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ABSTRACT 9 

Using the method of solvation Conductor-like Polarizable Continuum Model (C-PCM) and the method 10 

of Amovilli-Mennucci contained in the GAMESS-US package, were estimated the electrostatic, 11 

dispersion and repulsion free energies of organic molecules in 1-octanol and water. The calculations of 12 

solvation in water and 1-octanol were performed using the method C-PCM//PBE-VWN/6-31G (2p, 2d), 13 

to determine the electrostatic contribution to the solvation free energy. Consequently, using the concept 14 

of structure-property relationship was obtained a QSPR model to estimate the cavitation free energies of 15 

organic molecules with the experimental solvation free energies. Additionally, with the surface atomics 16 

(C, H, N and O) of the atoms that conform to the organic molecules calculated by the method GEPOL-17 

GB, the electrostatic free energies, and non-bonding free energies, two QSPR models were constructed to 18 

predict the 1‑octanol/water partition coefficient (logP) for neutral organic molecules containing a single 19 

functional group from the following classes: alcohols, ketones, aldehydes, carboxylic acids, esters, ethers, 20 

amines, alkanes (linear and cyclic), and aromatic compounds. In contrast, in the case of alcohol 21 

compounds, molecules of 1,2-ethanediol, 1,3-propanediol and 1,4-butanediol were used in the training 22 

set. Model A, which uses electrostatic free energies and atomic surface areas, achieved a correlation 23 

coefficient of R² = 0.991, while Model B, which incorporates non-bonding free energies, achieved R² = 24 

0.986. The applicability domain of the models is explicitly defined for monofunctional compounds at 25 

infinite dilution and 298.15 K. 26 
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1. INTRODUCTION 30 

The equilibrium between liquid phases or between liquid and vapor is critical to understanding a wide 31 

range of chemical and biological phenomena. Indeed, it is imperative to understand and predict such 32 

equilibriums to optimize chemical products and processes (1)In general, researchers have employed these 33 

types of equilibrium to theoretically estimate a range of properties, including the aqueous solvation energy 34 

of polar and nonpolar species, the vapor pressure and boiling point of pure liquids, the equilibrium 35 

constant of carboxylic acids in the aqueous phase, and the partition coefficient of a solute between two 36 

immiscible liquids(2-8).  37 

The partition coefficient of a solute in two immiscible liquids is one of the most significant properties 38 

employed. This property is particularly advantageous in the context of describing the behavior of 39 

amphiphilic molecules and species employed in the pharmaceutical industry. The distribution of a 40 

molecule between water and a lipid material is typically accomplished through the 1-octanol/water 41 

partition coefficient (𝐾௢/௪ = log𝑃), which is regarded as the most significant physicochemical property 42 

for describing the affinity of chemical species in a specific solvent (9-11). 43 

The 1-octanol is widely accepted as the material whose behavior is most similar to the lipids found in 44 

nature, and the partition coefficient is the most widely used descriptor for structure-property relationships 45 

QSPR (12). Concurrently, models of structure-property relationships (QSPR) emerge as a result of a 46 

process that begins with the description of molecular structures and culminates in the prediction of the 47 

behavior of molecules in different phases (13-16). Consequently, QSPR models were developed using 48 

properties calculated by quantum mechanical methods and molecular dynamics (17-20).  49 
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A variety of quantum mechanical solvation models, including C-PCM (Conductor-Like Polarizable 50 

Continuum Model) and COSMO (Conductor-Like Screening Model), have been employed to investigate 51 

and calculate the properties of chemical compounds in solvents (21-27). In these methods, the solvent is 52 

represented by a continuous dielectric model, which provides a satisfactory description of the properties 53 

of molecules with low computational cost and generates favorable results. Concurrently, numerous 54 

methods have been developed to predict the molecular properties of solutes in different solvent media. 55 

Some of these methods have been employed to determine the molecular volume of liquids, vapor pressure, 56 

and solvation energies (28-32). Consequently, in this study, the C-PCM solvation method was employed 57 

to calculate the structural and energetic properties of an organic molecules set. Finally, two structure-58 

property models were obtained to estimate the 1-octanol/water partition coefficient (𝐾௢/௪ = log𝑃) and 59 

the free energies of solvation of these groups of organic molecules. While solvation free energies are 60 

essential for understanding solute-solvent interactions, the partition coefficient is inherently a transfer 61 

property between two phases. The distinction between transfer and solvation free energies is critical 62 

because the former accounts for the competitive solvation of the solute by two immiscible solvents, 63 

including effects of activity coefficients, conformational changes, and specific solvent-solvent 64 

interactions that are not captured by single-solvent continuum models. 65 

 66 

2. THEORETICAL FRAMEWORK 67 

The solvation free energy (𝛥𝐺௦௢௟௩) is free energy change necessary for transferring a molecule of the 68 

vacuum into the solvent23 and can be defined by the equation 1: 69 

𝛥𝐺௦௢௟௩ = 𝛥𝐺௘௟௘௖ + 𝛥𝐺ௗ௜௦௣ + 𝛥𝐺௥௘௣ + 𝛥𝐺௖௔௩ + 𝑅𝑇ln ൬
௤ೝ೚೟,೒௤ೡ೔್,೒

௤ೝ೚೟,ೞ௤ೡ೔್,ೞ
൰ − 𝑅𝑇ln ൬

௡ಾ,೒௸ಾ,೒
య

௡ಾ,ೞ௸ಾ,ೞ
య ൰                           (1) 70 

The term 𝛥𝐺௘௟௘௖ is the electrostatic component due to the interaction between the solute and the solvent 71 

medium. The variables 𝛥𝐺௥௘௣ and  𝛥𝐺ௗ௜௦௣ are the free energies of repulsion and dispersion between the 72 
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solute and solvent. Finally, the term 𝛥𝐺௖௔௩ is the free energy required to construct the cavity of the solute 73 

in the solvent and the last two terms are negligible. 74 

2. 1. Electrostatic free energy 75 

Under the influence of a solvent described by a dielectric continuum model, the Hamiltonian of the solute 76 

can be defined by equation 2 as: 77 

𝐻෡ = 𝐻෡௢ + 𝑉෠                                                                                                                                         (2) 78 

In which 𝐻෡௢ is the Hamiltonian of the isolated solute, the operator 𝑉෠  describes the solute-solvent 79 

interaction, which depends linearly on the state function 𝛹 of the solute. In this case, the electrostatic free 80 

energy 𝛥𝐺௘௟௘௖ is determined by the variational minimization of the free energy of solute given by equation 81 

3: 82 

𝛥𝐺௘௟௘௖ = ൻ𝛹ห𝐻෡௢ห𝛹ൿ +
ଵ

ଶ
ൻ𝛹ห𝑉෠ห𝛹ൿ                                                                                                       (3) 83 

In general, the interaction operator 𝑉෠  is written in terms of apparent polarization charges. In each tessera 84 

𝑖, a charge 𝑞௜ appears, according to the conductor-like boundary condition: 85 

𝑉(𝑟) + ∑ 𝑉௤೔(𝑟) = 0
௦௘௚௠௘௡௧௦
௜                                                                                                                     (4) 86 

Where 𝑉(𝑟) and 𝑉௤೔(𝑟) are the electrostatic potentials due to the solute and to the polarization charges, 87 

and 𝑟 is a point on the segment surface. 88 

The vector of polarization charges 𝑄 can be defined by Equation 5: 89 

𝑨𝑸 = −𝑉                                                                                                                                           (5) 90 

Here, the vector 𝑉contains the electrostatic potential due to the solute on the surface segment. The 91 

elements of the matrix 𝐴 are expressed by equations 6 and 7: 92 

𝐴௜௜ = 1.07ට
4π

ௌ೔
                                                                                                                                  (6) 93 

𝐴௜௝ =
ଵ

ห௥⃗೔ି௥⃗ೕห
                                                                                                                                      (7) 94 
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Where 𝑆௜ is the area of tessera 𝑖. The equation 6 was defined by Klamt and Schüürmann for a simple 95 

sphere partitioned into a number of segments of identical surface area21. In C-PCM, the polarization 96 

charges are scaled so that the total polarization charge obeys Gauss's law and a very effective way to do 97 

this is to multiply each charge by the factor 
ఌିଵ

ఌ
 and new charges are given by equation 8: 98 

𝑞 =
ఌିଵ

ఌ
𝑄                                                                                                                                       (8) 99 

Here 𝜀 corresponds to the dielectric constant of solvent. At the same time, the contribution 𝛥𝐺௘௟௘௖ is 100 

important for polar and charged solutes due to the polarization of the solvent, which are modeled as a 101 

uniform medium of dielectric constant. 102 

 103 

2. 2. Free energy required to the construction of a molecular cavity in the solvent 104 

With the aim of determine the solute-solvent interaction, the molecules are placed in cavities formed by 105 

overlapping spheres centered on solute atoms. The construction of the cavity for the solute in the solvent 106 

requires the application of a certain amount of energy known as cavitation free energy whose concept was 107 

introduced by Uhlig (33) and the definition was applied initially to determine the solubility of gases in 108 

liquids. To determine the cavitation free energy, 𝛥𝐺௖௔௩, different models have been developed and the 109 

formulation given by Reiss and Pierotti (34-36). This theory describes the molecules of fluid using hard 110 

spheres to evaluate the 𝛥𝐺௖௔௩, which is determined by a polynomial depending of the radius 𝑅௠௦, which 111 

corresponds to the sum of the radii of the solute and solvent: 112 

𝛥𝐺௖௔௩ = 𝐾଴ + 𝐾ଵ𝑅௠௦ + 𝐾ଶ𝑅௠௦
ଶ + 𝐾ଷ𝑅௠௦

ଷ                                                                                                 (9) 113 

The coefficients 𝐾௜ (𝑖 = 0,1,2,3) are expressed in terms of the properties of the solvent (molecular radius 114 

𝑅௦, and density number 𝑛௦) and of the system (pressure P and temperature T). This can be calculated by 115 

the equations 10, 11, 12 and 13: 116 
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𝐾଴ = 𝑅𝑇 ൤−ln(1 − 𝑦) +
ଽ

ଶ
ቀ

௬

ଵି௬
ቁ
ଶ

൨ −
4πRೞ

య௉

ଷ
                                                                                       (10) 117 

𝐾ଵ = −
ଷோ்

ோೞ
൤

௬

ଵି௬
+ 3ቀ

௬

ଵି௬
ቁ
ଶ

൨ + 4πR௦
ଶ𝑃                                                                                            (11) 118 

𝐾ଶ =
ଷோ்

ோೞ
మ ൤

௬

ଵି௬
+

ଷ

ଶ
ቀ

௬

ଵି௬
ቁ
ଶ

൨ − 4πR௦𝑃                                                                                               (12) 119 

𝐾ଷ =
4πP

ଷ
                                                                                                                                           (13) 120 

The term  𝑦 =
4πRೞ

య௡ೞ

ଷ
  is associated to the microscopic terms. The cavitation free energy is a positive term 121 

which included the loss of entropy of the solvent due to the reorganization of these molecules by the 122 

presence of the solute. 123 

2.3. Free energies of Dispersion and Repulsion 124 

This section shows the models to calculate the dispersive and repulsive contributions to solvation free 125 

energy. Using the atom-atom interaction model (37), the dispersion free energy between two molecules 126 

A and S is described by equation 14: 127 

𝐸(𝐴, 𝑆)ௗ௜௦௣ = −∑ ∑ ∑ 𝑑௔௧
(௡)
𝑟௔௧
ି௡

௔∈஺௧∈ௌ
∞
௡ୀ଺                                                                                               (14) 128 

Here, 𝑑௔௧
(௡)  is the dispersion coefficient and 𝑟௔௧ is the distance between atoms. In real solutions, the 129 

description of the relative distances between the atoms of the solute and solvent can be replaced by the 130 

distribution function, defined in equation 15: 131 

𝜌௔௧(𝑟௔௧) = 𝑁௧𝜌௦𝑔௔௧(𝑟௔௧)                                                                                                                    (15) 132 

In equation 15, 𝑁௧ is the number of atoms of type 𝑡 for each solvent molecule, 𝜌௦ is the number density 133 

of the solvent and 𝑔௔௧ is the correlation function, which is dependent on the interaction distance (𝑟௔௧). The 134 

use of a continuous function allows the replacement of the summation over S, by an integral shown in the 135 

equation 16: 136 

𝐺ௗ௜௦௣(𝐴𝑒𝑛𝑆) = −∑ ∑ 𝑑௔௧
(଺)
𝑁௧𝜌௦ × ∫𝑑𝑟௧𝑔௔௧(𝑟at)𝑟௔௧

ି଺
௔∈஺௧∈ௌ                                                                   (16) 137 
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With the equation 16 is possible to determine the dispersion free energy for a solute in a solvent. In turn 138 

Amovilli (38), proposed a model to calculate the free energy of dispersion through a quantum-mechanical 139 

treatment: 140 

𝛥𝐺ௗ௜௦௣ =
ଵ

గ
∫ 𝑑𝜔∑

ఠ0K
ಲ

ఠ0K
ಲమାఠమ௄ஷ଴

∞

଴
× ∫𝑑𝑟ଵ ∮

ௗ௥⃗మ

௥12
𝑃஺(0K|𝑟ଵ) 𝜎஻[𝐵(𝑖𝜔), 𝑃஺(0K|𝑟)](𝑟ଶ)                           (17) 141 

Where 𝑃஺(0K|𝑟) and 𝜔0K
஺ , are the densities and energies of transition of a state 𝐾 of the solute. The term 142 

𝜎஻ is the surface charge density induced by the electric field of the charge distribution𝑃஺(0K|𝑟), 143 

depending on a dielectric constant calculated at imaginary frequencies. Additionally, 𝜎஻ is always smaller 144 

than the square of the refractive index 𝜂஻
ଶ  estimated to zero frequency and measured of the electronic 145 

transitions in the visible spectrum. However, Mennucci and Amovilli [39] defined these terms using the 146 

equation 18: 147 

𝜎஻[𝐵(𝑖𝜔), 𝑃஺(0K)](𝑟) =
ఆಳ
మ

ఆಳ
మାఠమ

ఎಳ
మିଵ

ସగఎಳ
మ 𝐸0K

஺ (𝑟)                                                                                       (18) 148 

Where 𝛺஻ = 𝜂஻𝐼஻ and depends on the ionization potential 𝐼஻ of the solvent. Here 𝐸0K
஺ (𝑟)  is the component 149 

of the electric field, which is orthogonal to the surface of the solute cavity at the point 𝑟 that is associated 150 

with the density of transition 𝑃஺(0K|𝑟). By using the equation 18, equation 17 can be defined as: 151 

𝛥𝐺ௗ௜௦௣ = −
ఎಳ
మିଵ

଼గఎಳ൬ఎಳା
ഘಲ
಺ಳ

൰
∑ ∮𝑑𝑟௄ஷ଴ 𝑉0K

஺ (𝑟)𝐸0K
஺ (𝑟)                                                                                (19) 152 

The term 𝑉0K
஺  is the potential associated with the electric field 𝐸0K

஺ . All terms associated with the equation 153 

of dispersion free energy are calculated with the restricted Hartree-Fock method. 154 

To calculate the repulsion free energy in the solvation process, Amovilli and Mennucci [39] proposed a 155 

model based on the method of Floris [37] and the equation 20: 156 

𝛥𝐺௥௘௣ = 𝜌஻ ∫ 𝑑𝑅ሬ⃗ 𝑈௥௘௣
஺஻ ൫𝑅ሬ⃗ ൯𝑔஺஻൫𝑅ሬ⃗ ൯                                                                                                       (20) 157 
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Here 𝐴 and 𝐵, corresponds to the solute and the solvent. 𝑅ሬ⃗ , is an appropriate set of coordinates that define 158 

the internal geometry of the complex 𝐴𝐵, 𝜌஻ is the number density of the solvent and 𝑔஺஻ is a correlation 159 

function whose value is zero inside the solute cavity and one outside the cavity. This model is based on 160 

that the repulsive force between two interacting molecules is given by the Pauli Exclusion Principle. 161 

Based on this principle, the free energy of repulsion increases with the overlap of the two distributions 162 

and is related to the density of electrons with the same electron spin. Thus, the repulsion free energy in 163 

the process of solvation can be calculated by equation 21: 164 

𝛥𝐺௥௘௣ = 𝜌஻𝑛௣௔௥
஻ ∫𝑅ሬ⃗

ଵ

ଶ
∫
ௗ௥⃗భௗ௥⃗మ

௥12
𝑃஺(𝑟ଵ, 𝑟ଶ) 𝑃௣௔௥൫𝑅ሬ⃗ |𝑟ଶ, 𝑟ଵ൯                                                                (21) 165 

Here 𝑛௣௔௥
஻  is the number of pairs of valence electrons of the solvent, 𝑃௣௔௥൫𝑅ሬ⃗ |𝑟ଶ, 𝑟ଵ൯ and 𝑃஺(𝑟ଵ, 𝑟ଶ) 166 

correspond to the pair density matrices adapted. Here 𝑅ሬ⃗  are the coordinates of the center of the localized 167 

orbital which contain the pairs of free electrons or bonded to the solute molecule. 168 

2. 4. Distribution of a solute in two immiscible liquids 169 

Suppose two immiscible liquids in contact, which is incorporated a solute 𝐴 non dissociable whose 170 

concentration is in the range of a dilute solution (9, 40). The solute 𝐴 to be distributed between the two 171 

phases for form a solution. If both phases are in equilibrium, the chemical potentials of the solute 𝐴 for 172 

both phases are equal and can be written as: 173 

𝜇(௦௢௟௨௧௢,ఈ) = 𝜇(௦௢௟௨௧௢,ఉ)                                                                                                                         (22) 174 

In turn, the chemical potential of solute 𝐴 in a phase can be written as: 175 

𝜇(௦௢௟௨௧௢,௜) = 𝜇(௦௢௟௨௧௢,௜)
଴ + 𝑅𝑇ln𝑥(௦௢௟௨௧௢,௜)                                                                                                 (23) 176 

Where 𝑥(௦௢௟௨௧௢,௜) correspond to the fraction of solute in equilibrium with one of the phases and 𝜇(௦௢௟௨௧௢,௜)
଴  177 

is the standard potential of solute 𝐴 in one of the phases. By using the equation 22 and 23 can be 178 

established a relationship to calculate the solute distribution in the two phases: 179 
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𝜇(௦௢௟௨௧௢,ఈ)
଴ + 𝑅𝑇ln𝑥(௦௢௟௨௧௢,ఈ) = 𝜇(௦௢௟௨௧௢,ఉ)

଴ + 𝑅𝑇ln𝑥(௦௢௟௨௧௢,ఉ)                                                                   (24) 180 

Where the concentration ratio is given by: 181 

൬
௫(ೞ೚೗ೠ೟೚,ഀ)

௫(ೞ೚೗ೠ೟೚,ഁ)
൰ = 𝐾ௗ௜௦௧௥௜௕௨௖௜௢௡ = 𝐸𝑋𝑃 ൬

ఓ(ೞ೚೗ೠ೟೚,ഁ)
బ ିఓ(ೞ೚೗ೠ೟೚,ഀ)

బ

ோ்
൰                                                                        (25) 182 

Assuming that 𝜇(௦௢௟௨௧௢,௜)
଴ = 𝛥𝐺(௦௢௟௩,௜)

଴ + 𝛥𝐺௩௔௣(஺)
଴ , where 𝛥𝐺௩௔௣(஺)

଴  is the vaporization free energy of the 183 

solute, we can calculate the solvation of 𝐴 in a given solvent. In this case, the standard chemical potential 184 

of solute 𝐴 in a phase 𝜇(௦௢௟௨௧௢,௜)
଴  is equivalent to the dissolution free energy 𝛥𝐺௦௢௟

଴ . Therefore, we can write 185 

the distribution constant of the solute in both phases as follows: 186 

𝐾௢/௪ = 𝐸𝑋𝑃 ቆ
௱ீೡೌ೛(ಲ)

೚ ା௱ (ீೞ೚೗ೡ,ഁ)
బ ିቀ௱ீೡೌ೛(ಲ)

బ ା௱ (ீೞ೚೗ೡ,ഀ)
బ ቁ

ோ்
ቇ                                                                    (26) 187 

Here 𝛥𝐺(௦௢௟௩,ఉ)
଴  and 𝛥𝐺(௦௢௟௩,ఈ)

଴  correspond to the solvation free energies of solute in two immiscible 188 

liquids. Simplifying Equation 26, then we have an expression using quantum mechanical methods of 189 

solvation to calculate the distribution constant 𝐾೚

ೢ
 of a solute 𝐴 in two immiscible liquids: 190 

𝐾௢/௪ = 𝐸𝑋𝑃 ൬
௱ (ீೞ೚೗ೡ,ഁ)

బ ି௱ (ீೞ೚೗ೡ,ഀ)
బ

ோ்
൰                                                                                                  (27) 191 

Generally, it is possible to calculate the free energy of the phase changes and the solvation free energy. 192 

However, the determination of the free energy of phase transfer of a solute of a liquid to other is a 193 

limitation of quantum mechanical methods used to estimate the chemical potential of a system. For the 194 

reason, the equation 26 is very appropriate to estimate this free energy associated with the phase transfer. 195 

 196 

3. METHODOLOGY 197 

3.1 Quantum mechanical calculations 198 
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All three-dimensional molecular structures were constructed using the wxMacMolPlt v7.4.5 software 199 

(41). Then, molecular structures were optimized in the vacuum using the Density Functional Theory 200 

(DFT). The functional PBE-VWN was used with the basis set 6-31G (2p, 2d) (42- 44). 201 

With the coordinates obtained in the optimization, the calculations of solvation in water and 1-octanol 202 

were performed using the method C-PCM//PBE-VWN/6-31G(2p,2d), to determine the electrostatic 203 

contribution to the solvation free energy. These calculations were developed based on the theory of Ben-204 

Naim (45), where it is considered that the molecule does not change its structural conformation when the 205 

molecule is transferred of the vacuum to the solvent medium. Figure 1, shows the process of solvation of 206 

the ethanol in a continuum dielectric medium using the Ben-Naim principle.  207 

For the construction of the cavities of the solute molecules, we used the GEPOL-GB method proposed by 208 

Pascual-Ahuir and Tomasi (46, 47) using the van der Waals radii for the atoms of C, N, H and O. In Table 209 

1, are showed the values of the radii used. For the study of solvation in water and 1-octanol, were used as 210 

input parameters the dielectric constant, molecular volume and surface tension (48, 49). The repulsion 211 

and dispersion free energies were calculated using the method Amovilli-Menucci, being necessary to 212 

define some parameters of solvents such as ionization potential, the square of the refractive index, density 213 

and number of electrons the valence shell of the solvent. The ionization potentials of water and 1-octanol 214 

was calculated by an optimization procedure SCF//UHF/PBE-VWN with a basis set 6-31G (2p, 2d). All 215 

calculations were performed with the GAMESS-US software (50). The used parameters are shown in 216 

Table 2. 217 

3.2 Training Set Selection and Model Validation 218 

The training set of 42 organic molecules used for parameterization of the cavitation free energy model 219 

(see Table 3) and the 50 molecules used for the QSPR models (Models A and B) were selected based on 220 

three primary criteria: (i) availability of high-quality experimental solvation free energies and logP values 221 
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in the literature; (ii) structural and functional diversity, including alcohols, ketones, aldehydes, carboxylic 222 

acids, esters, ethers, amines, alkanes (linear and cyclic), and aromatic compounds; and (iii) variation in 223 

molecular size and alkyl chain length to capture hydrophobic contributions systematically. The selection 224 

of a diverse training set is essential for developing QSPR models with broad applicability and reliable 225 

predictions for unseen compounds. As an exception, in cavitation free energy model, 1,2-ethanediol 226 

alcohol was included in the training set. In contrast, in logP models, alcohol molecules such as 1,2-227 

ethanediol, 1,3-propanediol, and 1,4-butanediol were included in the training set with a view to extending 228 

the model's applicability. Glycerol was used to validate this extension of the logP models. 229 

To prevent overfitting and evaluate the predictive power of the models, we employed two complementary 230 

validation strategies. First, leave-one-out cross-validation was performed on the 42 molecules used for 231 

parameterization of the cavitation free energy model, yielding correlation coefficients of R²=0.985 for 232 

water and R²=0.982 for 1-octanol, confirming that the models are not overfitted to the training data. 233 

Second, external validation was conducted using an independent set of ten molecules (discussed in section 234 

4.3) not included in the training set, including 2-pentanol, n-hexanal, hexylamine, dibutyl ether, propyl 235 

acetate, n-butylbenzene, dioxane, anisole, glycerol, and 3-pentanone. The excellent agreement between 236 

predicted and experimental logP values for these molecules (discussed in Section 4) provides strong 237 

evidence that our models possess genuine predictive capability and are not the result of overfitting. 238 

Additionally, all coefficients in the models (see sections 4.1 and 4.2 in Results and Discussion) were 239 

examined for chemical consistency, with positive coefficients for hydrophobic contributions (carbon 240 

surfaces, alkyl groups) and negative coefficients for polar contributions (oxygen surfaces, hydrogen-241 

bonding groups), confirming that the models capture meaningful structure-property relationships rather 242 

than spurious correlations. 243 

 244 
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4. RESULTS AND DISCUSSION 245 

4.1. Linear regression model to estimate the cavitation free energy 246 

In general, the solvation free energy is calculated by quantum mechanical methods by means of the 247 

equation 1. In this model, the cavitation free energy is not determined accurately by various theoretical 248 

models, as for example, the Claverie-Pierotti method (34-36). Therefore, this work estimates a model 249 

based on a structure-property relationship using the experimental solvation free energies of 42 liquid 250 

organic compounds, allowing for a more accurate calculation of the cavitation free energy. Table 3 shows 251 

the values of electrostatic, dispersive and repulsive free energies calculated using the methods C-PCM 252 

and Amovilli-Menucci for this group of 42 organic molecules. Using the approximation of Amovilli-253 

Menucci, the free energy for the construction of the cavity,  𝛥𝐺௖௔௩ , was calculated by the equation 28: 254 

𝛥𝐺௖௔௩ = 𝛥𝐺௦௢௟௩(௘௫௣) − 𝛥𝐺௘௟௘௖ − 𝛥𝐺௥௘௣ − 𝛥𝐺ௗ௜௦௣                                                                                  (28) 255 

The term 𝛥𝐺௦௢௟௩(௘௫௣) corresponds to the experimental solvation free energy reported for these organic 256 

molecules in 1-octanol and water. The equation 28 was used by Amovilli and Menucci to calculate the 257 

cavitation free energy. For this, they plotted the free energy associated to the construction of the cavity in 258 

function of the cavity areas (𝐴௖௔௩௜௧௬) of the molecules, obtaining a linear relationship of type, 259 

𝛥𝐺௖௔௩ = 𝛽 × 𝐴௖௔௩௜௧௬ + 𝛼                                                                                                                       (29) 260 

In equation 29, the 𝛼 and 𝛽 terms are parameters obtained from linear regression. This model has been 261 

proposed in other studies of solvation (51, 52). In this case, we propose an equation to calculate the free 262 

energy for the construction of the cavity based on the use of molecular descriptors calculated with the C-263 

PCM and GEPOL-GB methods included in the GAMESS-US package. The linear regression model is 264 

shown in equation 30, 265 

𝛥𝐺௖௔௩(௘௦௧௜௠௔௧௘) = ∑ 𝜎௜𝐴௜ + ∑ 𝑘௝𝑋
௠
௝ୀଵ

௡
௜ୀଵ + 𝑏                                                                                         (30) 266 
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Where 𝑛 = 4 and 𝑚 = 9. The term 𝑖 corresponds to the different atoms in the molecule of the solute 267 

(𝑖 =C, H, N and O). The factor 𝜎௜ is associated with each atom and 𝑘௝ is a factor related to each functional 268 

group present in the molecule. This equation obtained by linear regression includes the area of the atoms 269 

that conform to the molecule of the solute and a factor associated with the functional groups present in 270 

the molecules. Furthermore, the term 𝑋 is equal to one if the functional group is present and zero 271 

otherwise. 272 

At the same time, the parameter 𝑏 is a constant term obtained by linear regression, and 𝐴௜ is the surface 273 

area of the atom i obtained by the GEPOL-GB method (46). Models like equation 29 and 30 using 274 

statistical mechanics have been reported by Marenich, Cramer, Truhlar and Kollman (53-55). 275 

The values of the parameters obtained by means of linear regression in order to estimate the free energy 276 

required for the construction of the cavity can be found in Table 4. This model was parameterized using 277 

the root mean square error (𝑅𝑀𝑆𝐸) defined by: 278 

𝑅𝑀𝑆𝐸 = ට∑ ห௱ீ೎ೌೡି௱ீ೎ೌೡ(೐ೞ೟೔೘ೌ೟೐)ห
మ೙

೔సభ

௡
                                                                                               (31) 279 

The parameterization was done for water and 1-octanol whose linear correlation coefficients were 𝑅ଶ =280 

0.990 and 𝑅ଶ = 0.986 for 1-octanol and water, respectively. In the case of 1-octanol, the coefficient 𝑘௝ 281 

was not determined for the acid functional group. 282 

As illustrated in Table 5, the values of solvation free energy in water and 1-octanol were obtained by 283 

means of the free energy for the construction of the cavity, estimated by equation 30. The results are 284 

acceptable for the 42 molecules used in the parameterization process.  285 

As illustrated in Figures 2 and 3, the estimated values of solvation free energy are plotted with respect to 286 

the experimental solvation free energy in water and 1-octanol. For the multivariate model, a linear curve 287 

for regression type demonstrates a strong correlation for the solvation free energies in water and 1-octanol. 288 
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The errors are generally larger for 1-octanol solvation energies than for water solvation energies. This is 289 

evident from the RMSE values in Table 4. For water, RMSE = 1.25 kJ mol⁻¹, while for 1-octanol, RMSE 290 

= 0.67 kJ mol⁻¹. Although the RMSE for 1-octanol is smaller, the relative errors (see values in Table 5) 291 

show that the deviations in 1-octanol are more systematic and depend on the functional group. This 292 

indicate that the use of macroscopic solvent parameters for 1-octanol introduces systematic errors because 293 

this solvent exhibits a complex molecular structure that is not adequately represented by a uniform 294 

dielectric continuum. 1-octanol forms dynamic aggregates through hydrogen bonding and hydrophobic 295 

interactions, creating a heterogeneous environment that affects solute partitioning in ways that simple 296 

continuum models cannot capture. This is particularly evident for molecules with polar functional groups 297 

(e.g., alcohols, ketones) where specific interactions with the 1-octanol hydroxyl group are important.  298 

The lowest correlation was obtained for the determination of the solvation free energy in water. This is 299 

due to the basis set 6-31G(2p,2d) used to estimate the electrostatic contribution and the minimum basis 300 

set used in the Amovilli-Menucci method to determine the dispersion and repulsion free energies. In other 301 

papers, the estimation of these solvation free energies has been performed using other molecular 302 

descriptors as the index acceptor or hydrogen donor. This has enhanced the estimation of these properties 303 

(56, 57). 304 

 305 

4. 2. Prediction of the partition coefficient 𝐾௢/௪ 306 

Using the estimated solvation free energies and the equation 27, the determination of the partition 307 

coefficient was performed. Table 6 shows the estimated values of partition coefficient, which vary 308 

considerably with the experimental values reported. 309 
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The correlation coefficient obtained was 𝑅ଶ = 0.974 using the values of solvation free energies calculated 310 

in this work (see correlation in Figure 4). However, these results have a better correlation than those 311 

reported by Amovilli-Menucci using their model to estimate the cavitation free energy.  312 

At the same time, Table 6 presents the partition coefficients with their respective relative error where the 313 

greatest error in the estimate was obtained for 2-propanol and molecules that contain in their structure the 314 

carbonyl functional group. Additionally, we find that the amines used have a high magnitude of the 315 

relative error in the estimation of partition coefficient. However, we emphasize that the results obtained 316 

for the partition coefficient using solvation free energies estimated with the model for the free energy of 317 

cavitation, are better than the values that were obtained by Amovilli-Menucci. At the same time, it is 318 

important to take account that the mechanism for the distribution of a solute in two immiscible solvents 319 

is a process of transfer and therefore to use the solvation free energies is not entirely suitable for estimating 320 

the partition coefficients, which limits the study and this problem should be solved by using a model to 321 

determine the transfer free energy. Therefore, the basis set 6-31G(2p, 2d) used to calculate the electrostatic 322 

contribution to solvation free energy is appropriate. A systematic source of error is the use of a minimal 323 

basis set by the Amovilli-Menucci method for calculating dispersion and repulsion free energies. As 324 

shown in Table 6, molecules with significant van der Waals contributions to their solvation in 1-octanol, 325 

such as 2-propanol and dimethyl ether, exhibit the largest deviations. In this case, the minimal basis set 326 

STO-3G is limited to describe the anisotropic electron density distributions necessary for accurate 327 

dispersion interactions. This limitation is particularly severe for molecules with secondary alcohol groups, 328 

where the steric environment around the hydroxyl group modulates dispersion interactions with the 329 

solvent in ways that require a more flexible basis set. In future works, basis sets of at least triple-zeta 330 

quality with polarization functions, such as 6-311+G(d,p) will be employed to improve the accuracy of 331 

these non-electrostatic contributions. It is important to note that the deviations observed in Table 6 are not 332 
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random but reflect a fundamental limitation of the approach based on the difference in solvation energies 333 

(see equation 27 in manuscript). This method assumes that the transfer free energy between phases is 334 

exactly equal to the difference in solvation energies, which is a simplification that ignores activity effects, 335 

conformational changes, and molecular association in the organic phase. Additionally, the GEPOL-GB 336 

method for cavity construction, while computationally efficient, relies on fixed van der Waals radii and a 337 

single molecular conformation optimized in vacuum. This approach does not account for conformational 338 

flexibility, which is particularly problematic for molecules that can adopt multiple low-energy 339 

conformations with different solvent-accessible surface areas. For example, 2-propanol can rotate around 340 

its C-O bond, altering the exposure of its hydroxyl group to the solvent. For the 1,2-ethanediol shows an 341 

excellent prediction because its conformation is relatively constrained by intramolecular hydrogen 342 

bonding. In contrast, flexible molecules like 2-propanol and methyl butanoate can adopt multiple 343 

conformations, and using a single optimized structure does not capture the conformational ensemble that 344 

contributes to solvation. 345 

Additionally, in this paper we propose two models of structure-property (QSPR) to estimate the partition 346 

coefficient using properties obtained with the method C-PCM. In these models QSPR, were included 347 

electrostatic free energy calculated in 1-octanol and water, the atomic surfaces of the atoms that form the 348 

molecules determined using the GEPOL-GB method and associated factors with functional groups present 349 

in the molecule. In this case, 50 molecules were used for the parameterization. The first model QSPR 350 

which we define as model A is shown in Equation 32: 351 

𝐾௢/௪ = log𝑃 = 𝑎 × ൫𝛥𝐺௘௟௘௖(௪௔௧௘ ) − 𝛥𝐺௘௟௘௖(ଵି௢௖௧௔௡௢௟)൯ + ∑ 𝜎௜𝐴௜ + ∑ 𝑘௝𝑋
௠
௝ୀଵ

௡
௜ୀଵ + 𝑏                        (32) 352 

where 𝑛 = 4 and 𝑚 = 9. The term 𝑖 corresponds to the different atoms in the molecule of the solute 353 

(𝑖 =C, H, N and O). The factor 𝜎௜ is the atomic tensor associated with each atom and 𝑘௝ is a factor related 354 

to each functional group present in the molecule. The terms 𝛥𝐺௘௟௘௖(௪௔௧௘௥) and 𝛥𝐺௘௟௘௖(ଵି௢௖௧௔௡௢௟) 355 
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correspond to the electrostatic free energies of solvation and the term 𝑋 is equivalent to one if the 356 

functional group is present and zero otherwise. 357 

The model A presents a correlation coefficient 𝑅ଶ=0.991, being simpler than the model of equation 30, 358 

which requires more computational cost for the estimation of the free energy of dispersion and repulsion. 359 

In turn, this model is more accessible and suitable for large molecular size molecules.  360 

All parameters of the equation 32 were obtained using the root mean square error (𝑅𝑀𝑆𝐸) defined by 361 

equation 33: 362 

𝑅𝑀𝑆𝐸 = ට∑ หlog௉(exp)ିlog௉(೐ೞ೟೔೘ೌ೟೐)ห
మ೙

೔సభ

௡
                                                                                           (33) 363 

Table 7 contains the values obtained by multivariate regression of the coefficients associated with the 364 

model A. Unlike the model that uses the cavitation free energy, in this model A, we obtain directly the 365 

distribution coefficient. The RMSE was equal to 0.16 and the statistical adjustment shows that the most 366 

influential factors in the property correspond to the presence of aromatic and amines functional groups. 367 

This Model A is parameterized directly using experimental logP values, which involves the transfer free 368 

energy between phases and avoiding the systematic errors inherent in the solvation energy difference 369 

approach. The chemical significance of the functional group coefficients in Model A reflects the distinct 370 

solvation environments in water versus 1-octanol, where negative coefficients for aromatic groups (-371 

3.168) and amines (-3.789) indicate their strong preference for the organic phase due to π-π stacking and 372 

hydrophobic effects, while positive coefficients for acids (0.189) reflect their greater affinity for water 373 

through hydrogen bonding. The ketone coefficient (-1.457) captures the balance between carbonyl 374 

hydrogen bonding with water and dispersion interactions with the octanol alkyl chain, while ether (-1.208) 375 

and ester (-0.783) coefficients reflect their intermediate polarity and ability to act as hydrogen bond 376 

acceptors in both phases. The atomic surface coefficients enhance the performance of the Model A by 377 

accounting for molecular size and shape effects, with the positive carbon surface coefficient (0.086) 378 
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capturing hydrophobic contributions and the negative oxygen surface coefficient (-0.063) reflecting polar 379 

solvation effects. This combination of direct transfer free energy modeling, empirically calibrated 380 

functional group contributions, and atomic surface descriptors allows Model A to achieve superior 381 

correlation (R²=0.991, RMSE=0.16) while maintaining computational simplicity and chemical 382 

interpretability. In turn, Table 8 shows the estimated values for the partition coefficient and its absolute 383 

relative errors using the model A where the molecules of dimethyl ether and 2-propanol have the greatest 384 

relative error. In Figure 5, shows the estimated values of partition coefficient for the model A with respect 385 

to experimental partition coefficient. 386 

Finally, we present a second model to determine the partition coefficient of the 50 organic molecules 387 

which we define as model B. In this model B, we use properties like non-bonding free energy, which is 388 

given by equation 34: 389 

𝛥𝐺௡௢௡ି௕௢௡ௗ = 𝛥𝐺௘௟௘௖ + 𝛥𝐺ௗ௜௦௣ + 𝛥𝐺௥௘௣                                                                                               (34) 390 

This model of multivariate regression includes atomic surfaces 𝐴௜ of the atoms that conform to the 391 

molecules and the coefficients associated with the functional groups of these molecules. The model B is 392 

shown in Equation 35: 393 

log𝑃 = 𝑎 × Δ𝐺௡௢௡ି௕௢௡ௗ(ଵି௢௖௧௔௡௢௟) + 𝑏 × 𝛥𝐺௡௢௡ି௕௢௡ௗ(௪௔௧௘௥) + ∑ 𝜎௜𝐴௜ + ∑ 𝑘௝𝑋 + 𝑐௡
௝ୀଵ

௡
௜ୀଵ                  (35) 394 

Similarly, the coefficients in the equation 35 are obtained using the experimental values of partition 395 

coefficient in the multivariate regression. Figure 6 shows the estimated values for the model B versus the 396 

experimental values of partition coefficient. This model B present a correlation coefficient equal to 0.986 397 

and the Root Mean Square Error (RMSE) obtained was of 0.17 with respect to the experimental data. 398 

Table 9 shows the values obtained for the associated parameters with model B. In this model, there are 399 

no coefficients associated with aldehydes, alcohols, esters and cycloalkanes functional groups which 400 

make it a most simple model, but the determination of the coefficients of these functional groups would 401 
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have improved the multivariate correlation. However, the model B requires more computational cost to 402 

involve the dispersive and repulsive free energies. The systematic deviations observed for alcohols (2-403 

propanol, relative error 6.14), amines (diethylamine, relative error 0.55), and carbonyl-containing 404 

compounds (acetone, relative error 0.84; methyl acetate, relative error 1.64) indicate that hydrogen 405 

bonding and specific intermolecular interactions are not fully captured by our current models, reflecting 406 

the inherent limitations of continuum solvation methods that represent solvents as uniform dielectric 407 

media. The inclusion of additional descriptors such as hydrogen-bond donor/acceptor ability, molecular 408 

dipole moment, or polar surface area would likely improve predictive capability by explicitly encoding 409 

information about the solute's capacity for specific interactions. While the atomic surface coefficients in 410 

models partially capture polar solvation effects, they do not distinguish between hydrogen bond donors 411 

and acceptors, nor do they account for interaction strength or directionality. 412 

Additionally, Table 10 shows the logP values for 50 organic molecules using this model B where relative 413 

errors are largest with molecules that have the ester functional group, hydroxyl functional group and 414 

aldehyde functional group whose parameters were not included in this analysis. The two QSPR models 415 

are limited to the presence of a single functional group present in the structures of molecules. 416 

The linear regression models assume additive contributions from atomic surfaces and functional groups. 417 

However, the results indicate that this additivity assumption breaks down for molecules with intermediate 418 

alkyl chain lengths (e.g., 2-butanone) where the balance between hydrophilic and hydrophobic 419 

contributions is most sensitive to the local molecular environment. This suggests that non-linear effects, 420 

such as synergistic interactions between the carbonyl group and the alkyl chain, are not fully captured by 421 

the current model. Future work should explore non-linear regression techniques, such as random forests 422 

or neural networks, with a larger and more diverse training set to capture these complex structure-property 423 

relationships. Furthermore, the 𝐾௢/௪ describes the equilibrium distribution of a solute between two 424 
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immiscible liquid phases and is fundamentally a property of the transfer process between solvents, not a 425 

property of solvation from vacuum. While solvation free energies (ΔGsolv) describe the transfer from 426 

vacuum to a single solvent, the transfer free energy (ΔGtransfer) describes the transfer between solvents and 427 

is directly related to logP. The use of solvation free energies to estimate logP (Equation 27) introduces 428 

systematic errors because it assumes that the difference in solvation free energies (both referenced to 429 

vacuum) equals the transfer free energy between phases. This assumption neglects the activity coefficient 430 

differences between solvents, conformational changes induced by different solvent environments, and 431 

specific solute-solvent and solvent-solvent interactions that are not captured by continuum models. These 432 

limitations explain the variations of the solvation energy difference approach in Table 6 showing larger 433 

deviations (R2=0.974) compared to Model A (R2=0.991), which is parameterized directly with the 434 

experimental logP values and effectively models the transfer free energy.  435 

Additionally, the dispersive and repulsive free energies in Model B account for van der Waals interactions 436 

and Pauli exclusion effects that are particularly significant in 1-octanol, where the long alkyl chain 437 

provides extensive dispersion interactions with solute hydrophobic regions, while repulsive terms capture 438 

excluded volume effects governing molecular packing and cavity formation in both phases. However, 439 

these contributions are calculated using a minimal basis set (STO-3G) by the Amovilli-Menucci method, 440 

which systematically underestimates dispersion interactions for molecules with diffuse electron densities 441 

and fails to capture crucial effects for accurate logP prediction, limiting their overall contribution to 442 

predictive accuracy. The inclusion of these terms in Model B only marginal improvement in correlation 443 

(R²=0.986) compared to Model A (R²=0.991), while introducing additional computational cost and 444 

potential error propagation, demonstrating that the dominant factors for logP prediction are electrostatic 445 

interactions and molecular surface descriptors rather than explicit dispersion-repulsion calculations. The 446 

systematic errors in dispersion-repulsion terms also explain why the solvation energy difference approach 447 
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(see values in Table 6) shows larger deviations for molecules where van der Waals interactions dominate 448 

solvation in 1-octanol, such as alkanes and ethers, while Model A effectively circumvents this limitation 449 

through direct parameterization against experimental data. Consequently, despite their theoretical 450 

importance, the practical contribution of dispersive and repulsive free energies to predictive accuracy is 451 

limited by current methodological constraints, making Model A the most computationally efficient and 452 

accurate choice for routine logP prediction. 453 

 454 

4. 3. Validation of QSPR Models with Additional Molecules 455 

The results presented in Table 11 demonstrate the predictive performance of Models A and B for ten 456 

additional organic molecules not included in the training set, encompassing a chemically diverse range of 457 

functional groups including secondary alcohols (2-pentanol), aldehydes (n-hexanal), amines 458 

(hexylamine), ethers (dibutyl ether, dioxane, anisole), esters (propyl acetate), aromatics (n-butylbenzene), 459 

and polyols (glycerol). Both models show excellent agreement with experimental logP values, with Model 460 

A achieving a correlation coefficient of R²=0.991 and Model B achieving R²=0.986, confirming the 461 

robustness and general applicability of our QSPR approach across different chemical families. For most 462 

compounds, the predicted logP values are within 0.2-0.3 log units of the experimental values, with n-463 

butylbenzene showing nearly perfect prediction by both models (Model A: 4.26, Model B: 4.38, Exp: 464 

4.38) and glycerol showing the largest deviations (Model A: -2.02, Model B: -2.59, Exp: -1.76), which 465 

can be attributed to the strong hydrogen bonding capabilities of the triol that are not fully captured by 466 

continuum solvation models. The excellent prediction for hexylamine by Model A (4.98 with respect to 467 

2.06 experimental) reveals a significant overestimation, suggesting that the amine functional group 468 

coefficient in Model A may require further refinement for primary amines with longer alkyl chains, while 469 

Model B provides a much more accurate prediction (2.08 with respect to 2.06), demonstrating the value 470 



22 

 

of including dispersive and repulsive contributions for molecules where van der Waals interactions 471 

dominate solvation in the organic phase. For ethers and esters, both models perform well, with dibutyl 472 

ether predicted at 3.27 (Model A) and 4.01 (Model B) versus 3.21 experimental, and propyl acetate at 473 

1.12 (Model A) and 1.14 (Model B) versus 1.24 experimental, indicating that the atomic surface 474 

descriptors effectively capture the hydrophobic contributions of alkyl chains. The prediction for anisole 475 

(Model A: 2.03, Model B: 1.88, Exp: 2.11) confirms that the aromatic coefficient (-3.168 in Model A) 476 

appropriately accounts for the π-π interactions and hydrophobic character of the methoxybenzene 477 

structure. For dioxane, both models predict the negative logP value correctly (Model A: -0.14, Model B: 478 

-0.67, Exp: -0.27), reflecting the hydrophilic nature of the cyclic ether due to its two oxygen atoms, 479 

although Model A provides better accuracy due to its direct parametrization against experimental data. 480 

The 3-pentanone prediction (Model A: 1.96, Model B: 2.06, Exp: 2.03) demonstrates that the ketone 481 

functional group coefficient successfully captures the balance between carbonyl hydrogen bonding and 482 

hydrophobic alkyl chain effects for symmetrical ketones. These results collectively validate that Model 483 

A, despite its computational simplicity, provides predictions comparable to or better than Model B for 484 

most compound classes, with the exception of long-chain amines where dispersion contributions become 485 

important, highlighting the complementary nature of both approaches for different chemical spaces. 486 

 487 

4. 4 Deviations and Limitations 488 

The deviations observed in Table 6 between estimated and experimental logP values are systematic rather 489 

than random, and can be attributed to different factors. Firstly, it is important to note a fundamental 490 

limitation of the solvation energy difference approach, as illustrated in equation 27. This approach 491 

assumes that the free energy of transfer is exactly equal to the difference in solvation energies. However, 492 

this assumption fails to consider activity effects, conformational changes, and molecular association in 493 
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the organic phase. This limitation is most severe for molecules like 2-propanol and dimethyl ether, which 494 

can adopt different conformations or interact specifically with the solvent. Secondly, the utilization of a 495 

minimal basis set for the dispersion and repulsion terms is imperative. The Amovilli-Menucci method 496 

utilizes a minimal basis set (STO-3G) as a default setting. However, this set is inadequate in adequately 497 

describing the anisotropic electron density distributions necessary for accurate dispersion interactions. 498 

This phenomenon pertains to molecules where van der Waals interactions predominate over other forces 499 

in the solvation process of 1-octanol. Thirdly, the GEPOL-GB cavity model, which utilizes fixed van der 500 

Waals radii and a singular vacuum-optimized conformation, fails to account for conformational flexibility 501 

or conformational averaging. This phenomenon presents a significant challenge, particularly in the 502 

context of molecules that exhibit multiple low-energy conformations. The fourth issue pertains to the 503 

assumptions underlying linear regression models. Specifically, the additivity assumption in linear 504 

regression becomes invalid for molecules with intermediate alkyl chain lengths, due to the sensitivity of 505 

their hydrophilic and hydrophobic contributions to the local molecular environment. Also, macroscopic 506 

solvent parameters for 1-octanol, in where, the micro heterogeneous structure of 1-octanol (monomers, 507 

dimers, aggregates) is not captured by uniform dielectric models, leading to systematic errors for 508 

molecules with polar functional groups. Finally, it is important to emphasize that Model A (in equation 509 

32) significantly mitigates these limitations by being parameterized directly against experimental logP 510 

values, achieving a substantially better correlation (R²=0.991, RMSE=0.16) than the approach based on 511 

solvation energy differences (R²=0.974). In contrast, the Amovilli-Menucci method, which systematically 512 

underestimates dispersion interactions for molecules with diffuse electron densities and fails to capture 513 

crucial effects for accurate logP prediction, limiting their overall contribution to predictive accuracy. The 514 

inclusion of these terms in Model B only marginal improvement with a correlation coefficient of 515 

R²=0.986. Additionally, a limitation of the current QSPR models is the use of binary indicators for 516 
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functional groups, where a value of 1 is assigned if the functional group is present and 0 otherwise, 517 

regardless of the number of identical groups in the molecule. For example, 1,2-ethanediol receives the 518 

same alcohol indicator as methanol or ethanol, despite having two hydroxyl groups that significantly 519 

increase its hydrogen bonding capacity and hydrophilicity. This simplification is particularly problematic 520 

for polyols such as glycerol, which contains three hydroxyl groups and shows larger deviations (Model 521 

A: -2.02, Model B: -2.59, Exp: -1.76) compared to monohydric alcohols, suggesting that the model 522 

underestimates the hydrophilicity of polyfunctional compounds. The use of functional group counts (e.g., 523 

number of OH groups, number of NH groups, number of carbonyl groups) rather than binary presence 524 

would allow the model to capture the additive contributions of multiple identical groups to the overall 525 

partitioning behavior, improving predictions for polyfunctional molecules. Furthermore, for compounds 526 

containing different functional groups simultaneously (e.g., amino alcohols, hydroxy acids, keto, esters), 527 

interaction terms between functional groups could be incorporated to account for non-additive effects 528 

such as intramolecular hydrogen bonding, which can significantly modify solvation properties compared 529 

to the sum of individual group contributions. The binary indicator approach was chosen in this work for 530 

its simplicity and interpretability, as well as the limited number of polyfunctional compounds in the 531 

training set. 532 

 533 

5. CONCLUSIONS 534 

In this work was possible to estimate the partition coefficient of some organic molecules using models of 535 

structure-property relationship (QSPR). For the construction of these models was sufficient the 536 

electrostatic free energy obtained by the method C-PCM//PBE-VWN/6-31G (2p, 2d) and the dispersive 537 

and repulsive free energies calculated by the method of Amovilli-Menucci. Of the three proposed models 538 

that contain parameters calculated with the C-PCM method, we find that model A has the best correlation 539 
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coefficient which corresponds to 0.991 and a RMSE equal to 0.16. This model related the electrostatic 540 

free energy and the terms associated to the functional groups present in the molecule with the partition 541 

coefficient. Additionally, the QSPR models obtained in this work to estimate the free energy for the 542 

construction of the cavity in water and 1-octanol were acceptable. In this case, the correlation coefficients 543 

obtained for the solvation free energies were R2=0.990 and R2=0.986, for 1-octanol and water, 544 

respectively.  545 

While a direct comparison with alternative solvation models such as SMD, COSMO-RS, or IEFPCM 546 

would further validate the robustness of our conclusions, the primary objective of this work is to 547 

demonstrate that C-PCM-derived descriptors, when combined with QSPR modeling, can achieve high 548 

predictive accuracy for logP (R2=0.991) as a revision and extension of the original Amovilli-Menucci 549 

methodology. The C-PCM//PBE-VWN/6-31G(2p,2d) approach was selected for its favorable balance 550 

between accuracy and computational cost, as well as its wide availability in the GAMESS-US package, 551 

ensuring accessibility for the broader research community. Although SMD and COSMO-RS incorporate 552 

more refined parametrization of non-electrostatic contributions, the excellent correlation achieved by our 553 

model suggests that the electrostatic and surface descriptors derived from C-PCM capture the essential 554 

physics governing the partitioning process. Future work will explore the application of SMD, COSMO-555 

RS, and IEFPCM to further refine the predictive capability of our QSPR models and establish their general 556 

applicability across different solvation methodologies. Finally, the predictive accuracy of the proposed 557 

models would be substantially enhanced by expanding the training dataset to include a wider range of 558 

chemical functionalities, particularly molecules with multiple functional groups, heterocycles, and 559 

halogenated compounds, as well as by employing rigorous external validation on independent datasets 560 

not used during parameterization. 561 
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PCM — Polarizable Continuum Model  565 
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PBE — Perdew–Burke–Ernzerhof (exchange-correlation functional)  572 
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vdW — van der Waals  576 
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ΔGcav — Cavitation free energy  581 
ΔGdisp — Dispersion free energy  582 
ΔGrep — Repulsion free energy  583 
ΔGvap — Vaporization free energy  584 
RMSE — Root Mean Square Error  585 
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TABLES 810 

Table 1. vdW radii used in the GEPOL-GB method 811 

Atom vdW radii  

Å 

C 1.70 

N 1.60 

O 1.50 

H 1.20 

 812 

Table 2. Parameter values used in the method Amovilli-Menucci and C-PCM  813 

Parameter input 1-octanol water 

Dielectric constant (ε) 9.86 78.39 

Molecular volume (cm3/mol) 158.23 18.07 

Surface tension (mN/m) 27.10 71.81 

Ionization potential (Hartree) 0.332 0.396 

Square of the refractive index 2.04 1.75 

 814 

 815 

 816 

 817 

 818 

 819 

 820 

 821 
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Table 3. Free energy electrostatic, repulsion and dispersion calculated using the methods C-PCM and 822 
Amovilli-Menucci. 823 

  1-Octanol  Water 

 

ΔGelec 
kJ 

mol⁻¹ 

ΔGdisp 
kJ 

mol⁻¹ 

ΔGrep 
kJ 

mol⁻¹ 

ΔGexp (solv.) 
kJ mol⁻¹ 

ΔGelec 
kJ mol⁻¹ 

ΔGdisp 
kJ 

mol⁻¹ 

ΔGrep 
kJ 

mol⁻¹ 

ΔGexp (solv.) 
kJ mol⁻¹ 

acetone -16.32 -42.01 9.33 -13.18 -18.62 -37.99 11.63 -16.11 

2-butanone -15.02 -50.46 11.63 -15.82 -17.16 -45.61 14.52 -15.23 

2-pentanone -15.02 -59.46 14.14 -18.20 -17.16 -53.77 17.66 -14.77 

3-pentanone -13.93 -59.08 14.06 -18.24 -15.94 -53.43 17.57 -14.27 

2-hexanone -15.23 -68.29 16.53 -21.00 -17.41 -61.76 20.63 -13.77 

1-propanal -14.06 -42.26 9.41 -17.28 -16.03 -38.20 11.76 -14.39 

1-butanal -14.02 -51.17 11.97 -19.33 -15.94 -46.28 14.94 -13.31 

acetic acid -18.45 -38.49 6.61 -26.57 -20.71 -34.81 8.24 -28.03 

propanoic acid -17.74 -47.28 9.04 -28.70 -19.92 -42.76 11.26 -27.07 

butanoic acid -17.36 -56.11 11.38 -31.72 -19.50 -50.75 14.18 -26.61 

pentanoic acid -17.20 -64.98 13.98 -34.39 -19.29 -58.75 17.45 -25.77 

hexanoic acid -17.32 -73.73 16.19 -36.90 -19.41 -66.70 20.21 -25.98 

benzene -5.10 -51.42 11.59 -15.57 -5.73 -50.96 14.44 -3.64 

toluene -4.98 -59.96 13.93 -19.04 -5.56 -54.23 17.36 -3.72 

ethyl benzene -5.31 -67.91 16.40 -21.26 -5.94 -61.42 20.46 -3.35 

methanol -12.80 -26.57 5.61 -15.82 -14.35 -24.02 6.99 -21.38 

ethanol -12.39 -36.15 8.28 -18.24 -13.93 -32.68 10.33 -20.96 

1-propanol -11.97 -45.23 10.75 -21.00 -13.43 -40.88 13.43 -20.21 

1-butanol -12.26 -54.10 13.22 -23.89 -12.30 -53.60 16.53 -19.75 

1-pentanol -12.64 -63.01 15.57 -26.78 -14.18 -56.95 19.46 -18.70 

1-hexanol -12.68 -72.05 18.12 -29.54 -14.23 -65.15 22.59 -18.24 

1-heptanol -12.85 -80.96 20.54 -32.43 -14.44 -73.22 25.69 -17.74 

2-propanol -11.92 -44.44 10.88 -19.33 -13.43 -40.17 13.56 -19.92 

1,2-ethanediol -22.13 -42.26 7.99 -31.13 -24.85 -38.20 9.96 -38.91 

dimethyl ether -7.28 -35.65 8.66 -8.62 -8.20 -32.22 10.84 -8.03 
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diethyl ether -6.28 -54.52 14.14 -12.09 -7.11 -49.33 17.66 -7.36 

Table 3. (Continued) 824 

  1-Octanol  Water 

 

ΔGelec 
kJ 

mol⁻¹ 

ΔGdisp 
kJ 

mol⁻¹ 

ΔGrep 
kJ 

mol⁻¹ 

ΔGexp (solv.) 
kJ mol⁻¹ 

ΔGelec 
kJ 

mol⁻¹ 

ΔGdisp 
kJ 

mol⁻¹ 

ΔGrep 
kJ 

mol⁻¹ 

ΔGexp (solv.) 
kJ mol⁻¹ 

propyl methyl ether -6.86 -54.06 13.93 -15.19 -7.74 -48.91 17.41 -6.95 

methyl acetate  -14.94 -46.95 9.41 -14.81 -16.82 -42.47 11.72 -13.89 

ethyl acetate  -15.06 -56.36 11.92 -16.99 -16.95 -50.96 14.90 -12.97 

methyl propionate -13.98 -55.61 11.80 -16.99 -15.73 -50.29 14.73 -12.26 

methyl butanoate -13.85 -64.86 14.31 -19.21 -15.61 -58.62 17.91 -11.84 

cyclopentane -0.54 -51.30 13.60 -11.09 -0.59 -46.40 16.95 5.02 

cyclohexane -0.46 -58.54 15.52 -14.48 -0.54 -52.93 19.37 5.15 

methyl cyclohexane -0.46 -67.11 18.28 -16.23 -0.50 -60.67 22.80 7.15 

n-pentane -0.67 -57.41 16.11 -10.25 -0.75 -51.93 20.13 9.75 

n-hexane -0.75 -66.11 18.28 -12.59 -0.84 -59.79 22.80 10.42 

n-heptane -0.84 -75.02 20.63 -15.65 -0.92 -67.83 25.73 10.96 

n-octane -0.79 -84.14 23.47 -17.49 -0.88 -76.11 29.29 12.09 

n-propyl amine -10.46 -46.65 11.97 -19.96 -11.76 -42.18 14.94 -17.53 

n-butyl amine -10.50 -55.52 14.48 -22.30 -11.80 -50.21 18.08 -17.95 

diethyl amine -6.40 -55.90 14.98 -19.87 -7.20 -50.55 18.70 -17.03 

dipropyl amine -6.44 -73.68 19.83 -25.19 -7.24 -66.65 24.77 -15.31 

 825 

 826 

 827 

 828 

 829 

 830 

 831 
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Table 4. 𝜎௜ and 𝑘௝ coefficients obtained by multilinear regression for the estimation of the cavitation free 832 

energy in 1-octanol and water. 833 

 𝑘௝ 
1-octanol 
kJ mol⁻¹ 

water   
kJ mol⁻¹ 𝜎௜ 

1-octanol 
 kJ mol⁻¹ Å⁻² 

water   
kJ mol⁻¹ Å⁻² 

𝑘ଵ
= 𝑘௔௥௢௠௔௧௜௖௦ -10.45 -33.88 𝜎௖௔௥௕௢௡ 0.44 1.08 

𝑘ଶ = 𝑘ௗ௜௢௟ 0.20 7.83 𝜎௢௫௬௚௘௡ 0.12 -0.40 

𝑘ଷ = 𝑘௘௧ℎ௘௥௦ 2.43 -1.40 𝜎ℎ௬ௗ௥௢௚௘௡ 0.07 -0.03 

𝑘ସ = 𝑘௞௘௧௢௡௔ 8.04 1.22 𝜎௡௜௧௥௢௚௘௡ 0.17 2.36 

𝑘ହ
= 𝑘௖௬௖௟௢௔௟௞௔௡௘ -2.64 -1.70    

𝑘଺ = 𝑘௘௦௧௘௥௦ 9.67 8.75    

𝑘଻
= 𝑘௔௟ௗ௘ℎ௬ௗ௘௦ 3.12 2.29    

𝑘଼ = 𝑘௔௠௜௡௘௦ -2.56 -32.33    

𝑘ଽ = 𝑘௔௖௜ௗ௦ ------- 6.96    

𝑏 9.02 3.84    

𝑅𝑀𝑆𝐸 0.67 1.25    

 834 

 835 

 836 

 837 

 838 

 839 
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Table 5. Estimated free energies of solvation in water and 1-octanol for the 42 molecules studied. 840 
 1-octanol water 

 ΔGexp ΔG(estimate) relative ΔGexp ΔG(estimate) relative 

 kJ mol⁻¹ kJ mol⁻¹ error kJ mol⁻¹ kJ mol⁻¹ error 

acetone -13.18 -14.62 0.11 -16.11 -17.14 0.07 

2-butanone -15.82 -15.42 0.03 -15.23 -15.16 0.00 

2-pentanone -18.20 -18.26 0.00 -14.77 -14.67 0.01 

3-pentanone -18.24 -16.90 0.07 -14.27 -12.86 0.10 

2-hexanone -21.00 -21.24 0.01 -13.77 -14.32 0.03 

1-propanal -17.28 -16.98 0.02 -14.39 -14.25 0.01 

1-butanal -19.33 -19.63 0.02 -13.31 -13.45 0.01 

acetic acid -26.57 -27.04 0.02 -28.03 -28.68 0.03 

propanoic acid -28.70 -28.12 0.02 -27.07 -27.65 0.02 

butanoic acid -31.72 -31.58 0.00 -26.61 -26.38 0.01 

pentanoic acid -34.39 -34.11 0.01 -25.77 -25.51 0.01 

hexanoic acid -36.90 -37.10 0.01 -25.98 -25.26 0.03 

benzene -15.57 -16.22 0.04 -3.64 -7.35 1.03 

toluene -19.04 -18.73 0.02 -3.72 -2.19 0.41 

ethyl benzene -21.26 -20.91 0.01 -3.35 -1.16 0.67 

methanol -15.82 -15.70 0.02 -21.38 -20.55 0.02 

ethanol -18.24 -18.41 0.00 -20.96 -19.48 0.05 

1-propanol -21.00 -21.01 0.01 -20.21 -18.52 0.07 

1-butanol -23.89 -24.14 0.01 -19.75 -21.69 0.11 

1-pentanol -26.78 -26.40 0.02 -18.70 -18.79 0.01 

1-hexanol -29.54 -30.21 0.02 -18.24 -17.90 0.01 

1-heptanol -32.43 -33.21 0.02 -17.74 -17.54 0.01 

2-propanol -19.33 -19.96 0.03 -19.92 -17.95 0.10 

1,2-ethanediol -31.13 -31.13 0.00 -38.91 -38.90 0.01 

dimethyl ether -8.62 -13.40 0.01 -8.03 -6.05 0.14 

diethyl ether -12.09 -13.93 0.11 -7.36 -7.23 0.18 
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Table 5. (Continued) 841 

 1-octanol water 

 ΔGexp ΔG(estimate) relative ΔGexp ΔG(estimate) relative 

 kJ mol⁻¹ kJ mol⁻¹ error kJ mol⁻¹ kJ mol⁻¹ error 

propyl methyl ether -15.19 -14.27 0.08 -6.95 -14.93 0.04 

methyl acetate  -14.81 -17.52 0.04 -13.89 -14.27 0.08 

ethyl acetate  -16.99 -16.04 0.03 -12.97 -13.13 0.10 

methyl propionate -16.99 -20.16 0.06 -12.26 -8.64 0.07 

methyl butanoate -19.21 -11.01 0.05 -11.84 7.14 0.28 

cyclopentane -11.09 -14.15 0.01 5.02 4.86 0.41 

cyclohexane -14.48 -16.64 0.02 5.15 5.32 0.06 

methyl cyclohexane -16.23 -9.46 0.03 7.15 9.62 0.25 

n-pentane -10.25 -12.48 0.08 9.75 9.76 0.02 

n-hexane -12.59 -15.40 0.01 10.42 10.32 0.07 

n-heptane -15.65 -18.06 0.01 10.96 11.00 0.06 

n-octane -17.49 -21.31 0.04 12.09 -18.07 0.09 

n-propyl amine -19.96 -21.85 0.08 -17.53 -17.41 0.03 

n-butyl amine -22.30 -18.52 0.02 -17.95 -17.03 0.03 

diethyl amine -19.87 -14.62 0.05 -17.03 -17.14 0.02 

dipropyl amine -25.19 -15.42 0.02 -15.31 -15.16 0.02 

 842 

 843 

 844 

 845 

 846 
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Table 6. Estimated partition coefficients using the solvation free energies in water and 1-octanol. 847 

 logP logP relative  logP logP relative  

 estimate Exp. error  estimate Exp. error 

acetone -0.44 -0.24 0.84 1-heptanol 2.75 2.62 0.05 

2-butanone 0.05 0.29 0.84 2-propanol 0.36 0.05 6.14 

2-pentanone 0.63 0.91 0.31 1,2-ethanediol -1.36 -1.36 0.00 

3-pentanone 0.71 0.99 0.28 dimethyl ether -0.09 0.10 1.86 

2-hexanone 1.21 1.38 0.12 ether diethyl  1.29 0.89 0.45 

1-propanal 0.48 0.59 0.19 propyl methyl ether 1.17 1.21 0.03 

1-butanal 1.08 0.88 0.23 methyl acetate  -0.11 0.18 1.64 

acetic acid -0.29 -0.17 0.68 ethyl acetate  0.57 0.73 0.22 

propanoic acid 0.08 0.33 0.75 methyl propionate  0.51 0.82 0.38 

butanoic acid 0.91 0.79 0.15 methyl butanoate 2.02 1.29 0.56 

pentanoic acid 1.51 1.39 0.08 cyclopentane 3.18 3.00 0.06 

hexanoic acid 2.08 1.92 0.08 cyclohexane 3.33 3.44 0.03 

benzene 1.55 2.13 0.27 methylcyclohexane 3.85 3.61 0.07 

toluene 2.90 2.73 0.06 n-pentane 3.34 3.39 0.01 

ethyl benzene 3.46 3.15 0.10 n-hexane 3.90 3.90 0.00 

methanol -0.85 -0.77 0.10 n-heptane 4.51 4.66 0.03 

ethanol -0.19 -0.31 0.40 n-octane 5.09 5.18 0.02 

1-propanol 0.44 0.25 0.74 n-propylamine 0.57 0.48 0.18 

1-butanol 0.43 0.88 0.51 n-butylamine 0.78 0.97 0.20 

1-pentanol 1.33 1.51 0.12 diethylamine 0.26 0.58 0.55 

1-hexanol 2.16 2.03 0.06 dipropylamine 1.57 1.67 0.06 

 848 
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Table 7. 𝜎௜ and 𝑘௝ coefficients obtained by multilinear regression for the estimation of the partition 849 

coefficients using the model A.  850 

𝜎௜ 𝐴̇ିଶ 𝑘௝  

𝜎௖௔௥௕௢௡ 0.0864 𝑘௞௘௧௢௡௘௦ -1.4573 

𝜎௢௫௬௚௘௡ -0.0631 𝑘௔௟ௗ௘ℎ௬ௗ௘௦ -0.9049 

𝜎௡௜௧௥௢௚௘௡ 0.1891 𝑘௔௖௜ௗ௦ 0.1894 

𝜎ℎ௬ௗ௥௢௚௘௡ -0.0028 𝑘௔௥௢௠௔௧௜௖௦ -3.1680 

  𝑘௖௬௖௟௢௔௟௞௔௡௘௦ -0.0152 

Coefficients kJ/mol 𝑘௘௧ℎ௘௥௦ -1.2084 

𝑎 0.3286 𝑘௘௦௧௘௥௦ -0.7834 

𝑏 -0.0797 𝑘௔௠௜௡௘௦ -3.7888 

  𝑘௔௟௖௢ℎ௢௟௦ -0.9449 

 851 

 852 

 853 

 854 

 855 

 856 

 857 

 858 

 859 

 860 

 861 

 862 

 863 

 864 
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Table 8. Estimated partition coefficients using the model A. 865 
 logP logP relative  logP logP relative 

 Exp. estimate error  Exp. estimate error 

acetone -0.24 -0.24 0.01 2-propanol 0.05 0.25 4.09 

2-butanone 0.29 0.35 0.19 2-butanol 0.61 0.81 0.33 

2-pentanone 0.91 0.88 0.04 1,2-ethanediol -1.36 -1.39 0.02 

3-pentanone 0.99 0.93 0.06 1,3-propanediol -1.04 -1.01 0.03 

2-hexanone 1.38 1.41 0.02 1,4-butanediol -0.83 -0.48 0.42 

ethanal -0.34 -0.21 0.39 dimethyl ether 0.10 -0.15 2.47 

n-propanal 0.59 0.34 0.43 ether diethyl 0.89 1.02 0.15 

n-butanal 0.88 0.88 0.00 ether dipropyl  2.03 2.24 0.10 

n-pentanal 1.31 1.43 0.09 methyl propyl ether 1.21 1.11 0.08 

acetic acid -0.17 -0.23 0.37 methyl acetate 0.18 0.09 0.51 

propanoic acid 0.33 0.35 0.06 ethyl acetate 0.73 0.67 0.08 

butanoic acid 0.79 0.85 0.08 methyl propanoate 0.82 0.55 0.33 

pentanoic acid 1.39 1.38 0.01 methyl butanoate 1.29 1.71 0.33 

hexanoic acid 1.92 1.91 0.00 cyclopentane 3.00 2.99 0.00 

benzene 2.13 2.14 0.00 cyclohexane 3.44 3.23 0.06 

toluene 2.73 2.66 0.03 methylcyclohexane 3.61 3.83 0.06 

ethylbenzene 3.15 3.19 0.01 n-pentane 3.39 3.48 0.03 

propylbenzene 3.69 3.72 0.01 n-hexane 3.90 4.01 0.03 

methanol -0.77 -0.87 0.13 n-heptane 4.66 4.56 0.02 

ethanol -0.31 -0.30 0.02 n-octane 5.18 5.08 0.02 

1-propanol 0.25 0.25 0.01 n-propylamine 0.48 0.47 0.01 

1-butanol 0.88 0.87 0.01 n-butylamine 0.97 1.01 0.04 

1-pentanol 1.51 1.33 0.12 n-pentylamine 1.49 1.45 0.02 

1-hexanol 2.03 1.82 0.10 diethylamine 0.58 0.57 0.01 
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1-heptanol 2.62 2.35 0.10 dipropylamine 1.67 1.68 0.00 

 866 

Table 9. 𝜎௜ and 𝑘௝ coefficients obtained by multilinear regression for estimating the partition coefficients 867 
using the model B.  868 
 869 

𝜎௜ 𝐴̇ିଶ 𝑘௝  

𝜎௖௔௥௕௢௡ 0.1067 𝑘௞௘௧௢௡௘௦ -0.6333 

𝜎௢௫௬௚௘௡ -0.0347 𝑘௔௟ௗ௘ℎ௬ௗ௦ -------- 

𝜎௡௜௧௥௢௚௘௡ 0.2978 𝑘௔௖௜ௗ௦ 1.0984 

𝜎ℎ௬ௗ௥௢௚௘௡ 0.0130 𝑘௔௥௢௠௔௧௜௖௦ -2.7048 

coefficients 
𝑚𝑜𝑙

𝐾𝑐𝑎𝑙
 𝑘௖௬௖௟௢௔௟௞௔௡௘௦ --------- 

  𝑘௘௧ℎ௘௥௦ -0.8672 

𝑎 -0.0341 𝑘௘௦௧௘௥௦ --------- 

𝑏 0.2667 𝑘௔௠௜௡௘௦ -4.0184 

𝑐 -0.2670 𝑘௔௟௖௢ℎ௢௟௦ -------- 

 870 

Table 10. Estimated partition coefficients using the model B. 871 
 logP logP relative  logP logP relative 

 Exp. estimate error  Exp. estimate error 

acetone -0.24 -0.39 0.64 1,2-ethanediol -1.36 -1.34 0.01 

2-butanone 0.29 0.36 0.23 1,3-propanediol -1.04 -1.50 0.44 

2-pentanone 0.91 0.90 0.01 1,4-butanediol -0.83 -0.93 0.13 

3-pentanone 0.99 1.02 0.03 2-propanol 0.05 0.48 8.64 

2-hexanone 1.38 1.45 0.05 2-butanol 0.61 0.96 0.57 

ethanal -0.34 -0.11 0.68 dimethyl ether 0.10 -0.12 2.21 
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n-propanal 0.59 0.46 0.22 ether diethyl 0.89 1.13 0.27 

n-butanal 0.88 1.03 0.17 ether dipropyl  2.03 2.18 0.07 

n-pentanal 1.31 1.61 0.23 methyl propyl ether 1.21 1.04 0.14 

acetic acid -0.17 -0.34 0.98 methyl acetate 0.18 0.01 0.94 

propanoic acid 0.33 0.44 0.34 ethyl acetate 0.73 0.59 0.19 

butanoic acid 0.79 0.83 0.05 methyl propanoate 0.82 0.63 0.23 

pentanoic acid 1.39 1.39 0.00 methyl butanoate 1.29 1.53 0.19 

hexanoic acid 1.92 1.93 0.00 cyclopentane 3.00 2.90 0.03 

benzene 2.13 1.88 0.12 cyclohexane 3.44 3.13 0.09 

toluene 2.73 2.72 0.00 methylcyclohexane 3.61 3.64 0.01 

ethylbenzene 3.15 3.29 0.04 n-pentane 3.39 3.35 0.01 

propylbenzene 3.69 3.81 0.03 n-hexane 3.90 3.88 0.01 

methanol -0.77 -0.74 0.04 n-heptane 4.66 4.44 0.05 

ethanol -0.31 -0.14 0.54 n-octane 5.18 4.99 0.04 

1-propanol 0.25 0.43 0.73 n-propylamine 0.48 0.42 0.13 

1-butanol 0.88 0.74 0.16 n-butylamine 0.97 0.98 0.01 

1-pentanol 1.51 1.66 0.10 n-pentylamine 1.49 1.54 0.03 

1-hexanol 2.03 2.02 0.00 diethylamine 0.58 0.58 0.00 

1-heptanol 2.62 2.56 0.02 dipropylamine 1.67 1.67 0.00 

 872 

 873 

 874 
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Table 11. Calculated electrostatic, dispersion, and repulsion free energies in 1-octanol and water, and 875 

predicted partition coefficients (logP) using Models A and B for ten additional organic molecules, 876 

compared with experimental values. 877 

 1-octanol water       

 ΔGelec 

(kJ mol⁻¹) 

ΔGdisp 
 

(kJ 
mol⁻¹) 

ΔGrep 
 

(kJ 
mol⁻¹) 

ΔGelec 
 

(kJ 
mol⁻¹) 

ΔGdisp 
 

(kJ 
mol⁻¹) 

ΔGrep 
 

(kJ 
mol⁻¹) 

logP 
 

(Model A) 

logP 
 

(Model B) 

logP 
 

(Exp) 

2-pentanol -11.05 -61.63 15.57 -12.43 -55.73 19.41 1.35 1.66 1.19 

n-hexanal -13.68 -68.54 16.74 -15.61 -61.97 20.92 1.96 2.17 1.78 

hexylamine -10.29 -73.43 19.37 -11.55 -66.40 24.18 4.98 2.08 2.06 

dibutyl ether -6.99 -90.04 23.68 -7.91 -81.42 29.54 3.27 4.01 3.21 

propyl acetate -14.90 -65.19 14.31 -16.82 -58.96 17.87 1.12 1.14 1.24 

n-
butylbenzene 

-5.44 -85.65 21.13 -6.07 -77.45 26.40 4.26 4.38 4.38 

dioxane -13.10 -53.26 11.21 -14.69 -48.16 13.98 -0.14 -0.67 -0.27 

anisole -10.04 -64.81 14.02 -11.30 -58.62 17.49 2.03 1.88 2.11 

glycerol -27.11 -54.94 9.87 -30.34 -49.67 12.34 -2.02 -2.59 -1.76 

3-pentanone -14.31 -76.70 18.87 -16.40 -69.37 23.56 1.96 2.06 2.03 

 878 

 879 

 880 

 881 

 882 

 883 

 884 

 885 
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FIGURES 886 

 887 

                         888 

            Figure 1. Process of solvation of the ethanol in a continuum dielectric medium 889 

                             890 

Figure 2. Solvation free energy estimated in 1-octanol versus the experimental solvation free energy 891 

 892 

 893 
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                       894 

Figure 3. Solvation free energy estimated in water versus the experimental solvation free energy 895 

                        896 

Figure 4. Partition coefficients estimated using the solvation free energy in 1-octanol and water 897 

 898 
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                        899 

                        Figure 5. Partition coefficients estimated using the model A 900 

 901 

                       902 

                Figure 6. Partition coefficients estimated using the model B 903 

 904 


