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a  b  s  t  r  a  c  t

In our  previous  work,  we  found  that  salting-out  effect  of  a fluorocarbon  in  an  alcohol–NaOH  solution
brought  solubility  decrease  which  could  be expressed  in  terms  of  the  Setchenov  coefficient.  In  this  work,
a group  contribution  method  for the  Setchenov  coefficients  was  made,  for dichrodifluoromethane  (CFC-
12), penafluoroethane  (HFC-125),  difluoromethane  (HFC-32),  1,1,1,2-tetarfluoroethane  (HFC-134a)  and
1,1-difluoroethane  (HFC-152a)  in methanol–NaOH  and  ethanol–NaOH  solvents.  Moreover,  as a  simple
model,  we  derived  the relationship  between  the  Setchenov  coefficients  and  solvation  number  of  alcohols
eywords:
olubility
alting effect
etchenov coefficient
luorocarbon
olvation number

around  a NaOH  molecule.  Therefore,  once  information  of the  Setchenov  coefficients  was  obtained,  the
solvation  numbers  could  be predicted  based  on the model.  Prediction  of  the Setchenov  coefficients  for
VOC  solublities  in water–salt  system  is  possible  with  the new  method.

© 2013 Elsevier B.V. All rights reserved.
OC

. Introduction

Fluorocarbons containing chlorine atoms deplete the ozone
ayer, so that restrictions on production and transportation of chlo-
ofluorocarbons (CFCs) were decided by the Montreal Protocol
1987) and hydrochlorinated fluorocarbons (HCFCs) are expected
o be final in 2020. Massive wastes of CFCs and HCFCs will be treated
n the near future which will be a serious problem.

We proposed a simple decomposition process of chlorinated flu-
rocarbons in alcohol containing NaOH at room temperature and
tmospheric pressure with or without UV irradiation to produce
ther fluorocarbons, unsaturated compounds or fluoroethers with
odium chloride [1]. Especially, fluoroethers are expected to be the
hird generation refrigerants, because it decomposes rapidly in the
ir.

The dechlorination of the CFC or HCFC occurs after dissolving
he gas in an alcohol–NaOH solution with or without UV irradia-

ion. Being much slower than mass transfer rate, the reaction rate is
overned by the solubility of fluorocarbons in alcohol–NaOH solu-
ions. To design a reactor, solubility is the most important factor.

∗ Corresponding author. Tel.: +81 425835956; fax: +81 425835956.
E-mail addresses: nishi@hosei.ac.jp, nishi@nishilab.jp, nishi@k.hosei.ac.jp

H. Nishiumi).

378-3812/$ – see front matter ©  2013 Elsevier B.V. All rights reserved.
ttp://dx.doi.org/10.1016/j.fluid.2013.10.007
To meet the requirement, we  measured the Henry’s law constants
of fluorocarbons in alcohols at atmospheric pressure [2,3].

However, we found that solubility of a fluorocarbon in an
alcohol–NaOH solvent decreased with NaOH concentration in a
solution, i.e. salting-out effect. Reaction rate is proportional to
both the concentration of the dissolved fluorocarbon and NaOH
concentration in a solution [4]. The increase of NaOH brings the
accelerator-brake effects that the one decreases due to salt-effect
and the other increases. It is very interesting to know how concen-
tration of NaOH affects the reaction rate. Therefore, we need the
data on salting effects.

In a previous paper [5], we  measured the solubilities
of dichlorodifluoromethane (CFC-12, CCl2F2), pentafluoroethane
(HFC-125, C2HF5), difluoroethane (HFC-152a, C2H4F2), difluo-
romethane (HFC-32, CH2F2), 1,1,1,2-tetrafluoroethane (HFC-134a,
C2H2F4) in NaOH–methanol, NaOH–ethanol and NaOH-1-propanol
solvents, ranging from 283 to 313 K at atmospheric pressure. As a
result, the solubility of fluorocarbons decreases exponentially with
the concentration of NaOH due to salting effects. This is known as
the Setchenov relation and the Setchenov coefficients are typically
independent of temperature.
In this work, we  estimated the Setchenov (salting effect)
coefficients in these systems with a group contribution method and
the estimated values agreed very well with the experimental data.
Moreover, according to a simple model, the Setchenov coefficient

dx.doi.org/10.1016/j.fluid.2013.10.007
http://www.sciencedirect.com/science/journal/03783812
http://www.elsevier.com/locate/fluid
http://crossmark.crossref.org/dialog/?doi=10.1016/j.fluid.2013.10.007&domain=pdf
mailto:nishi@hosei.ac.jp
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mailto:nishi@k.hosei.ac.jp
dx.doi.org/10.1016/j.fluid.2013.10.007
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Fig. 1. Effect of NaOH concentration on solubility of HFC-134a in ethanol with
88 H. Nishiumi et al. / Fluid Pha

s related with solvation number of alcohols, and is expressed with
 function of concentration of NaOH and partial pressure of fluoro-
arbon. Moreover, the group contribution method of the Setchenov
oefficients were tried to apply this model to the water–VOC–salts
ystems.

. Setchenov coefficient

The concentration of a fluorocarbon in an alcohol solution at
emperature T, C0

i
[mol/L] is expressed as the Henry’s law equation:

0
i = Pyi

H0
ij

(1)

here P is the total pressure (= atmospheric pressure), yi is the mole
raction of a fluorocarbon i in a vapor phase, superscript 0 means
ithout NaOH and H0

ij
is the Henry’s law constant of a fluorocarbon

 in an alcohol j solution without NaOH at temperature T [K].
When NaOH is added, the concentration of a fluorocarbon Ci

mol/L] in an alcohol–NaOH solution at experimental temperature
 and at partial pressure Pyi is described as follows:

i = Pyi

Hij
(2)

Since the addition of NaOH to an alcohol solvent has no effect
n the partial pressure of fluorocarbon in the gas phase at the same
xperimental temperature and the same initial partial pressure [5],
he following relationship is obtained from Eqs. (1) and (2),

Ci

C0
i

=
H0

ij

Hij
(3)

Effects of electrolyte concentration on the solubilities of gases in
olutions are known as salting-out or salting-in effects. The influ-
nce of the dissolved salt in the electrolyte solution is given by
he Setchenov relation described as an exponential function of
lectrolyte concentration [6]. Although NaOH does not dissociate
n alcohols, the effect of NaOH concentration on the solubility of
,1,1,2-tetarfluoroethane (HFC-134a) in ethanol–NaOH at different
emperatures is shown in Fig. 1. It shows that salting effect vary

uch less with temperature, however the solubilities of fluorocar-
ons decreased exponentially with NaOH concentration. Relation
etween solubility due to salting effect and CNaOH is expressed as
ollows,

Ci

C0
i

= exp(−hijCNaOH) (4)

here hij is the Setchenov coefficient (salting effect coefficient) of
omponent i in alcohol j expressed in L/mol. It shows that the values
f hij are proper for a system independent of temperature.

The Setchenov coefficients hij for the systems of dichlorodifluo-
omethane (CFC-12, CCl2F2), pentafluoroethane (HFC-125, C2HF5),
ifluoromethane (HFC-32, CH2F2), 1,1,1,2-tetrafluoroethane (HFC-
34a, C2H2F4) in methanol–NaOH, ethanol–NaOH solvents are

isted in Table 1 in [5]. Table 1 shows the values of hij independent
f temperature.

. Estimation of Setchenov coefficient with group
ontribution method

We  applied a group contribution method to the Setchenov
oefficients obtained in the previous work [5]. The results show that

ontributions were divided into a solute (fluorocarbon) part and

 solvent (alcohol) part. Four kinds of fluorocarbons, CH2F2 (CFC-
2), C2HF5 (HFC-125), CH2F2 (HFC-32) and C2H2F4 (HFC-134a), are
omposed of four elements of C Cl, C F, C H and C C. We  assumed
changing temperature at atmospheric pressure of a solute gas ranging from 273.15
to  313.15 K: experimental [5].

that alcohols were characterized by bond numbers of C Hn (CH2
or CH3 ) and C C.

Contributions estimated by the least squares method are listed
in Table 1. The Setchenov coefficients with the group contribution
method are described as hpred. The estimation hpred agrees well
with the experimental hij [5] as shown in Table 1. Comparison
of solubilities of HFC-134a in ethanol–NaOH solvent using hpred
are shown also in Fig. 1. Differences between experimental values
and predicted ones are very small. Table 1 enables to predict the
Setchenov coefficients of fluorocarbons in methanol or ethanol. The
results show that our method has predictability of fluorocarbons in
methanol or ethanol. At present we  have no other experimental
data for the system. Further predictability will be considered in the
future.

In the previous work [5], we found that addition of NaOH in
higher alcohols produced gelatinization. For 1-propanol as a sol-
vent, we could not estimate the precise values of hij with the group
contribution method. In the higher alcohols, viscosity of a fluid must
be considered.

4. Solvation

4.1. Solvation number of alcohol to NaOH molecule

Solubility of a fluorocarbon in an alcohol solvent without NaOH
is expressed as,

S = C0
i

Calc
(5)

where superscript 0 means the concentration of a fluorocarbon
without NaOH. Instead of j script alc is used for emphasis.

Salting-out effects can be explained as the solvation between

salt (NaOH) and solvent (alcohol) and/or solute (fluorocarbon) as
shown in Fig. 2.

Assuming fluorocarbons maintain vapor–liquid equilibrium
with free alcohols excluding solvated alcohols, solubility of a solute
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ig. 2. Solvation model with salting effect. Solvated alcohols have no effect on vapor-
iquid equilibria. ( ) free alcohol, ( ) solvated alcohol, ( ) fluorocarbon.

fluorocarbon) in a solvent (alcohol), S, is defined as the mole ratio
f fluorocarbons to free alcohols in a liquid phase, as follows,

 = Ci

Calc − NsCNaOH
(6)

here NS is the solvation number of alcohols around a NaOH
olecule. Calc [mol/L] is the total concentration of an alcohol based

n the solution volume. Ci is the concentration of fluorocarbon in a
olution.

Comparing Eqs. (5) and (6) gives:

i = C0
i

(
1 − Ns

Calc
CNaOH

)
(7)

ccording to the above equation, the solvation number of alco-
ols to a NaOH molecule were estimated by fitting to experimental
olubility data as shown in the previous paper [5].

In this paper, we take another approach. Applying the Maclaurin
eries to Eq. (4), the following expression is obtained,

i = C0
i

(
1 − hijCNaOH + · · ·

)
(8)

Comparing Eqs. (7) with (8), the following simple relation
etween the solvation number Ns and the Setchenov coefficient
ij is obtained as follows:

s = hijCalc (9)
Eq. (9) shows that the solvation number can be expressed as the
roduct of the Setchenov coefficient hij and the concentration of a
olvent alcohol, Calc. Solvation numbers NS at atmospheric pressure
f fluorocarbon gas estimated from Eq. (9) are listed in Table 2. The

able 1
roup contribution correlation of Setchenov coefficients for fluorocarbons in methanol–N

Contribution 0.0449 0.0635 0.0657 −0.0962 

Solute C Cl C F C H C C Solvent 

CFC-12 2 2 0 0 MeOH 

HFC-125 0 5 1 1 

HFC-32 0 2 2 0 

HFC-134a 0 4 2 1 

CFC-12 2 2 0 0 EtOH 

HFC-125 0 5 1 1 

HFC-32 0 2 2 0 

HFC-134a 0 4 2 1 

ij: from a literature [5]; hpred: estimated by the group contribution method.
a C Hn: CH2 or CH3 number of alcohol, C C: for alcohol.
Fig. 3. Effect of partial pressures of fluorocarbons with the Setchenov coefficients
in  methanol. ( ) HFC-152a, ( ) HFC-134a.

values of NS estimated from Setchenov coefficients hij [5] were in
good agreement with NS estimated based on the solvation theory
from Eq. (9). Once the Setchenov coefficients are obtained, then the
solvation numbers can be calculated. The more alcohols would be
solvated, the more Setchenov coefficient increases.

4.2. Effect of solute (fluorocarbon) with solvation number of
solvent (alcohol) to NaOH molecule

Unless fluorocarbons solvate, the Setchenov coefficients should
not be affected by fluorocarbons. Since the experimental Setchenov
coefficients were found to depend on the fluorocarbons, it means
that both alcohol and fluorocarbon molecules solvate to a NaOH
molecule. We  cannot measure the concentration of solvated flu-
orocarbons directly. However, we can detect the change of the
Setchenov coefficients with partial pressure of fluorocarbons.

The partial pressure effect of 1,1-difluoroethane (HFC-152a)
and 1,1,1,2-tetarfluoroethane (HFC-134a) is shown in Fig. 3 for
methanol and in Fig. 4 for ethanol. In every figure, the values of the
Setchenov coefficients hij decrease linearly with the partial pres-
sure of fluorocarbons. This means that increase of fluorocarbon
concentration in solution expels the solvated alcohol molecule rel-
ative to a NaOH molecule. So, the increase of free alcohol molecules
increases solubility. A linear relation can be written as follows,
hij = h0
j − sij Pi (10)

where hij is the Setchenov coefficients under a partial pressure
Pi of fluorocarbon i. The intersection, h0

j
shows the Setchenov

aOH or ethanol–NaOH solution at atmospheric pressure of fluorocarbon gas.

0.0585 −0.1195 hij [5] (L/mol) hpred(L/mol) Dev (%)

C Hn
a C Ca

1 0 0.267 0.275 3.2
1 0 0.356 0.346 2.9
1 0 0.300 0.317 5.7
1 0 0.362 0.348 3.9

2 1 0.223 0.215 3.9
2 1 0.276 0.285 3.1
2 1 0.273 0.256 6.3
2 1 0.270 0.287 6.4
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Table 2
Comparison of solvation numbers NS of alcohols around NaOH estimated from Eq. (4) with ones from Eq. (9) at atmospheric pressure of fluorocarbon gas.

Methanol Ethanol

Ns [5] (Eq. (4)) Ns (Eq. (9)) AAD (%) Ns [5] (Eq. (4)) Ns (Eq. (9)) AAD (%)

CFC-12 8.09 6.61 18.3 4.19 3.82 8.7
HFC-125 9.71 8.81 9.3 4.83 4.73 2.0
HFC-32 6.77 7.42 9.6 4.66 4.68 0.5
HFC-134a 7.91 8.96 13.2 5.19 4.63 10.8

Table 3
Group contribution method of Setchenov coefficients D for VOC in water–Na2SO4 solution at atmospheric pressure of a solute gas.

Contribution 0.0479 −0.0564 0.0163 0.0163 0.0843 −0.0188 0.0500 Experimental Da Prediction Dev (%)
C  H C C C O O H C O C S S S

Methanol 3 0 1 1 0 0 0 0.24 0.18 26.5
Ethanol 5 1 1 1 0 0 0 0.18 0.22 19.9
1-Propanol 7 2 1 1 0 0 0 0.24 0.26 6.4
1-Butanol 9 3 1 1 0 0 0 0.29 0.29 1.6
1-Pentanol 11 4 1 1 0 0 0 0.33 0.33 1.3
1-Hexanol 13 5 1 1 0 0 0 0.37 0.37 1.0
2-Propanone 6 2 0 0 1 0 0 0.23 0.26 12.7
2-Butanone 8 3 0 0 1 0 0 0.29 0.30 3.0
2-Pentanone 10 4 0 0 1 0 0 0.34 0.34 0.6
2-Hexanone 12 5 0 0 1 0 0 0.40 0.38 5.6
2-Heptanone 14 6 0 0 1 0 0 0.43 0.42 3.0
Dimethyl sulfide 6 0 0 0 0 2 0 0.25 0.25 0.0
Dimethyl disulfide 6 0 0 0 0 2 1 0.30 0.30 0.0

a Dij = hij × density in moles of solution/liter of solution.

Table 4
Group contribution method of Setchenov coefficients D for VOC in water–NaCl solution at atmospheric pressure of a solute gas.

Contribution 0.0300 −0.0067 0.0100 0.1067 0.0100 0.0400 0.1027 0.0547 0.0609 0.3693 0.1859 Experimental Da Prediction Dev(%)
C  cH C C C O C Cl O H C C A C O A Ha A CH2

a A CH3
a

Methanol 3 0 1 0 1 0 0 0 0 0 0 0.11 0.11 0.0
2-Propanone 6 2 0 0 0 0 0 1 0 0 0 0.22 0.22 0.6
2-Butanone 8 3 0 0 0 0 0 1 0 0 0 0.26 0.27 5.6
2-Pentanone 10 4 0 0 0 0 0 1 0 0 0 0.34 0.33 3.5
2-Hexanone 12 5 0 0 0 0 0 1 0 0 0 0.40 0.38 4.7
2-Heptanone 14 6 0 0 0 0 0 1 0 0 0 0.42 0.43 3.5
Toluene 0 0 0 0 0 0 1 0 5 0 1 0.67 0.59 11.4
o-Xylene 0 0 0 0 0 0 1 0 4 0 2 0.68 0.72 5.6
Ethylbenzene 3 1 0 0 0 0 1 0 5 1 0 0.86 0.86 0.0
Benzene 0 0 0 0 0 0 1 0 6 0 0 0.43 0.47 8.9
Trichloroethylene 1 0 0 3 0 1 0 0 0 0 0 0.39 0.39 0.0
Chloroform 1 0 0 3 0 0 0 0 0 0 0 0.35 0.35 0.0
Dichloromethane 2 0 0 2 0 0 0 0 0 0 0 0.28 0.27 2.4
1,2-Dichloroethane 4 1 0 2 0 0 0 

a Dij = hij × density in moles of solution/liter of solution.

0.2

0.4

0.6

0.8

1.0

0 20 40 60 80 10 0 12 0

h ij
[L

/m
l]

partial  pressure of  HFC152 a [k Pa]

Fig. 4. Effect of partial pressures of fluorocarbons with the Setchenov coefficients
in  ethanol: ( ) HFC-152a, ( ) HFC-134a.
0 0 0 0 0.32 0.33 2.1

coefficients when all sites of a NaOH molecule were occupied by
alcohol molecules. At room temperature, the values of h0

j
depend-

ent on alcohol are 0.766 and 0.688 for methanol and ethanol,
respectively. Similarly, the values of Calc are 24.7 and 17.1 mol/L,
respectively. So, according to Eq. (9), we  can estimate that max-
imum solvation number of methanol and ethanol to a NaOH
molecule is about 19 and 12.

The gradient sij can be obtained from the value of hij at atmo-
spheric pressure, Pi = 101.3 kPa whose values can be predicted with
Table 1 or experimental values [5]. Generally speaking, there should
be different straight lines through the same intersection h0

j
. How-

ever, for HFC-152a and HFC-134a, the values of hij at atmospheric
pressure of fluorocarbon gas are very similar, i.e. 0.35 and 0.29 for
the systems containing methanol and ethanol. So, correlation lines
are the same as shown in Figs. 3 and 4.

Substituting Eq. (10) in (4), we  obtain a solubility expression

applicable to wider range of partial pressures of fluorocarbons as
follows,

Ci = C0
i exp[

(
h0

j − sij Pi

)
× CNaOH] (11)
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Table 5
Group contribution method of Setchenov coefficients D for VOC in water–TEAB solution at atmospheric pressure of a solute gas.

Contribution 0.023683 −0.10708 0.118921 Experimental Da Prediction Dev (%)
C H C C C O

2-Propanone 6 2 1 0.05 0.05 6.3
2-Pentanone 10 4 1 −0.08 −0.07 9.3
2-Hexanone 12 5 1 −0.13 −0.13 1.8
2-Heptanone 14 6 1 −0.19 −0.19 1.1

TEAB: tetraethylammonium bromide
a Dij = hij × density in moles of solution/liter of solution.

Table 6
Group contribution method of Setchenov coefficients D for VOC in water–TMAB solution at atmospheric pressure of a solute gas.

Contribution 0.019259 −0.09352 0.103148 Experimental Da Prediction Dev (%)

C H C C C O

2-Pentanone 10 4 1 −0.08 −0.08 2.0
2-Hexanone 12 5 1 −0.13 −0.13 2.6
2-Heptanone 14 6 1 −0.19 −0.19 0.9
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[
746–749.

[4] H. Nishiumi, K. Sato, R. Kato, Fluorine Environ. 1 (2006) 131–164.
[5] H. Nishiumi, H. Ogasawara, K. Ago, Fluid Phase Equilib. 291 (2010)

159–165.
MAB: tetramethylammonium bromide.
a Dij = hij × density in moles of solution/liter of solution.

bove expression shows the salting effect on solubility of fluoro-
arbons in alcohol–NaOH solution.

. Application of group contribution method to solubility
f VOC gases in water with salts

Falabella and Teja reported the Henry’s constants of volatile
rganic compounds (VOCs) in water–salt solutions [6]. Adopting
heir functional relationship for these solutions, the following rela-
ion is obtained,

ij = hij · � (12)

here Dij [6] and hij in this paper are the Setchenov coefficients
n different units and � is the molar density of the solution in

oles/liter.
Salts dissociate in water. So, it is doubtful that our model can

e applied strictly to these system. We  applied the contribution
ethod to these 58 systems. Tables 3 and 4 seem to show good

esults except a few systems for the systems containing salt Na2SO4
r NaCl, respectively. Comparing the solvation results of fluoro-
arbon to NaOH, interesting results were obtained. According to
he model in this paper, solvation number of water on the salt is
he same as D, i.e. about 0.3. However experimental data covers
ide temperatures, the change in partial pressures were not well
escribed [6]. So, the solvation of VOC on salts cannot be discussed.

Tables 5 and 6 show the results of salting-in systems. The contri-
ution method can be applied superficially. So, from the view point
f engineering, the model is useful, but we cannot apply our model
trictly to these systems because structural complexities should be
onsidered.

Tables 3–6 enable to predict the Setchenov coefficients of VOC
ases in water with salts, i.e. NaCl, Na2SO4, tetraethylammonium
romide and tetramethylammonium bromide.
. Conclusions

Based on our solubility measurements we succeeded in estimat-
ng the Setchenov coefficient hij by a group contribution method.

[

Correlated values of hij were in good agreement with experimental
ones.

The results with the group contribution method enable to
predict the Setchenov coefficients of fluorocarbons in methanol
or ethanol with Table 1 and VOC gases in water with salts, i.e.
NaCl, Na2SO4, tetraethylammonium bromide and tetramethylam-
monium bromide with Tables 3–6.

We set up a simple model that both solute and solvent sol-
vate to a NaOH molecule. We obtained a relationship between
the Setchenov coefficient hij and the solvation number Ns. Once
information of the Setchenov coefficients are obtained from exper-
iments or a group contribution method, the solvation numbers
can be predicted. Moreover, solubility expressions including both
solute and solvent solvation were developed. We  showed that our
model can be superficially applied to the solubility of VOC gases
in water with salts in spite that electrolyte systems contain many
structural complexities.

Acknowledgements

The authors wish to thank Mr.  H. Ogasawara and Ms.  M.  Arai,
who assisted with the experiments. This work was financially sup-
ported by “Funding Program for Next Generation World-Leading
Researchers (NEXT program)”, which was due to one of the authors
(D. Kodama).

References

1] H. Nishiumi, K. Sato, Trans. Mat. Res. Soc. Jpn. 18A (1994) 387–390.
2] K. Sato, H. Nishiumi, T. Kasatani, Fluid Phase Equilib. 144 (1998)

211–216.
3] H. Takenouchi, R. Kato, H. Nishiumi, J. Chem. Eng. Data 46 (2001)
6] J.B. Falabella, A.S. Teja, Fluid Phase Equilib. 261 (2007) 390–495.

http://refhub.elsevier.com/S0378-3812(13)00591-8/sbref0005
http://refhub.elsevier.com/S0378-3812(13)00591-8/sbref0005
http://refhub.elsevier.com/S0378-3812(13)00591-8/sbref0005
http://refhub.elsevier.com/S0378-3812(13)00591-8/sbref0005
http://refhub.elsevier.com/S0378-3812(13)00591-8/sbref0005
http://refhub.elsevier.com/S0378-3812(13)00591-8/sbref0005
http://refhub.elsevier.com/S0378-3812(13)00591-8/sbref0005
http://refhub.elsevier.com/S0378-3812(13)00591-8/sbref0005
http://refhub.elsevier.com/S0378-3812(13)00591-8/sbref0005
http://refhub.elsevier.com/S0378-3812(13)00591-8/sbref0005
http://refhub.elsevier.com/S0378-3812(13)00591-8/sbref0005
http://refhub.elsevier.com/S0378-3812(13)00591-8/sbref0005
http://refhub.elsevier.com/S0378-3812(13)00591-8/sbref0005
http://refhub.elsevier.com/S0378-3812(13)00591-8/sbref0005
http://refhub.elsevier.com/S0378-3812(13)00591-8/sbref0010
http://refhub.elsevier.com/S0378-3812(13)00591-8/sbref0010
http://refhub.elsevier.com/S0378-3812(13)00591-8/sbref0010
http://refhub.elsevier.com/S0378-3812(13)00591-8/sbref0010
http://refhub.elsevier.com/S0378-3812(13)00591-8/sbref0010
http://refhub.elsevier.com/S0378-3812(13)00591-8/sbref0010
http://refhub.elsevier.com/S0378-3812(13)00591-8/sbref0010
http://refhub.elsevier.com/S0378-3812(13)00591-8/sbref0010
http://refhub.elsevier.com/S0378-3812(13)00591-8/sbref0010
http://refhub.elsevier.com/S0378-3812(13)00591-8/sbref0010
http://refhub.elsevier.com/S0378-3812(13)00591-8/sbref0010
http://refhub.elsevier.com/S0378-3812(13)00591-8/sbref0010
http://refhub.elsevier.com/S0378-3812(13)00591-8/sbref0010
http://refhub.elsevier.com/S0378-3812(13)00591-8/sbref0010
http://refhub.elsevier.com/S0378-3812(13)00591-8/sbref0015
http://refhub.elsevier.com/S0378-3812(13)00591-8/sbref0015
http://refhub.elsevier.com/S0378-3812(13)00591-8/sbref0015
http://refhub.elsevier.com/S0378-3812(13)00591-8/sbref0015
http://refhub.elsevier.com/S0378-3812(13)00591-8/sbref0015
http://refhub.elsevier.com/S0378-3812(13)00591-8/sbref0015
http://refhub.elsevier.com/S0378-3812(13)00591-8/sbref0015
http://refhub.elsevier.com/S0378-3812(13)00591-8/sbref0015
http://refhub.elsevier.com/S0378-3812(13)00591-8/sbref0015
http://refhub.elsevier.com/S0378-3812(13)00591-8/sbref0015
http://refhub.elsevier.com/S0378-3812(13)00591-8/sbref0015
http://refhub.elsevier.com/S0378-3812(13)00591-8/sbref0015
http://refhub.elsevier.com/S0378-3812(13)00591-8/sbref0015
http://refhub.elsevier.com/S0378-3812(13)00591-8/sbref0015
http://refhub.elsevier.com/S0378-3812(13)00591-8/sbref0015
http://refhub.elsevier.com/S0378-3812(13)00591-8/sbref0020
http://refhub.elsevier.com/S0378-3812(13)00591-8/sbref0020
http://refhub.elsevier.com/S0378-3812(13)00591-8/sbref0020
http://refhub.elsevier.com/S0378-3812(13)00591-8/sbref0020
http://refhub.elsevier.com/S0378-3812(13)00591-8/sbref0020
http://refhub.elsevier.com/S0378-3812(13)00591-8/sbref0020
http://refhub.elsevier.com/S0378-3812(13)00591-8/sbref0020
http://refhub.elsevier.com/S0378-3812(13)00591-8/sbref0020
http://refhub.elsevier.com/S0378-3812(13)00591-8/sbref0020
http://refhub.elsevier.com/S0378-3812(13)00591-8/sbref0020
http://refhub.elsevier.com/S0378-3812(13)00591-8/sbref0020
http://refhub.elsevier.com/S0378-3812(13)00591-8/sbref0020
http://refhub.elsevier.com/S0378-3812(13)00591-8/sbref0020
http://refhub.elsevier.com/S0378-3812(13)00591-8/sbref0025
http://refhub.elsevier.com/S0378-3812(13)00591-8/sbref0025
http://refhub.elsevier.com/S0378-3812(13)00591-8/sbref0025
http://refhub.elsevier.com/S0378-3812(13)00591-8/sbref0025
http://refhub.elsevier.com/S0378-3812(13)00591-8/sbref0025
http://refhub.elsevier.com/S0378-3812(13)00591-8/sbref0025
http://refhub.elsevier.com/S0378-3812(13)00591-8/sbref0025
http://refhub.elsevier.com/S0378-3812(13)00591-8/sbref0025
http://refhub.elsevier.com/S0378-3812(13)00591-8/sbref0025
http://refhub.elsevier.com/S0378-3812(13)00591-8/sbref0025
http://refhub.elsevier.com/S0378-3812(13)00591-8/sbref0025
http://refhub.elsevier.com/S0378-3812(13)00591-8/sbref0025
http://refhub.elsevier.com/S0378-3812(13)00591-8/sbref0025
http://refhub.elsevier.com/S0378-3812(13)00591-8/sbref0025
http://refhub.elsevier.com/S0378-3812(13)00591-8/sbref0030
http://refhub.elsevier.com/S0378-3812(13)00591-8/sbref0030
http://refhub.elsevier.com/S0378-3812(13)00591-8/sbref0030
http://refhub.elsevier.com/S0378-3812(13)00591-8/sbref0030
http://refhub.elsevier.com/S0378-3812(13)00591-8/sbref0030
http://refhub.elsevier.com/S0378-3812(13)00591-8/sbref0030
http://refhub.elsevier.com/S0378-3812(13)00591-8/sbref0030
http://refhub.elsevier.com/S0378-3812(13)00591-8/sbref0030
http://refhub.elsevier.com/S0378-3812(13)00591-8/sbref0030
http://refhub.elsevier.com/S0378-3812(13)00591-8/sbref0030
http://refhub.elsevier.com/S0378-3812(13)00591-8/sbref0030
http://refhub.elsevier.com/S0378-3812(13)00591-8/sbref0030

	Effect of solvation with salting effect on solubilities of fluorocarbons in alcohols
	1 Introduction
	2 Setchenov coefficient
	3 Estimation of Setchenov coefficient with group contribution method
	4 Solvation
	4.1 Solvation number of alcohol to NaOH molecule
	4.2 Effect of solute (fluorocarbon) with solvation number of solvent (alcohol) to NaOH molecule

	5 Application of group contribution method to solubility of VOC gases in water with salts
	6 Conclusions
	Acknowledgements
	References


