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Figure 6. Refractive indices of the crystals in the solid-solution series 
[Cs,, (Na.H,O)x]CI (Table 11). Letters designate run numbers. Un- 
certainties are indlcated by the size of the rectangles. The solld line 
represents ihe least-squares regression of the data. The composrt[ons 
for K, P, and M (hexagons) were determined from the regression line 
and from the refractive indices. 

solubility data ( 7 )  and the final solution compositions for runs 
T, Q, and R. The location of point F is defined by the final 
solution compositions of runs P and M, in which the solutions 
coexist with the NC (point X) and the solid solution (point Y). 
Inside the area EFX, the solution coexists with the Incongruently 
saturated NC as demonstrated by run G. 

I n  the area FGCY, the final solutions, wlth their compositions 
along the line FG, coexist with solid solutions along the line CY. 
The tie lines shown in Figure 3 were experimentally determined 
as shown in Figure 2. Point G is derived from CsCl solubility 
data (6). The solution-absent area BCX was not investigated 
in this study. 

Concluslon 

The solubility relations in the ternary system NaCI-CsCI-H20 
are determined at 25 OC in this study. I n  addition, a new 
compound and a new solid-solution series are characterized in 
terms of chemical composition, crystal structure, and optical 
properties. Chou and Lee ( I )  have shown that halie solubilities 
in this system are slightly higher than those reported by 
Plyushchev et al. (2).  I n  the CsCI-rich region, the present 
solubility data agree with the literature values (2 )  to within 0.5 
wt % except that two data points reported by Plyushchev et 
al. ( 2 )  for saturated solutions contain 1.4 and 3.6 wt % more 
H,O than the present data indicate. Furthermore, the solubility 
relationships given by Plyushchev et al. ( 2 )  are considerably 
revised by introducing a new compound and a new sol i  solution 
in the system. 
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Solublllty Relations in the Ternary System NaCI-CsCi-H,O at 1 atm. 
3. Solubility Relations at 50 and 75 OC 

I-Ming Chou' and Lisa A. Romankiw 

US.  Geological Survey, 959 National Center, Reston, Virginia 22092 

relations in this system at 25 OC were given in part 2 (2).  This 
paper presents the solubility relations at 50 and 75 OC. SolubUity relations in the CsCI-rich region of the ternary 

system NaCl-C$Cl-H,O were determined at 50 and 75 OC 
by the kotbrmal method. The new compound, 
CsCi-2NaCi.2H20, found at 25 OC In this system Is not 
stable at 50 and 75 OC. However, the solld solutions, 

Experimental Section 

[Cs,_, (Na-H,O), &I, remain stable wlth x values ranglng 
from 0 to 0.352 at 50 OC and from 0 to 0.325 at 75 OC. 
By comblnlng the present results wlth the hallte solublllty 
data reported earller In thls series, we have establlshed 
the solublllty relations of the entlre system at 50 and 75 

The isothermal method (2) was used in this study. Samples 
were reacted at 50 and 75 OC for at least 14 and 7 days, 
respectively, to ensure equilibration (3). After each run, solids 
and solution were separated and analyzed. 

Results and Dlscusslon 
Introductlon 

Halite solubilities in the system NaCI-CsCI-H,O from 20 to 
100 OC were reported in part 1 of this series ( I ) .  Solublllty 

The solubility data are given in Table I .  The bulk compo- 
sitions reported are accurate to k0.03 wt %. The final solid 
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Table I. Solubility Data in the  System NaCl-CsCl-H,O a t  50 and 75 "C 

final composition, wt % 

bulk composition, wt % run 
no. NaCl CsCl H,O 

A-2 9.98 53.00 39.02 
A-3 8.00 55.91 36.09 
A-4 7.30 58.21 34.49 
A-5 4.99 62.98 32.04 
A-6 2.53 66.87 30.60 

solnC solid solida solidb 

NaCl CsCl H,O NaCl CsCl H,O NaCl CsCl H,O phasesd 

15.12e 80.22e 4.66e 8.2Bf 53.54f 38.18 h + ss 
13.69 82.09 4.22 13.20 82.73 4.07 7.75 54.77 37.48 ss 
12.66 83.44 3.90 12.10 84.17 3.73 6.99 56.44 36.57 ss 

8.77 88.52 2.70 9.02 88.20 2.78 4.75 60.79 34.46 ss 
4.17 94.54 1.29 4.28 94.40 1.32 2.53 65.25 32.22 ss 

Temperature = 50 "C 

Temperature = 75 "C 
B-2 8.47 59.04 32.49 13.6ge 82.0ge 4.22e 7.4Bf 59.23f 33.29 h + ss 
B-3 7.03 60.98 31.99 12.32 83.89 3.80 11.47 85.00 3.54 6.98 60.00 33.02 ss 
B-4 5.96 63.06 30.98 10.34 86.47 3.19 10.19 86.67 3.14 5.70 62.00 32.30 ss 
B-5 3.97 65.94 30.09 7.57 90.10 2.33 6.81 91.09 2.10 3.93 65.45 30.62 ss 

a Calculated from x values derived from n Z 5 D  (Table 11). Calculated from x values derived from H,O-content measure- 
ments (Table 11). 
phase only. f Derived from chloride analysis data using the procedures described earlier ( 2 ) .  

= For derivation, see text. d h = ha1ite;ss = solid solution [Cs,-,(Na~H,O),]Cl. e For the solid-solution 

Table 11. Refractive Indices (n2'D)  and Compositions ( x  
in the formula [Cs,-,(NaH,O),]Cl) of Solid Solutions 
Equilibrated at  50 and 7 5  "C 

n25D 
run no. (kO.001) XQ Xb 

Temperature = 50 "C 
A-2 1.589 0.352 
A- 3 1.593 0.325 0.315 
A-4 1.596 0.304 0.293 
A- 5 1.608 0.222 0.228 
A-6 1.624 0.113 0.116 

Temperature = 75 "C 
B-2 1.593 0.325 
B-3 1.597 0.297 0.280 
B-4 1.603 0.256 0.253 
B-5 1.612 0.195 0.177 

Val- 
ues derived from H,O-content measurements; see text for 
details. 

a Values derived from n Z s D  ; see text for details. 

compositions were determined by two independent methods: 
(a) refractive indices measurements-The refractive Indices 

of the solid solutions, [Cs,,(Na.H,O),]Cl, were measured and 
the values for x were calculated from the regression equation 
established earlier (ref 2, Figure 6) 

x = -6.83176nZ5, + 11.2075. (1) 

(b) H,O-content measurements-The H,O contents were 
determined gravimetrically (2) ,  and the x values in the solid- 
solution formula were calculated from the relationship 

wt % H20 in solid solution = 
(100)(18.015)~/(168.3584 - 9 1 . 9 0 0 6 ~ )  (2) 

Values for x obtained from both methods are given in Table 11. 
The compositions of solid solutions (in wt %) calculated from 
these x values are listed in Table I .  These two sets of data 
agree within f l . 1  I wt %. Compositions derived from nZ5D 
data are preferred as n25D can be determined to fO.OO1 
whereas the H,O contents of these samples are small (<5 wt 
%) and hence difficult to measure accurately. The preferred 
values are estimated to be accurate to f 1 wt % . 

The compositions of the final solutions (Table I) for runs A-2 
and 5 2  were determined by the chloride titration method (2). 
For the remaining runs, the solution compositions were obtained 
graphically by using the Schreinemaker resldue method, in 
which the final solution composition lies on the straight line 
defined by the bulk composition and the final solid composition. 
The exact location of the final solution composition on this line 
was defined by the H,O content of the solution determined 

50°C to  H 2 0  

HALITE 

5 0  60 90 CsCl 70 Wt.  

Figure 1. Solubility relations in the CsCI-rich region of the system 
NaCi-CsCI-H,O at 50 O C .  Solid symbols are from the data listed in 
Table I. The sol i  tie lines are defined by the bulk compositions (solid 
circles) and the final solid compositions (solid squares), which are 
obtained from n 25D measurements. The final solution compositions 
(solid triangles) are defined by the solid tie lines and the H,O content 
of the solution. The open symbols are from ptyushchev et al. (3). The 
dashed tie lines are defined by the bulk compositions (open circles) 
and the final solution compositions (open triangles). Solid solutlons 
between CsCl and NaCl were suggested (3). Their eutonic solutlon 
composition is shown by the hexagon. 

to H20 
75°C / 50  
- 

HALITE A 

Figure 2. Solubility relations in the CsCI-rich region of the system 
NaCI-CsCI-H,O at 75 O C .  Symbols are the same as In Figure 1. 
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Flgure 3. Solubility relations in the system NaCI-CsCI-H,O at 50 O C .  

The dashed lines are experimentally determined tie lines (see Figure 
1 ). 

Flgwe 4. Solubility relations in the system NaCI-CsCI-H20 at 75 O C .  

The dashed lines are experimentally determined tie lines (see Figure 
2). 

gravimetrically (2). The reported solution compositions (Table 
I)  are accurate to f0.3 wt %. 

Res& are summarized in Figures 1 and 2 (soli symbols and 
solid lines) for 50 and 75 OC experiments, respectively. The 

solubilities of CsCl in H20 are from Clynne and Potter (4). Also 
shown in these figures (open symbols and dashed lines) are the 
solubility relations given by Plyushchev et al. (3). The compo- 
sitions of their solids were not determined. However, the ex- 
istence of solid solutions between NaCl and CsCl was proposed. 
Their solubility data agree with our values to withii f0.5 wt % 
at 50 OC and within f0.8 wt % at 75 OC. The orientations of 
their solid-solution tie lines (dashed lines in Figures 1 and 2) 
agree very well with ours (solid lines) at 75 OC. However, the 
agreement at 50 OC is limited to the most CsCCrich region only. 
The composition of their eutonic solution (the solution that 
coexists with two solids) agrees with that of ours to f0.37 wt 
% at 50 OC and to f0.73 wt % at 75 OC. 

By combining our results here with the halite solubility data 
presented earlier ( 1 ), we were able to determine the solubility 
relations of the entire system at 50 and 75 OC. These relations 
are shown in Figures 3 and 4. At these temperatures, the new 
compound, CsCI.2NaCI.2H20, found at 25 OC (2) is not stable. 
However, the soli solutions, [CS,,(N~.H,O)~]CI, remain stable 
at these temperatures. The maximum values for x are 0.352 
at 50 OC and 0.325 at 75 O C ,  compared with a value of 0.427 
at 25 OC (2). 

Concluslon 

The solubility relations in the system NaCI-CsCI-H,O are 
determined at 50 and 75 OC. Our solubility data agree very well 
with the literature values (3). However, the relations between 
the solutions and the coexisting solids reported by Plyushchev 
et al. (3) are modified considerably in this study. 
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Vapor-Liquid Equilibria for the Ternary Systems 
Acetonitrile-2-Butanone-Benzene and 
Acetonitrile-Methanol-Benzene at 328.1 5 K 

Tatsuhlko Ohta and Isamu Nagata" 
Department of Chemical Engineerhg. Kanaza wa Unjversity, Kanaza wa, 920 Japan 

Isothermal vapor-llquld equlllbrlum data at 328.15 K are 
presented for the ternary systems 
acetonltrlla-2-butanone-benzene and 
acetonhrlle-mefhanoCbenzene, and three blnary systems: 
2-butanone-acetonltrlk, 2-butanone-benzene, and 
acetonltrb-benzene. Experimental data are correlated 
by the W l h n  and UNIOUAC equatlons and the UNIFAC 
method. 

I ntroductlon 

Vapor-liquid equilibrium data at 328.15 K were obtained for 
the two ternary systems aCetQnitrile-2-butanOne-benZene and 
acetonitrile-methanol-benzene, and three binary systems: 
2-butanone-acetonitrile, 2-butanone-benzene, and aceto- 
nitrile-benzene with a Boublik still ( 1 ). Isothermal vapor-liquid 
equilibrium data for the binary systems have been published by 
several investigators: 2-butanone-acetonitrile (2); 2-buta- 
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