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Table 1V. Average Deviations between the Predicted and 
Experimental Values by the Bubble Point Prediction 

A , ,  - A , , ,  A , ,  - A , , ,  
A,, -A , ,  at  A,,  -A , ,  Of 1 A I 2 ,  A,, O f  1 

each pressure atm pressure atm pressure pressure, 
rnnllig A t b  A i ' , a  A t b  A)sla A t b  

760.0 0.003 0.2 0.003 0.2 0.003 0.2 
400.0 0.004 0.1 0.005 0.3 0.006 0.4 
200.0 0.005 0.1 0.006 0.3 0.008 0.5 
100.0 0.006 0.1 0.004 0.4 0.007 0.6 
50.0 0.005 0.2 0.005 0.4 0.010 0.7 

a AJ' I  =Z:iy,,calcd-?'~,exptli/n. A t = c  i fcalcd-rexpt l i /n.  
n = iiurnber of data. 

Glossary 

gE 
P total pressure, mmHg 
Pi 
Q 
R gas constant, cal/(mol K) 
T .  t temDerature. K. O C  

molar excess Gibbs energy, cal/mol 

vapor pressure of pure substance i ,  mmHg 
Q function ( = g E / R T  = xi In y, + x z  In y2) 

x,, y, 

Greek Letters 

TI i component activity coefficient of liquid phase 
A,,,  A2, Wilson parameters defined by eq 2 
Xi, - Wilson parameters, cal/mol 

mole fraction composition of component i in the liquid 
and vapor phases 

hi, 
h2i - 
A22 
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Molar volumes, excess molar volumes, partial molar 
volumes, and molar volume expansion coefficients were 
calculated for the binary molten salt system cesium 
bromide-CuDrous bromide. 

The experimental procedures and density results obtained in 
the system cesium bromide-cuprous bromide have been de- 
scribed previously (6). The temperature coefficients of the 
densities were evaluated at nine mole fractions over the com- 
plete composition range and in the temperature range 507-950 
O C ,  using the method of Archimedean displacement. 

This paper reports on the calculation of molar volumes, ex- 
cess molar volumes, partial molar volumes, and molar volume 
expansion coefficients in the system cesium bromide-cuprous 
bromide. 

Density and Temperature Coefficients of the Density 

of the form 
The experimental density data (6) were fitted to equations 

p = a -  bT (1) 

where p is in grams per cubic centimeter and Tin Kelvin, and 
are listed in Table I. Figure 1 gives an overview of the densities, 
calculated from the data in Table I, over the entire composition 
range at three chosen temperatures. 

Table I .  Least-Squares Fits for the Densities Fitted to Equation 1 
~~ ~~ 

mole % of 103b, g temp rdnge, 
CsBr a ,  g c ~ n ' ~  c W 3  K- '  std dev K 

100.000 
85.097 
74.239 
58.763 
40.543 
30.000 
19.961 
10.467 
0.000b 

4.244, 
4.283, 

4.586, 
4.617, 
4.932, 
5.021, 
5.085, 
5.282, 

4.451" 

1.223 
1.323 
1.326 
1.377 
1.231 
1.400 
1.300 
1.141 
0.9 16 

a 
0.0019 
0.0020 
0.0028 
0.0021 
0.0027 
0.0035 
0.0058 
0.0067 

a 
9 18-1 226 
880-1223 
870-1222 
850- 1226 
86 1-1 22 3 
84 9- 1 22 7 
840-1 224 
780-1224 

See ref 4. b Pure CuBr. 

Molar Volumes and Excess Molar Volumes 

Calculated values for molar volumes, standard deviations in 
molar volumes, ideal molar volumes, and excess molar volumes 
at three chosen temperatures are listed in Table 11. Molar 
volumes VM, ideal molar volumes VI, and excess molar volumes 
VE were calculated from the equations 
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Figure 1. Densities of the CsBr-CuBr system as calculated at 650, 
800 and 950 OC, from the data in Table I. 
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Figure 2. Excess mohr volumes of the CsBr-CuBr system as calculated 
at 650, 800, and 950 OC. 

where p = density of the mixture and p i ,  xi, and M, are the 
density, mole fraction, and molecular mass of the ith component, 
respectively. 

The standard deviations in molar volumes were calculated by 
using the standard deviations in densities (Table I). 

Figure 2 shows the excess molar volumes over the entire 
composition range at three chosen temperatures. 

The molar volumes of the melt mixtures as a function of 
composition over the entire range at the three chosen tem- 
peratures can be found in Figures 3-5. 

Partial Molar Volumes 

Partial molar volumes were determined by using the method 
of intercepts (7) 

VM = x,d VM/dX, + V A  (5) 

where 

xB = mole fraction of component B 

9, = partial molar volume of component A 

From the latter equation it can be seen that if VM is plotted vs. 
xB and a tangent drawn to the curve at any point on the curve, 
corresponding to a definite mole fraction x,', the intercept at 
xB = 0 is 9,. I t  can readily be shown that the intercept on 
the other axis, where xB = 1 or x A  = 0, is the partial molar 
volume of B, 9,. 

2 0 1  ' ' ' ' ' ' ' ' ' 1 
0 0.8 1.0 0 2  0 4  0 6  

M O L E  F R A C T I O N  CSBr 

Flgure 3. Molar volumes of mixture and partial molar volumes of CsBr 
and CuBr as a function of composition at 650 O C :  A, partial molar 
volume CsBr; B, partial molar volume CuBr; C, molar volumes; D, 
molar volume CsBr; E, molar volume CuBr. 
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Figure 4. Molar volumes of mixture and partial molar volumes of CsBr 
and CuBr as a function of composition at 800 O C :  A,  partial molar 
volume CsBr; 6, partial molar volume CuBr; C, molar volumes; D, 
molar volume CsBr; E, molar volume CuBr. 

Figures 3-5 give the molar volume of the mixture and the 
partial molar volumes of CsBr and CuBr, as functions of com- 
position, at 650, 800, and 950 OC, respectively. 

Molar Volume Expansion Coefficients 

At constant pressure and composition the molar volume of 
a solution is a function of temperature only. 

The slope of a curve with axes molar volume and temperature 
(6 VM/6 T)pxA, gives the rate of change of molar volume with 
temperature at a fixed composition. 
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Figure 5. Molar volumes of mixture and partial molar volumes of CsBr 
and CuBr as a function of composition at 950 O C :  A, partial molar 
volume CsBr; B, partial molar volume CuBr; C ,  molar volumes; D, 
molar volume CsBr; E, molar volume CuBr. 

Table Ill. Molar Expansion Coefficients, 01, of the 
CsBr-CuBr System 

molar volume expansion 
coefficients (a )  104a,  K - '  

mole fraction CsBr 923 K 1073K 1223K 

1.0000 3.921 4.172 4.451 
0.8510 
0.7424 
0.5876 
0.4054 
0.3000 
0.1996 
0.1047 
0.0000 

3.916 4.160 
4.109 4.379 
4.153 4.429 
3.536 3.134 
3.846 4.082 
3.402 3.584 
2.829 2.955 
2.064 2.130 

4.437 
4.681 
4.745 
3.956 
4.348 
3.788 
3.092 
2.201 

The molar volume expansion coefficient (2 ,  3, 8) or the 
expansivity, a ,  is defined as 

and can be calculated as follows: 

1 bCXiMi 
(7) @ = -~ 

VM(a - bT)' 

because 

(8) 
molecular mass CxiMi 

density a -  bT 
-- - VM = - 

and 

Table 111 and Figure 6 give the expansivities over the whole 
composition range at the three chosen temperatures. 

Discussion. Mathematical Determination of Partial Molar 
Volumes 

Functions from polynomial, quadratic, and cubic splines were 
fitted by the standard method of least squares to obtain the 
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Flgure 6. Molar volume expansion coefficients (a )  of the CsBr-CuBr 
system at 650, 800, and 950 O C  as a function of composition. 
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relevant partial molar volumes. The detailed mathematical 
analysis can be obtained from the authors. 

Results 

The following information shows that the formation of inter- 
mediate compounds or complex ions might be expected in the 
molten binary system CsBr-CuBr. 

From Table I it can be seen temperature coefficients, b ,  do 
not exhibit a smooth change from one pure component to the 
other. The same argument is true for the density data, Figure 
1, where there is a discontinuity in the region of 0.6 mole fraction 
CsBr. 

Figure 2 shows the positive deviation from additivity which 
increases with temperature and with welldefined maxima in the 

regions of 0.3 and 0.6 mole fractions CsBr at 950 OC. These 
maxima at the mentioned mole fractions also show up clearly 
in Figure 6 where the expansivlies of the melt mixture are plotted 
vs. composition. 

The volume increase on mixing (positive deviation from ad- 
divity) would thus indicate an increase in the amount of cova- 
lency. This argument is based on Klemm's (5) observation that, 
other things being equal, melts consisting of covalent molecules, 
because of weak intermolecular forces, have larger molar 
volumes than those of ionic melts possessing a strong Coulomb 
field of force. Positive deviations from additivity of the molar 
volumes are also observed with systems in which stable complex 
ions exist ( 7) .  Precise electrical conductivity and phase equi- 
librium data will be required for comparison to prove an increase 
in covalency and the existence of intermediate compounds or 
complex ions. 

In  Figures 3, 4, and 5 the plotted partial molar volumes can 
be compared with the molar volumes of the pure components. 
The maxima at about 0.6 mole fraction CsBr, that disappear 
with increasing temperature, coincide with the maxima observed 
in Figures 2 and 6. 
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Vapor-Liquid Equilibrium in the System 2-Propanol-Heptane 
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New vapor-liquid data have been obtained for the binary 
system 2-propanol-heptane at 760 mmHg. The system 
presents strong devlations from ideal behavior and has a 
minlmum boiling point azeotrope that boils at 75.7 OC and 
contains 62.5 mol % 2-propanol. The boiling points and 
activities have been correlated with the cornposltion. 

Introduction 

Solutions of alcohols and hydrocarbons are known to deviate 
strongly from ideal behavior (2, 3, 9). For aromatic hydro- 
carbons the analysis of the thermodynamic and spectroscopic 
data has indicated the presence of an interaction between the 
K electrons and the proton of the hydroxyl group (3). Hwa and 
Ziegler (2) have proposed a more complicated model that as- 
sumes an additional interaction between the aromatic ring and 
alcohol polymer species which involves no breaking of hydrogen 
bonds. Van Ness et al. (9) have reported isothermal vapor-liquid 
equilibrium data as well as excess mixing properties for 2- 
propanol-heptane and several alcohol-hydrocarbon systems. 
This paper reports new isobaric vapor-liquid equilibrium data 
for the binary 2-propanol-heptane. 
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Table I. Physical Properties of Pure Compounds 

refractive bp, "C 
5% purity index at (760 

index cornpd G LC 25 "C rninHg) 

1 2-propanol 99.5a 1 . 3 7 5 P  82.3a  
1.3752b 8 2 S b  

2 heptane 99.7O 1.3858a 98.2a 
1.3851b 98.4b 

a Measured. Reference 9. 

Experimental Sectlon 

Purity of Materials. Analytical grade reagents purchased from 
Merck and Fluka were used without further purification after gas 
chromatography failed to show any significant impurities. 
Properties of the pure components appear in Table I. 

Apparatus and Procedure. An all-glass modified Dvorak and 
Boublik recirculation still ( 7 )  was used in the equilibrium de- 
terminations. The experimental features have been described 
previously ( 70). All analyses were carried out by gas chro- 
matography on a Packard-Becker Model 417 apparatus provided 
with a thermal conductivity detector and an Autolab Model 6300 
electronic integrator. The column was 200 cm long and 0.2 cm 
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