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Abstract−The solubility of xylitol in ethanol+water solvent mixtures was measured at temperatures ranging from

278.00 K to 323.00 K at atmospheric pressure by using a laser technique. The results of these measurements were cor-

related by the combined nearly ideal binary solvent CNIBS/Redlich-Kister equation. The experimental solubility and

correlation equation in this work can be used as essential data and models in the purification process of xylitol. The

variant 2 in the CNIBS/R-K models was confirmed to be more adaptable to predict solubility of xylitol in binary ethanol

+water system. Using the experimentally measured solubilities, the thermodynamic properties of dissolution of xylitol,

such as Gibbs energy, molar enthalpy of dissolution, and molar entropy of dissolution, were calculated.
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INTRODUCTION

Xylitol, a pentitol with high sweetening power and anticariogenic

properties, is one kind of sugar substitute in food production, perfum-

ery, pharmaceutics, and chemistry. Xylitol crystals are white, odor-

less, and hygroscopic, having a negative heat of solution, a melting

point between 365.00 K and 369.00 K, exhibiting various solubil-

ity in different kinds of solvents [1-4].

In industrial manufacture, xylitol is purified through crystallization

from solution as the final step and dilution crystallization generally

is preferable. It is well known that crystallization is the key step,

since, in many respects, it determines the yield and quality of the

target product. Therefore, crystallization processes are the critical

steps that determine the quality of final product, and knowing the

solubility of the product is a necessary condition in order to design

the crystallization process properly. What’s more, to determine proper

solvents and to design an optimized production process, it is neces-

sary to know the solubility of the target product in different solvent

systems. Because xylitol in pure ethanol is slightly soluble and is

extremely soluble, water+ethanol can be an ideal system for the

dilution crystallization of xylitol. However, from a review of the

literature, it was found that no experimental solubility data in binary

ethanol+water solvent mixtures was available. In this paper, the

solubility of xylitol in binary ethanol+water solvent mixtures was

experimentally determined at the temperatures ranging from 278.00

K to 323.00 K and at atmospheric pressure using a laser technique.

The method employed in this work is much faster and more readily

credible than the analytical method, which is classified as a syn-

thetic method [5]. Solubility data of xylitol determined can be used

to make a further analysis of theoretical yield, control of crystalli-

zation process and so on in real industrial crystallization.

Modeling of experimental solubility data enables researchers to

represent mathematical aspects of solubility. A number of methods

have been presented to estimate the solubility of solute in solvent

mixtures. According to these methods, the solubility of a solute can

be predicted in systems. In this work, experimental data were cor-

related by CNIBS/Redlich-Kister equation. The deviation calculated

of the different CNIBS/R-K models was analyzed to enhance the

reliability of prediction of these models.

EXPERIMENTAL SECTION

1. Chemicals

The xylitol used for the solubility measurement was purchased

commercially from Tianjin Silicon Valley Technology Development

Co. Ltd., China, and it was obtained by recrystallizing commercial

xylitol obtained. Ethanol used for experiments was analytical grade

without further treatment. Distilled deionized water of HPLC grade

was used.

2. Apparatus and Procedure

The solubility of xylitol was measured by the last crystal disap-

pearance method. That is, the dissolution of the solute was exam-

ined by the laser beam penetrating the vessel. In this experiment, a

100 mL jacked vessel was used to determine the solubility; the tem-

perature was controlled to be constant through a thermostat water

bath. The masses of the samples and solvents were weighted using

an analytical balance with an uncertainty of ±0.0001 g.

The solubility of xylitol was determined by using a laser tech-

nique [6-9]. During experiments, the fluid in the glass vessel was

monitored by a laser beam. Predetermined excess amounts of solvent

and xylitol were placed in the inner chamber of the vessel. The con-

tent of the vessel was stirred continuously at a required temperature.

In the early stage of the experiment, the laser beam was blocked

by the undissolved particles of xylitol in the solution, so the inten-

sity of laser beam penetrating the vessel was lower. Along with the

dissolution of the particles of the solute, the intensity of the laser

beam increased gradually. When the solute dissolved completely, the

solution became clear and transparent and the laser intensity reached

maximum. Then additional solute of known mass (about 1 to 5 mg)
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was added into the vessel. We repeated this procedure unless the

penetrated laser intensity could not return maximum, and at this

moment, the last addition of solute could no longer dissolve com-

pletely. The interval of addition was 30 min. The total amount of

the solute consumed was recorded.

All the experiments were conducted three times, and the mean

values were used to calculate the mole fraction solubility. The uncer-

tainty of the experimental solubility values was not more than 0.5%.

The saturated mole fraction solubility of the solute (xA) in solution

was obtained as follows:

(1)

In which mA, mB and mC represented the masses of solute, water,

and ethanol. MA, MB, and MC are the molecule weight of solute, etha-

nol, and water, respectively.

RESULTS AND DISCUSSION

1. Solubility Data

To verify the reliability of the method of solubility measurement

used, the solubility data of xylitol in pure ethanol and water was

compared with the literature. Fig. 1 is the plot of solubility of xylitol

in pure ethanol and pure water between 278.00 K and 323.00 K.

From Fig. 1, it can be seen that xylitol is extremely soluble in pure

water and sharply rises with increase of temperature, while it is slightly

soluble in pure ethanol. The solubility data measured in pure etha-

nol and water are in good agreement with the literature reported

[10].

The solubility data of xylitol in ethanol+water binary mixtures

from 278.00 K to 323.00 K are listed in Table 1. xc
0 denotes ethanol

mole fraction of the binary solvent where solute was not present.

From Table 1, it can be seen that solubility of xylitol increases with

increasing temperature. At a certain constant temperature, the solu-

bility of xylitol in ethanol+water binary mixtures increases with

increasing water content.

2. Data Correlation

The solubility data in Table 1 can be exactly described by the

combined nearly ideal binary solvent (CNIBS)/Redlich-Kister mod-

xA = 
mA/MA

mA/MA + mB/MB + mC/MC

-----------------------------------------------------------

Fig. 1. ■ , Solubility plot of xylitol in pure water from 278.00 K
to 323.00 K; ▲, Solubility plot of xylitol in pure ethanol from
278.00 K to 323.00 K; △, Solubility plot of xylitol in pure
water in literature [15]; ◇, Solubility plot of xylitol in pure
ethanol in literature [15].

Table 1. Experimental solubility (xA) of xylitol in binary ethanol (C)+water (B) solvent mixtures at the temperature range from 278.00 K
to 323.00 K

xc
0 xA

exp 103 xA
cal.1 103 xA

cal.2 103 xA
cal.3 103 xc

0 xA
exp 103 xA

cal.1 103 xA
cal.2 103 xA

cal.3 103

T=278.00 K T=283.00 K

0.0000

0.0706

0.1741

0.2821

0.3654

0.4777

0.6101

0.7000

0.7827

1.0000

98.30

71.20

55.20

38.30

25.90

16.90

5.700

3.400

2.600

0.5000

97.88

72.70

53.22

38.49

27.79

15.35

6.190

3.160

1.790

1.090

98.70

72.90

53.05

38.41

27.88

15.48

6.120

2.970

1.530

0.5100

98.70

72.90

53.05

38.41

27.88

15.48

6.120

2.970

1.530

0.5100

0.0000

0.0706

0.1741

0.2821

0.3654

0.4777

0.6101

0.7000

0.7827

1.0000

128.8

89.70

65.00

50.40

34.40

22.60

9.700

4.700

3.600

0.8000

128.6

90.26

64.86

48.60

36.82

21.85

9.410

4.890

2.740

1.400

125.2

90.13

65.11

48.48

36.69

21.95

9.530

4.860

2.560

0.7500

125.2

90.13

65.11

48.48

36.69

21.95

9.530

4.860

2.560

0.7500

T=288.00 K T=293.00 K

0.0000

0.0706

0.1741

0.2821

0.3654

0.4777

0.6101

0.7000

0.7827

1.0000

143.9

104.9

78.70

64.70

46.20

29.70

13.70

7.200

5.000

1.400

143.8

105.1

79.41

62.12

48.43

29.72

13.26

7.050

4.010

2.130

143.2

105.2

79.40

62.01

48.42

29.87

13.29

6.910

3.750

1.390

143.2

105.2

79.40

62.01

48.42

29.87

13.29

6.910

3.750

1.390

0.0000

0.0706

0.1741

0.2821

0.3654

0.4777

0.6101

0.7000

0.7827

1.0000

162.5

121.5

97.00

80.10

60.00

38.20

16.20

10.10

6.700

2.100

162.2

122.4

96.72

78.28

61.90

38.11

16.81

8.870

5.080

3.130

161.9

122.6

96.68

78.14

61.90

38.29

16.83

8.700

4.760

2.100

161.9

122.6

96.68

78.14

61.90

38.29

16.83

8.700

4.760

2.100
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els. Acree and co-workers [10-12] suggested the CNIBS-Kister model.

(2)

As a reasonable mathematical representation, the CNIBS-Kister

model can accurately describe how the experimental isothermal solu-

bility of a crystalline solute dissolved in binary solvent mixtures

varies with binary solvent composition altering. Moreover, in the

model Si stands for the model constant and N can be equal to 0, 1,

2, and 3, respectively. Depending on choosing the different values

of N, four forms of equations can be obtained from Eq. (2). xB
0 and

xC
0 refer to the initial mole fraction composition of the binary solvent

calculated as if solute A was not present. (xA)i denotes the saturated

mole fraction solubility of the solute in pure solvent i.

When obtaining the model constants with different methods, vari-

ous variants of the CNIBS/R-K model can be deduced.

Substitution of (1−xC
0) for xB

0 in equation with N=2 and subse-

quent rearrangements result in Eq. (3).

lnxA=ln(xA)B+[ln(xA)C− ln(xA)B+S0+S1+S2]xC

0

lnxA=+[−S0+3S1+5S2]xC

02+[−2S1−8S2]xC

03+[−4S2]xC

04 (3)

It can also be written as Eq. (4)

lnxA=B0+B1xC

0+B2xC

02+B3xC

03+B4xC

04 (4)

In this model, B0, B1, B2, B3, and B4 are parameters, which can

be calculated by practical least-squares analysis. Eq. (3) is one form

of the variants of CNIBS/R-K model and denotes variant 1 of the

CNIBS/R-K model. With Substitution of (1−xC
0) for xB

0 in Eq. (2)

with N=2 and subsequent rearrangement, Eq. (5) can be obtained.

lnxA−(1−xC

0)ln(xA)B−xC

0ln(xA)C
lnxA−=(1−xC

0)xC

0[S0+S1(1−2xC

0)+S2(1−2xC

0)2] (5)

The parameters Si could be obtained by regressing.

xA = xB

0

xA( )B + xC

0

xA( )C + xB

0

xC

0

Si xB

0

 − xC

0( )
i

i=1

N

∑lnlnln

Table 1. Continued

xc
0 xA

exp 103 xA
cal.1 103 xA

cal.2 103 xA
cal.3 103 xc

0 xA
exp 103 xA

cal.1 103 xA
cal.2 103 xA

cal.3 103

T=298.00 K T=303.00 K

0.0000

0.0706

0.1741

0.2821

0.3654

0.4777

0.6101

0.7000

0.7827

1.0000

180.6

138.0

108.5

97.20

73.60

48.50

24.00

12.40

8.800

2.500

180.6

137.5

110.9

92.88

76.06

49.42

23.10

12.47

7.110

3.550

179.7

137.6

110.9

92.72

76.01

49.61

23.18

12.31

6.760

2.490

179.7

137.6

110.9

92.72

76.01

49.61

23.18

12.31

6.760

2.490

0.0000

0.0706

0.1741

0.2821

0.3654

0.4777

0.6101

0.7000

0.7827

1.0000

204.2

172.9

136.8

119.8

90.90

61.70

31.00

15.90

11.00

3.100

204.9

170.4

141.1

115.4

93.15

61.36

30.62

17.30

9.930

3.030

203.1

170.1

141.3

115.5

93.05

61.24

30.65

17.41

10.07

3.130

203.1

170.1

141.3

115.5

93.05

61.24

30.65

17.41

10.07

3.130

T=308.00 K T=313.00 K

0.0000

0.0706

0.1741

0.2821

0.3654

0.4777

0.6101

0.7000

0.7827

1.0000

234.4

198.7

167.8

145.9

114.8

77.60

40.90

20.70

14.70

4.200

234.4

198.4

169.4

142.7

117.0

78.07

39.28

22.44

13.17

4.860

232.4

198.2

169.7

142.6

116.9

78.11

39.40

22.43

13.01

4.230

232.4

198.2

169.7

142.6

116.9

78.11

39.40

22.43

13.01

4.230

0.0000

0.0706

0.1741

0.2821

0.3654

0.4777

0.6101

0.7000

0.7827

1.0000

265.5

226.2

202.3

173.2

141.8

101.8

53.40

25.10

19.40

5.700

264.9

228.2

199.9

172.9

145.0

99.58

51.48

29.62

17.27

5.620

266.1

228.4

199.7

172.9

145.0

99.64

51.44

29.56

17.23

5.670

266.1

228.4

199.7

172.9

145.0

99.64

51.44

29.56

17.23

5.670

T=318.00 K T=323.00 K

0.0000

0.0706

0.1741

0.2821

0.3654

0.4777

0.6101

0.7000

0.7827

1.0000

302.2

255.7

239.0

203.6

172.3

129.5

69.10

30.30

25.00

7.300

300.8

260.6

232.1

206.1

176.7

125.0

66.11

38.15

22.01

6.380

301.7

260.5

232.0

206.2

176.8

124.8

65.97

38.27

22.38

7.280

301.7

260.5

232.0

206.2

176.8

124.8

65.97

38.27

22.38

7.280

0.0000

0.0706

0.1741

0.2821

0.3654

0.4777

0.6101

0.7000

0.7827

1.0000

329.1

289.1

271.7

243.7

206.7

161.6

88.90

41.90

33.60

9.700

328.3

292.0

267.5

243.6

213.2

155.7

86.00

50.99

29.93

8.350

339.1

293.7

266.1

243.2

213.8

156.2

85.60

50.56

29.89

9.680

339.1

293.7

266.1

243.2

213.8

156.2

85.60

50.56

29.89

9.680

xc
0 is the mole fraction of ethanol in a mixed solvent. xA

exp denotes the experimental solubility data, xA
cal.1, xA

cal.2 and xA
cal.3 denote back-calculated

solubility data by variant 1, 2, and 3 of CNIBS/R-K model, respectively
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{lnxA−(1−xC

0)ln(xA)B−xC

0ln(xA)C}

{lnxA−versus{(1−xC

0)xC

0[S0+S1(1−2xC

0)+S2(1−2xC

0)2]} (6)

This method denotes variant 2 of CNIBS/R-K model, by which

the parameters S0, S1, S2, and calculated solubility can be obtained.

The parameters Si can also be obtained by regressing

{[lnxA−(1−xC

0)ln(xA)B−xC

0ln(xA)C]/[(1−xC

0)xC

0]}

{[lnxA−versus{[S0+S1(1−2xC

0)+S2(1−2xC

0)]} (7)

This method denotes variant 3 of the CNIBS/R-K model.

The experimental solubility data (xA
exp) and back-calculated solu-

bility data (xA
cal.1, xA

cal.2, xA
cal.3) are listed in Table 1 by the above three

models. The experimental solubility data (xA
exp) also are presented

graphically in Fig. 2. The abilities of variant 1, 2, and 3 of CNIBS/

R-K model to represent mathematically the experimental solubility

of xylitol in binary ethanol+water solvent mixtures at different tem-

perature are summarized in Tables 2-4, respectively, in the form of

“curve-fit” parameters and percent deviations in back-calculated

solubilities. Summed squared percentage deviation, Σ(%D)2, is cal-

culated by Eq. (8) for assessing the accuracy and predictability of

models.

Σ(%D)2 can be defined as:

(8)

Where xA
cal stands for calculated solubility. For overall judgment,

sum of Σ(%D)2, i.e. ΣΣ(%D)2, is calculated.

Careful examination of Tables 2-4 indicates that three variants

provide an accurate mathematical representation for how the solu-

bility of xylitol in binary ethanol+water solvent mixtures at different

temperature varies with solvent composition. Comparison of ΣΣ
(%D)2 for variants 1 and 2, indicated that variant 2 improved the

predictability of CNIBS/R-K model about 77%. ΣΣ(%D)2 of the

variant 1 is far more than variant 2 and variant 3, which means that

variant 1 is not adaptable to predict solubility of xylitol in binary

ethanol+water system.

3. Thermodynamic Properties for the Solution

According to the previous literature, the thermodynamic proper-

ties of the solution process, including the Gibbs energy, enthalpy

%D( )2 = 100 xA

exp
 − xA

cal( )/xA

exp[ ]
2

∑∑

Fig. 2. Experimental solubilities of xylitol in binary ethanol (C)+
water (B) solvent mixtures: ■ , T=278.00 K; □, T=283.00
K; ▲, T=288.00 K; △, T=293.00 K; ●, T=298.00 K; ○,
T=303.00 K; ◆, 308.00 K; ◇, 313.00 K; ★, T=318.00 K;
☆, T=323.00 K. The relative uncertainty for xA is within
3%.

Table 2. Curve-Fitting parameters of xylitol in binary ethanol (C)+water (B) solvent mixtures at the temperature range from 278.00 K
to 323.00 K by variant 1

T/K B0 B1 B2 B3 B4 Σ(%D)2

278.00 −2.3240 −5.0710 14.561 −35.560 21.571 151.73

283.00 −2.0509 −6.1827 19.264 −40.371 22.771 62.947

288.00 −1.9395 −5.5597 18.593 −39.784 22.538 31.656

293.00 −1.8191 −5.1147 18.924 −42.128 24.371 31.688

298.00 −1.7114 −5.0168 19.143 −40.879 22.825 21.866

303.00 −1.5852 −3.1874 9.6997 −23.500 12.774 2.1061

308.00 −1.4508 −2.9751 10.433 −25.797 14.462 4.5151

313.00 −1.3285 −2.7098 10.211 −24.989 13.634 4.7179

318.00 −1.2013 −2.6811 10.876 −25.507 13.459 10.243

323.00 −1.1137 −2.2438 9.8324 −23.384 12.124 8.2076

ΣΣ(%D)2=329.68

Σ(%D)2 is the summed squared percentage deviation

Table 3. Curve-Fitting parameters of xylitol in binary ethanol (C)+
water (B) solvent mixtures at the temperature range from
278.00 K to 323.00 K by variant 2

T/K S0 S1 S2 Σ(%D)2

278.00 2.5460 2.3565 −4.7874 20.620

283.00 2.7660 1.1931 −4.4738 9.6342

288.00 2.5243 1.7451 −5.0630 6.9251

293.00 2.4438 2.4652 −5.5870 10.628

298.00 2.9689 1.6215 −5.1840 5.9222

303.00 3.1402 1.0863 −3.1057 1.9686

308.00 3.2497 1.2541 −3.3095 2.2679

313.00 3.3880 1.1598 −3.4818 4.6696

318.00 3.5553 0.9970 −3.5821 8.5608

323.00 3.6766 0.7538 −3.6446 6.0191

ΣΣ(%D)2=77.216

Σ(%D)2 is the summed squared percentage deviation
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and entropy can be calculated by the van’t Hoff analysis and de-

fined as [13-15]:

(9)

where x is the mole fraction solubility, R represents the universal

gas constant (8.314 J·K−1·mol−1) and T is the corresponding abso-

lute temperature. The ∆H
0

soln can be obtained from the slope of the

solubility curve in the so-called van’t Hoff plot where ln xi is plotted

versus 1/T.

Over a limited temperature interval, the standard molar enthalpy

of solution (∆H
0

soln) would be valid for the mean temperature, so

Eq. (9) can also be written as:

(10)

Actually, the derived values of ∆H
0

soln by Eq. (10) are the same

as that by Eq. (9) (Figs. 3 and 4).

The standard molar Gibbs energy of solution (∆G
0

soln) can be cal-

culated according to literature [16,17]:

∆G
0

soln=−RTmean×int ercept (11)

where the intercept is obtained in plots of ln (xi) as a function of (1/

T−1/Tmean).

Another approach in the literature [18,19] can also be used to

estimate ∆S
0

soln by the equation as follows:

(12)

where ∆S
0

soln can be calculated from intercept of the solubility curve

where ln (xi) is plotted versus (1/T).

The standard thermodynamic parameters for the solution pro-

cess in the selected solvent system are listed in Table 5. The stan-

dard molar enthalpy of solution for all cases is positive, thereby in-

dicating the solution process of xylitol in each selected solvent is

endothermic. For all cases, the standard molar Gibbs energy of solu-

tion is positive, which demonstrates that the process is nonsponta-

neous. The standard molar entropy of solution is positive in all the

solvents, which shows that the entropy is the driving force for the

∆Hsoln

0

 = − R
∂ xiln

∂ 1/T( )
----------------
⎝ ⎠
⎛ ⎞×

∆Hsoln

0

 = − R
∂ x1ln

∂ 1/T −1/Tmean( )
------------------------------------
⎝ ⎠
⎛ ⎞

xi = − 
∆Hsoln

0

RT
------------- + 

∆Ssoln

0

R
------------ln

Table 4. Curve-Fitting parameters of xylitol in binary ethanol (C)+
water (B) solvent mixtures at the temperature range from
278.00 K to 323.00 K by variant 3

T/K S0 S1 S2 Σ(%D)2

278.00 2.5460 2.3565 −4.7874 20.620

283.00 2.7660 1.1931 −4.4738 9.6342

288.00 2.5243 1.7452 −5.0631 6.9251

293.00 2.4438 2.4652 −5.5870 10.628

298.00 2.9689 1.6215 −5.1839 5.9222

303.00 3.1402 1.0863 −3.1057 1.9686

308.00 3.2497 1.2541 −3.3096 2.2678

313.00 3.3880 1.1598 −3.4818 4.6696

318.00 3.5553 0.9970 −3.5821 8.5608

323.00 3.6766 0.7538 −3.6446 6.0191

ΣΣ(%D)2=77.215

Σ(%D)2 is the summed squared percentage deviation

Fig. 3. A van’t Hoff plot of the mole fraction solubility (ln(xi) of xy-
litol in solvent mixtures: ◆, xc

0=0; ◇, xc

0=0.0706; ■ , xc

0=
0.1741; □ , xc

0=0.2821l; ▲, xc

0=0.3654; △, xc

0=0.4777; ●,
xc

0=0.6101; ○, xc

0=0.7000; × , xc

0=0.7827; ※, xc

0=1.000.

Fig. 4. Mole fraction solubility (xi) of xylitol versus temperature
(T) in solvent mixtures: ◆, xc

0=0; ◇, xc

0=0.0706; ■ , xc

0=
0.1741; □ , xc

0=0.2821l; ▲, xc

0=0.3654; △, xc

0=0.4777; ●,
xc

0=0.6101; ○, xc

0=0.7000; × , xc

0=0.7827; ※, xc

0=1.000.

Table 5. Thermodynamic properties of the dissolution of xylitol
in different (ethanol+water) mixed solvents: ∆H

0

soln (kJ·
mol−1), ∆G

0

soln (kJ·mol−1) and ∆S
0

soln (kJ·mol−1)

xc
0

∆G
0

soln ∆H
0

soln ∆S
0

soln

0.0000 04.0866 19.1279 0.0504

0.0706 04.7646 20.6905 0.0533

0.1741 05.2153 25.0576 0.0664

0.2821 05.5906 29.8339 0.0811

0.3654 06.2624 33.4991 0.0911

0.4777 07.2050 36.3834 0.0976

0.6101 09.0558 42.8841 0.1132

0.7000 10.7372 39.3669 0.0961

0.7827 11.4902 40.7749 0.0983

1.0000 14.7441 45.7952 0.1044

xc
0 is the mole fraction of ethanol in a mixed solvent
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solution process.

CONCLUSIONS

From the above analysis, the following accurate conclusions can

be drawn: (1) For all selected solvent systems, solubility is a function

of temperature and solvent composition. From 278.00 K to 323.00

K, the solubility of xylitol increases with increasing temperature in

binary ethanol+water solvent mixtures. (2) At a certain constant

temperature, the solubility sharply decreases with increasing etha-

nol content of the original mixed solvents. (3) The calculated solu-

bility is in good agreement with the experimental values, and the

experimental solubility and correlation equation presented in this

work can be used as essential data and models in the process of the

resolution of xylitol. (4) Variant 2 in the CNIBS/R-K models is more

adaptable to predict solubility of xylitol in a binary ethanol+water

binary system. (5) The thermodynamic properties for the solution

process including Gibbs energy, enthalpy and the entropy were ob-

tained by the van’t Hoff analysis and the Gibbs equation.

NOMENCLATURE

A : parameter of the Apelblat equation

B : parameter of the CNIBS model and the Apelblat equation

C : parameter of the Apelblat equation

D : deviation

m : mass

M : molecule weight

N : the number of data points

S : parameter of the CNIBS model

T : temperature

x : molar fraction

Subscripts

A : solute; parameter

B : solvent; parameter

C : anti-solvent

Superscripts

0 : solute not present

cal : calculated

exp : experimental

REFERENCES

1. B. Rivas, P. Torre, J. M. Dominguez, A. Converti and J. C. Parajo,

J. Agric. Food Chem., 54, 4430 (2006).

2. D.D. Faveri, P. Perego, A. Converti and D.M. Borghi, J. Chem. Eng.,

90, 291 (2002).

3. H. Heikkilae, J. Nygren, M. L. Sarkki, H. Gros, O. P. Eroma, J. Pear-

son and T. Pepper, WO Patent, 9,959,426 (1999).

4. S. M. Payne and F. M. Kerton, Green Chem., 12, 1648 (2010).

5. G. B. Ren, J. K. Wang, Q. X. Yin and M. J. Zhang, J. Chem. Eng.

Data, 49, 1671 (2004).

6. S. Wang, J. K. Wang, Q. X. Yin and Y. L. Wang, Chin. Opt. Lett., 3,

149 (2005).

7. S. Wang, J. K. Wang and Q. X. Yin, Ind. Eng. Chem. Res., 44, 3783

(2005).

8. H. X. Hao, J. K. Wang and Y. L. Wang, J. Chem. Eng. Data, 49, 697

(2004).

9. D. Q. Li, D. Z. Liu and F. A. Wang, J. Chem. Eng. Data, 46, 234

(2001).

10. W. E. Acree, J. Thermochim. Acta, 198, 71 (1992).

11. W. E. Acree, J. McCargar, J. W. Zvaigne and A. L. Teng, Phys.

Chem. Liq., 23, 27 (1991).

12. W. E. Acree and J. W. Zvaigzne, J. Thermochim. Acta, 178, 151

(1991).

13. A. Maher, D. Croker, A. C. Rasmuson and B. K. Hodnett, J. Chem.

Eng. Data, 55, 5314 (2010).

14. D. W. Wei, H. Li, Y. N. Li and J. Zhu, Fluid Phase Equilib., 316,

132 (2012).

15. B. Schroder, L. M. N. B. F. Santos, I. M. Marrucho and J. A. P.

Coutinho, Fluid Phase Equilib., 289, 140 (2010).

16. M. A. Ruidiaz, D. R. Delgado, F. Martinez and Y. Marcus, Fluid

Phase Equilib., 299, 259 (2010).

17. X. Q. Zhou, J. S. Fan, N. Li, Z. X. Du, H. J. Ying, J. L. Wu, J. Xiong

and J. X. Bai, Fluid Phase Equilib., 316, 26 (2012).

18. W. S. Choi and K. J. Kim, J. Chem. Eng. Data, 56, 43 (2010).

19. P. Wang, J. K. Wang. J. B. Gong and M. J. Zhang, Fluid Phase

Equilib., 306, 171 (2011).



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.33333
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.33333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 150
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.33333
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /DetectCurves 0.000000
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /PreserveDICMYKValues true
  /PreserveFlatness true
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /ColorImageMinDownsampleDepth 1
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /GrayImageMinDownsampleDepth 2
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /CheckCompliance [
    /None
  ]
  /PDFXOutputConditionIdentifier ()
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


