 
in fixed-size Kohonen matrixes chemical systems of different nature, number of 
components accounting its molar fractions and respective combinations when dealing 
with atom-binary inter/intra-component interactions. When a generical chemical system 
is a molecule, its molar fraction is 1 and a generical structural feature from that molecule 
will activate a given neuron with the value of 1, this is denominated the Wining Neuron 
(WN). This neuron corresponds to the lowest Euclidean distance between the structural 
feature profile of (combined-)atomic properties and the corresponding neuron weights 
of the trained Kohonen network. The neighbour neurons of the WN may be additionally 
activated until a predefined level of neighbour neurons, maximum of three levels in this 
MOLMAP approach, with a progressively lower value going from WN to levels 1N, 2N 
and 3N. The Kohonen matrix is in fact a torus, considering that the extreme right is linked 
with extreme left side, and similar approach for the bottom-up sides. It’s important to 
consider that this matrix is transformed into a vector by concatenation of its lines (up-
bottom direction). 

 

Experimental setup 

 

To achieve the MOLMAP of a given chemical system different aspects are considered in 
a sequential form: 

 
1- A generical dataset, represented by its smiles strings, is standardized with 

Chemaxon workframe, [11] specifically the standardizer application with the 
enabled options 1) mesomerise, 2) add implicit hydrogens and 3) clean 3D, in 
order for a straightforward comparison of different chemical systems 
resulting in a standardized .sdf file, (Example: B-TR-std.sdf) 

 



2- The resultant .sdf file is submitted to Chemaxon, [11] cxcalc module to 
calculate the necessary atomic properties and other molecular properties: 

cxcalc -S -o output_file_name.sdf charge -p 4 -r true -t "pi,sigma,total" 
orbitalelectronegativity -p 4 -r true -t sigma atomicpolarizability -p 4 
sterichindrance -p 4 -o 2 acc don molecularpolarizability -p 4 
molecularsurfacearea -p 4 volume -p 4 -o 2 mass -p 4 input_file_name.sdf 

The resultant output file example is C-TR-cxcalc.sdf. 

3- The next stage consists in changing file extension .sdf to .txt for a 
straightforward reading/gathering of the atomic properties calculated in 
the previous step. The program built in our labs Atomic-Component-
PropertyExtractMarvin (acpextractmarvin.exe), [12] was used in that 
context 
with the following command: acpextractmarvin -n input_file_name.txt 

The obtained output files comprise atomp.txt and component.txt. Our main 
focus consists on the atomic properties: AtomNumber, qpi (pi charge), qsigma 
(sigma charge), qtot (total charge), oensigma (orbital sigma electronegativity), 
pol (atom polarizability), hindrance, acc (number of hydrogen bond acceptor 
sites), don (number of hydrogen bond acceptor sites). The atomp.txt last 
column is represented by the label molN_atomN. 

 

Note1: The following stages (4th to 12th) are here explained for assessment of 
MOLMAPs of atom-binary inter/intra-component interactions of generical 
molecule as chemical system with the necessary adaptation for determination 
of MOLMAPs of more complex systems.  

 

Note2: MOLMAPs of atoms of the different chemical system types does not 
require stages 4, 5 and 7. 

 

4- This fourth stage is used in order to obtain atomic-binary inter/intra-
component-based MOLMAP. The home-made InterIntra.class application is 
used to that end. [13] The format and name of the dataset atomp.txt file is 
changed to E-TR-atomp.csv and used twice (in case of molecule as generical 
chemical system) in the command line instruction:  
 
java InterIntra input_component1.csv input_component2.csv 
number_of_structural_features_component1 
number_of_structural_features_component2 

Or in the case of a salt, the cation and anion respective atom.txt files are 
converted into two different input files CAT-TR-atomp.csv and AN-TR-
atomp.csv and used accordingly in the upper command line instruction. 

 



In case of a more complex chemical system the different combinations of 
pairs of components are accounted in the command line instruction. 

 

The resultant file in the case of molecule as generical chemical system type 
corresponds to:  
 

F-Output-InterIntra-TR.txt divided in two different parts in order to be readable 
and edited in Excel: F-Output-InterIntra-TR-1-1000.txt and F-Output-InterIntra-
TR-1001-2082.txt. [14] 

5- The following seven combined atomic properties were obtained for each 
combination of pairs of atoms of a generical molecule: 
 
i) (−1).qpi(atom1).qpi(atom2), ii) (−1).qsigma(atom1).qsigma(atom2), iii) 
(−1).qtot(atom1).qtot(atom2), iv) abs[oensigma(atom1)-oensigma(atom2)], 
v) pol(atom1).pol(atom2), vi) has(atom1).hds(atom2) and vii) 
hds(atom1).has(atom2). 
 
Where has/hbd correspond to hydrogen-bond acceptor and donor sites. 
 
The following files are obtained in this context: [14]  
w) G-TR1-1000-PROP_COMB.txt;  
x) G-TR1001-2082-PROP_COMB.txt;  
 

6- The next stage comprises the normalization (0-1) of all the (combined)atomic 
properties, set on training set’s maximum and minimum of the corresponding 
(combined)property, resulting in the example files: [14] 
 

w) H-TR1-1000-PROP_COMB_NORM.txt 
x) H-TR1001-2082-PROP_COMB_NORM.txt  

 
7- The obtained files are further processed in order to: 

a) Merge combined properties vi) and vii) into a single property: 
max[has(atom1).hds(atom2), hds(atom1).has(atom2)]. 

b) Delete repetitions of identical combination of pair of atoms. 

The resultant files comprise: [14] 

w) I-TR1-1000-PROP_COMB_NORM_MAX-
ACC1xDON2vsDON1xACC2_WO-REPEAT.txt;  

x) I-TR1001-2082-PROP_COMB_NORM_MAX-
ACC1xDON2vsDON1xACC2_WO-REPEAT.txt;  
 

8- Random selection of 29999 combinations of (pairs of)atoms from the TR set 
(J-KOHONEN.xlsx), [14] convert this selection to a readable format for the 
Kohonen neural network applet, [2, 15] (J-KOHONEN.txt) [14] and train the 
network in order to obtain the file, [14] (J-Kohonen-Neural-Network-20x20) 



Convert the example files obtained in 7- in a readable format for the Kohonen 
neural network applet: [14] 
 
w) J-TR-1-1000-PRE-KOHONEN.txt 
x) J-TR-1001-2082-PRE-KOHONEN.txt 
 

 
9- Submit the previously obtained files w), x) to the trained Kohonen neural 

network and obtain the resultant example files: [14] 
 
w) K-TR-1-1000-PRECUTZ-20x20.txt 
x) K-TR-1001-2082-PRECUTZ-20x20.txt 

 
These obtained files result from the Kohonen neural network output and a 
further change on the first column label to the label molN_atom1_atom2. 
This edition permits a correct MOLMAP assessment in the next step. 
 
10- Submit the previously edited files to cutmapz3N.exe application, [16] (built in 

our labs), in order to transform the pattern of activation of all the atom(-pairs) 
within a generical chemical system into its numerical representation in the 
form of a vector. 
 
Example: 400 positions´s vector from a 20x20 Kohonen matrix. The resultant 
molecule’s MOLMAP involves the WN activation value of 1 per atom-pair and 
its respective value of activation of 0.5 for each of its immediate neighbour 
neurons N1-N8. The following command is applied in this framework 
cutmapz3N input.txt output.txt 26 1 0.5 0 0. The value 26 stands for the 
Kohonen matrix dimension 20x20 (20) plus 6 (3+3), the value of added 
pseudo-dimensions used to account an activation pattern until 3 levels of 
neighbourhood of a generical WN placed in the 3 nearby levels to extreme 
sides of the Kohonen matrix (torus). This pseudo-dimension’s activation 
pattern reverts to the respective neurons of the effective Kohonen 20x20 
matrix. The values 1 0.5 0 0 represents respectively the WN 1st  2nd 3rd level 
neighbourhood pattern of activation of a given structural feature. 
 
The resulting example output files are: [14] 
 
w) L-TR-1-1000-CUTZ-20x20-1-05-0-0.txt 
x) L-TR-1001-2082-CUTZ-20x20-1-05-0-0.txt 
 

11- The resulting MOLMAPS are supplementary edited in order to incorporate 
the respective MOLMAP positions in the first row and the property of interest 
in the last column (in the case of this example the melting point). This is an 
amenable form in order to the RF algorithm process a structure property 
relationship. The edited example file corresponds to: [14] 
 

y) M-TR-20x20-1-05-0-0.txt 



 
12- The R, [17] version 3.5.3 was used as framework to run the RF algorithm 

(version 4.6-14).  
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