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Abstract−The solubility of N-ethylcarbazole in (ethanol+petroleum ether) binary solvent mixtures was measured
with the temperature changing from 280.15 K to 316.15 K. The experimental data matched the solvent/Redlich-Kister
(CNIBS/R-K) equation and the Jouyban-Acree equation. Computational results showed the CNIBS/R-K equation was
more suitable than the Jouyban-Acree equation. The solution process in the thermodynamic properties, including the
Gibbs energy, enthalpy, and entropy, was calculated by the van’t Hoff analysis.
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INTRODUCTION

As an important chemical intermediates, carbazole and its deriv-
atives are widely used in dye, medicine, pesticide, spices and mac-
romolecule [1,2]. N-ethylcarbazole is a kind of carbazole derivatives
synthesized by carbazole and diethyl sulfate. N-ethylcarbazole is
widely used for synthesizing dyes such as sulfur vat blue GNX and
Permanent violet RL. Permanent violet RL is recognized as the best
purple pigment by now, widely used in plastics, coatings, printing,
printing ink and leather coloring agent [3,4]. In terms of pharma-
ceutical intermediates, N-ethylcarbazole is mainly used for sulfa
antibiotics, hemolytic streptococcus, pneumococcus and meningo-
coccal infection. As a coal tar extraction, the price of N-ethylcar-
bazole keeps rising with the price increase of coal tar. The research
of the chemical and physical properties of N-ethylcarbazole appears
increasingly important. The studies on the solubility of N-ethylcar-
bazole in different solvents are more important, because they are
guidelines for choosing the suitable solvent and are beneficial to
the optimization of the crystallization process.

In this work, the solubility of N-ethylcarbazole in (ethanol+pet-
roleum ether) binary solvent mixtures was measured from 280.15
K to 316.15 K at atmospheric pressure (101.3 kPa). Ethanol and
petroleum ether were selected as binary solvent mixtures since they
are inexpensive, and easily removed from the solution. The experi-
mental data were calculated by the solvent/Redlich-Kister (CNIBS/
R-K) equation and the Jouyban-Acree equation, the Jouyban-Acree
model is one of the most accurate models developed in recent years
[5]. All the two equations proven the accuracy of the experimen-
tal data. In addition, the thermodynamic properties of the dissolu-
tion process such as Gibbs energy, enthalpy, and entropy were cal-
culated by the van’t Hoff equation and the Gibbs equation. The re-
sults indicated that the dissolution process was endothermic.

EXPERIMENTAL

1. Materials and Apparatus
N-ethylcarbazole (C14H13N, FW195.2597, CASRN:86-28-2, Fig.

1) was purchased from Aladdin Industrial Corporation with a mass
fraction purity >97%. Its purity was measured by high performance
liquid chromatography (HPLC type Agilent 1260 Infinity LC, Agi-
lent Technologies). Ethanol and petroleum ether were supplied by
Shanghai Shenbo Chemical Co., Ltd., China. All the solvents were
used without further purification and more details about the purity
of solvents are listed in Table 1. Analytical balance (model: BSA224S)
was provided by Sartorius Scientific Instruments (Beijing) CO., Ltd.
with the uncertainty of ±0.0001 g. The Smart water-circulator ther-
mostatic bath (model: DC-2006) was provided by Ningbo Scientz

Fig. 1. Chemical structure of N-ethylcarbazole.

Table 1. Provenance and purity of the materials used

Solvent Source
Mass

fraction
purity

Molar
mass

(g·mol−1)
N-ethylcarbazole Aladdin ≥0.970 195.26
Ethanol Shenbo chemicals ≥0.990 046.07
Petroleum ether Shenbo chemicals ≥0.997 195.34
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Biotechnology CO., Ltd. with the uncertainty of ±0.01 K.
2. Methods

The solubility of N-ethylcarbazole in (ethanol+petroleum ether)
binary solvent mixtures was measured from 280.15 K to 316.15 K
at atmospheric pressure by the method similar to that described in
our previous work [6,7]. Excess mass of N-ethylcarbazole and 8 ml
binary solvent mixtures were added into a 10ml glass test tube, main-
tained in a Smart water-circulator thermostatic bath. A continu-
ous stirring rate of 80 rpm was taken at least for 6 hours to ensure
the solution reaching equilibrium, then turned off the stirrer stand
for 6 hours to ensure the suspended solid phase settle down. After
that, transferred 1 ml supernatant by a pipette gun into a 5 ml bea-
ker with cover, the empty beaker and the total weight was meas-
ured by balance immediately. Finally, we put the beaker into a dryer
oven for seven days until the weight of the beaker did not change
and recorded the measurement result. All the solubility experiment
was repeated three times to obtain the mean value.

RESULTS AND DISCUSSION

1. Solubility Data
The molar fraction solubility are listed in Table 1 as function of ini-

tial mole fraction of ethanol in the solvent mixture and temperature.

(1)

where m1, m2, represent the mass of the solute, ethanol, petroleum
ether, M1, M2, represent the molecular weight of the solute, etha-
nol, petroleum ether, respectively.

From Table 2 and Fig. 2, it can be observed that the solubility of
N-ethylcarbazole in (ethanol+petroleum ether) binary solvent mix-
tures is a function of temperature and solvent composition. The
solubility of N-ethylcarbazole in (ethanol+petroleum ether) binary
solvent mixtures increases with the increasing temperature. The
solubility was relatively high in petroleum ether but low in ethanol,
while it increased with increasing petroleum ether content at con-
stant temperature. From here we could use ethanol as effective anti-

x1= 
m1/M1

m1/M1+ m2/M2
--------------------------------------

Table 2. Mole fraction solubility (x1) of N-ethylcarbazole in ethanol
(2)+petroleum ether binary solvent mixtures at the tem-
perature range from (280.15-316.15) K under atmospheric
pressurea

100x1
b x2

b 100(x1−x1
cal b)/

x1 (Eq. (4))
100(x1−x1

cal)/
x1 (Eq. 12)

T=280.15 K
3.001 0.000 0.003 10.639
2.881 0.320 −0.014 23.348
2.684 0.515 0.018 18.193
2.361 0.645 0.140 26.556
2.021 0.739 −0.114 33.653
1.699 0.809 −0.571 43.396
1.424 0.864 0.429 50.873
1.191 0.908 0.214 57.878
1.021 0.944 0.284 63.003
0.872 0.974 1.388 66.663
0.744 1.000 −2.254 66.623

T=284.15 K
3.872 0.000 0.005 11.253
3.622 0.320 −0.024 17.725
3.505 0.515 −0.046 11.542
3.023 0.645 0.463 15.455
2.575 0.739 0.070 19.321
2.152 0.809 −0.831 36.469
1.825 0.864 0.663 45.503
1.535 0.908 1.772 51.743
1.275 0.944 1.506 56.054
1.077 0.974 2.423 59.939
0.853 1.000 −3.778 59.336

Table 2. Continued

100x1
b x2

b 100(x1−x1
cal b)/

x1 (Eq. (4))
100(x1−x1

cal)/
x1 (Eq. 12)

T=288.15 K
4.992 0.000 0.002 12.399
4.612 0.320 −0.027 9.582
4.238 0.515 0.125 3.651
3.672 0.645 −0.163 10.256
3.163 0.739 −0.016 20.264
2.657 0.809 0.041 28.583
2.186 0.864 −0.082 36.993
1.794 0.908 0.513 42.777
1.451 0.944 −0.055 44.465
1.179 0.974 −0.373 47.052
0.969 1.000 −0.206 48.520

T=292.15 K
6.289 0.000 −0.002 12.105
5.932 0.320 0.024 4.885
5.137 0.515 −0.099 −6.179
4.402 0.645 0.052 −0.609
3.761 0.739 0.170 9.496
3.152 0.809 0.048 16.759
2.600 0.864 −0.300 25.091
2.139 0.908 −0.262 29.827
1.763 0.944 0.051 37.698
1.456 0.974 0.158 43.678
1.212 1.000 0.412 37.772

T=296.15 K
7.730 0.000 0.001 10.170
7.023 0.320 −0.009 −3.307
6.653 0.515 0.033 −8.573
5.775 0.645 −0.021 −2.091
4.845 0.739 −0.041 5.279
3.963 0.809 0.003 13.587
3.199 0.864 0.006 1.902
2.577 0.908 0.050 25.975
2.088 0.944 0.350 29.074
1.689 0.974 −0.296 28.443
1.390 1.000 −0.223 24.145
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solvent in the crystallization process.
2. Data Correction

In this work, the CNIBS/Redlich-Kister model was used to de-
scribe the relationship of the experimental isothermal mole frac-
tion solubility and binary solvent compositions [8,9]. The model is
presented in Eq. (2):

(2)

where x2 and x3 represent the initial mole fraction composition of
the (ethanol+petroleum ether) binary solvent. Si is the model con-
stant, (x1)i is the saturated mole fraction solubility of the solute in
pure solvent i. N can be equal to 0, 1, 2 and 3. When N=2 and x3=
1−x2, Eq. (2) can be written as Eq. (3):

lnx1=ln(x1)3+(ln(x1)2− ln(x1)3+S0−S1+S2)x2 (3)
lnx1=+(−S0+3S1−5S2)x2

2+(−2S1+8S2)x2
3+(−4S2)x2

4

x1= x2 x1( )2ln  + x3 x1( )3ln  + x2x3 Si x2 − x3( )iN
i=0∑ln

Table 2. Continued

100x1
b x2

b 100(x1−x1
cal b)/

x1 (Eq. (4))
100(x1−x1

cal)/
x1 (Eq. 12)

T=300.15 K
9.480 0.000 0.003 8.554
9.063 0.320 −0.035 −1.270
8.493 0.515 0.174 −10.222
7.355 0.645 −0.326 −10.097
6.240 0.739 0.245 2.626
5.087 0.809 0.187 5.687
4.018 0.864 −0.836 8.689
3.195 0.908 −0.182 11.702
2.586 0.944 2.313 15.114
2.015 0.974 0.616 18.070
1.549 1.000 −3.253 7.036

T=304.15 K
11.599 0.000 0.003 7.223
10.641 0.320 −0.031 −3.251
9.683 0.515 0.115 −12.153
8.725 0.645 −0.090 −10.954
7.767 0.739 −0.146 −6.501
6.809 0.809 0.021 −2.014
5.851 0.864 0.200 1.450
4.893 0.908 0.359 3.841
3.935 0.944 −0.348 4.549
2.977 0.974 0.905 6.458
2.019 1.000 −1.575 4.353

T=308.15 K
14.714 0.000 −0.001 2.627
13.543 0.320 0.007 −2.099
12.371 0.515 −0.025 −15.163
11.200 0.645 0.063 −14.940
10.028 0.739 −0.020 −11.659
8.857 0.809 −0.062 −8.678
7.686 0.864 0.020 −5.543
6.514 0.908 0.008 −2.104
5.343 0.944 −0.010 −3.832
4.171 0.974 −0.016 −4.959
3.042 1.000 0.014 80.477

Table 2. Continued

100x1
b x2

b 100(x1−x1
cal b)/

x1 (Eq. (4))
100(x1−x1

cal)/
x1 (Eq. 12)

T=312.15 K
15.853 0.000 0.001 −2.799
14.668 0.320 −0.009 −32.500
13.482 0.515 0.022 −8.715
12.297 0.645 −0.031 −8.505
11.112 0.739 0.036 −0.908
9.927 0.809 −0.092 −8.768
8.741 0.864 0.083 −4.987
7.556 0.908 0.123 −5.087
6.371 0.944 −0.042 −5.790
5.185 0.974 −0.123 −12.715
4.023 1.000 −0.049 −32.868

T=316.15 K
16.945 0.000 −0.001 −8.539
15.751 0.320 0.004 15.267
14.556 0.515 −0.018 9.736
13.362 0.645 0.035 11.249
12.167 0.739 −0.021 9.435
10.973 0.809 −0.026 5.114
9.778 0.864 0.014 −3.600
8.584 0.908 0.065 −7.573
7.389 0.944 −0.071 −90.927
6.195 0.974 0.015 −19.182
5.012 1.000 0.037 −39.211

aExperimental uncertainty u is u (x1)=±0.0003, u (T)=±0.02 K
bx1 denotes the mole fraction solubility of N-ethylcarbazole, x2 de-
notes the initial composition of solvent mixtures, x1

cal denotes the
calculated solubility

Fig. 2. Solubility of N-ethylcarbazole in ethanol+petroleum ether
binary solvent mixtures: ■, 280.15K; ●, 284.15K; ▲, 288.15
K; ▼, 292.15 K; ◀, 296.15 K; ▶, 300.15 K; ◆, 304.15 K;
△, 308.15 K; □ , 312.15 K; ★, 316.15 K.
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Eq. (3) can be further simplified as:

lnx1=B0+B1x2+B2x2
2+B3x2

3+B4x2
4 (4)

B0=ln(x1)3 (5)

B1=ln(x1)2− ln(x1)3+S0−S1+S2 (6)

B2=−S0+3S1−5S2 (7)

B3=−2S1+8S2 (8)

B4=−4S2 (9)

where B0, B1, B2, B3, and B4 are model constants of this model and
were calculated. They are listed in Table 3. The CNIBS/R-K model
can only be used to predict and describe the solubility data for dif-
ferent concentrations of a mixed solvent at a fixed temperature.
For describe the effect of both solvent compositions and tempera-
ture on the solubility of N-ethylcarbazole, we need another model
called Jouyban-Acree model as follows [10-12]:

(10)

where Ji is the parameters of this model, T is the absolute tempera-

ture, and other symbols denote the same meaning as Eq. (2). When
N=2 and x3=1−x2, Eq. (10) can be written as Eq. (11):

(11)

Eq. (11) can be further simplified as:

T lnx1=A0+A1T+A2Tx2+A3x2+A4x2
2+A5x2

3+A6x2
4 (12)

where A0, A1, A2, A3, A4, A5, A6 are model constants of this model
and were calculated. They are listed in Table 4.

The solubility data of N-ethylcarbazole calculated by Eq. (4) and
Eq. (12) are listed in Table 2. The mean deviation (MD) defined
was used to evaluate the agreement between the model predic-
tions and the experimental data:

(13)

where N1 is the number of experimental points, x1 is the experi-

x1= x2 x1( )2ln  + x3 x1( )3 + x2x3
Ji x2  − x3( )i

T
-----------------------

N
i=0∑lnln

x1= x1( )3ln  + x1( )2ln  − x1( )3ln( )x2  + 
J0 − J1+ J2( )x2

T
------------------------------ln

+ 
− J0  + 3J1− 5J2( )x2

2

T
----------------------------------------  + 

− 2J1+ 8J2( )x2
3

T
-------------------------------  + 

− 4J2( )x2
4

T
--------------------

MD =100

x1− x1
cal

x1
------------------∑

N1
-----------------------

Table 3. Parameters of CNIBS/R-K equation for N-ethylcarbazole in the binary solvent as function of temperature
T/K B0

a B1
a B2

a B3
a B4

a MDa

280.15 −3.506 −3.112 −13.020 −17.824 0−9.329 0.494
284.15 −3.251 −2.359 −10.534 −15.215 0−8.509 1.053
288.15 −2.997 −2.289 −11.631 −18.090 −10.386 0.146
292.15 −2.766 −2.152 −11.051 −16.770 0−9.522 0.143
296.15 −2.560 −0.862 0−5.178 0−8.995 0−6.392 0.094
300.15 −2.356 −1.970 0−9.889 −16.064 0−9.924 0.743
304.15 −2.154 −1.669 0−7.758 −12.412 0−8.056 0.345
308.15 −1.987 −5.001 −32.228 −59.056 −31.435 0.022
312.15 −1.842 −2.261 −10.393 −11.769 0−2.050 0.055
316.15 −1.696 −4.647 −16.116 −24.822 −15.182 0.028

Overall MD=0.312
aB0, B1, B2, B3, and B4 are model constants of Eq. (4), MD is mean deviation of Eq. (13)

Table 4. Parameters of the Jouyban-Acree equation for N-ethylcarbazole in the binary solvent for temperature range of 280.15-316.15 K
T/K A0

a A1
a A2

a A3
a A4

a A5
a A6

a MDa

280.15 4.044
284.15 3.605
288.15 2.727
292.15 1.993
296.15 1.337
300.15 7.558
304.15 4.665
308.15 2.648
312.15 1.112
316.15 8.827

−4967.44 14.1 6.64 −1858.59 170.56 −448.39 −383.63
Overall MD=1.957

aA0
a, A1

a, A2
a, A3

a, A4
a, A5

a and A6
a are model constants of Eq. (12), MD is mean deviation of Eq. (13)
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mental solubility, x1cal is the calculated solubility. The values of
MD, the parameter values of Eq. (4) and Eq. (12) were all listed in
Tables 3-5.

As we can see from Table 2 and Fig. 2-3, it is clearly described
that the solubility of N-ethylcarbazole in (ethanol+petroleum ether)
binary solvent mixtures is a function of temperature and solvent
composition. The solubility is relatively high in petroleum ether,
but low in ethanol, the solubility of N-ethylcarbazole increases with
the increasing petroleum ether content. The MD value for the CNIBS/
R-K equation was 0.312, and for the Jouyban-Acree equation was

1.957. This result indicates that the calculated results from both of
two equations shows good agreement with the experimental data.
Moreover, the lower value of the overall MD showed the CNIBS/
R-K equation is more suitable than the Jouyban-Acree equation in
this work. The CNIBS/R-K equation can only be used for the pre-
diction of solubility for different concentrations of a mixed solvent
at constant temperature, while the Jouyban-Acree equation can be
used for predicting solubility at different temperatures and differ-
ent concentrations [13].
3. Thermodynamic Properties of Solutions

From the above, the solution process of N-ethylcarbazole de-
pended on both the solvent compositions and temperature, and
the results could be used to elucidate the molecular mechanisms
involved in the solution process [14]. Over the temperature and
the solubility range under investigation, the apparent enthalpy change
of solution could be related to the temperature and the solubility
as following:

(14)

where R is the universal gas constant (8.314J·K−1·mol−1). The stan-
dard molar enthalpy change of solution could be related to the tem-
perature and the solubility with the following equation based on
the van’t Hoff analysis [15]:

(15)

The standard molar Gibbs energy of solution (ΔGo
soln) can be cal-

culated by:

ΔGo
soln=−RTmean×intercept=ΔHs−TmeanΔSo

soln (16)

where the intercept is obtained in plots of lnx1 versus (1/T−1/Tmean)
(Tmean=298.15 K, in the present work) [16]. The propagation of un-
certainties in the thermodynamic quantities calculations was made
according to the literature [17,18]. The relative contributions of the
enthalpy ξH and ξTS to the standard free energy of solution were
calculated by Eq. (17) and Eq. (18) [19,20]:

(17)

(18)

The data of Gibbs energy, entropy, and enthalpy were listed in
Table 5 together with ξH and ξTS. The conclusion can be drawn from
Table 5. The dissolution enthalpy is determined by the enthalpy
changes in separating solvent molecules, separating solute mole-
cules and allowing the solute and solvent to interact to form the
solution. If the intermolecular forces between solute and solvent
particles are weaker than other intermolecular forces, the dissolu-
tion enthalpy is positive and the solution formation is endothermic.
The enthalpy and the standard Gibbs energy of N-ethylcarbazole
were positive in the studied binary solvent mixtures, indicating the
solution process of N-ethylcarbazole in (ethanol+petroleum ether)
binary solvent mixtures was endothermic. Moreover, because val-

ΔHsoln
o

 = − R
∂ x1ln
∂ 1/T( )
----------------

⎝ ⎠
⎛ ⎞×

ΔHsoln
o

 = − R ∂ xln
∂ 1/T −1/Tmean( )
--------------------------------------

⎝ ⎠
⎛ ⎞

%ξH = 
ΔHsoln

o

ΔHsoln
o

 + TΔSsoln
o

--------------------------------------- 100×

%ξTS = 
TΔSsoln

o

ΔHsoln
o

 + TΔSsoln
o

--------------------------------------- 100×

Table 5. Thermodynamic functions relative to solution process of
N-ethylcarbazole in the binary solvent at mean tempera-
ture

x2
a ΔHo

soln/
KJ·mol−1 a

ΔGo
soln/

KJ·mol−1 a
ΔSo

soln/
J·mol−1·K−1 a %ξH

a %ξTS
a

0.000 37.218 6.172 104.127 54.521 45.479
0.320 40.244 5.949 115.026 53.991 46.009
0.515 45.960 6.197 133.365 53.615 46.385
0.645 46.017 6.594 132.228 53.859 46.141
0.739 44.259 7.065 124.751 54.337 45.663
0.809 42.394 7.560 116.834 54.895 45.105
0.864 40.620 8.081 109.137 55.523 44.477
0.908 39.452 8.577 103.557 56.098 43.902
0.944 38.828 9.048 099.885 56.594 43.406
0.974 38.404 9.494 096.966 57.052 42.948
1.000 39.127 9.965 097.811 57.296 42.704

ax2 denotes the initial composition of solvent mixtures, ΔHo
soln/KJ·

mol−1 denotes the standard molar enthalpy of solution, ΔGo
soln/KJ·

mol−1 denotes the standard molar Gibbs energy of solution, ΔSo
soln/

J·mol−1·K−1 denotes the standard molar entropy of solution, %ξH

and %ξTS denote the comparison of the relative contribution to the
standard Gibbs energy by enthalpy and entropy, respectively

Fig. 3. Mole fraction solubility (x1) of N-ethylcarbazole in the binary
solvent against 104(1/T−1/Tmean) with a straight line to cor-
relate the data: ■, x2=0; ●, x2=32%; ▲, x2=51.1%; ▼, x2=
64.5%; ◆, x2=73.9%; ◀, x2=80.9%; ▶, x2=86.4%; □, x2=
90.8%; ★, x2=97.4%; ○, x2=97.4%; △, x2=1.
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ues of %ξH were ≥46.38%, the main contributor to the standard
molar Gibbs energy of solution was the enthalpy during the disso-
lution.

CONCLUSIONS

Solubility data of N-ethylcarbazole in (ethanol+petroleum ether)
binary solvent mixtures was measured. We can draw the follow-
ing conclusions: (1) The solubility of N-ethylcarbazole in (ethanol+
petroleum ether) binary solvent mixtures increased with the in-
creasing temperature, and the increasing petroleum ether content
at constant temperature. (2) The calculated results from the solvent/
Redlich-Kister (CNIBS/R-K) equation and the Jouyban-Acree equa-
tion showed good agreement with the experimental data, and the
solvent/Redlich-Kister (CNIBS/R-K) equation was more suitable
than the Jouyban-Acree equation in this work at constant tempera-
ture. (3) The experimental solubility data could be used for choos-
ing the suitable solvent and were beneficial to the optimization of
the crystallization process, while the ethanol could be used as effec-
tive anti-solvent. (4) The thermodynamic properties of the solu-
tion process, including the Gibbs energy, enthalpy, and entropy were
calculated by the van’t Hoff analysis, and the results indicated that
the dissolution process was endothermic.

ACKNOWLEDGEMENTS

This research work was financially supported by Key topics for
State Key Laboratory of Materials-Oriented Chemical Engineering
(ZK201304), the university scientific research industry promotion
project (JHB2011-16), the science and technology support program-
part of agriculture (BE2013442) and the Joint Innovation and Re-
search funding-prospective joint research projects (SBY201320243).

REFERENCES

1. D. F. Zhao, D. H. Zhou and J. Z. Yang, Dyestuffs and Coloration, 04,

32 (1987).
2. D. E. Gingrich, D. R. Reddy and M. A. Iqbal, J. Med. Chem., 25,

5375 (2003).
3. W. P. Sun, Shanghai Chemical Industry, 19, 1 (1994).
4. X. P. Sun and X. Z. Jiang, Shanghai Chemical Industry, 19, 12 (1994).
5. A. Jouyban, J. Pharmacy Pharmaceutical Sciences, 11, 32 (2008).
6. Z. G. Chen, W. G. Yang, Y. H. Hu and Z. Y. Lei, J. Chem. Eng. Data,

56, 2676 (2011).
7. Z. Y. Lei, Y. H. Hu, W. G. Yang and L. Li, J. Chem. Eng. Data, 56,

2714 (2011).
8. W. E. Acree Jr., Thermochim. Acta, 198, 71 (1992).
9. W. E. Acree Jr. and A. I. Zvaigzne, Thermochim. Acta, 178, 151

(1991).
10. M. Hasana, A. B. Sawanta, R. B. Sawanta and P. G. Loke, J. Chem.

Thermodyn., 43, 1389 (2011).
11. B. S. Liu, H. Sun, J. K. Wang and Q. X. Yin, Food Chem., 128, 218

(2011).
12. H. Sun, M. Li, J. T. Jia, F. K. Tang and E. H. Duan, J. Chem. Eng.

Data, 57, 1463 (2012).
13. C. Y. Wang, Y. H. Hu, W. G. Yang, Y. H. Li, K. Wang and S. Guo, J.

Chem. Thermodyn., 64, 100 (2013).
14. M. Gantiva and F. Martínez, Fluid Phase Equilib., 293, 242 (2010).
15. B. Schroder, L. M. N. B. F. Santos, I. M. Marrucho and J. A. P.

Coutinho, Fluid Phase Equilib., 289, 140 (2010).
16. R. R. Krug, W. G. Hunter and R. A. Grleger, J. Phys. Chem., 80, 2341

(1976).
17. W. E. Acree Jr. and A. I. Zvaigzne, Thermochim. Acta, 178, 151

(1991).
18. P. R. Bevington, McGraw-Hill, New York (1969).
19. G. L. Perlovich, S. V. Kurkov, A. N. Kinchin and A. Bauer-Brandl,

AAPS J., 6, 22 (2004).
20. G. L. Perlovich, S. V. Kurkov, A. N. Kinchin and A. Bauer-Brandl,

Eur. J. Pharm. Bio-pharm., 57, 411 (2004).



<<
  /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
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments 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
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness 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
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /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
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /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
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /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 (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
  /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


