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Abstract: Virtual screening of compound libraries for property predictions has various applications 
such as: prediction of oxido-reduction potentials in view of molecular recognition, drug-likeness 
assessment, and design of new potential therapeutic agents, quantitative structure-property and 
activity relationships (QSPR/QSAR) modeling to design new structures and property predictions. 
Available free online platforms or specialized software provide us with vital help to design, 
characterize and evaluate molecular features and descriptors for imaginary systems or newly 
synthesized ones, to establish their potential for new applications by controlling and modeling their 
chemical/ biochemical behavior and properties. Predictions allow us to reduce the time spent, the 
cost of reagents or elaborate and costly assays, and provide us enlarged and complex perspectives. 

Keywords: chemoinformatics; prediction property; drug-likeness assessment; electrochemistry 
behavior 

 

1. Introduction 

In the early development of the drug discovery process, the researchers of the medicinal 
chemistry field, explore chemical and biology information relevant for a new chemical entity to 
become a successful, marketable drug. They study its physico-chemical properties and molecular 
features, its behavior under various conditions and interactions with biological targets. Often, such 
screening research is accompanied by computational and predictive models, such as molecular 
docking and molecular mechanic simulations studies [1,2], conducting to lead discovery and 
optimization. 

Aiming to facilitate faster and rational drug design, the pharma researchers have imposed some 
limitations on the values of chemical key molecular descriptors for drug candidates. Thus, for good 
oral bioavailability, the Lipinski’s rule of five (RO5) [3,4] developed at Pfizer, states that a molecule 
should not exceed 500 Dalton in molecular weight, the water-octanol partition coefficient should be 
less than 5, the number of hydrogen donor groups <5, and the number of hydrogen acceptor groups 
<10. These parameters generally dictate the absorption and permeation of a drug. The hydrophilic-
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lipophilic character of compounds can be evaluated by the prediction of aqueous solubility expressed 
as log units of molar solubility (mol/L), or logS and its hydrophobicity established from molecular 
structures features. Geometric molecular descriptors, such as area, volume, and ovality, or 
parameters derived from charge distribution, such as dipole moment, Mulliken charges, or 
electronegativity, are easily predicted using various computational tools that perform calculations on 
optimized geometries of structures using molecular mechanics force fields. An example of such 
software is Spartan Software, from Wavefunction Inc, Irvine, CA, USA [5], that uses a variety of 
hybrid functional with high accuracy of prediction. Veber and co-workers [6] supplement these 
criteria with a limitation for polar surface area (no larger than 140 Å2) and the number of rotatable 
bonds (maximum 10) for good oral bioavailability.  

Molinspiration (https://www.molinspiration.com) is a free online platform that allows users to 
calculate properties required for drug-likeness assessment and also bioactivity scores reported to 
common human target proteins (for GPCR ligands, ion channel modulators, kinase inhibitors, and 
nuclear receptor ligands), with the possibility to screen extensive compound library and to separates 
those with good drug-likeness from inactive ones. 

Thus, researchers in medicinal and pharma fields, who now benefit from advances 
chemoinformatics tools, can now scan thousands of compounds to start from their known structure 
to evaluate drug potential. 

For electrochemistry applications, in efforts to detect the limits of detection for heavy metals, by 
complexation, an important preliminary step for the choice of ligand to be synthesized, characterized, 
and studied by electrochemical measurements, can be considered the prediction of oxido-reduction 
potentials from calculated frontier molecular orbitals (FMOs) energy diagram. The results of 
computations for the energy of the Highest Occupied Molecular Orbital (HOMO) and of the Lowest 
Unoccupied Molecular Orbital (LUMO) can be associated with the ionization potential and electron 
affinity, respectively, according to Koopmans’ theorem [7], related to global molecular reactivity 
parameters evaluation. 

2. Theoretical Models and Relationships 

2.1. Global Reactivity Parameters 

Kinetic stability and reactivity of molecules can be easily assessed using formulas stated in 
Koopmans’ theorem [8], as follows: ionization potential (I = −EHOMO), electron affinity (A = −ELUMO), 
electronegativity (χ = (I + A)/2), global hardness (η = (I − A)/2), local softness (σ = l/η), chemical 
potential (μ = (EHOMO + ELUMO)/2) and global electrophilicity index (ω = μ2 /2η). 

2.2. Local Reactivity Parameters 

Atomic charges, atomic electrostatic potential, and atomic Fukui indices can be predicted using 
density functional theory (DFT) or Möller–Plesset methods (MP2). Petkova and co-workers [8] found 
the correlation of these computed parameters with the experimentally measured XPS binding 
energies for some coumarin derivatives. 

2.3. Redox Potentials 

In electrochemistry, the DFT calculations of energy levels for frontier molecular orbitals can be 
correlated with the oxidation and reduction potentials, useful to assess the complexation ability of 
some ligands with heavy metals ions as Pb (II), Cd(II), Cu(II) or Hg(II), and to design selective sensors, 
as we reported in our previous work [9]. 

The loss of an electron from the Highest Occupied Molecular Orbital (HOMO) corresponding to 
the oxidation process, is associated with the ionization energy. The electron affinity, suggested by the 
LUMO energetical level, is correlated with the reduction state given by the gain of an electron and 
the energy released when an electron is added to the LUMO of a neutral molecule in the gaseous 
state). 
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I = - EHOMO ; A = - ELUMO . In the empirical equations of Bredas et al. [10,11], the energy of frontier 
molecular orbitals is linked to the oxido-reductions potentials, including the ferrocene value of -4.4 
eV, thus: 

EHOMO = −e [Eoxonset + 4.4] (1) 

ELUMO = −e [Eredonset + 4.4] (2) 

Moreover, other authors [12,13] relate the electrochemical potentials to the vacuum level to 
electrochemical measurements: 

I = −(Eox + 4.14) eV (3) 

E = −(Ered + 4.14) eV (4) 

where: 
Eox and Ered are the onset potentials of the oxidation and reduction waves relative to an Ag 0.01 

M/ AgNO3 reference electrode; 4.14 represents the difference between the vacuum level potential of 
the normal hydrogen electrode (NHE = 4.44 eV) and the potential of the Ag/AgNO3 electrode. 

In some studies, a linear relationship exists between the molecular orbital energies and their 
reduction and oxidation potentials obtained from cyclic voltammetry. These linear correlations can 
be used to estimate the redox potentials of unknown complexes, using the calculated HOMO and 
LUMO energy levels. J. Conradie and co-workers [14] found linear relations between the 
experimentally measured reduction potential of a series of some β-diketones and their calculated 
LUMO energies and electron affinity, and a linear relationship between oxidation potential and 
calculated HOMO energies and ionization potential, respectively. 

In fact, the approximate linear relationship between HOMO and LUMO energies and 
oxidation/reduction potentials can be deduced from the Marcus quadratic relationship for interfacial 
electron transfer [15]: 

EOX/RED = a + b·EHOMO/LUMO (5) 

where EOX/RED are the experimental redox potentials; EHOMO/LUMO are the calculated HOMO and LUMO 
energies; and a and b are constants. 

3. Conclusions 

Models based on prediction for the estimation of various molecular properties aiming to design 
compounds for enhanced applicability in multiple domains such as medicine, food and nutraceutical 
industries, electrochemistry, sensors, and metal detections, etc., are widely used as preliminary and 
predictive studies. Chemoinformatics tools in chemistry and multidisciplinary approaches become 
useful instruments in education, and we must raise awareness among students about their use and 
benefits, and include such valuable resources in the educational process. 
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