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Abstract  

 Data have been compiled from the published literature on the partition coefficients of 

solutes and vapors into the anhydrous secondary and branched alcohols (2-propanol, 2-butanol, 

2-methyl-1-propanol, 2-methyl-2-propanol and 3-methyl-1-butanol) from both water and from 

the gas phase.  The logarithms of the water-to-alcohol partition coefficients (log P) and gas-to-

alcohol partition coefficients (log K) were correlated with the Abraham solvation parameter 

model.  The derived correlations described the observed log P and log K values to within average 

standard deviations of 0.14 and 0.13 log units, respectively.  The predictive abilities of the each 

correlation were assessed by dividing databases into a separate training set and test set. 
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1.  Introduction 

 Solubility of crystalline organic compounds in pure liquid solvents and in solvent 

mixtures plays a critical role in the synthesis and purification of commercial chemical products, 

such as dyes, pesticides, herbicides and pharmaceuticals.  Synthetic methods often entail several 

steps that must be performed in series in order to prepare the desired product.  For the more 

elaborate syntheses, one may have to isolate a chemical intermediate from the reaction media, 

purify the intermediate, and/or change the reaction solvent prior to adding the next set of 

chemical reactants.  Predictive methods are available to facilitate solvent selection.  Existing 

methods allow one to select a solvent capable of either dissolving the starting reactants, or 

precipitating a dissolved crystalline material from solution by addition of an anti-solvent, as 

would be the case involving purification by crystallization.  Predictive methods are extremely 

useful in the design of synthetic strategies for preparing new chemical compounds having 

unmeasured physical and chemical properties. 

 The more successful of the published predictive methods are based on theoretical 

considerations regarding how a dissolved solute interacts with surrounding solvent molecules.  

The predictive method that we have been using is based on the Abraham solvation parameter 

model [1-6] for solute transfer between two condensed phases 

 log P = c + e·E + s·S + a·A + b·B + v·V (1) 

and for processes involving solute transfer from the gas phase to a condensed phase  

 log K = c + e·E + s·S + a·A + b·B + l·L (2) 
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The dependent variables in Eqns. 1 and 2 are the logarithm of the solute’s water-to-organic 

solvent partition coefficient, log P, and the logarithm of the solute’s gas-to-organic solvent 

partition coefficient, log K.  For solubility predictions, the model assumes that the partition 

between water and the organic solvent is given by the ratio of molar solubilities of the solute in 

the organic solvent, CS
sat

, and in water, CW
sat

 (i.e., P = CS
sat

/CW
sat

).  The gas-to-organic solvent 

partition is similarly calculated as the molar solubility in the organic solvent divided by the 

solute gas phase concentration (i.e., K = CS
sat

/CG), the latter value calculable from the solute 

vapor pressure above the solid at the solution temperature.  The computation methodology is 

described in detail elsewhere. [3-6] 

 The independent variables in Eqns. 1 and 2 are solute descriptors as follows: E and S 

refer to the excess molar refraction and dipolarity/polarity descriptors of the solute, respectively, 

A and B are measures of the solute hydrogen-bond acidity and hydrogen-bond basicity, V is the 

McGowan volume of the solute and L is the logarithm of the solute gas phase dimensionless 

Ostwald partition coefficient into hexadecane at 298 K.  The first four descriptors can be 

regarded as measures of the tendency of the given solute to undergo various solute-solvent 

interactions.  The latter two descriptors, V and L, are both measures of solute size, and so will be 

measures of the solvent cavity term that will accommodate the dissolved solute.  General 

dispersion interactions are also related to solute size, hence, both V and L will also describe the 

general solute-solvent interactions.  The regression coefficients and constants (c, e, s, a, b, v and 

l) are obtained by regression analysis of experimental data for a specific process (i.e., a given 

partitioning process or a given chromatographic stationary phase and mobile phase combination, 

etc.).   In the case of partition coefficients, where two solvent phases are involved, the c, e, s, a, 

b, v and l coefficients represent differences in the solvent phase properties.  For any fully 
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characterized system/process (those with calculated values for the equation coefficients), further 

values of log P and log K can be estimated with known values for the solute descriptors.  This is 

the major advantage of using Eqns. 1 and 2 to correlate solute partitioning properties having 

environmental, pharmaceutical and chemical importance.  To date we have reported equation 

coefficients for more than 50 different organic solvents. 

 The published Abraham model correlations that were used for the alcohol solvents in our 

recent solubility studies [7, 8] were derived more than ten years ago.  These earlier correlations 

were based on the limited experimental data that was available at the time.  It is important to 

periodically update the earlier correlations as additional experimental data becomes available to 

ensure that the predictive expressions span as wide a range of descriptor space as possible.  

Dragos and coworkers [9] recently noted that quantitative structure property relationship (qsar) 

and linear free energy relationship (lfer) models are fitted to minimize discrepancies between 

calculated and observed property values within a training set of molecules.  The derived 

correlations are known to depend on the choice of molecules in the training set.  The authors 

went on to state that no matter how large the training set is, it may never represent a significant 

sample of chemical structure space.  The predictive area of chemical space for the Abraham 

model is defined not by chemical structures, but rather by the range of numerical values covered 

by the solute descriptors of the compounds contained in the database used to derive the 

respective correlation models.  In this regard, we just updated the Abraham model correlations 

for the linear alcohols (methanol through 1-octanol, and 1-decanol). [10, 11]  The updated log P 

and log K partition coefficient correlations pertain to solutes dissolved in the anhydrous (dry) 

linear alcohol solvents. The revised correlations were based on much larger databases, and 
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included a much larger number of the more acidic solutes (such as crystalline benzoic acid 

derivatives) and a much greater number of the more nonvolatile solutes. 

 In the present study we have reanalyzed the available experimental log P and log K 

partition coefficient data for solutes dissolved in anhydrous 2-propanol, 2-butanol, 2-methyl-1-

propanol, 2-methyl-2-propanol and 3-methyl-1-propanol.  Equation coefficients for these five 

anhydrous alcohol solvents were reported several years ago in solubility studies concerning the 

calculation of solute descriptors of select crystalline organic compounds. The values that were 

reported previously were based on much smaller data bases.  The databases used to derive the 

earlier correlations were never published, and the statistical information for the earlier 

correlations was never reported.  The Abraham model log P and log K correlations that we 

present here for the five anhydrous secondary and branched alcohols are based on significantly 

larger databases containing compounds of greater chemical diversity, molecular size and 

hydrogen-bonding characteristics.  The larger databases allow us to validate the derived 

correlation models through training set and test set analyses. 

2. Data Sets and Computation Methodology 

 Most of the experimental data that we were able to retrieve from the published literature 

[3-7, 12-174] pertained either to the Raoult’s law infinite dilution activity coefficient, γsolute

,  

Henry’s law constants, KHenry, or solubilities for solutes dissolved in anhydrous 2-propanol, 2-

butanol, 2-methyl-1-propanol, 2-methyl-2-propanol and 3-methyl-1-butanol.  In order to apply 

the Abraham model the infinite dilution activity coefficients and Henry’s law constants needed 

to be converted to log K values through Eqns. 3 and 4 
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          log P =  log K – log Kw                                                                                                (5) 

and to log P values for partition from water to the anhydrous 1-alcohols through Eqn. 5.  In 

equations 3 and 4, R is the universal gas constant, T is the system temperature, VPsolute
o
 is the 

vapor pressure of the solute at T, and Vsolvent is the molar volume of the solvent.  The calculation 

of log P requires knowledge of the solute’s gas phase partition coefficient into water, Kw, which 

is available for most of the solutes being studied.  The experimental log K and log P values at 

298.15 for anhydrous 2-propanol, 2-butanol, 2-methyl-1-propanol, 2-methyl-2-propanol and 3-

methyl-1-butanol are listed in Tables S1-S5 (Supporting information).  As an informational note, 

the calculated log P values for the five anhydrous alcohols refer to a hypothetical partition 

coefficient.  Even though hypothetical, these log P correlations are still quite useful in that 

predicted log P values can be used to estimate the solute’s infinite dilution activity coefficient or 

molar solubility in the anhydrous alcohol solvent for those solutes for which the solute 

descriptors are known.   

 Our experimental databases also contain measured solubility data for several crystalline 

solutes dissolved in both the anhydrous 1-alcohols and in water.  The solubility data were taken 

largely from our previously published solubility studies.  At the time that our solubility studies 

were performed we included solvents for which we planned to update and to derive correlation 
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equations in the future.  In the case of crystalline solutes, the partition coefficient between water 

and the anhydrous organic solvent is calculated as a solubility ratio 

 P = CS/CW          (6) 

of the solute’s molar solubilities in the organic solvent, CS, and in water, CW. Molar solubilities 

can also be used to calculate log K values, provided that the equilibrium vapor pressure of the 

solute above crystalline solute, Psolute
o
, at 298.15 K is also available.  Psolute

o
 can be transformed 

into the gas phase concentration, CG, and the gas-to-water and gas-to-organic solvent partitions, 

KW and K, can be obtained through the following equations 

 KW = CW/CG  or  K = CS/CG      (7) 

The vapor pressure and aqueous solubility data needed for these calculations are reported in our 

previous publications. 

As noted in an earlier publication [3], three conditions must be met to calculate partition 

coefficients from solubility data.  The conditions are as follows: (1) the same solid phase must be 

in equilibrium with the saturated solutions in the solvent and in water (in practice this means that 

there should be no solvate or hydrate formation); (ii) the secondary medium activity coefficient 

of the solid in the saturated solutions must be unity (or near unity); and (iii) for the solutes that 

are ionized in aqueous solution, CW, must refer to the solubility of the neutral form.  The second 

condition would restrict the method to those solutes that are sparingly soluble in water and in the 

organic solvent.  Past applications [3, 8, 69, 82, 92] have show that the Abraham model does 

accurately describe the solubility of several fairly soluble solutes.  For example, Eqns. 2 and 3 

described the molar solubility of benzil in 24 organic solvents to within overall standard 
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deviations of 0.124 and 0.109 log units, respectively. [69] Standard deviations for acetylsalicylic 

acid dissolved in 13 alcohols, 4 ethers and ethyl acetate were 0.123 and 0.138 log units. [92] 

Flanagan and coworkers [82] further showed that Eqs. 1 and 2 of the Abraham model predicted 

the experimental solubilities of 1,2,4,5-tetramethylbenzene in 25 different solvents to within an 

overall standard deviation of 0.15 log units using numerical values of the solute descriptors that 

had been previously calculated from infinite dilution partition coefficient and chromatographic 

retention data.  Benzil, acetylsalicylic acid and 1,2,4,5-tetramethylbenzene exhibited solubilities 

exceeding 1 Molar in many of the organic solvents. 

Molecular descriptors for all of the compounds considered in the present study are also 

tabulated in Tables S1 – S5.  The tabulated values came from our solute descriptor database, and 

were obtained using various types of experimental data, including water-to-solvent partitions, 

gas-to-solvent partitions, solubility and chromatographic data.  [2, 4] 

 

3. Results and Discussion 

We have assembled in Table S1 (Supporting Information) 148 log P values and 146 log 

K values for solutes dissolved in anhydrous 2-propanol covering a reasonably wide range of 

compound type and descriptor values.  Our previously derived 2-propanol correlations were 

based on 96 log P and 96 log K values, and did not contain the larger solutes like rutin (V = 

3.965) and podophyllotoxin (V = 2.834), which have not only large V solute descriptors, but 

large E, S, and B values as well.  As noted above in using predictive equations it is important to 
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stay within the chemical space defined by the range of solute descriptors covered.  Analysis of 

the experimental data yielded the following correlation equations  

Log P = 0.099(0.027) + 0.343(0.041) E – 1.049(0.059) S + 0.406(0.053) A – 3.827(0.067) B  

+ 4.033(0.028) V         (8) 

(N = 148, SD = 0.159, R
2
 = 0.994, F = 4929) 

and 

Log K = -0.048(0.017) – 0.324(0.035) E + 0.713(0.046) S + 4.036(0.041) A + 1.055(0.054) B  

+ 0.884(0.006) L         (9) 

(N = 146, SD = 0.122, R
2 

= 0.999, F = 40,021) 

All regression analyses were performed using SPSS statistical software.  The standard errors in 

the calculated coefficients are given in parenthesis.  Here and elsewhere, N corresponds to the 

number of solutes, R denotes the correlation coefficient, SD is the standard deviation and F 

corresponds to the Fisher F-statistic.  The statistics of both correlations are quite good as 

evidenced by the near unity values of the squared correlation coefficients and by the small 

standard deviations of SD = 0.159 and SD = 0.122 log units.  See Figures 1 and 2 for plots of the 

calculated log P and log K values based on Eqns. 8 and 9 against observed data.  The 

experimental log P and log K values cover ranges of about 16.1 and 36.1 log units, respectively. 

In order to assess the predictive ability of Eqns. 8 and 9  we divided the data points into a 

training set and a test set by allowing the SPSS software to randomly select half of the 

experimental data points.  The selected data points became the training sets and the remaining 
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compounds that were left served as the test sets.  Analysis of the experimental data in the log P 

and log K training sets gave 

Log P = 0.095(0.044) + 0.338(0.071) E – 1.098(0.103) S + 0.454(0.099) A – 3.811(0.135) B  

+ 4.049(0.048) V         (10) 

(N = 74, SD = 0.161, R
2
 = 0.992, F = 1838) 

and 

Log K = -0.037(0.022) – 0.366(0.045) E + 0.699(0.056) S + 4.092(0.062) A + 0.995(0.070) B  

+ 0.898(0.008) L         (11) 

(N = 73, SD = 0.109, R
2 

= 1.000, F = 29,823) 

There is very little difference in the equation coefficients for the full dataset and the training 

dataset correlations, thus showing that both training sets of compounds are representative 

samples of the total log P and log K data sets.  The derived training set equations were then used 

to predict the respective partition coefficients for the compounds in the test sets.  For the 

predicted and experimental values, we found SD = 0.161 (Eqn. 10) and SD = 0.136 (Eqn. 11), 

AAE (average absolute error) = 0.123 (Eqn. 10) and AAE = 0.112 (Eqn. 11), and AE (average 

error) = 0.025 (Eqn. 10) and AE = -0.054 (Eqn. 11).  There is therefore very little bias in using 

Eqns. 10 and 11 with AE equal to 0.025 and -0.054 log units.  The training and test set analyses 

were performed two more times with similar results. 

We have assembled in Table S2 (Supporting Information) 97 log P values and 95 log K 

values for solutes dissolved in 2-butanol covering a reasonably wide range of compound type 
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and descriptor values.  Analysis of the experimental data yielded the following correlation 

equations  

Log P = 0.127(0.029) + 0.253(0.046) E – 0.976(0.060) S + 0.158(0.056) A – 3.882(0.079) B  

+ 4.114(0.039) V         (12) 

(N = 97, SD = 0.129, R
2
 = 0.994, F = 3232) 

and 

Log K = -0.034(0.025) – 0.387(0.054) E + 0.719(0.069) S + 3.736(0.059) A + 1.088(0.087) B  

+ 0.905(0.011) L         (13) 

(N = 95, SD = 0.138, R
2 

= 0.999, F = 14696) 

Both correlations provide a reasonably accurate mathematical description of the experimental 

water-to-anhydrous 2-butanol partition coefficient data (Eqn. 12) and gas-to-anhydrous 2-butanol 

partition coefficient data (Eqn. 13) for experimental values that cover ranges of about 14.5 and 

15.8 log units, respectively.    

 We have assessed the predictive ability of Eqns. 12 and 13 by dividing the 97 log P and 

95 log K data points into training sets and test sets as before.  Analysis of the experimental data 

gave  

Log P = 0.099(0.047) + 0.242(0.067) E – 0.954(0.092) S + 0.129(0.083) A – 3.966(0.165) B  

+ 4.150(0.047) V         (14) 

(N = 49, SD = 0.136, R
2
 = 0.995, F = 1940) 
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and 

Log K = -0.055(0.030) – 0.247(0.104) E + 0.760(0.123) S + 3.862(0.101) A + 0.903(0.166) B  

+ 0.880(0.023) L         (15) 

(N = 48, SD = 0.126, R
2 

= 0.999, F = 8572) 

There is very little difference in the equation coefficients for the full dataset and the training 

dataset correlations, thus showing that both training sets of compounds are representative 

samples of the total log P and log K data sets.  The derived training set equations were then used 

to predict the respective partition coefficients for the compounds in the test sets.  For the 

predicted and experimental values, we found SD = 0.125 (Eqn. 14) and SD = 0.180 (Eqn. 15), 

AAE (average absolute error) = 0.094 (Eqn. 14) and AAE = 0.131 (Eqn. 15), and AE (average 

error) = 0.035 (Eqn. 14) and AE = 0.048 (Eqn. 15).  There is therefore very little bias in using 

Eqns. 14 and 15 with AE equal to 0.057 and 0.048 log units.  The training and test set analyses 

were performed two more times with similar results. 

The experimental log P and log K values for 2-methyl-1-propanol, 2-methyl-2-propanol 

and 3-methyl-1-butanol in Tables S3 – S5 (Supporting Information) were analyzed in similar 

fashion.  To conserve journal space we have tabulated the calculated equation coefficients and 

the associated statistical information in Tables 1 and 2.  Listed below the equation coefficients 

are the respective standard errors.  For convenience we have also included in Tables 1 and 2 the 

equation coefficients for 2-propanol and 2-butanol reported above.  Examination of the statistical 

information reveals that the Abraham solvation parameter model does provide very accurate 

mathematical descriptions for the observed gas-to-alcohol and water-to-alcohol partition 
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coefficient data for solutes dissolved in the eight anhydrous alcohol solvents studied here.  (See 

Figures S1 – S6 of the Supporting Information for plots of the observed data versus calculated 

values based on the Abraham model.)  Each derived correlation was validated through training 

set and test set analyses.  Full details of the validation results are given in Tables S6 – S8 

(Supporting information). 

The coefficients in the Abraham model are not just fitting coefficients but can be 

interpreted in terms of chemical interactions.  The log K correlations are easier to interpret 

because only one solvent phase is involved and the coefficients represent differences between the 

gas and solvent phase.  The coefficients in the log P equations refer to differences between the 

water and anhydrous alcohols.  For the log K correlation the e-coefficient gives the ability of the 

alcohol to interact with σ- and π-electrons, the s-coefficient gives the hydrogen-bond basicity 

(because an acidic solute will interact with a basic solvent), the b-coefficient gives the hydrogen-

bond acidity (because a basic solute will interact with an acidic solvent), and the l-coefficient 

will reflect an endoergic cavity effect dependent upon solute size.  The five alcohol solvents that 

have been studied here do not belong to a single class.  The hydroxyl group is attached to a 

secondary carbon atom in three of the alcohols (2-propanol, 2-butanol and 2-methyl-1-propanol), 

to a primary carbon atom in one alcohol (3-methyl-1-butanol), and to a tertiary carbon atom in 

the case of 2-methyl-2-propanol.  Comparisons are further complicated by the presence of a 

methyl-substituent in different locations relative to the hydroxyl group. 

To facilitate comparisons we have listed in Table 2 the revised/updated equation 

coefficients for 1-propanol and 1-butanol. [11]  Examination of the numerical entries reveals that 

the e-coefficient of 2-propanol and 2-butanol (-0.324 and -0.387) are more negative than the e-
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coefficients of the corresponding linear alcohols (-0.246 for 1-propanol and -0.285 for 1-

butanol).  The s-coefficients are slightly larger in the case of linear alcohols, suggesting slightly 

larger dipolarity/polarity interactions with dissolved solutes.  Of the five alcohols studied, 2-

methyl-2-propanol has the smallest b-coefficient.  This is to be expected as the presence of three 

neighboring methyl groups should sterically hinder the alcohol’s ability to act as a hydrogen-

bond donor.  Give the few number of alcohols studied, the relatively small differences in the 

coefficients between alcohols, and the standard errors in each respective coefficient, it is difficult 

to make a more detailed comparison at the present time. 

The present study shows that the correlations derived from the Abraham solvation 

parameter model provide reasonably accurate mathematical descriptions of solute transfer from 

both water and from the gas phase into the secondary and branched alcohols.  Future studies will 

explore the possibility of correlating the linear alcohols (methanol through 1-decanol) and the 

secondary and branched alcohols with a single Abraham model correlation.  The derived 

correlations presented here do pertain to 298.15 K.  Many manufacturing and separation 

processes take place at higher temperatures, and there is a growing need to determine partition 

properties into organic solvents at other temperatures.  In this regard, we have recently published 

enthalpy of solvation correlations, ΔHsolv, for organic gases and gaseous solutes into water [175] 

and 2-methyl-2-propanol [176].  The ΔHsolv correlations will allow one to extrapolate the 

predicted log P(wet and dry) and log K(wet and dry) for 2-methyl-2-propanol based on Eqns. 1 

and 2 (coefficients in Tables 1 and 2) to other temperatures not too far removed from 298.15 K. 
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Table 1.  Abraham model correlation equation coefficients for the transfer of solutes from water to the anhydrous (dry) alcohol 

solvents (log P correlation). 

Solvent c e s a b v N SD R F 

2-Propanol 0.099 0.344 -1.049 0.406 -3.827 4.033 148 0.159 0.994 4929 

 (0.027) (0.041) (0.059) (0.053) (0.067) (0.028)     

2-Butanol 0.127 0.253 -0.976 0.158 -3.882 4.114 97 0.129 0.994 3232 

 (0.029) (0.046) (0.060) (0.056) (0.079) (0.039)     

2-Methyl-1-propanol 0.188 0.354 -1.127 0.016 -3.568 3.986 104 0.154 0.986 1390 

 (0.040) (0.061) (0.072) (0.075) (0.117) (0.073)     

2-Methyl-2-propanol 0.211 0.171 -0.947 0.331 -4.085 4.109 113 0.164 0.998 9325 

 (0.032) (0.059) (0.081) (0.082) (0.104) (0.021)     

3-Methyl-1-butanol 0.073 0.360 -1.273 0.090 -3.770 4.273 62 0.099 0.996 2524 

 (0.043) (0.049) (0.071) (0.059) (0.108) (0.063)     
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Table 2.  Abraham model correlation equation coefficients for the transfer of solutes from water to the anhydrous (dry) alcohol 

solvents (log K correlation). 

Solvent c e s a b l N SD R F 

2-Propanol -0.048 -0.324 0.713 4.036 1.055 0.884 146 0.122 0.999 40021 

 (0.017) (0.035) (0.046) (0.041) (0.054) (0.006)     

2-Butanol -0.034 -0.387 0.719 3.736 1.088 0.905 95 0.138 0.999 14696 

 (0.025) (0.054) (0.069) (0.059) (0.087) (0.011)     

2-Methyl-1-propanol -0.003 -0.357 0.699 3.595 1.247 0.881 102 0.141 0.998 11302 

 (0.027) (0.068) (0.078) (0.073) (0.118) (0.017)     

2-Methyl-2-propanol 0.053 -0.443 0.699 4.026 0.882 0.907 114 0.134 0.999 15412 

 (0.023) (0.049) (0.066) (0.065) (0.084) (0.005)     

3-Methyl-1-butanol -0.052 -0.430 0.628 3.661 0.932 0.937 62 0.121 0.999 7861 

 (0.038) (0.069) (0.092) (0.073) (0.132) (0.019)     

           

1-Propanol -0.042 -0.246 0.749 3.888 1.076 0.874     

 (0.019) (0.039) (0.052) (0.049) (0.056) (0.006)     

1-Butanol -0.004 -0.285 0.768 3.705 0.879 0.890     

 (0.019) (0.042) (0.054) (0.055) (0.059) (0.007)     
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Figure 1.  Comparison of the experimental log P data for solutes dissolved in 2-propanol against 

calculated values based on Eqn. 8.
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Figure 2.  Comparison of the experimental log K data for solutes dissolved in 2-propanol against 

calculated values based on Eqn. 9.
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Figure 3.  Comparison of the experimental log P data for solutes dissolved in 2-butanol against 

calculated values based on Eqn. 12.
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Figure 4.  Comparison of the experimental log K data for solutes dissolved in 2-butanol against 

calculated values based on Eqn. 13. 

 


