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ABSTRACT: Literature values of the Ostwald solubility coefficient of gases and vapours in propan-1-ol at 298 K
were combined with additional values calculated from solubilities in propan-1-ol and vapour pressures to yield a total
of 79 logLPrOHvalues at 298 K. Seventy-seven of these values were correlated through the general solvation equation
to give the regression

logLPrOH� ÿ0:028ÿ 0:185R2 � 0:648�2
H � 4:022��2

H � 1:043��2
H � 0:869 log L16

n� 77; r2 � 0:9976;SD� 0:12;F � 6073

A correlation equation was also constructed for the transfer of solutes from water to propan-1-ol. Both equations
suggest that propan-1-ol as a solvent is less dipolar, more acidic and less basic than methanol or ethanol, but the
differences between the three alcohols are very small. Comparison with equations for transfer to wet alcohols shows
that the addition of water to alcohols has little effect on their dipolarity/polarizability or hydrogen bond basicity, but
considerably increases the hydrogen bond acidity. The wet alcohols are more hydrophilic (less hydrophobic) than the
dry alcohols. Copyright 1999 John Wiley & Sons, Ltd.
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INTRODUCTION

We have recently shown that the solubilities of gases and
vapours in water,1 methanol2 and ethanol3 can be
correlated through the general solvation equation

logSP� c� rR2� s�2
H � a��2

H � b��2
H

� l logL16 �1�

where SP in the dependent variable is a property of a
series of solutes in a given system and the independent
variables are solute descriptors as follows:4 R2 is excess
molar refraction,p2

H the dipolarity/polarizability,
P

a2
H

the overall or summation hydrogen bond acidity andP
b2

H the overall or summation hydrogen bond basicity.
In the final descriptor,L16 is the Ostwald solubility
coefficient on hexadecane at 298 K,5 defined as

L � concentration of solute in solution/
concentration of solute in the gas phase

�2�

The coefficients in Eqn. (1) are of considerable

interest, as they refer to properties of the solvent phase.
In particular,s will reflect the phase dipolarity/polariz-
ability, a will be proportional to the solvent hydrogen
bond basicity (since solutes that are acidic will interact
with solvents that are themselves basic) andb will be
proportional to the solvent hydrogen bond acidity;l is the
resultant of two effects, (i) the work of creating a cavity
in the solvent and (ii) general dispersion interactions
between the solute and solvent. The former is an
endoergic effect leading to a negativel coefficient, and
the latter is an exothermic effect leading to a positivel
coefficient. For all non-aqueous solvents the general
dispersion effect predominates, and sol is positive. The
magnitude ofl can be taken as a measure of the solvent
lipophilicity/hydrophobicity.

When Eqn. (1) was applied to logL values in methanol
and ethanol,2,3 the regression coefficients suggested that
these alcohols are just as basic as water (in a hydrogen
bond sense) but that they are much weaker hydrogen
bond acids. Indeed, the two alcohols were slightly weaker
hydrogen bond acids than chloroform,6 as can be seen by
the regression coefficients in Table 1. These conclusions
from Eqn. (1) were not in agreement with solvatochromic
studies on water and the alcohols, and so it seemed useful
to extend the scope of Eqn. (1) to other alcohols for which
there were enough data. In addition, any method for the
prediction of gas–propan-1-ol partition coefficients,
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LPrOH, would be of interest in chemical engineering. A
survey of the literature showed that there were enough
data on propan-1-ol as a solvent to set up a statistically
significant regression equation, and that is the main
purpose of this paper. A second aim was to combine the
log LPrOH values with corresponding logLW values for
water solvent, through the equation

logPPrOH=W � logLPrOHÿ logLW �3�

and so to obtain values of logPPrOH/W for the transfer of
solutes from water to propan-1-ol. These logPPrOH/W

values can then be correlated through the alternative
solvation equation

logSP� c� rR2� s�2
H � a��2

H � b��2
H

� �Vx �4�

where the final descriptor is the McGowan volume7 in
units of (cm3 molÿ1)/100.

The coefficients in Eqn. (4) again relate to the solvent
properties, this time relative to those for water, and so
will provide another set of data on propan-1-ol. Just like
the l coefficient in Eqn. (1), the� coefficient is also the
resultant of (i) the cavity and (ii) the general dispersion

interaction effects, but now relative to these effects in
water. For all water–solvent systems we have studied, the
� coefficient is positive, owing to both a greater cavity
effect in water and a larger general dispersion effect in
the solvent. The magnitude of the� coefficient can be
taken as a measure of the solvent hydrophobicity.

RESULTS AND DISCUSSION

Values of log LPrOH for inorganic gases have been
determined by Boet al.8 and for a number of organic

compounds by Parket al.;9 most of the other values were
calculated from reported activity coefficients, as shown
in Table 2. For a number of solids, logLPrOH and logLW

could be obtained from the solubility in propan-1-ol10–16

and in water,17–20and the saturated vapour pressure of the
solid at 298 K,21 as the vapour concentration,CG (Table
3). The relevant equations are

logPPrOH=W � logLPrOHÿ logLW

� logSPrOHÿ logSW �5�
logLPrOH� logSPrOHÿ logCG �6�
logLW � logSW ÿ logCG �7�

whereSPrOHandSW are molar solubilities. Data for these
solids are important, because the range of descriptor
values is considerably increased. For all the solutes, a
total of 79 log LPrOH values could be obtained. The
required descriptors in Eqn. (1) were available for all
except fluoromethane, and 3-methylpyridine was a
pronounced outlier. Descriptors for most of the solutes
have been listed already,1–6 and values for the remaining
solutes are given in Table 4. Data for the 77 solutes led to
the correlation equation

where the sd values for the coefficients are given in
parentheses. Eqn. (8) is statistically good and could be
used to predict further logLPrOH values for solutes with
known descriptors. Since we have all the descriptors in
Eqn. (8) available for ca 3000 solutes, this might be of
considerable use.

Comparison of the descriptors in Eqn. (8) with those
listed in Table 1 shows that there is little difference in
solubility properties amongst the three alcohols studied to
date. Propan-1-ol is slightly less dipolar/polarizable than
methanol or ethanol, and since propan-1-ol is likely to be
the most polarizable, this implies that propan-1-ol is less

Table 1. Coef®cients in Eqn. (1) for gas±solvent partitions

Solvent c r s a b l

Water ÿ1.271 0.822 2.743 3.904 4.814ÿ0.213
Methanol ÿ0.004 ÿ0.215 1.173 3.701 1.432 0.769
Ethanol 0.012 ÿ0.206 0.789 3.635 1.311 0.853
Propan-1-ol ÿ0.028 ÿ0.185 0.648 4.022 1.043 0.869
Chloroform 0.168 ÿ0.595 1.256 0.280 1.370 0.981
Hexadecane 0 0 0 0 0 1

logLPrOH� ÿ0:028�0:025� ÿ 0:185�0:062�R2 � 0:648�0:087��2
H � 4:022�0:092���2

H

� 1:043�0:084���2
H � 0:869�0:010� logL16

n� 77; r2 � 0:9976; SD� 0:12; F � 6073

�8�
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Table 2. Values of log LPrOH, log LW and log PPrOH/W for
solutes at 298 K

Solute logLPrOH log LWa

log PPrOH/Wb

Helium ÿ1.56
c ÿ2.02 0.46

Neon ÿ1.41
c ÿ1.96 0.55

Argon ÿ0.61
c ÿ1.47 0.86

Krypton ÿ0.16
c ÿ1.21 1.05

Xenon 0.38
c ÿ0.97 1.35

Hydrogen ÿ1.12
c ÿ1.72 0.60

Oxygen ÿ0.66
c ÿ1.51 0.85

Nitrogen ÿ0.88
c ÿ1.80 0.92

Nitrous oxide 0.44
d ÿ0.23 0.67

Carbon monoxide ÿ0.75
d ÿ1.62 0.87

Carbon dioxide 0.35
e ÿ0.08 0.43

Methane ÿ0.29
c ÿ1.46 1.17

Ethane 0.45
d ÿ1.34 1.79

Butane 1.45
f ÿ1.52 2.97

Pentane 1.81
g ÿ1.70 3.51

Hexane 2.28
g ÿ1.82 4.10

2-Methylpentane 2.15
h ÿ1.84 3.99

Heptane 2.74
g ÿ1.96 4.70

2,4-Dimethylpentane 2.43
h ÿ2.08 4.51

Octane 3.17
g ÿ2.11 5.28

2,2,4-Trimethylpentane 2.69
i,,j ÿ2.12 4.81

2,3,4-Trimethylpentane 2.95
h ÿ1.88 4.83

Nonane 3.55
k ÿ2.30 5.85

2,5-Dimethylheptane 3.40
h ÿ2.191 5.59

Cyclopropane 1.15
m ÿ0.55 1.70

Cyclopentane 2.12
i,n ÿ0.88 3.00

Cyclohexane 2.55
i,o ÿ0.90 3.45

Ethylcyclohexane 3.28
h ÿ1.591 4.87

Cycloheptane 3.13
i,n ÿ1.391 4.52

Ethene 0.38
p ÿ0.94 1.32

Fluoromethane ÿ0.02
q

0.16 ÿ0.18
Tetrafluoromethane ÿ0.76

c ÿ2.29 1.53
Tetrachloromethane 2.75

r ÿ0.06 2.81
1-Chlorobutane 2.63

s

0.12 2.51
2-Chloro-2-methyl-

propane
2.06

t ÿ0.80
u

2.86

2-Bromo-2-methyl-
propane

2.34
t ÿ0.59

t

2.93

Iodoethane 2.56
v

0.54 2.02
CFCl2CFCl2 2.67

w ÿ0.64 3.31
Tetrahydrofuran 2.90

x

2.55 0.35
1,4-Dioxane 3.27

y

3.71 ÿ0.44
Butanone 3.07

z

2.72 0.35
Pentane-2,4-dione 3.69

s

Dimethyl carbonate 2.73
aa

2.731 0.00
Methyl propanoate 2.85

ab

2.15 0.70
Methyl butanoate 3.28

ab

2.08 1.20
Ammonia 1.76

d

3.15 ÿ1.39
Dimethylamine 2.19

d

3.15 ÿ0.96
Trimethylamine 2.56

ac

2.35 0.21
Triethylamine 3.50

v

2.36 1.14
Nitromethane 2.85

y

2.95 ÿ0.10
Methanol 3.15

ad,ae

3.74 ÿ0.59
Ethanol 3.51

z

3.67 ÿ0.16
Propan-1-ol 3.98

af

3.56 0.42
Propan-2-ol 3.67

ag

3.48 0.19
Butan-1-ol 4.47

ad,ae

3.46 1.01
Pentan-1-ol 4.97

ad,ah

3.35 1.62
Decan-1-ol 7.13

ai

2.67 4.46
Sulfur hexafluoride ÿ0.13

c ÿ2.23 2.10
Tetramethyltin 2.52

aj ÿ1.53
aj

4.05
Tetramethyltin 4.47

aj ÿ1.62
aj

6.09
Tetraethyllead 4.69

aj ÿ1.49
aj

6.18

Table 2. Continued

Solute logLPrOH log LWa

log PPrOH/Wb

Benzene 2.78
ak

0.63 2.15
Toluene 3.31

z

0.65 2.66
trans-Stilbene 7.31

al

2.78 4.53
Naphthalene 5.19

am

1.73
am

3.46
Acenaphthene 6.25

am

2.36
am

3.89
Anthracene 7.36

am

3.03
am

4.33
Phenanthrene 7.30

am

2.80
am

4.50
Pyrene 8.40

am

3.50
am

4.90
Benzyl chloride 4.41

y

1.38 3.03
Benzyl bromide 4.70

y

1.90 2.80
Methyl 4-amino-

benzoate
8.14

am

6.56
am

1.58

4-Nitrobenzyl chloride 6.26
ac

3.77
l

2.49
4-Aminobenzoic acid 1.04

am

2-Hydroxybenzoic acid 7.59
am

5.35
am

2.24
4-Hydroxybenzoic acid 8.40

am

6.78
am

1.62
Methyl 4-hydroxy-

benzoate
8.93

am

6.84
am

2.09

Pyridine 3.99
y

3.44 0.55
3-Methylpyridine 4.65

an,ao

3.50 1.15
Thiophene 2.72

ap

1.04 1.68

a Values from Refs 1 and 22, unless shown otherwise.
b From Eqn. (3).
c Ref. 8.
d From the Solubility Data Project.
e Ref. 23.
f Ref. 24.
g Ref. 25.
h Ref. 26.
i Ref. 27.
j Ref. 28.
k Ref. 29.
l Calculated value, using Eqn. (i) in Ref. 1.
m Ref. 30.
n Ref. 31.
o Ref. 32.
p Ref. 33.
q Ref. 34.
r Ref. 35.
s Ref. 36.
t Ref. 37.
u Revised value.
v Ref. 38.
w Ref. 39.
x Ref. 40.
y Ref. 41.
z Ref. 9.
aa Ref. 42.
ab Ref. 43.
ac Ref. 44.
ad Ref. 45.
ae Ref. 46.
af Activity coefficient taken as unity.
ag Ref. 47.
ah Ref. 48.
ai Ref. 49.
aj Ref. 50.
ak Ref. 51.
al Ref. 52.
am From Table 3.
an Ref. 53.
ao Ref. 54.
ap Ref. 55.
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dipolar. The hydrogen bond basicity of propan-1-ol is
slightly higher than expected, being even larger than that
of water. The hydrogen bond acidity of the alcohols
decreases steadily from methanol to propan-1-ol, with all
three alcohols being very much less acidic than water. As
might be expected, the lipophilicity/hydrophobicity of
propan-1-ol, judged by thel coefficient, is higher than for
the other alcohols, but considerably less than that for
chloroform, for example. Overall, the coefficients in Eqn.
(8) are comparable to those for methanol or ethanol. The
very large hydrogen bond basicities shown by the
alcohols, witha coefficients close to that for water, and

the low hydrogen bond acidities of the alcohols are
therefore not ‘one-off’ artifacts, but are consistent
observations, within the formalism of Eqn. (1).

The values of logLW required to calculate logPPrOH/W

through Eqn. (3) are available, mostly from reported
collections of data,1,22 and are given in Table 2 together
with log PPrOH/W values. Apart from the two compounds
not used in Eqn. (8), pentane-2,4-dione had to be
excluded, as we had no logLW value, and so we were
left with 76 values of the water–propan-1-ol partition
coefficient. Application of Eqn. (4) led to the correlation
equation

logPPrOH=W � 0:148�0:036� � 0:436�0:063�R2 ÿ 1:098�0:091��2
H � 0:389�0:092���2

H

ÿ 3:893�0:095���2
H � 4:036�0:043�Vx

n� 76; r2 � 0:9952; SD� 0:13; F � 2892

�9�

Table 3. Calculation of log LPrOH, log LW and log P PrOH/W for some solid solutes at 298 K

Solute LogSPrOH Log SW Log CG Log LPrOH Log LW Log PPrOH/W

Naphthalene ÿ0.15
a ÿ3.61

b ÿ5.34
c

5.19 1.73 3.46
Acenaphthene ÿ0.65

d ÿ4.54
b ÿ6.90

c

6.25 2.36 3.89
Anthracene ÿ2.10

e ÿ6.43
f ÿ9.46

c

7.36 3.03 4.33
Phenanthrene ÿ0.67

a ÿ5.17
g ÿ7.97

c

7.30 2.80 4.50
Pyrene ÿ1.25

h ÿ6.15
b ÿ9.65

c

8.40 3.50 4.90
Methyl 4-aminobenzoate 0.20

i ÿ1.38
i

7.94
j

8.14 6.56 1.58
4-Aminobenzoic acid 1.04

k

2-Hydroxybenzoic acid 0.32
l ÿ1.91

m ÿ7.27
j

7.59 5.35 2.24
4-Hydroxybenzoic acid 0.15

n ÿ1.48
n ÿ8.25

j

8.40 6.78 1.62
Methyl 4-hydroxybenzoate 0.26

n ÿ1.83
n

8.67
j

8.93 6.84 2.09

a Ref. 10.
b Refs. 17–19.
c Ref. 21.
d Ref. 11.
e Ref. 12.
f Ref. 18.
g Ref. 20.
h Ref. 13.
i Ref. 14.
j Calculated from Eqn. (i), Ref. 1.
k Ref. 56.
l Ref. 15.
m Ref. 57.
n Ref. 16.

Table 4. Descriptors for some solutes

Solute R2 p2
H P

a2
H P

b2
H Vx Log L16

Dimethyl carbonate 0.142 0.61 0.00 0.55 0.6644 2.447
Methyl 4-aminobenzoate 1.028 1.52 0.32 0.59 1.1724 6.085
2-Hydroxybenzoic acid 0.890 0.84 0.71 0.38 0.9904 4.721
4-Hydroxybenzoic acid 0.930 0.90 0.81 0.56 0.9904 4.867
Methyl 4-hydroxybenzoate 0.900 1.37 0.69 0.45 1.1313 5.665
4-Aminobenzoic acid 1.075 1.57 0.90 0.65 1.0315 —
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The statistics of Eqn. (9) are fairly good, in view of the
fact that the error in the experimental logPPrOH/W value
will include errors in both the logLPrOH and log LW

values. The coefficients in Eqn. (9) now refer to the
difference in properties of water and propan-1-ol. The
positive r coefficient shows that dispersive interactions
involving propan-1-ol are more important than those
involving water. The negatives coefficient indicates that
propan-1-ol is less dipolar/polarizable than is water; since
propan-1-ol is more polarizable than water it is hence
much less dipolar, at least as regards solubility inter-
actions. The smalla coefficient in Eqn. (9) confirms our
deduction from Eqn. (8), namely that propan-1-ol is
about as basic (in the hydrogen bond sense) as water, and
the very negativeb coefficient shows again that solvent
propan-1-ol is a very much weaker hydrogen bond acid
than is solvent water. Finally, the largev coefficient is in
line with that observed for numerous water–solvent

partitions,58,59 and shows that propan-1-ol is somewhat
hydrophobic.

We have previously compared2,3 the hydrogen bond
acidities and basicities of alcohols as obtained by the
methods we use here with those obtained by the sol-
vatochromic method of Kamlet, Taft and co-workers.60,61

There is little to add to this comparison, save that the
hydrogen bond propensities of propan-1-ol as deduced
through Eqns (8) and (9) are in line with those of
methanol and ethanol.

However, there are now enough data to compare
coefficients in Eqn. (4) for partition between water and
dry alcohols with those obtained for practical partitions
between water and wet alcohols.58,59Coefficients in Eqn.
(4) are given in Table 5 for water–solvent partitions,
together with the molar solubility of water in the water-
saturated alcohols.59 There is no great change in ther and
a coefficients on going from the dry to the wet alcohols,
so that the presence of water in the wet alcohols has no
effect on the hydrogen bond basicity of the solvent,
possibly because water is itself of similar basicity to
alcohols.1–3 There are much larger effects on the other
three coefficients, as shown in Fig. 1. Note that in Fig. 1,
the zero coefficients for water at the point (0,0) are
correct, because by definition they are all zero for transfer
from water to water itself. However, the assignment of a
carbon number of zero to water is arbitrary, and therefore
so is the position of the point for water on thex-axis. This
does not affect the general conclusions in any way.
Addition of water to the alcohols makes thes coefficient
slightly less negative, that is, the wet alcohols are slightly
more dipolar than the dry alcohols. However, similar
addition of water makes theb coefficient, that reflects the
difference in hydrogen bond acidity of water and the
alcohols, very much less negative, so that the wet
alcohols are much stronger hydrogen bond acids than the
dry alcohols. An almost mirror-image effect is shown by
the change in thev coefficient; the wet alcohols have
lower coefficients than expected from consideration of
the dry alcohols, and so are less hydrophobic/lipophilic
than expected. As the length of the alcohol chain
increases, the solubility of water in the alcohol decreases,
and the effect of water levels off. Indeed, from Fig. 1, we
might predict that the solubility properties of dry decan-

Table 5. Coef®cients in Eqn. (4) for partition from water to dry and wet alcohols

Solvent c r s a b v [H2O]a

Methanol 0.329 0.299 ÿ0.671 0.080 ÿ3.389 3.512
Ethanol 0.208 0.409 ÿ0.959 0.186 ÿ3.645 3.928
Propan-1-ol 0.148 0.436 ÿ1.098 0.389 ÿ3.893 4.036
Pentan-1-ol, wet 0.175 0.575ÿ0.787 0.020 ÿ2.837 3.249 3.36
Hexan-1-ol, wet 0.143 0.718 ÿ0.980 0.145 ÿ3.214 3.403 3.32
Octan-1-ol, wet 0.088 0.562ÿ1.054 0.034 ÿ3.460 3.814 2.36
Decan-1-ol, wet 0.008 0.485ÿ0.974 0.015 ÿ3.798 3.945 1.65

a Molar concentration of water in the water-saturated alcohol, from Ref. 59.

Figure 1. Plots of the coef®cients in Eqn. (4) for partitions
between water and dry alcohols (n = 1±3) and for
partitions between water and wet alcohols (n = 5±10)
against the carbon number of the alcohol: *, �-coef®-
cient; &, s-coef®cient; ^, b coef®cient. Closed symbols
are for the dry alcohols and open symbols for the wet
alcohols

Copyright  1999 John Wiley & Sons, Ltd. J. Phys. Org. Chem.12, 675–680 (1999)
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1-ol will be close to those of wet decan-1-ol. In particular,
the hydrogen bond acidity of wet and dry decan-1-ol
should be nearly the same, as should the hydrophobicity/
lipophilicity.

In conclusion, we have shown that Eqns (1) and (4) can
be applied to new sets of data on gas–propan-1-ol and
water–propan-1-ol partitions. The correlation equations
obtained are in accord with those we have found
previously for methanol and ethanol, and can be used
to deduce solubility-related properties of propan-1-ol,
and to compare these properties with those of other dry
and wet alcohols.
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