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Abstract

:

The use of equivalent alkane carbon numbers (EACN) to characterize oils is important in surfactant-oil-water (SOW) systems. However, the measurement of EACN values is non-trivial and thus it becomes desirable to predict EACN values from structure. In this work, we present a simple linear model that can be used to estimate the EACN value of oils with known Abraham solute parameters. We used linear regression with leave-one-out cross validation on a dataset of N = 80 oils with known Abraham solute parameters to derive a general model that can reliably estimate EACN values based upon the Abraham solute parameters: E (the measured liquid or gas molar refraction at 20 °C minus that of a hypothetical alkane of identical volume), S (dipolarity/polarizability), A (hydrogen bond acidity), B (hydrogen bond basicity), and V (McGowan characteristic volume) with good accuracy within the chemical space studied (N = 80, R2 = 0.92, RMSE = 1.16, MAE = 0.90, p < 2.2 × 10−16). These parameters are consistent with those in other models found in the literature and are available for a wide range of compounds.
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1. Introduction


Considerable attention has been given in recent years to development of better surfactant-based microemulsions and foam systems for enhanced oil recovery in petroleum processes, for removal of oil from contaminated soil and industrial machinery surfaces, and for the solubilization of fragrances in water-based formulations. Many factors including the temperature, electrolyte concentration, and the hydrophobicities of both the surfactant and oil contribute to the overall efficiency of the extraction system. Experimental determination of the optimum set of conditions for a given surfactant-oil-water system is both expensive and very time-consuming. Fortunately, empirical equations have been proposed to describe how the various factors affect microemulsion formation. One such expression is based on the hydrophilic-lipophilic difference (HLD) framework [1,2].


Ionic surfactant: HLD = ln(S) − k · EACN + Cc − α · (T − Tref)



(1)






Nonionic surfactant: HLD = b · S − K · EACN + Cc + CT · (T − Tref)



(2)




where S is the salinity (not to be confused with Abraham’s S parameter) and the terms ln(S) and b · S take into account the electrolyte concentration (usually in grams per 100 mL) of the system, b is electrolyte and surfactant specific, EACN is the equivalent alkane carbon number of the oil phase, Cc represents the hydrophilicity of the surfactant, and the last two terms, α · (T − Tref) and CT · (T − Tref) are related to the temperature effect. The application of HLD in predicting the type and microemulsion phase behavior is described in greater detail elsewhere [1,2,3].



Our interest in the current study is in developing a predictive method for the equivalent alkane carbon number (EACN), which for simple alkanes is numerically equal to the number of carbons (ACN), and for other liquids it is equal to the number of carbons of the n-alkane exhibiting a similar phase behavior in a reference surfactant-oil-water (SOW) system. EACNs can be determined by comparing the oil’s fish-tail-temperature (T*) in a reference SOW to standard calibration curves for n-alkanes [4]. The experimental determination of EACN values for novel oils may be time consuming and the ability to predict EACN values is advantageous. Bouton et al. [5] have developed a two-descriptor model based upon experimental data for 43 oils using the proprietary Molecular Operating Environment (MOE) software:


EACN = −19.84 + 2.88 · average negative softness + 0.88 · KierA3



(3)




where KierA3 is the third alpha modified shape index and “average negative softness”—which is related to polarizability. Lukowicz et al. [6] have developed a three-descriptor model based upon 70 oils using COSMO-RS σ-moments:


EACN = −4.85 − 0.23 · M2 − 0.33 · Macc + 0.06 · M0,



(4)




where M2 is molecular polarity, Macc is hydrogen bond basicity, and M0 is total molecular surface area. This extends previous work in this area [7]. Most recently, Delforce et al. [8] have developed both a graph machine model using SMILES codes and a neural network model using COSMO-RS-computed σ-moments based on reliable EACN values for 111 molecules.



This work develops a model for EACN based upon experimental EACN values for 80 liquids using the five Abraham solute parameters E, S, A, B, and V which encode physicochemical properties related to those already found to be important-namely size and shape, polarizability, and hydrogen bond basicity, i.e., we propose the following model:


EACN = c + e · E + s · S + a · A + b · B + v · V



(5)




where E is the solute excess molar refractivity-the measured liquid or gas molar refraction at 20 °C minus that of a hypothetical alkane of identical volume-in units of (cm3/mol)/10, S is the solute dipolarity/polarizability, A and B are the overall or summation hydrogen bond acidity and basicity, and V is the McGowan characteristic volume in units of (cm3/mol)/100.




2. Materials and Methods


Experimentally measured EACN values, collected by Aubry et al. [4,8], were combined with their experimentally determined Abraham solute parameters, primarily from the UFZ-LSER database [9], with the values for decylcyclohexane taken from a paper by Chung et al. [10], and the values for dodecylcyclohexane and bis(2-ethylhexyl) adipate new to this work (from an unpublished database of measured Abraham parameters original to Professor Abraham dated December 2020 shared with one of the authors before Professor Abraham’s passing on the 19 January 2021), see Table 1. A modeling dataset was created from these data by: 1. Using median EACN values for compounds with multiple experimental measurements. 2. Only keeping compounds with all 5 Abraham parameters available (measured, not predicted) [9]. This dataset of N = 86 compounds with EACN values and Abraham parameters is available under a CC0 license from figshare [11]. Modeling was performed using R v4.2.0 (R Core Team, Vienna, Austria) [12].




3. Results


The standard Abraham solute descriptor-based model is represented by Equation (6), where c is the intercept, E, S, A, B, and V are the Abraham solute descriptors, and e, s, a, b, v are their coefficients obtained by linear regression:


EACN = c + e · E + s · S + a · A + b · B + v · V



(6)







When using all the data, we found a moderate correlation (R2 = 0.61) between S and B. Removing S-parameter outliers bis(2-ethylhexyl) adipate, tristearin, and methyl dihydrojasmonate (S > 1) resulted in a dataset where all pairwise correlations had coefficients of determination lower than 0.50 and the coefficients of determination of each parameter against all others was lower than 0.80. Removing S-parameter outliers provides a greater reliability to the model, but may limit its application to a smaller chemical space.



Performing linear regression with leave-out-out (LOO) cross-validation showed that dodecylcyclohexane, decylcyclohexane, and octyl octanoate were clear outliers. Removing the three outliers, and again using LOO linear regression, we found that EACN can be estimated with similar accuracy (LOO measures) using Abraham solute parameters (N = 80, R2 = 0.92, RMSE = 1.16, MAE = 0.90, p < 2.2 × 10−16) as compared to previous models [5,6,7,8], at least within the chemical space represented in the study:


EACN = −2.16 − 2.08 · E − 9.51 · S − 50.91 · A − 5.41 · B + 6.83 · V



(7)







Analyzing the EACN estimates for each compound type, we see that the model performs the best for alkenes, terpenes, alkynes, and aromatics (N = 31, ME = 0.37, MAE = 0.57, RMSE = 0.76). Good performance is seen for the four other types: branched and cyclic alkanes (N = 16, ME = −0.81, MAE = 0.85, RMSE = 1.11); halogenated alkanes (N = 6, ME = 0.99, MAE = 0.99, RMSE = 1.16); fragrances, acrylates, and miscellaneous (N = 9, ME = −0.16, MAE = 0.94, RMSE = 1.18); and ethers, esters, nitriles, and ketones (N = 18, ME = −0.17, MAE = 1.16, RMSE = 1.32)—with consistent over-prediction for halogenated alkanes and consistent under-prediction for branched and cyclic alkanes, see Figure 1.




4. Discussion


We have demonstrated that EACN can be estimated using the standard Abraham solute parameter model, see Equation (7). The first four parameters all have negative coefficients where E is the solute excess molar refractivity-the measured liquid or gas molar refraction at 20 °C minus that of a hypothetical alkane of identical volume-in units of (cm3/mol)/10, S is the solute dipolarity/polarizability, A and B are the overall or summation hydrogen bond acidity and basicity, and V is the McGowan characteristic volume in units of (cm3/mol)/100. These results align with previous results [5,6,7,8], using different parameter systems, but showing similar accuracy and that EACN has contributions from shape (size and branching) [5,6,7,8], polarity/polarizability [5,6,7,8], and hydrogen bond basicity [6,7,8]. Our addition of hydrogen bond acidity, represented by the A descriptor, leads to superior estimation of EACN values for alkynes something not seen in previous models.



We began with a dataset of N = 86 oils with both measured EACN values and measured Abraham solute descriptors. During modeling we removed six compounds: bis(2-ethylhexyl) adipate, tristearin, methyl dihydrojasmonate, decylcyclohexane, dodecylcyclohexane, and octyl octanoate.



The first three compounds were removed because they had large S-values which resulted in an artificially high collinearity with the B parameter. The second set of three compounds were removed as outliers from a first LOO cross-validation analysis. Even so, Equation (7)-predicted EACN values for these compounds are generally of the right order, see the predicted values in the open dataset [11]. The utility of Equation (7) can also be seen by using it to predict EACN values of compounds that have measured EACN values but that do not have measured Abraham solute parameters. Using predicted Abraham solute parameters [9], we predicted the EACN values of several of these compounds without measured Abraham solute parameters from Table 1, see Table 2. For the compounds listed in Table 2, Equation (7) performs relatively well, with statistics similar to those found for the estimated EACN results above, specifically: N = 11, ME = 0.17, MAE = 1.13, RMSE = 1.61.



The most recent paper by Delforce et al. [8] notes that the measured EACN of 2.2 for diisopropyl ether reported previously [26] is an outier for their model. Our model estimates the EACN value of diisopropyl ether to be 0.2 which is in line with their newly measured EACN value of 0.6.



Our approach provides a useful tool for estimating equivalent alkane carbon numbers as Abraham solute parameters are available for a significant number of compounds [9,10]. While a general model is presented, models for specific families of compounds can be easily created using our open dataset [11]. We also note that the estimated EACN values of individual hydrocarbons from Equation (7) will allow estimation of EACN values of heavy hydrocarbon mixtures, EACNmix, using the mathematical expression proposed by Cayias et al. [30] and Cash et al. [31]:


    EACN   mix   =   ∑   i = 1  N   x i      EACN  i   



(8)




where xi and EACNi denote the mole fraction and numerical EACN value of the individual hydrocarbon component i, respectively.



Future research directions include measuring the EACN values of more diverse compounds, especially those with known non-zero A-parameter values.
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Figure 1. Estimated vs. Measured EACN values colored by type: alkenes, terpenes, alkynes, and aromatics (dark blue); branched and cyclic alkanes (orange); ethers, esters, nitriles, and ketones (red); fragrances, acrylates, and miscellaneous (light blue); and halogenated alkanes (green). 
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Table 1. Measured EACN values with available Abraham Solute Parameters.
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Compound

	
EACN

	
E

	
S

	
A

	
B

	
V

	
EACN Ref.






	
Branched and cyclic alkanes

	

	




	
Cyclohexane

	
2.4

	
0.305

	
0.10

	
0.00

	
0.00

	
0.8454

	
[13]




	
Cyclohexane

	
1.7

	
0.305

	
0.10

	
0.00

	
0.00

	
0.8454

	
[13]




	
Cyclohexane

	
1.8

	
0.305

	
0.10

	
0.00

	
0.00

	
0.8454

	
[14]




	
Cyclohexane

	
2.5

	
0.305

	
0.10

	
0.00

	
0.00

	
0.8454

	
[15]




	
Methylcyclohexane

	
3.5

	
0.244

	
0.06

	
0.00

	
0.00

	
0.9863

	
[13]




	
Methylcyclohexane

	
2.8

	
0.244

	
0.06

	
0.00

	
0.00

	
0.9863

	
[13]




	
1,4-Dimethylcyclohexane

	
4.6

	
0.191

	
0.17

	
0.00

	
0.00

	
1.1272

	
[13]




	
1,4-Dimethylcyclohexane

	
4.5

	
0.191

	
0.17

	
0.00

	
0.00

	
1.1272

	
[13]




	
Ethylcyclohexane

	
4.5

	
0.263

	
0.10

	
0.00

	
0.00

	
1.1272

	
[13]




	
Ethylcyclohexane

	
4.5

	
0.263

	
0.10

	
0.00

	
0.00

	
1.1272

	
[13]




	
Ethylcyclohexane

	
3.7

	
0.263

	
0.10

	
0.00

	
0.00

	
1.1272

	
[16]




	
Cyclooctane

	
4.1

	
0.409

	
0.10

	
0.00

	
0.00

	
1.1272

	
[6]




	
1,2-Dimethylcyclohexane

	
3.9

	
0.320

	
0.23

	
0.00

	
0.00

	
1.1272

	
[16]




	
1,2-Dimethylcyclohexane

	
2.6

	
0.320

	
0.23

	
0.00

	
0.00

	
1.1272

	
[13]




	
Propylcyclohexane

	
5.8

	
0.257

	
0.14

	
0.00

	
0.00

	
1.2681

	
[13]




	
Propylcyclohexane

	
6.3

	
0.257

	
0.14

	
0.00

	
0.00

	
1.2681

	
[13]




	
Propylcyclohexane

	
5.5

	
0.257

	
0.14

	
0.00

	
0.00

	
1.2681

	
[16]




	
Isopropylcyclohexane

	
5.6

	
0.283

	
0.07

	
0.00

	
0.00

	
1.2681

	
[13]




	
Isopropylcyclohexane

	
5.7

	
0.283

	
0.07

	
0.00

	
0.00

	
1.2681

	
[13]




	
Isopropylcyclohexane

	
4.5

	
0.283

	
0.07

	
0.00

	
0.00

	
1.2681

	
[13]




	
Butylcyclohexane

	
7.2

	
0.255

	
0.14

	
0.00

	
0.00

	
1.4090

	
[13]




	
Butylcyclohexane

	
7.9

	
0.255

	
0.14

	
0.00

	
0.00

	
1.4090

	
[17]




	
Butylcyclohexane

	
6.9

	
0.255

	
0.14

	
0.00

	
0.00

	
1.4090

	
[16]




	
Cyclodecane

	
5.6

	
0.474

	
0.10

	
0.00

	
0.00

	
1.4090

	
[18]




	
cis-Decalin

	
5.3

	
0.544

	
0.25

	
0.00

	
0.00

	
1.3004

	
[18]




	
Myrcane

	
10.0

	
0.000

	
0.00

	
0.00

	
0.00

	
1.5176

	
[5,19]




	
Myrcane

	
11.2

	
0.000

	
0.00

	
0.00

	
0.00

	
1.5176

	
[6,20]




	
Myrcane

	
10.1

	
0.000

	
0.00

	
0.00

	
0.00

	
1.5176

	
[13]




	
Pinane

	
4.3

	
0.421

	
0.12

	
0.00

	
0.13

	
1.3004

	
[6,20]




	
Pinane

	
3.9

	
0.421

	
0.12

	
0.00

	
0.13

	
1.3004

	
[6,20]




	
p-Menthane

	
6.3

	
0.270

	
0.07

	
0.00

	
0.00

	
1.4090

	
[6,20]




	
p-Menthane

	
6.7

	
0.270

	
0.07

	
0.00

	
0.00

	
1.4090

	
[6,20]




	
p-Menthane

	
4.6

	
0.270

	
0.07

	
0.00

	
0.00

	
1.4090

	
[6,20]




	
Decylcyclohexane

	
14.4

	
0.243

	
0.23

	
0.00

	
0.00

	
2.2544

	
[21]




	
Dodecylcyclohexane

	
17.5

	
0.300

	
0.23

	
0.00

	
0.00

	
2.5362

	
[16]




	
Isododecane

	
11.7

	
0.000

	
0.00

	
0.00

	
0.00

	
1.7994

	
[7]




	
Hemisqualene

	
14.8

	
0.000

	
0.00

	
0.00

	
0.00

	
2.2221

	
[7]




	
Squalane

	
24.5

	
-

	
-

	
-

	
-

	
-

	
[21]




	
Squalene

	
13.8

	
-

	
-

	
-

	
-

	
-

	
[22]




	
Halogenated alkanes

	

	

	

	

	

	




	
1-Bromo-2-methylpropane

	
−3.4

	
0.340

	
0.37

	
0.00

	
0.12

	
0.8472

	
[18]




	
1-Chlorooctane

	
1.0

	
0.191

	
0.40

	
0.00

	
0.09

	
1.3582

	
[23]




	
1-Chlorodecane

	
3.5

	
0.185

	
0.40

	
0.00

	
0.09

	
1.6400

	
[18]




	
1,10-Dichlorodecane

	
6.3

	
0.366

	
-

	
0.00

	
-

	
1.7624

	
[24]




	
1-Chlorododecane

	
5.6

	
0.181

	
0.40

	
0.00

	
0.10

	
1.9218

	
[18]




	
1-Chlorododecane

	
5.8

	
0.181

	
0.40

	
0.00

	
0.10

	
1.9218

	
[23]




	
1-Chlorotetradecane

	
8.0

	
0.176

	
0.41

	
0.00

	
0.10

	
2.2036

	
[18]




	
1-Chlorotetradecane

	
7.3

	
0.176

	
0.41

	
0.00

	
0.10

	
2.2036

	
[23]




	
1-Chlorohexadecane

	
9.8

	
0.173

	
0.42

	
0.00

	
0.10

	
2.4854

	
[18]




	
1-Chlorohexadecane

	
9.0

	
0.173

	
0.42

	
0.00

	
0.10

	
2.4854

	
[23]




	
Alkenes, terpenes, alkynes and aromatics

	

	

	

	




	
Cyclohexene

	
−1.2

	
0.395

	
0.28

	
0.00

	
0.09

	
0.8024

	
[13]




	
1,3-Cyclohexadiene

	
−3.1

	
0.515

	
0.38

	
0.00

	
0.12

	
0.7594

	
[13]




	
1,4-Cyclohexadiene

	
−4.1

	
0.501

	
0.46

	
0.00

	
0.16

	
0.7594

	
[13]




	
1-Methyl-1-cyclohexene

	
0.8

	
0.391

	
0.18

	
0.00

	
0.10

	
0.9433

	
[13]




	
1-Methyl-1-cyclohexene

	
−0.8

	
0.391

	
0.18

	
0.00

	
0.10

	
0.9433

	
[13]




	
4-Methyl-1-cyclohexene

	
0.6

	
0.347

	
0.22

	
0.00

	
0.10

	
0.9433

	
[13]




	
4-Methyl-1-cyclohexene

	
−0.5

	
0.347

	
0.22

	
0.00

	
0.10

	
0.9433

	
[13]




	
3-Methyl-1-cyclohexene

	
0.4

	
0.360

	
0.20

	
0.00

	
0.10

	
0.9433

	
[13]




	
3-Methyl-1-cyclohexene

	
−1.4

	
0.360

	
0.20

	
0.00

	
0.10

	
0.9433

	
[13]




	
2,5-Norbornadiene

	
−3.2

	
0.495

	
0.32

	
0.00

	
0.11

	
0.7919

	
[13]




	
1-Octene

	
3.9

	
0.094

	
0.08

	
0.00

	
0.07

	
1.1928

	
[18]




	
cis-Cycloctene

	
1.5

	
0.460

	
0.24

	
0.00

	
0.10

	
1.0842

	
[18]




	
1-Octyne

	
−1.8

	
0.155

	
0.22

	
0.09

	
0.10

	
1.1498

	
[18]




	
p-Xylene

	
−2.4

	
0.613

	
0.52

	
0.00

	
0.16

	
0.9982

	
[18]




	
1-Decene

	
5.5

	
0.093

	
0.08

	
0.00

	
0.07

	
1.4746

	
[18]




	
1-Decyne

	
0.1

	
0.143

	
0.22

	
0.09

	
0.10

	
1.4316

	
[18]




	
Butylbenzene

	
0.4

	
0.600

	
0.51

	
0.00

	
0.15

	
1.2800

	
[18]




	
Phenyl-1-butyne

	
−3.3

	
-

	
-

	
-

	
-

	
-

	
[18]




	
alpha-Pinene

	
3.6

	
0.438

	
0.20

	
0.00

	
0.14

	
1.2574

	
[6,20]




	
alpha-Pinene

	
3.4

	
0.438

	
0.20

	
0.00

	
0.14

	
1.2574

	
[6,20]




	
p-Menth-2-ene

	
3.1

	
0.350

	
0.12

	
0.00

	
0.07

	
1.3660

	
[19]




	
p-Menth-2-ene

	
3.6

	
0.350

	
0.12

	
0.00

	
0.07

	
1.3660

	
[6,20]




	
Delta-3-carene

	
2.9

	
0.492

	
0.22

	
0.00

	
0.14

	
1.2574

	
[6,20]




	
Delta-3-carene

	
2.0

	
0.492

	
0.22

	
0.00

	
0.14

	
1.2574

	
[6,20]




	
beta-Pinene

	
2.3

	
0.515

	
0.19

	
0.00

	
0.15

	
1.2574

	
[6,20]




	
beta-Pinene

	
2.0

	
0.515

	
0.19

	
0.00

	
0.15

	
1.2574

	
[6,20]




	
Limonene

	
2.0

	
0.501

	
0.31

	
0.00

	
0.23

	
1.3230

	
[6,20]




	
Limonene

	
1.6

	
0.501

	
0.31

	
0.00

	
0.23

	
1.3230

	
[6,20]




	
gamma-Terpinene

	
1.9

	
0.522

	
0.29

	
0.00

	
0.22

	
1.3230

	
[6,20]




	
gamma-Terpinene

	
1.4

	
0.522

	
0.29

	
0.00

	
0.22

	
1.3230

	
[6,20]




	
alpha-Terpinene

	
1.5

	
0.526

	
0.25

	
0.00

	
0.23

	
1.3230

	
[6,20]




	
alpha-Terpinene

	
0.8

	
0.526

	
0.25

	
0.00

	
0.23

	
1.3230

	
[6,20]




	
Terpinolene

	
1.3

	
0.590

	
0.31

	
0.00

	
0.20

	
1.3230

	
[6,20]




	
Terpinolene

	
0.1

	
0.590

	
0.31

	
0.00

	
0.20

	
1.3230

	
[6,20]




	
p-Cymene

	
−0.3

	
0.607

	
0.49

	
0.00

	
0.19

	
1.2800

	
[6,20]




	
p-Cymene

	
−1.3

	
0.607

	
0.49

	
0.00

	
0.19

	
1.2800

	
[6,20]




	
1-Dodecene

	
8.1

	
0.089

	
0.08

	
0.00

	
0.07

	
1.7564

	
[18]




	
1-Dodecyne

	
2.0

	
0.133

	
0.22

	
0.09

	
0.10

	
1.7134

	
[18]




	
1-Tetradecyne

	
3.9

	
-

	
-

	
-

	
-

	
-

	
[18]




	
Octylbenzene

	
4.0

	
0.579

	
0.48

	
0.00

	
0.15

	
1.8436

	
[16]




	
2,6,10-Trimethylundecane-2,6-diene

	
10.3

	
-

	
-

	
-

	
-

	
-

	
[6,20]




	
Longifolene

	
6.6

	
0.757

	
0.20

	
0.00

	
0.22

	
1.8533

	
[20]




	
Longifolene

	
7.3

	
0.757

	
0.20

	
0.00

	
0.22

	
1.8533

	
[6,20]




	
Caryophyllene

	
5.7

	
0.720

	
0.15

	
0.00

	
0.25

	
1.9189

	
[6,20]




	
Caryophyllene

	
6.2

	
0.720

	
0.15

	
0.00

	
0.25

	
1.9189

	
[6,20]




	
Decylbenzene

	
6.0

	
0.579

	
0.47

	
0.00

	
0.15

	
2.1254

	
[25]




	
1-Octadecene

	
14.4

	
0.079

	
0.08

	
0.00

	
0.07

	
2.6018

	
[18]




	
Dodecylbenzene

	
7.8

	
0.571

	
0.47

	
0.00

	
0.15

	
2.4072

	
[25]




	
Ethers, esters, nitriles and ketones

	

	

	

	




	
Diisopropyl ether

	
2.2

	
−0.063

	
0.17

	
0.00

	
0.57

	
1.0127

	
[26]




	
Dibutyl ether

	
2.4

	
0.000

	
0.25

	
0.00

	
0.45

	
1.2945

	
[22]




	
Dibutyl ether

	
3.3

	
0.000

	
0.25

	
0.00

	
0.45

	
1.2945

	
[25]




	
Dibutyl ether

	
3.2

	
0.000

	
0.25

	
0.00

	
0.45

	
1.2945

	
[27]




	
2-Octanone

	
–3.4

	
0.108

	
0.68

	
0.00

	
0.51

	
1.2515

	
[22]




	
Octanenitrile

	
−1.7

	
0.162

	
0.90

	
0.00

	
0.36

	
1.2500

	
[22]




	
Dipentyl ether

	
4.2

	
0.000

	
0.25

	
0.00

	
0.45

	
1.5763

	
[22]




	
C3-O-C4-O-C3

	
1.9

	
-

	
-

	
-

	
-

	
-

	
[27]




	
C4-O-C2-O-C4

	
1.7

	
-

	
0.51

	
0.00

	
-

	
1.6350

	
[27]




	
2-Decanone

	
−2.1

	
0.108

	
0.68

	
0.00

	
0.51

	
1.5333

	
[22]




	
Decanenitrile

	
−0.6

	
0.156

	
0.90

	
0.00

	
0.36

	
1.5320

	
[22]




	
2-Undecanone

	
−1.3

	
0.101

	
0.68

	
0.00

	
0.51

	
1.6742

	
[22]




	
Ethyl decanoate

	
1.8

	
0.013

	
0.58

	
0.00

	
0.45

	
1.8738

	
[17]




	
Ethyl decanoate

	
2.3

	
0.013

	
0.58

	
0.00

	
0.45

	
1.8738

	
[20]




	
Ethyl decanoate

	
2.2

	
0.013

	
0.58

	
0.00

	
0.45

	
1.8738

	
[18]




	
Dihexyl ether

	
6.2

	
0.000

	
0.25

	
0.00

	
0.45

	
1.8581

	
[22]




	
2-Dodecanone

	
−0.6

	
0.103

	
0.68

	
0.00

	
0.51

	
1.8151

	
[22]




	
Dodecanenitrile

	
0.3

	
0.132

	
0.90

	
0.00

	
0.36

	
1.8132

	
[22]




	
Ethyl dodecanoate

	
3.8

	
0.002

	
0.58

	
0.00

	
0.45

	
2.1556

	
[6]




	
Decyl butyrate

	
5.0

	
-

	
-

	
-

	
-

	
-

	
[6]




	
Hexyl octanoate

	
6.2

	
0.002

	
0.56

	
0.00

	
0.45

	
2.1556

	
[6]




	
Diheptyl ether

	
8.0

	
-

	
-

	
-

	
-

	
-

	
[22]




	
Ethyl myristate

	
5.2

	
0.000

	
0.58

	
0.00

	
0.45

	
2.4374

	
[6]




	
Butyl dodecanoate

	
7.2

	
-

	
-

	
-

	
-

	
-

	
[6]




	
Octyl octanoate

	
8.1

	
−0.010

	
0.06

	
0.00

	
0.45

	
2.4374

	
[6]




	
Dioctyl ether

	
10.3

	
0.000

	
0.25

	
0.00

	
0.45

	
2.4217

	
[22]




	
Myristyl propionate

	
6.8

	
-

	
-

	
-

	
-

	
-

	
[6]




	
Isopropyl myristate

	
7.2

	
−0.062

	
0.53

	
0.00

	
0.45

	
2.5783

	
[6]




	
Isopropyl myristate

	
7.3

	
−0.062

	
0.53

	
0.00

	
0.45

	
2.5783

	
[25]




	
Ethyl palmitate

	
6.8

	
0.000

	
0.58

	
0.00

	
0.45

	
2.7192

	
[6]




	
Hexyl dodecanoate

	
9.3

	
-

	
-

	
-

	
-

	
-

	
[20]




	
Ethyl oleate

	
7.3

	
-

	
-

	
-

	
-

	
-

	
[6]




	
Ethyl oleate

	
7.1

	
-

	
-

	
-

	
-

	
-

	
[28]




	
Bis(2-ethylhexyl) adipate

	
9.7

	
−0.010

	
1.10

	
0.00

	
1.13

	
3.3572

	
[6]




	
Tricaprilin

	
12.2

	
-

	
-

	
-

	
-

	
-

	
[6]




	
Tricaprin

	
13.8

	
-

	
-

	
-

	
-

	
-

	
[6]




	
Tricaprin

	
13.0

	
-

	
-

	
-

	
-

	
-

	
[25]




	
Trilaurin

	
15.7

	
-

	
-

	
-

	
-

	
-

	
[5]




	
Trimyristin

	
18.5

	
-

	
-

	
-

	
-

	
-

	
[5]




	
Tripalmitin

	
21.2

	
-

	
-

	
-

	
-

	
-

	
[5]




	
Tristearin

	
23.9

	
−0.040

	
1.25

	
0.00

	
1.28

	
8.3631

	
[5]




	
Triolein

	
21.2

	
-

	
-

	
-

	
-

	
-

	
[5]




	
Fragrances, acrylates and miscellaneous

	

	

	

	




	
Menthone

	
−1.5

	
0.322

	
0.61

	
0.00

	
0.62

	
1.4247

	
[21]




	
Eucalyptol

	
−1.6

	
0.380

	
0.33

	
0.00

	
0.76

	
1.3591

	
[21]




	
Rose oxide

	
−1.7

	
-

	
-

	
-

	
-

	
-

	
[21]




	
D-Carvone

	
−3.1

	
0.674

	
0.86

	
0.00

	
0.57

	
1.3390

	
[21]




	
Hexyl methacrylate

	
0.4

	
0.154

	
0.49

	
0.00

	
0.45

	
1.5490

	
[29]




	
Hexyl methacrylate

	
−0.2

	
0.154

	
0.49

	
0.00

	
0.45

	
1.5490

	
[29]




	
Hexyl methacrylate

	
−0.1

	
0.154

	
0.49

	
0.00

	
0.45

	
1.5490

	
[29]




	
Hexyl methacrylate

	
0.8

	
0.154

	
0.49

	
0.00

	
0.45

	
1.5490

	
[29]




	
Hexyl methacrylate

	
0.7

	
0.154

	
0.49

	
0.00

	
0.45

	
1.5490

	
[29]




	
Hexyl methacrylate

	
−0.2

	
0.154

	
0.49

	
0.00

	
0.45

	
1.5490

	
[29]




	
Hexyl methacrylate

	
1.5

	
0.154

	
0.49

	
0.00

	
0.45

	
1.5490

	
[29]




	
Hexyl methacrylate

	
0.2

	
0.154

	
0.49

	
0.00

	
0.45

	
1.5490

	
[29]




	
Hexyl methacrylate

	
−0.4

	
0.154

	
0.49

	
0.00

	
0.45

	
1.5490

	
[29]




	
Menthyl acetate

	
−0.1

	
0.243

	
0.65

	
0.00

	
0.54

	
1.7652

	
[6,20]




	
Citronellyl acetate

	
−0.2

	
0.198

	
0.59

	
0.00

	
0.64

	
1.8308

	
[21,22]




	
Geranyl acetate

	
−0.6

	
0.368

	
0.65

	
0.00

	
0.68

	
1.7878

	
[21,22]




	
Linalyl acetate

	
−0.9

	
0.331

	
0.65

	
0.00

	
0.65

	
1.7878

	
[21,22]




	
alpha-Damascone

	
−1.3

	
-

	
-

	
-

	
-

	
-

	
[21]




	
Methyl dihydrojasmonate

	
−1.7

	
0.340

	
1.53

	
0.00

	
0.97

	
1.9218

	
[21]




	
beta-Ionone

	
−1.9

	
0.892

	
0.78

	
0.00

	
0.76

	
1.7614

	
[17]




	
Ethylene brassylate

	
−1.1

	
-

	
-

	
-

	
-

	
-

	
[21]




	
Methyl cedryl ether

	
3.5

	
-

	
-

	
-

	
-

	
-

	
[21]




	
Ambrettolide

	
1.0

	
-

	
-

	
-

	
-

	
-

	
[21]
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Table 2. Equation (7)-predicted EACN values using predicted Abraham solute parameters.






Table 2. Equation (7)-predicted EACN values using predicted Abraham solute parameters.





	Compound
	EACN
	E
	S
	A
	B
	V
	Predicted EACN





	1-Tetradecyne
	3.9
	0.150
	0.24
	0.05
	0.12
	1.9952
	5.7



	2,6,10-Trimethylundecane-2,6-diene
	10.3
	0.350
	0.23
	0.00
	0.34
	2.1361
	7.7



	Decyl butyrate
	5.0
	0.000
	0.56
	0.00
	0.55
	2.1556
	4.3



	Butyl dodecanoate
	7.2
	0.010
	0.56
	0.00
	0.52
	2.4374
	6.3



	Myristyl propionate
	6.8
	0.050
	0.56
	0.00
	0.53
	2.5783
	7.2



	Diheptyl ether
	8.0
	0.000
	0.18
	0.00
	0.46
	2.1399
	8.3



	Hexyl dodecanoate
	9.3
	0.010
	0.56
	0.00
	0.52
	2.7192
	8.3



	Ethyl oleate
	7.1
	0.130
	0.72
	0.00
	0.68
	2.9580
	7.2



	Ethyl oleate
	7.3
	0.130
	0.72
	0.00
	0.68
	2.9580
	7.2



	Methyl cedryl ether
	3.5
	0.650
	0.23
	0.00
	0.22
	2.0959
	7.4



	Ambrettolide
	1.0
	0.540
	0.68
	0.00
	0.76
	2.2858
	1.8



	alpha-Damascone
	−1.3
	0.680
	0.71
	0.00
	0.54
	1.7614
	−1.2
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