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Liquid-liquid and solid-liquid equilibrium data of the CH3CH2OH + Cs2CO3 + H2O system were
determined at (0, 20, and 40) °C. It was found that the effect of the temperature on the phase equilibrium
was insignificant within the investigated range. The binodal curves were correlated using a five-parameter
equation, and the tie lines were fitted using the Othmer-Tobias and Bancroft correlations. A sample of
the solid phase analyzed by TGA showed that it was Cs2CO3‚3.5H2O. The refractive index for the systems
was also determined.

Introduction

The salt in a mixed solvent plays an important role in
scientific research and the chemical industry.1 In recent
years, liquid extraction with inorganic salt has become a
useful separation and purification technology in chemical
and biological processes.2,3 This extraction technology offers
an advantage of easy processing and provides data for
various modified models to obtain some other physicochem-
ical properties.

Many systems including salts and mixed solvents have
been investigated.4-8 In this respect, we have investi-
gated phase diagrams of the ethanol + cesium sulfate +
water system at (10, 30, and 50) °C,9 the ethanol +
rubidium carbonate + water system at (0, 20, 30, 40, and
60) °C,10 and the ethanol + cesium chloride + water sys-
tem at (30, 40, and 50) °C.11 Regarding the ethanol +
cesium carbonate + water system, we have examined the
solubility data at 30 °C12 and found that the equilibrium
solid was Cs2CO3‚3.5H2O. However, the effect of the
temperature was not studied, and the phase diagram of
the system was not presented. In the following, we present
solubility data and the phase diagram of the ethanol +
cesium carbonate + water system at (0, 20, and 40) °C;
such data are of interest in the design of purification
methods for cesium carbonate. These results can be also
used to develop thermodynamic models of aqueous two-
phase systems.13-15

Experimental Section

Materials. Analytical-grade ethanol (purity > 99.5%,
Xi’an), analytical-grade cesium carbonate (purity > 99.5%,
Jiangxi), and specpure K2Cr2O7 (purity > 99.8%, Tianjin)
were used without further purification. Double distilled
water was used in all experiments.

Apparatus and Procedure. The experimental ap-
paratus employed is similar to the one used previously.9 A
glass vessel, volume of 25 cm3, was used to carry out the
binodal curve measurements. It is provided with an
external jacket in which water at constant temperature (to
(0.1 °C) was circulated from a controlled thermostat. The

binodal curves were determined by the addition of a small
amount (about 0.01 g) of ethanol to cesium carbonate
solution (about 10 g) of known concentration until turbidity
appeared or vice versa, which indicated the formation of
two liquid phases.16 The composition of the mixture was
followed by the mass using an analytical balance (Shang-
hai) with a precision of (1 × 10-7 kg.

Tie lines were determined also using the equilibrium set
designed by ourselves and according to previously described
procedures.9 For the determination, only samples less than
10-cm3 were required. Samples were prepared by mixing
the appropriate mass of ethanol, salt, and water in the
vessels. The thermostat was set at the desired temperature.
The sample was fixed on the carrier plate, stirring for 48
h, and the solution was allowed to settle for a further 24 h
to ensure that equilibrium was established. Once equilib-
rium was achieved, phases were withdrawn using syringes.
The refractive index was measured immediately after the
sample was withdrawn. The refractive index of each
solution was determined using a ZAW-J refractometer
(Shanghai) with a resolution of 1 × 10-4, and temperature
was controlled to (0.1 °C. The measurements were re-
peated at least three times.

The concentration of the salt was determined using
atomic absorption spectrometry (AAS). The AAS mea-
surements were performed using a TAS-986 Atomic Ab-
sorption Spectrometer (Beijing) at a wavelength of 852.1
nm. The uncertainty in the measurement of the mass
fraction of the salt was estimated to be (0.2%. The
concentration of the ethanol was determined using the
oxidation process, and K2Cr2O7 was used as oxidant.17,18

The reproducibility of the determination of the alcohol mass
fraction was less than (0.5%. The solid phase (salt) was
analyzed using TGA, which showed the salt to be Cs2CO3‚
3.5H2O.

Results and Discussion

The binodal curve data of the ethanol + cesium carbon-
ate + water system at (0, 20, and 40) °C are presented in
Table 1. It was found that the effect of the temperature on
the phase equilibrium was insignificant within the inves-
tigated range. Figure 1 shows the binodal curve, together
with the experimental tie lines of the system at 20 °C. The
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binodal curves were also given using the following nonlin-
ear expression we have described in the former work9

w1 and w2 represented the mass fraction of CH3CH2OH and
Cs2CO3, respectively. The coefficients of eq 1 along with
the corresponding standard deviations for the investigated
systems are given in Table 2. On the basis of obtained
standard deviations, we conclude that eq 1 can be satis-

factorily used to correlate the binodal curves of the
investigated systems.

The compositions of tie lines are given in Table 3 for each
temperature studied. In the table, the refractive index is
higher in the bottom phase because of the influence of the
high salt concentration. The same result was obtained at
all investigated temperatures. The eutectic points of the
top and the bottom phases are also given in the table.

The reliability of the measured tie line compositions was
ascertained by the correlation equations given by Othmer-
Tobias (eq 2) and Bancroft (eq 3)16

where w1
t is the mass fraction of ethanol in the top phase,

w2
b is the mass fraction of Cs2CO3 in the bottom phase,

w3
b and w3

t are, respectively, the mass fraction of water in
the bottom and top phases, and k1, k2, n, and r represent
fit parameters. The values of the parameter are given in
Table 4. A linear dependency of the plots log((1 - w1

t)/w1
t)

against log((1 - w2
b)/w2

b) and log(w3
b/w2

b) against log-
(w3

t/w1
t) indicates an acceptable consistency of the results.

The corresponding correlation coefficient values, R, are also
given in Table 4. Furthermore, on the basis of the standard
deviations, δ1 and δ2, given in Table 4, we conclude that
eq 2 and eq 3 can be satisfactorily used to correlate the tie
line data of the investigated systems.

Figure 2 shows the complete phase diagram of the
system at 20 °C. The letters L and S denote the liquid
phase and the solid phase, respectively. Six zones are
observed in the diagram.

Region L represents the homogeneous zone of unsatur-
ated liquid.

In the region 2 L, two liquid phases are in equilibrium:
a top phase rich in ethanol and a bottom phase rich in
Cs2CO3.

Table 1. Binodal Curve Data as Mass Fraction for
CH3CH2OH (1) + Cs2CO3 (2) + H2O (3) at (0, 20, and 40) °C

T/°C 100w1 100w2 100w1 100w2 100w1 100w2

0 86.48 0.6339 35.03 23.95 3.879 56.91
78.33 1.169 19.34 35.68 1.877 64.16
77.54 1.258 13.47 41.23 1.709 65.73
61.41 5.214 9.178 44.54 1.106 70.30
55.35 7.558 8.182 52.54 0.8331 73.25

20 86.68a 0.4067 41.83 14.88 5.534b 51.30
79.03 1.060 39.37 15.27 5.136 52.59
77.52a 1.328 34.40 18.00 3.564 57.19
72.26a 2.181 26.78 23.20 3.245 52.18
61.02 4.971 20.46 28.51 3.061b 59.34
60.21a 5.612 16.88 32.10 2.124b 63.54
51.73 7.528 12.99 35.93 1.828 59.38
44.91 12.61 10.65 42.82 0.9501b 70.47

40 87.20a 0.6183 34.85 18.53 3.267 56.67
87.06 0.7550 27.64 23.46 3.017b 61.13
81.09 1.045 19.48 30.18 2.826 58.10
76.07a 1.655 14.01 35.89 1.540 66.19
63.85a 3.989 11.19 39.35 1.531b 65.83
56.70 7.010 10.78 40.12 1.288 69.16
51.95 8.579 9.954b 42.50 0.8725b 72.37
48.78a 10.51 8.725 42.88 0.4977 81.66
41.88 13.18 8.340 44.69
40.78 14.43 4.648b 52.70

a Alcohol phase. b Aqueous phase.

Figure 1. Binodal curve and tie lines for the ethanol (1) + cesium
carbonate (2) + water (3) at 20 °C: O, experimental data of binadol
curve; solid line, calculated from eq 1; 4, tie line data.

Table 2. Values of Parameters of Equation 1

T/°C a b c d e δa

0 0.248 -5.764 11.637 -24.484 11.738 0.919
20 -0.064 -1.477 -1.481 -2.749 -2.872 1.136
40 0.136 -3.705 4.491 -13.637 6.024 0.588

a δ )∑((w1
cal - w1

exp)2/N)0.5, where N is the number of binodal
data.

ln w1 ) a + bw2
0.5 + cw2 + dw2

2 + ew2
3 (1)

Table 3. Tie-Line Data as Mass Fraction and Refractive
Index, nD, for CH3CH2OH (1) + Cs2CO3 (2) + H2O (3) at (0,
20, and 40) °C

top phase bottom phase

T/°C 100w1 100w2 nD 100w1 100w2 nD

0 55.81 7.758 1.3733 5.814 52.53 1.4021
63.73 4.292 1.3724 3.945 57.05 1.4016

6 9.49 2.678 1.3721 2.969 60.02 1.4125
78.18 1.159 1.3719 1.851 65.08 1.4223
90.79a 0.3864 1.3720 0.6486b 70.31 1.4466

20 44.13 13.66 1.3689 13.37 42.44 1.3693
60.21 5.621 1.3661 5.534 51.30 1.3977
72.26 2.181 1.3656 3.061 59.34 1.4096
77.52 1.328 1.3651 2.124 63.54 1.4172
86.68 0.4067 1.3646 0.9501 70.47 1.4342
92.89a 0.4311 - 0.6456b 72.62 -

40 48.78 10.51 1.3615 9.945 42.50 1.3850
63.85 3.989 1.3580 4.648 52.70 1.3968
76.07 1.655 1.3588 3.017 61.13 1.4085
81.56 0.7319 1.3580 1.531 65.83 1.4200
87.20 0.6183 1.3572 0.8725 72.37 1.4338
93.21a 0.8323 - 0.5873b 74.31 -

a The eutectic point of the top phase. b The eutectic point of the
bottom phase.

Table 4. Values of Parameters of Equations 2 and 3

T/°C k1 n k2 r R1 R2 δ1 δ2

0 0.934 1.835 1.002 0.533 0.999 0.999 0.195 0.233
20 0.740 1.769 1.080 0.528 0.999 0.991 0.182 0.242
40 0.654 1.577 1.245 0.613 0.999 0.999 0.156 0.206

((1 - w1
t)/w1

t) ) k1((1 - w2
b)/w2

b)n (2)

(w3
b/w2

b) ) k2(w3
t/w1

t)r (3)
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Two L + S regions are observed, where the solid phase
is Cs2CO3‚3.5H2O, but the difference is that the right
represents a saturated liquid with low ethanol concentra-
tion. The saturation curve of this one begins at the
solubility point of the salt in water (B), to the eutectic point
of the aqueous phase FI. This region is very small. The
saturation curve of the zone to the left has a high alcohol
concentration, and this curve initiates in the solubility
point of the salt in alcohol (A) and terminates at the vertex
of pure ethanol. Both eutectics are given in Table 3 for each
temperature.

Two liquid phases and one solid phase exist in the 2L +
S region. This curve is initiated in the eutectic point of the
organic phase, Fs, and terminates at the vertex of pure
ethanol.

In the region L + 2S, the presence of two solid phases is
observed; one is Cs2CO3‚3.5H2O and the other is Cs2CO3.

The similar behavior has been found in the Li2SO4-1-
propanol-H2O19 system, which also had two kinds of salt:
anhydrous salt and monohydrate. There was a difference
between the system studied in the present work and the
former systems we investigated;9-11 they only had one kind
of salt, anhydrous salt, so there were five zones in the phase
diagrams.
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Figure 2. Complete phase diagram for ethanol (1) + cesium
carbonate (2) + water (3) at 20 °C. A, solubility point of the salt
in the ethanol; B, solubility of the salt in water; C, the point of
Cs2CO3‚3.5H2O; Fs and FI, two eutectic points.
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