
The partition of compounds from water and from air into wet and dry

ketonesw

Michael H. Abraham,*a William E. Acree,b Albert J. Leoc and David Hoekmand

Received (in Durham, UK) 6th August 2008, Accepted 31st October 2008

First published as an Advance Article on the web 2nd December 2008

DOI: 10.1039/b813581a

Literature data on partitioning of compounds from the gas phase to ketones and from water to

ketones has been collected and analyzed through the Abraham solvation equations. It is shown

that for partition into both dry and wet ketones the main solvent factors that aid partitioning

into the ketones are the polarizability/dipolarity, hydrogen-bond basicity and hydrophobicity

(size) of the ketones. Reliable equations have been established for partitioning from the gas phase

and from water to dry acetone, dry butanone, dry cyclohexanone and to wet methyl isobutyl

ketone. It is further shown that partitioning into dry butanone and dry cyclohexanone leads to

different equations than partitioning into the wet solvents, and that data on partitioning into the

wet and dry ketones cannot be combined.

Introduction

The partition of compounds from water and from air into

solvents is an important industrial process. The solvents can be

saturated with water, that is ‘wet’ solvents, or they can be ‘dry’

solvents. The solvation of a compound in a solvent that is wet

will not necessarily be the same as solvation in the dry solvent,

as we have demonstrated for ethers,1,2 alcohols3,4 and

acetates5 as solvents. In all these series, solvation into the wet

and dry solvents differed considerably for the lower homologs,

in which water was very soluble, but less so for the higher

homologs in which water was not very soluble. Ketones are also

an important class of solvents; 4-methylpent-2-one or methyl

isobutyl ketone, MIBK, is a well-known extractant. There have

been a number of general studies on partitioning from water to

solvents,6–11 but when ketones were considered as extractants,

the number of compounds in the data sets was too small for

any significant conclusions to be drawn. Marcus6 included

partitioning from water to wet 4-methylhexan-2-one (this is

probably a misprint for 4-methylpentan-2-one) but only for 15

compounds, and Meyer and Maurer11 gave results for six

compounds in wet 4-methylpentan-2-one, MIBK. No studies

of dry ketones as solvents appear to have been published.

The aim of the present work is to collect data on the

partition of solutes from water and from air to wet and dry

ketones, to set out equations for the correlation and then

prediction of the partition coefficients, and to examine, where

possible, differences in solvation of solutes in wet and dry

ketones.

Methodology

The prime experimental data for partitioning into wet (that is

water-saturated) ketones are observed partition coefficients, Ps,

from water to the water-saturated ketones, as listed in the

Medicinal Chemistry Project data base.12 These partition coeffi-

cients can be converted into air to water-saturated ketone parti-

tion coefficients, Ks, through eqn (1), where Kw is the air to water

partition coefficient. All these partition coefficients refer to 298 K.

logPs = logKs � logKw (1)

The air to water partition coefficient has no units when defined

through eqn (2); air to solvent partition coefficients are

similarly defined.

Kw = (conc. of solute in water, mol L�1)/

(conc. of solute in gas phase, mol L�1) (2)

For partitioning into dry ketones, different sets of experimental

data are used. Air to dry ketone partition coefficients can be

obtained from the experimentally determined Henry’s Law

constants and the experimentally known solute vapour pressure.

They can also be obtained from the solute activity coefficient at

infinite dilution in the ketone, together with the solute vapour

pressure.Water to dry ketone partition coefficients can be obtained

from the ratio of the solute solubility in water and in the dry

ketone, with a number of provisos: there should be no hydrate or

solvate formation, and the secondary medium activity coefficient

of the solute in water and in the dry ketone should not deviate

substantially from unity. The air to dry ketone and the water to

dry ketone partition coefficients are related through eqn (1).

In order to correlate the partition coefficients, we use two

linear free-energy equations, eqn (3) and eqn (4), one for air to

ketone partition coefficients, and one for water to ketone

partition coefficients.

logKs = c + eE + sS + aA + bB + lL (3)

logPs = c + eE + sS + aA + bB + vV (4)
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The independent variables in eqn (3) and eqn. (4) are solute

descriptors as follows.13,14 E is the solute excess molar

refraction in units of (cm3 mol�1)/10, S is the solute

dipolarity/polarizability, A and B are the overall or

summation solute hydrogen bond acidity and basicity,

V is the McGowan characteristic volume15 in units of

(cm3 mol�1)/100, and L is the logarithm of the gas to

hexadecane partition coefficient at 298 K. For a few solutes

(alkyl anilines, alkyl pyridines, sulfoxides and a few

heterocyclic compounds) partitioning from water to solvents

that take up substantial quantities of water, an amended

B-descriptor is used, denoted13,14 as Bo.

Results

Propanone

Only data for dry propanone were available. We were able to

assemble values of logKs for 108 solutes, as given in Table S1,

ESIw. Values were derived from Henry’s Law constants

or activity coefficients16–52 or from solubilities53–66 as

detailed in Table S2, ESIw. Application of eqn (3) yielded

the LFER, eqn (5); the term in bB was not significant and was

omitted.

logKs (propanone, dry) = 0.127 � 0.387E + 1.733S

+ 3.060A + 0.866L (5)

N = 108, R2 = 0.998, SD = 0.168, F = 10417, Q2 = 0.992,

PRESS = 3.339, PSD = 0.180.

In eqn (5), N is the number of data points (the number of

compounds), R is the correlation coefficient, SD is the

regression standard deviation, and F is the F-statistic.

The leave-one-out statistics are Q2, PRESS, and PSD

(the ‘predictive’ standard deviation). In the leave-one-out

procedure, the model is fitted without the ith observation,

and this fitted model is then used to predict the response, ŷ(i) at

xi. The PRESS residuals are defined as e(i) = yi � ŷ(i), and

PRESS is then given as PRESS =
P

e2(i). The statistic Q2 =

1 � (PRESS/SST) where SST is the total sum of squares.

Although Q2, PRESS, and PSD are calculated from the entire

data set and hence cannot be truly predictive, Hawkins67 has

suggested that for data sets that are too small to divide

into substantial training sets and test sets, PSD is very

useful in assessment of predictive capability. PSD is

defined similarly to SD; the latter is given by SD =

O[SSE/(N �1 �v)] where SSE is the sum of squares of

errors and v is the number of independent variables, and

PSD = O[PRESS/(N �1 �v)].
To assess the predictive capability of eqn (5) by the

method of training and test sets, we listed the compounds in

order of logKs and chose every other compound as a training

set (54 compounds). The resulting equation, eqn (6), was

then used to predict the remaining 54 values in the external

test set, not used to set up eqn (6), with an average error

AE = �0.047, an average absolute error AAE = 0.123, a

root mean square error RMSE = 0.188 and a standard

deviation SD = 0.189 log units. There is almost no

bias in the predictions as shown by the very small value

of AE, and the SD value of 0.189 suggests that the full

eqn (5) can be used to predict further values to about

0.19 log units. Interestingly, this is almost the same as the

PSD for the full eqn (5).

logKs (propanone, dry) = 0.136 � 0.498E + 1.882S

+ 3.012A + 0.864L (6)

N = 54, R2 = 0.998, SD = 0.159, F = 6999.

The logKs values can be transformed into logPs

through eqn (1), using known values68–72 of logKw. The

resulting equation is eqn (7). Once again, we can assess

the predictive capability of the equation by dividing

the 108 values into a training set and an external test set,

each of 54 values. The equation for the training set is

eqn (8)

logPs (propanone, dry) = 0.313 + 0.312E � 0.121S

� 0.608A � 4.753B +3.942V (7)

N = 108, R2 = 0.993, SD = 0.181, F = 3044, Q2 = 0.992,

PRESS = 3.826, PSD = 0.193.

logPs (propanone, dry) =0.322 +0.171E + 0.100S � 0.731A

� 4.966B + 3.960V (8)

N = 54, R2 = 0.995, SD = 0.160, F = 1761.

Eqn (8) was then used to predict logPs in the external test

set of 54 compounds, with AE = �0.024, AAE = 0.157,

RMSE = 0.212 and SD = 0.214 log units. We conclude that

the full eqn (7) can be used to predict further values to about

0.21 log units.

Butanone

For butanone, log Ks and log Ps values were available

for 69 solutes in dry butanol18,19,21,34,35,40,73–93 see Table S3,

ESIw, and another set of 14 values could be obtained

from solubilities in dry butanone and water,94–99 see

Table S4, ESIw, making a total of 83 compounds. However,

data were available for only 16 solutes in wet butanone.12

The 83 values for partition between the gas phase

and dry butanone led to eqn (9); the term in bB was not

significant.

logKs (butanone, dry) = 0.112 � 0.474E + 1.671S

+ 2.878A + 0.916L (9)

N = 83, R2 = 0.997, SD = 0.162, F = 5937, Q2 = 0.996,

PRESS = 2.624, PSD = 0.183.

We can again assess the predictive capability by constructing

a training set and an independent test set. The training set of 42

compounds yielded eqn (10)

logKs (butanone, dry) = 0.116 � 0.460E + 1.740S

+ 2.734A + 0.912L (10)

N = 42, R2 = 0.995, SD = 0.192, F = 1962.

Eqn (10) was then used to predict values for the 41

compound external test set with AE = �0.016,
AAE = 0.089, RMSE = 0.141, SD = 0.143 log units. We

suggest that the full eqn (9) could be used to predict new values

of logKs with an error of about 0.16 log units.

This journal is �c The Royal Society of Chemistry and the Centre National de la Recherche Scientifique 2009 New J. Chem., 2009, 33, 568–573 | 569
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The corresponding equation for logPs is given as eqn (11), and

the equation for the training set of 42 compounds is eqn (12)

logPs (butanone, dry) = 0.246 + 0.256E � 0.080S � 0.767A

� 4.855B + 4.184V (11)

N = 83, R2 = 0.998, SD = 0.182, F = 6272, Q2 = 0.997,

PRESS = 3.127, PSD = 0.200.

logPs (butanone, dry) = 0.255 + 0.244E + 0.068S � 0.984A

� 4.883B + 4.126V (12)

N = 42, R2 = 0.996, SD = 0.209, F = 2027.

When the training equation was used to predict the

42 compounds in the external test set, the result was

AE = �0.032, AAE = 0.141, RMSE = 0.178 and

SD = 0.181, so that eqn (11) can be used to predict further

values with an error of about 0.18 log units.

We only have 16 compounds for partition from air or water

to wet butanone—too few to construct reliable equations with

four or five descriptors. However, it seemed useful to set out

these equations in order to see if the coefficients were the same,

or nearly the same as those for equations for partition to dry

butanone. Equations for partition into wet butanone are:

logKs (butanone, wet) = �0.724 + 1.591E + 1.780S

+ 4.088A + 1.645B

+ 0.438L (13)

N = 16, R2 = 0.997, SD = 0.177, F = 633, Q2 = 0.976,

PRESS = 2.410, PSD = 0.491.

logPs (butanone, wet) = 0.020 + 1.338E �0.439S + 0.260A

� 2.754B + 2.173V (14)

N = 16, R2 = 0.891, SD = 0.240, F = 16, Q2 = 0.290,

PRESS = 3.749, PSD = 0.612.

The predictive power of eqn (13) and (14) as judged from the

large values of PSD is very poor, as expected. However, the

equations are important in that they show conclusively that

solubility in wet butanone cannot be taken to be the same as

solubility in dry butanone. Hence data for wet and dry

butanone cannot be combined.

Cyclohexanone

As for butanone, there is a reasonable amount of data for

solubility in dry cyclohexanone; logKs and logPs values

were available21,40,78,100,101 for 50 compounds, see Table S6,

ESIw, and solubility data were available for another 12

compounds,57,97–99,102–107 see Table S7, ESIw, making 62 in

all. For wet cyclohexanone, logPs values were listed for

25 compounds.12 The equations in logKs and in logPs for

dry cyclohexanone are eqn (15) and eqn (16)

logKs (cyclohexanone, dry) = �0.086 � 0.441E + 1.725S

+ 2.786A + 0.957L (15)

N = 62, R2 = 0.999, SD = 0.140, F = 9533, Q2 = 0.998,

PRESS = 1.513, PSD = 0.163.

logPs (cyclohexanone, dry) = 0.038 + 0.225E + 0.058S

� 0.976A � 4.842B

+ 4.315V (16)

N = 62, R2 = 994, SD = 0.157, F = 1956, Q2 = 0.992,

PRESS = 1.997, PSD = 0.189.

With a total of 62 compounds, any external test set would be

rather small, and so we follow Hawkins and take the PSD

values as an estimate of the predictive capability of the

equations.

There are 25 compounds for which data are available for

wet cyclohexanone, the relevant equations being eqn (17) and

eqn (18).

logKs (cyclohexanone, wet) = �0.052 + 0.614E + 1.437S

+ 4.179A + 0.399L (17)

N = 25, R2 = 0.999, SD = 0.469, F = 2968, Q2 = 0.998,

PRESS = 14.985, PSD = 0.888.

logPs (cyclohexanone, wet) = 0.282 + 1.109E � 0.518S

+ 0.566A � 4.245B

+ 3.346V (18)

N = 25, R2 = 0.864, SD = 0.492, F = 24, Q2 = 0.828,

PRESS = 15.633, PSD = 0.907.

The very large values of PSD in eqn (17) and eqn (18) show

that these equations cannot possibly be used to estimate

further values. The equations are of use only in that they

show solubility in wet cyclohexanone to be markedly different

to solubility in dry cyclohexanone, and hence that data in wet

and dry cyclohexanone cannot be combined.

Methyl isobutyl ketone, MIBK

There are a large number of compounds for which water to wet

MIBK partition coefficients are recorded.12 We were not able to

obtain descriptors for erythromycin and berythromycin,

probably because these two compounds have properties well

outside the range of those we used to set up the defining

equations. We also left out a few compounds where there was

doubt about the experimental values of logPs. For example,

2,4,6-trinitrophenol had recorded values from �0.15 to +3.75

log units, possibly because some of these values refer to the

ionized species and not the neutral compound. We were left with

86 compounds for which we had descriptors, see Table S8, ESIw,
where the corresponding values of logKs are given as well as the

values of logPs. We could find data on only four compounds for

dry MIBK, and so we ignore these altogether. The equation for

partition from the gas phase to wet MIBK is given as eqn (19).

logKs (MIBK, wet) = 0.244 + 0.183E + 0.987S + 3.418A

+ 0.323B + 0.854L (19)

N = 86, R2 = 0.994, SD = 0.257, F = 2523, Q2 = 0.993,

PRESS = 6.030, PSD = 0.274.

There are enough data points to test the predictive

capability of eqn (19) by the method of training and external

test sets, and so we divided the 86 points into a training set and

an external test set, each of 43 points.

logKs (MIBK, wet) = 0.009 + 0.267E + 1.249S + 3.321A

+ 0.716B + 0.796L (20)

N = 43, R2 = 0.995, SD = 0.234, F = 2523.
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When eqn (20) was used to predict the 43 values in the

external test set we found AE = �0.100, AAE = 0.280,

RMSE = 0.352, SD = 0.356 log units. In this case, there are

significant differences in the coefficients for the full set and for

the training set, and so it is possible that the training set is not

a very representative sample. The SD value of 0.356 for the

external test set is much larger than that for the full set, 0.234,

and much larger than PSD = 0.274 for the full set. We think

that the latter is a more reasonable value and suggest that

eqn (19) can be used to predict further values with an error of

about 0.27/0.28 log units.

The equation for the water to MIBK partition coefficients is

given as eqn (21), and the corresponding equation for a

training set of 43 compounds is eqn (22).

logPs (MIBK, wet) = 0.383 + 0.801E � 0.831S � 0.121A

� 4.441B + 3.876 V (21)

N = 86, R2 = 0.977, SD = 0.272, F = 676, Q2 = 0.974,

PRESS = 6.727, PSD = 0.290.

logPs (MIBK, wet) = 0.265 + 0.837E � 0.679S � 0.205A

� 4.132B + 3.685V (22)

N = 43, R2 = 0.979, SD = 0.265, F = 344.

Eqn (21) was used to predict the values of the 43 compound

external test set, with AE = �0.090, AAE = 0.262,

RMSE = 0.328 and SD = 0.332 log units. As for eqn (19)

and eqn (20), the SD value for the test set predictions is quite a

bit larger than PDS in eqn (21), and we think that a reasonable

prediction error is 0.30 log units.

Discussion

The PSD statistic seems to be very useful in assessing the

predictive capability of a given equation, even, as we pointed

out above, it is obtained from an analysis of all the data. In

Table 1 we collect the SD and PSD values for the full

equations, and the SD values for the external test set where

available. In our view, it is reasonable to take the PSD value

for the full equation as a measure of its predictive capability.

Of course, in cases where there is not enough data to construct

training sets and test sets, any assessment has to be made on

the full equation only, and PSD then seems very valuable

indeed. For example eqn (13) might superficially seem a

quite reliable equation, with SD = 0.177, but the PSD of

0.491 indicates that eqn (13) is not soundly based—because of

the restricted number of data points in a five parameter

equation.

The coefficients in eqn (3) and eqn (4), as we have pointed

out several times, are not just fitting coefficients, but encode

information about the chemical nature of the solvent

phase. The coefficients in eqn (3) are easier to interpret than

those in eqn (4); the former include contributions only

from the ketone solvent, whereas the latter include contribu-

tions from both the ketone solvent and water. For all

the ketones, both wet and dry, the main terms in eqn (3) are

those in sS, aA and lL. The ketones are all polarizable/dipolar

(large s-coefficient), are all hydrogen-bond bases (very large

a-coefficient) and all are to some extent hydrophobic

(medium to large l-coefficient). The bB term is zero for the

dry ketones, because they do not possess any hydrogen-bond

acidity, but the presence of water in the ketones leads to

hydrogen-bond acidity and hence the wet ketones give rise

to positive b-coefficients.

We have already shown that for a series of acetates,5 and

even more rigorously, for a series of alkan-1-ols,3,4 that as the

homologous series of alcohols is ascended, solubility in

the wet alcohol becomes closer to the solubility in the dry

alcohol, as indicated by value of the coefficients in eqn (3) and

eqn (4). Eqn (3) is the easier to interpret. The a-coefficient and

the b-coefficient are larger for solubility in the wet ketones

than in the dry ketones, because the presence of water will

increase the solvent hydrogen-bond basicity and increase the

solvent hydrogen-bond acidity; both of these will aid

the solubility of compounds with polar functional groups.

On the other hand, the presence of water decreases the solvent

hydrophobicity and leads to a decrease in the l-coefficient; this

leads to a decrease in the solubility of non-polar solutes in the

wet ketones. As we have shown for the alkan-1-ols, these

differences between wet and dry solvents become smaller as the

number of carbon atoms in the solvent, Nc, becomes larger

and the solvent takes up less water at saturation. The effect of

water on the solvent hydrophobicity is quite dramatic, as

shown in Fig. 1.

Table 1 Values of SD and PSD for full equations, and SD for the
external test set

Equations SD (full) PSD (full) SD (test)

Eqn (5) and eqn (6) 0.168 0.180 0.189
Eqn (7) and eqn (8) 0.181 0.193 0.214
Eqn (9) and eqn (10) 0.162 0.183 0.145
Eqn (11) and eqn (12) 0.182 0.200 0.181
Eqn (13) 0.177 0.491 —
Eqn (14) 0.240 0.612 —
Eqn (15) 0.140 0.163 —
Eqn (16) 0.157 0.189 —
Eqn (17) 0.469 0.888 —
Eqn (18) 0.492 0.902 —
Eqn (19) and eqn (20) 0.257 0.274 0.356
Eqn (21) and eqn (22) 0.272 0.290 0.332

Fig. 1 Variation of the l-coefficient with the number of carbon atoms

in the ketone; J dry ketones, K wet ketones.
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Conclusion

We have set out equations for the solubility of gases and

vapors in dry propanone, dry butanone and dry cyclohexanone

that can be used to predict further values of logKs with an

estimated prediction error of about 0.18 log units. For the

hypothetical partitions from water to dry propanone, dry

butanone and dry cyclohexanone, the prediction error is about

0.20 log units. The only reliable equations for wet solvents are

those for solubility in wet MIBK. For solubility of gases and

vapors in wet MIBK, the estimated prediction error is about

0.27 log units, and for distribution from water to wet MIBK

our estimated prediction error is about 0.29 log units. The only

previous studies on ketone solvents are those of Marcus6 and

of Meyer and Maurer11 but since these involved only fifteen

and six solutes, respectively, there are no studies with which to

compare our results. The coefficients in the fitting equations

for logKs and logPs can be used to deduce the chemical factors

that influence solubility and partitioning in the air to ketone

and water to ketone systems that we have studied.

References

1 M. H. Abraham, A. M. Zissimos and W. E. Acree, Jr, Phys.
Chem. Chem. Phys., 2001, 3, 3732–3736.

2 M. H. Abraham, A. M. Zissimos and W. E. Acree, Jr, New J.
Chem., 2003, 27, 1041–1044.

3 M. H. Abraham, A. Nasezadeh and W. E. Acree, Jr, Ind. Eng.
Chem. Res., 2008, 47, 3990–3995.

4 M. H. Abraham and W. E. Acree Jr, J. Phys. Org. Chem., 2008,
21, 823–832.

5 L. M. Sprunger, A. Proctor, W. E. Acree, Jr, M. H. Abraham and
N. Benjelloun-Dakhama, Fluid Phase Equilib., 2008, 270, 30–44.

6 Y. Marcus, J. Phys. Chem., 1991, 95, 8886–8891.
7 Y. Marcus, Solvent Extr. Ion Exch., 1992, 10, 527–538.
8 P. Meyer and G. Maurer, Ind. Eng. Chem. Res., 1993, 32,
2105–2110.

9 P. Meyer and G. Maurer, I & EC Res., 1995, 34, 373–381.
10 F. Torrens, J. Sánchez-Marı́n and I. Nebot-Gil, J. Chromatogr.,

A, 1998, 827, 345–358.
11 F. Torrens, J. Chem. Inf. Comput. Sci., 2000, 40, 236–240.
12 A. J. Leo, The MedChem data base, 2007, BioByte Corp. and

Pomona College, Daylight Chemical Information Systems, 27401
Los Altos, #360 Mission Viejo, CA 92691, USA.

13 M. H. Abraham, Chem. Soc. Rev., 1993, 22, 73–83.
14 M. H. Abraham, A. Ibrahim and A. M. Zissimos, J. Chromatogr.,

A, 2004, 1037, 29–47.
15 M. H. Abraham and J. C. McGowan, Chromatographia, 1987, 23,

243–246.
16 E. Wilhelm and R. Battino, Chem. Rev., 1973, 73, 1–9.
17 N. Bruckl and J. I. Kim, Z. Phys. Chem., Neue Folge, 1981, 126,

133–150.
18 IUPAC Solubility Project, ed. W. Hayduk, Vol. 24, 1986.
19 Y. Miyano and W. Hayduk, Can. J. Chem. Eng., 1986, 37, 77–80;

Y. Miyano and W. Hayduk, Can. J. Chem. Eng., 1986, 37, 81–83.
20 G. Zhang and W. Hayduk, Can. J. Chem. Eng., 1984, 62, 713–718.
21 C. B. Castells, D. I. Eikens and P. W. Carr, J. Chem. Eng. Data,

2000, 45, 369–375.
22 M. H. Abraham, J. Am. Chem. Soc., 1982, 104, 2085–2094.
23 H. Renon, Int. DATA Ser., Sel. Data Mixtures, Ser. A, 1973, 71–73;

B. Marongiu, Int. DATA Ser., Sel. Data Mixtures, Ser. A,
1987, 1.

24 H. Asatani and W. Hayduk, Can. J. Chem. Eng., 1983, 61,
227–232.

25 G. A. Kurkchi and A. V. Iogansen, Russ. J. Phys. Chem. (Transl.
of Zh. Fiz. Khim.), 1967, 41, 81–83.

26 W. Gerrard, J. Appl. Chem. Biotechnol., 1973, 23, 1–17.
27 H. C. Van Ness and M. M. Abbott, Int. DATA Ser., Sel.

Data Mixtures, Ser. A, 1974, 89; H. C. Van Ness and

M. M. Abbott, Int. DATA Ser., Sel. Data Mixtures, Ser. A,
1976, 109–111.

28 D. M. Trampe and C. A. Eckert, J. Chem. Eng. Data, 1990, 35,
156–162.

29 D. Dragoescu, A. Barhala and R. Vilcu, Fluid Phase Equilib.,
1998, 146, 247–259.

30 D. Dragoescu, A. Barhala and R. Vilcu, Fluid Phase Equilib.,
1999, 157, 41–51.

31 H. C. Van Ness and B. D. Smith, Int. DATA Ser., Sel. Data
Mixtures, Ser. A, 1983, 83–84.

32 M. H. Abraham, P. L. Grellier, A. Nasehzadeh and R. A.
C. Walker, J. Chem. Soc., Perkin Trans. 2, 1988, 1717–1724.

33 D. I. R. Low and E. A. Moelwyn-Hughes, Proc. R. Soc. London,
Ser. A, 1964, 281A, 366–376.

34 E. R. Thomas, B. A. Newman, G. L. Nicolades and C. A. Eckert,
J. Chem. Eng. Data, 1982, 27, 233–240.

35 D. Fenclova and V. Dohnal, J. Chem. Thermodyn., 1993, 25,
615–619.

36 V. Dohnal and M. Novotna, Fluid Phase Equilib., 1985, 23,
303–313.

37 D. Glencova and V. Dohnal, ELDATA: Int. Electron. J.
Phys.-Chem. Data, 1997, 3, 25–32; M. Costas, S. Perez-Casas,
V. Dohnal and D. Fenclova, Int. DATA Ser., Sel. Data Mixtures,
Ser. A, 1993, 125.

38 R. Srivastaba, G. Natarajan and B. D. Smith, J. Chem. Eng.
Data, 1986, 31, 89–93.

39 A. P. Govindin, Y. B. G. Varma and M. S. Anath, J. Chem.
Thermodyn., 1984, 16, 1–5.

40 J. H. Park, A. Hussam, P. Couasnon, D. Fritz and P. W. Carr,
Anal. Chem., 1987, 59, 1970–1976.

41 J. D. Olson, J. Chem. Eng. Data, 1981, 26, 58–64.
42 I. Short, A. Sahgal andW. Hayduk, J. Chem. Eng. Data, 1983, 28,

63–66.
43 R. Srivastava and B. D. Smith, J. Chem. Eng. Data, 1985, 30,

308–313.
44 U. Seyffert, K. Francke and K. Quitzsch, Z. Phys. Chem.

(Leipzig), 1974, 255, 969–973.
45 K. Quitzch, H.-P. Hofmann, R. Pfestorf and G. Geiseler,

J. Prakt. Chem., 1966, 34, 145–152.
46 J.-B. Bao and S.-J. Han, Fluid Phase Equilib., 1995, 112,

307–316.
47 G. C. Benson, Int. DATA Ser., Sel. Data Mixtures, Ser. A, 1997,

234–236; G. C. Benson, Int. DATA Ser., Sel. Data Mixtures, Ser.
A, 1997, 252–254.

48 M. H. Abraham, J. Chem. Soc., Perkin Trans. 2, 1972, 1343–1357.
49 H. C. Van Ness and B. D. Smith, Int. DATA Ser., Sel. Data

Mixtures, Ser. A, 1984, 12–13; H. C. Van Ness and B. D. Smith,
Int. DATA Ser., Sel. Data Mixtures, Ser. A, 1984, 14–15;
H. C. Van Ness and B. D. Smith, Int. DATA Ser., Sel. Data
Mixtures, Ser. A, 1984, 75.

50 D. D. Deshpande and M. V. Pandya, Trans. Faraday Soc., 1967,
63, 2346–2348.

51 H. C. Van Ness and M. M. Abbott, Int. DATA Ser., Sel. Data
Mixtures, Ser. A, 1976, 130–132.

52 M. H. Abraham, J. Chem. Soc. B, 1971, 299–308.
53 P. Ruelle and U. W. Kesselring, J. Mol. Liq., 1995, 67, 81–94.
54 P. Ruelle, M. Buchman, H. Nam-Tran and U. W. Kesselring, Int.

J. Pharm., 1992, 87, 47–57.
55 J. R. Powell, D. Voisinet, A. Salazar and W. E. Acree Jr, Phys.

Chem. Liq., 1994, 28, 269–276.
56 P. Ruelle, M. Buchman and U. W. Kesselring, J. Pharm. Sci.,

1994, 83, 396–403.
57 W. E. Acree, Jr, unpublished work.
58 A. Martin, P. L. Wu and A. Beerbower, J. Pharm. Sci., 1984, 73,

179–188; A. Martin, P. L. Wu and A. Beerbower, J. Pharm. Sci.,
1984, 73, 188–194.

59 P. Ruelle, C. Rey-Mermet, M. Buchmann, H. Nam.-Tran,
U. W. Kesselring and P. L. Huyskens, Pharmacol. Res., 1991, 8,
840–850.

60 F. L. Nordstrom and A. C. Rasmuson, J. Chem. Eng. Data, 2006,
51, 1775–1777.

61 G. D. Maia and M. Giulietti, J. Chem. Eng. Data, 2008, 53,
256–258.

62 D. Cao, G. Zhao and W. Yan, J. Chem. Eng. Data, 2007, 52,
1366–1368.

572 | New J. Chem., 2009, 33, 568–573 This journal is �c The Royal Society of Chemistry and the Centre National de la Recherche Scientifique 2009

D
ow

nl
oa

de
d 

by
 U

ni
ve

rs
ity

 o
f 

B
el

gr
ad

e 
on

 0
2 

Ja
nu

ar
y 

20
13

Pu
bl

is
he

d 
on

 0
2 

D
ec

em
be

r 
20

08
 o

n 
ht

tp
://

pu
bs

.r
sc

.o
rg

 | 
do

i:1
0.

10
39

/B
81

35
81

A

View Article Online

http://dx.doi.org/10.1039/b813581a


63 S. Wang, Q.-S. Li, X. Z. Lin, H. R. Wang and L. Liu, J. Chem.
Eng. Data, 2007, 52, 876–877.

64 A. N. Gaivoronskii and V. A. Granzhan, Russ. J. Appl. Chem.,
2005, 78, 404–408.

65 G. L. Perlovich, S. V. Kurkov and A. Bauer-Brandl, Eur. J.
Pharm. Sci., 2003, 19, 423–432.

66 V. A. Isaenko, S. P. Gubin and M. Y. Nikulin, Iaz. Sib. Otd.,
Okad. Nauk SSSR, 1984, 80–82.

67 D. M. Hawkins, J. Chem. Inf. Comput. Sci., 2004, 44, 1–12.
68 M. H. Abraham, J. Andonian-Haftvan, G. S. Whiting, A. Leo

and R. W. Taft, J. Chem. Soc., Perkin Trans. 2, 1994, 1777–1791.
69 S. Cabani, P. Gianni, V. Mollica and L. Lepori, J. Solution

Chem., 1981, 10, 563–595.
70 N. J. English and D. G. Carroll, J. Chem. Inf. Comput. Sci., 2001,

41, 1150–1161.
71 M. H. Abraham and W. E. Acree Jr, Fluid Phase Equilib., 2007,

262, 97–110.
72 D. Yaffe, Y. Cohen, G. Espinosa, A. Arenas and F. Giralt,

J. Chem. Inf. Comput. Sci., 2003, 43, 85–112.
73 K. Balog-Megyery, J. Mackranczy, L. Rusz and E. Mate, Hung.

J. Ind. Chem., 1986, 14, 49–51.
74 Y. J. Rao and D. S. Viswanath, J. Chem. Eng. Data, 1975, 20,

29–30.
75 H. C. Van Ness and P. Svejda, Int. DATA Ser., Sel. Data

Mixtures, Ser. A, 1990, 279–280; H. C. Van Ness and P. Svejda,
Int. DATA Ser., Sel. Data Mixtures, Ser. A, 1990, 281–282;
H. C. Van Ness and P. Svejda, Int. DATA Ser., Sel. Data
Mixtures, Ser. A, 1990, 289–290.

76 G. J. Pierotti, C. H. Deal and E. L. Derr, Ind. Eng. Chem.
Fundam., 1959, 51, 95–102.

77 O. Y. Guzechak, V. N. Sarancha, I. M. Romanyuk,
O. M. Yavorskaya and G. P. Churik, Zhur. Priklad. Khim.,
1984, 57, 1798–1801.

78 E. R. Thomas, B. A. Newman, T. C. Long, D. A. Wood and
C. A. Eckert, J. Chem. Eng. Data, 1982, 27, 399–405.

79 H. C. Van Ness and F. Kohler, Int. DATA Ser., Sel. Data Mixtures,
Ser. A, 1990, 253–254; H. C. Van Ness and F. Kohler, Int. DATA
Ser., Sel. Data Mixtures, Ser. A, 1990, 255–256.

80 G. C. Camero, V. R. Bhethanabotla and S. W. Campbell,
J. Chem. Eng. Data, 1995, 40, 210–213.

81 T. Ohta, H. Asano and I. Nagata, Fluid Phase Equilib., 1980, 4,
105–114.

82 R. Garriga, A. C. Andres, P. Perez and M. Gracia, J. Chem. Eng.
Data, 1995, 44, 296–302.

83 A. S. Concalves and E. A. Macedo, Fluid Phase Equilib., 1993, 85,
171–179.

84 I. Matsunaga and T. Katayama, J. Chem. Eng. Jpn., 1973, 6,
397–401.

85 L. Rohrschneider, Anal. Chem., 1973, 45, 1241–1247.
86 R. S. Ramalho, Int. DATA Ser., Sel. Data Mixtures, Ser. A, 1981,

1.
87 I. Nagata, S. Ozaki and K. Myohen, J. Chem. Thermodyn., 1992,

24, 607–611.
88 M. H. Abraham, P. L. Grellier and J. Mana, J. Chem. Thermodyn.,

1974, 6, 1175–1179.
89 P. C. Patricio, M. A. Eduardo and J. L. Zahira, Lat. Am. Appl.

Res., 1995, 25, 181–184.
90 A. Garriga, F. Sanchez, P. Perez and M. Gracia, Fluid Phase

Equilib., 1996, 124, 123–134; A. Garriga, F. Sanchez, P. Perez and
M. Gracia, J. Chem. Eng. Data, 1996, 41, 451–454 and
1091–1096.

91 A. Garriga, S. Martinez, P. Perez and M. Gracia, J. Chem.
Thermodyn., 1998, 31, 117–127; A. Garriga, S. Martinez,
P. Perez and M. Gracia, Fluid Phase Equilib., 1998, 149,
111–120.

92 J. Gmehling, U. Onken and W. Arlt, Vapor-Liquid Equilibrium
Data Collection Chemical Data Series, Frankfurt-am-Main,
Germany, vol. 1, parts 2b–d, DECHEMA, 1978–1984.

93 B. A. Newman, PhD Dissertation, University of Illinois at
Urbana-Champaign, Urbana, Illinois, 1980.

94 P. Ruelle, J. Phys. Org. Chem., 1999, 12, 769–786.
95 M.-C. Haulait-Pirson, G. Huys and E. Vanstraelen, Ind. Eng.

Chem. Fundam., 1987, 26, 447–452.
96 C. W. Hoerr, H. J. Harwood and A. W. Ralston, J. Org. Chem.,

1944, 9, 267–280.
97 C. E. Hernandez, K. M. De Fina, L. E. Roy, T. L. Sharp and

W. E. Acree Jr, Can. J. Chem., 1999, 77, 1465–1470.
98 W. E. Acree, Jr and M. H. Abraham, J. Solution Chem., 2002, 31,

293–303.
99 K. M. De Fina, T. L. Sharp, L. E. Roy and W. E. Acree, Jr,

J. Chem. Eng. Data, 1999, 44, 1262–1264.
100 M. A. Gallardo, J. M. Melendo, J. S. Urieta and C. G. Losa, Can.

J. Chem., 1988, 65, 2198–2202.
101 E. Matteoli and L. Lepori, J. Chem. Eng. Data, 1988, 33, 247–250.
102 W. Song, P. Ma, L. Fan and Z. Xiang, Chin. J. Chem. Eng., 2007,

15, 228–232.
103 J. N. Starr and C. J. King, Ind. Eng. Chem. Res., 1992, 31,

2572–2579.
104 L. Fan, P. Ma and Z. Xiang, Chin. J. Chem. Eng., 2007, 15,

110–114.
105 E. H. M. Wright and A. V. Powell, J. Chem. Soc., Faraday Trans.

1, 1972, 68, 1908–1920.
106 R. Carre, D. J. Phillips and J. F. Brenneck, Ind. Eng. Chem. Res.,

1994, 33, 1355–1362.
107 P. J. Richardson, D. F. McCafferty and A. D. Woolfson, Int. J.

Pharm., 1992, 78, 189–198.

This journal is �c The Royal Society of Chemistry and the Centre National de la Recherche Scientifique 2009 New J. Chem., 2009, 33, 568–573 | 573

D
ow

nl
oa

de
d 

by
 U

ni
ve

rs
ity

 o
f 

B
el

gr
ad

e 
on

 0
2 

Ja
nu

ar
y 

20
13

Pu
bl

is
he

d 
on

 0
2 

D
ec

em
be

r 
20

08
 o

n 
ht

tp
://

pu
bs

.r
sc

.o
rg

 | 
do

i:1
0.

10
39

/B
81

35
81

A

View Article Online

http://dx.doi.org/10.1039/b813581a

