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Osmotic and Activity Coeff tcients of Aqueous K,S04-MgS04 and 
KCI-MgCI, at 25 O C  
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The osmotlc coefflcients of the two aqueous mixtures 
K,S04-MgS04 and KCI-MgCI, were determlned by 
isopiestic measurements at 25 OC. The measurements 
have been carried out over an ionic strength range of 
1.1-12.4 mol-kg-‘ (K,S04-MgS04) and 1.1-12.8 mobkg-’ 
(KCI-MgCi,). The experlmentai data were treated by 
three different methods (Pitzer, Scatchard, Schonert). 
With both PHzer’s equations and Scatchard’s neutral 
electrolyte equatlons the agreement between calculated 
and experimental osmotic coefflclents Is very good over 
the entlre Ionic strength range up to saturation. To 
examlne the mean molal actlvlty coefflclents calculated by 
the different model equatlono, the soiublllty curves have 
been calculated and compared. 

Introduction 

The osmotic and activity coefficients of aqueous KCI-MgSO, 
mixtures within the ionic strength range of 0.8-1 1.7 mobkg-’ 
have recently been reported ( 1 ) .  Although it was necessary 
to extrapolate the data of the binary KCI solutions to concen- 
trations far away from the saturation limit, both Pitzer’s treat- 
ment and Scatchard’s neutral electrolyte equations well repre- 
sented the experimental data over the entire concentration 
range. Because of the necessity to apply reliable activity 
coefficients for modeling the thermodynamic properties of more 
complex multicomponent systems, especially natural saline 
brines, we extended our measurements and calculations to two 
further ternary systems of practical interest. 

In  this report isopiestic data are presented for H,O-K,S- 
0,-MgSO, and H,O-KCI-MgCI, from moderately low concen- 
trations to nearly saturated solutions at 25 OC. Besides the 
well-known Scatchard and Pitzer formalisms, we tested also a 
method described by Schonert (2) to calculate the mean activity 
coefficients without consideration of the corresponding binary 
data. Furthermore, using Scatchard’s parameters we calcu- 
lated the excess Gibbs energies of mixing A,GE (referred to 1 
kg solvent) characterizing the interactions of the two electro- 
lytes in the ternary solutions at several constant total ionic 
strengths. 

Present address: Akademie der Wissenschaften der DDR, Forschungsinsti- 
tut fur Aufbereitung, DDR-9200 Freiberg. 

A detailed study of the activity coefficients in K,SO,-MgSO, 
mixtures was made by Ninkovic and Radovanovic (3) using the 
isopiestic technique, but only up to an ionic strength of 5.5 
mobkg-’. 

Examination of the available osmotic coefficients and activity 
data for aqueous KCI-MgCI, (4-7) measured with solutions of 
total ionic strengths less than 6 mol-kg-’ indicated remarkable 
discrepancies. Three of these data sets are in reasonably good 
agreement ( 4 ,  6, 7), while the fourth study (5) gives deviating 
osmotic coefficients. From this arose our intention for rein- 
vestigation to get accurate data within an extended ionic 
strength range. 

Experimental Section 

The isopiestic apparatus is the same as previously described 
( 7 )  with KCI, MgCI,, and MgSO, as the reference electrolytes. 
For KCI reference solutions, the osmotic coefficients at iso- 
piestic equilibrium were taken from Hamer and Wu (8) and 
corrected by the procedure of Rard et al. (9). The osmotic 
coefficients for MgCi, and MgSO, reference solutions have 
been calculated by means of equations given by Rard and Miller 
(70, 7 7 )  considering newest experimental data. 

The preparation and analyses of the KCI and MgSO, solutions 
have been described elsewhere ( 7). Doubly recrystallized 
analytical grade MgCI,.6H20 was used for the preparation of 
a MgCI, stock solution. Concentration of this MgCI, stock was 
determined by mass titration with AgNO, yielding 5.4860 f 
0.0015 mol-kg-’. The cited uncertainty is the average deviation 
of 10 independent titrations. Recrystallized analytical grade 
K2S04 was dried in an oven at 200 OC before preparation of 
solutions by weight. All weights were converted to mass. 

Samples of KpSO, and MgCI, solutions were analyzed for 
impurities by using atomic absorption spectrometry (Mg, Ca) and 
flame photometry (Ne, K, Ba). The impurities found in MgCI, 
were less than 5 ppm by weight for all four elements. K2S04 
had ca. 56 ppm Mg, 10 ppm Na, 6 ppm Ca, and less than 5 
ppm Ba. 

Duplicate samples of constant ionic strength fraction have 
been prepared by dilution or evaporation of weighted amounts 
of stock solutions. All water used in this study was first 
deionized and then distilled. A few measurements were made 
on pure aqueous MgCI, and MgSO, using KCI reference s o b  
tions to confirm our technique. 

0021-9568/85/ 1730-0440$01.50/0 0 1985 American Chemical Society 
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Table I. Osmotic Coefficients for MgClz with KCl 
Reference Solutions at 25 "C 

m*KCI/ mMgC12I 
mol-kg-' d * K c I  molvkg-' d" 
1.2748 0.8997 0.7479 1.0223 1.0216 
2.7890 0.9295 1.3787 1.2535 1.2558 
2.6067 0.9249 1.3092 1.2277 1.2278 
3.5553 0.9507 1.6466 1.3685 1.3686 
3.8163 0.9584 1.7353 1.4051 1.4075 
4.2391 0.9715 1.8690 1.4690 1.4675 

" Computed from Rard and Miller's polynomials (10). 

Table 11. Osmotic Coefficients for MgS04 with KCl 
Reference Solutions at 25 "C 

m*KCI/ 
mol. kg-' 
0.9527 
1.0651 
1.3931 
2.0122 
2.2982 
2.5704 
2.6411 
2.8647 
2.9272 

@*KCI 

0.8971 
0.8978 
0.9011 
0.9116 
0.9177 
0.9240 
0.9258 
0.9314 
0.9331 

m M g S 0 4 I  
mol. kg-' 
1.4794 
1.6047 
1.9342 
2.4233 
2.6161 
2.7848 
2.8255 
2.9521 
2.9851 

aexpt l  

0.5777 
0.5959 
0.6490 
0.7569 
0.8062 
0.8529 
0.8654 
0.9038 
0.9150 

90 

0.5763 
0.5939 
0.6491 
0.7553 
0.8053 
0.8530 
0.8651 
0.9040 
0.9145 

" Computed from Rard and Miller's polynomials (11). 

More than 100 measuring points per ternary system taken 
at constant ionic strength fractions and variable total ionic 
strength were distributed within the whole region of stable so- 
lutions. Only such runs have been accepted where the mo- 
lalities of duplicate samples at isopiestic equilibrium agreed to 
better than 0.06% of the average. 

Results 

The results for pure MgCI, and MgS04 solutions were cal- 
culated by using the equation for isopiestic equilibrium 

where the symbols with asterisks refer to KCI isopiestic 
standard. Our results and corresponding values computed from 
polynomials given by Rard and Miller ( 70, 7 7 )  are reported in 
Tables I and 11. 

The measured ionic strengths of ternary mixtures at different 
ionic strength fractions together with the ionic strengths and 
osmotic coefficients of reference solutions are summarized in 
Tables 111 and I V .  Molal osmotic coefficients of the mixed 
solutions were calculated by using the equation 

The data agreed within f0.0025 in a. 

with r = 4 (KCI reference solution) or r = 1 (MgSO, reference 
solution) for H,O (l)-K,SO, (2)-MgS04 (3) and r = 2 (reference 
electrolyte KCI) or r = 1 (reference electrolyte MgCI,) for H20 
(l)-KCI (2)-MgC12 (3). The corresponding vapor pressures of 
solutions at 25 'C referred to 3168.7 Pa for pure water (72) 
are also listed in Tables I11 and IV. 

Calculations and Discussion 

The results reported in this paper were analyzed by three 
methods. The first method used is Scatchard's neutral elec- 
trolyte treatment ( 73) in the general form 

and 

Table 111. Isopiestic Ionic Strengths and Vapor Pressures of H20 ( l ) -K2S04 (2)-MgS04 (3) Mixtures and Reference 
Solutions at 25 "C 

I*KCl/ Pn201 

2.7032 2.5748 2.4607 2.3066 2.1787 2.8064" 0.5182" 3127 
3.2344 3.0937 2.9701 2.7936 2.6462 3.3460" 0.5210" 3119 
4.7593 4.6068 4.4791 4.2933 4.0830 0.7411 0.8969 3094 
5.5082 5.3715 5.2492 5.0534 4.8451 0.8851 0.8969 3079 
6.6127 6.5049 6.3985 6.2289 6.0317 1.1248 0.8982 3055 
7.3493 7.2640 7.1730 7.0282 6.8486 1.3036 0.9000 3037 
8.2924 8.2397 8.1851 8.0758 7.9176 1.5593 0.9035 3012 
8.6422 8.6066 8.5617 8.4680 8.3236 1.6631 0.9052 3001 
9.5623 9.5599 9.5405 9.4794 1.9549 0.9103 2972 

10.0079 10.0186 10.0152 9.9863 2.1102 0.9136 2956 
10.7264 10.7717 10.7862 2.3789 0.9195 2929 
11.2782 11.3487 11.3857 2.6010 0.9248 2906 
12.3234 12.4354 3.0579 0.9366 2858 

Z/mol.kg-' 
y z  = 0.02793 y2 = 0.06685 y2 = 0.09929 yz = 0.14931 yz = 0.19890 mobkg-' d* Pa 

I/ mol- kg-' 
yz = 0.29859 yz = 0.40049 yz = 0.49744 YZ = 0.65075 Yz = 0.79933 

1.7757 
1.9456 
2.7547 
2.9571 
3.4096 
3.7436 
4.0315 
4.5695 
4.8637 
5.2137 
5.5233 
6.1288 

1.5836 
1.7362 
2.4464 
2.6500 
3.0637 
3.3742 
3.6465 
4.1526 
4.4347 
4.7723 
5.0701 
5.6602 

1.4321 
1.5700 
2.2271 
2.4052 
2.7857 
3.0690 
3.3152 
3.7899 
4.0522 
4.3741 
4.6606 

1.2430 1.1009 
1.3661 1.2149 
1.9371 1.7037 
2.0827 1.8411 
2.4163 2.1273 
2.6653 2.3473 
2.8823 2.5389 
3.2983 
3.5312 

I * K d  
mol- kg-' 
2.6108" 
2.8323n 
0.5597 
0.6009 
0.6880 
0.7521 
0.8096 
0.9155 
0.9714 
1.0430 
1.1063 
1.2350 

@* 
Pn20/ 

Pa  
0.5182" 
0.5183" 
0.8983 
0.8978 
0.8972 
0.8968 
0.8968 
0.8969 
0.8972 
0.8976 
0.8981 
0.8993 

3130 
3127 
3112 
3108 
3099 
3093 
3087 
3076 
3071 
3064 
3057 
3044 

" MgS04 reference solution. 
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Table IV. Isopiestic Ionic Strengths and Vapor Pressures of HzO (1)-KCl (2)-MgCIz (3) Mixtures and Reference Solutions at 
25 OC 

I*MBcI,l Pn201 
y 2  = 0.02436 yz = 0.05076 y 2  = 0,10199 yz = 0.20065 y 2  = 0.29228 mol-kg-I @* Pa 

2.2104 2.1701 2.0986 1.9675 1.8572 2.2437 1.0218 3041 
3.7014 3.6612 3.5786 3.4272 3.2919 3.7347 1.2023 2922 
4.8260 4.7948 4.7223 4.5737 4.4471 4.8606 1.3572 2814 
5.2367 5.2106 5.1445 5.0054 4.8754 5.2698 " 1.4170 2770 
5.7568 5.7293 5.6774 5.5522 5.4307 5.7861 1.4949 2711 
6.3447 6.3180 6.2747 6.1724 6.0581 6.3630 1.5849 2642 
6.8549 6.8374 6.8027 6.7174 6.6314 6.8691 1.6660 2578 
7.4665 7.4577 7.4429 7.3883 7.3193 7.4730 1.7650 2499 
7.5258 7.5169 7.4959 7.4417 7.5258 1.7736 2491 
7.7423 7.7378 7.7255 7.6823 7.7436 1.8100 2462 
8.5361 8.5484 8.5569 8.5624 8.5251 1.9420 2351 

10.0454 10.0849 10.1557 10.0056 2.1965 2133 
10.6529 10.7035 10.6017 2.2998 2042 
11.3030 11.3715 11.2362 2.4098 1945 
11.4119 11.4818 11.3430 2.4283 1929 
12.0201 12.1068 11.9364 1839 
12.6172 12.7178 12.5160 2.5374 1750 

IlmoLkg-' 

I*MPl,l Pn201 
y 2  = 0.40085 y 2  = 0.48470 y 2  = 0.60430 y 2  = 0.74660 y 2  = 0.90136 molqkg-l a* Pa 

1.4071 1.3334 1.2434 1.1507 1.0621 1.0125" 0.8974" 3067 

I /  mol. kg-' 

1.5409 
2.2883 
2.5019 
3.3281 
3.5333 
4.3708 
4.6484 
5.2150 
5.5543 
6.0361 
6.2775 

1.4637 
2.1914 
2.3993 
3.2107 
3.4156 
4.2448 
4.5223 
5.0976 
5.4411 
5.9260 
6.1679 

1.3671 
2.0622 
2.2630 
3.0535 
3.2522 
4.0730 
4.3500 
4.9197 
5.2628 
5.7556 

1.2658 
1.9250 
2.1166 
2.8809 
3.0739 
3.8777 
4.1517 
4.7116 
5.0510 

a KC1 reference solution. 

Table V. Pitzer's Single Electrolyte Coefficients for K2S04, 
MgS04, KCl, and MgCl, 

K2S04" MgSO, (11) KClb MgCI2 (10) 

@(O) 0.04432 0.21499 0.04626 0.35093 
P(1) 0.7365 3.3646 0.21844 1.65075 

CQc 0.00181 0.02797 -0.000398 0.00651 
a1 2.0 1.4 2.0 2.0 
a2 12  
B* 1.2 1.2 1.2 1.2 

@(a -32.743 

a Evaluated with extrapolated data for the supersaturated solu- 
tions according to a procedure applied by Robinson et al. (16). 
*Taken from Hamer and Wu (8) and corrected with respect to real 
gas behavior (9). depends on the ionic strength and can be 
calculated from the tabulated LY and p parameters (14). 

Table VI. Scatchard's Coefficients for HzO (l)-KzSO, 
(2)-MgSO, (3) at 25 O C  

102bol 10'boz 102b03 cl(@) 

-0.95 f 0.07 -0.32 f 0.01 0 0.0018 
-0.65 f 0.12 -0.46 i 0.05 0.011 f 0.004 0.0014 

a,' is the osmotic coefficient of the pure electrolyte i in a 
solution at the total ionic strength of the mixed salt solution. The 
b,, parameters were calculated from the measured osmotic 
coefficients by using a least-squares method. a,' values were 
calculated from equations given by Rard and Miller ( 10, 11) 
(MgSO,, MgCI,) or with Ptzer's single electrolyte equation (14). 
The corresponding Pitzer parameters are available and listed 
in Table V. Calculated Scatchard coefficients b,, for the two 
investigated systems are given in Tables V I  and V I I .  As 
checked with an F test, it was found that Fu(I), eq 4, could be 
expressed by only three parameters leading to the tabulated 
standard deviations between experimental and recalculated 
osmotic coefficients. From these parameters, the mean acttvii 

1.1708 
1.7930 
1.9760 
2.7073 
2.8947 
3.6741 
3.9396 
4.4921 
4.8273 

1.1169" 
1.7181" 
1.8952" 
2.6067" 
2.789ff 
3.5553" 
3.8163" 
5.7240 
6.0312 
6.4635 
6.6738 

0.8981" 
0.9061" 
0.9093O 
0.9249" 
0.9295" 
0.9507" 
0.9584O 
1.4854 
1.5328 
1.6008 
1.6344 

3056 
2996 
2978 
2905 
2886 
2805 
2777 
2719 
2683 
2630 
2603 

Table VII. Scatchard's Coefficients for H20 (1)-KCI 
(2)-MgCl2 (3) at 25 "C 

1O2bOl 1O2boi 1O2bn$ (a) 
4.53 i 0.08 -1.18 i 0.01 0 0.0020 
3.99 f 0.13 -0.95 f 0.05 -0.019 f 0.04 0.0014 

coefficients of constituent electrolytes can be calculated with 
equations given in Scatchard's papers. 

The second method is concerned with Pitzer's treatment of 
mixed electrolyte solutions ( 14, 15) specialized to the type of 
the used electrolytes. For the K2S04 (2)-MgSO, (3) mixtures 
we obtain 

a - i =  em2 + 8m3(- O.392I1l2 ) + 
3m2 + 2m3 1 + 1 . 2 ~ ~ ~ 2  

and for KCI (2)-MgC12 (3) 

a - 1 =  2m2 + ems(- 0.39211'2 ) + 
2m2 + 3m3 1 + 1.21112 
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Table VIII. Pitzer's Mixing Parameters (25 "C) 
parameters &SO, (2)-M.&04 (3) KC1 (2)-MpC19 (3) 

B6K,Mg -0.031 f 0.002 0.0371 f 0.0019 
'O'K,Mg -0.0048 f 0.0002 -0.0113 f 0.0002 

0 (9) 0.0025 0.0032 
GK,Mg,aoicn 0 0 

Table IX. Coefficients for the  Ionic Strength Fraction 
Polynomials 
coeff &So4 (2)-MgS04 (3) KCl (2)-MgC12 (3) 

bl -0.0952 f 0.0026 -0.0019 f 0.0008 
b2 0.031 f 0.011 0.048 * 0.014 
b3 0.013 f 0.010 0.070 f 0.060 

b5 0.076 f 0.046 
C 1  -0.0276 f 0.0019 0.0065 f 0.0002 
CP -0.0367 f 0.0081 -0.0052 f 0.0042 
c3 0.0165 f 0.0073 -0.013 * 0.018 
c4 0.043 f 0.028 

dl -0.0034 f 0.0003 -0.00047 f 0.00002 
d2 0.0062 f 0.0014 0.0006 f 0.0003 
d3 0.0030 * 0.0013 0.0010 * 0.0015 
d4 -0.0037 f 0.0023 
d5 0.0023 f 0.0011 

b4 -0.129 f 0.093 

C6 -0.021 * 0.013 

The parameters B* and C* were calculated from published or 
recommended coefficients for binary solutions by using the 
known Pitzer formalism. These coefficients are summarized 
in Table V. Assuming a linear ionic strength dependence of the 
'O/,,(Z) interaction parameter, the interaction parameter e*/, , 
can be divided into the following terms 

(8) 

Both electrostatic contributions, 'e/, ,  and were calculated 
with appropriate expressions (15) by numerical integration. The 
adjustable mixing parameters and their standard deviations for 
the best fits of osmotic coefficients are given in Table VIII .  
For both systems there was no improvement in fitting by in- 
clusion of $ parameters. The values of Tables V and VI11 
were used to obtain the mean activity coefficients with ex- 
pressions given also in Pitzer's papers. 

Furthermore, we applied a procedure proposed by Schonert 
(2) to evaluate the activity coefficients. This method consists 
of a suitable integration of the Gibbs-Duhem equation yielding 
for ternary solutions 

e*/,, = "/,, + 2 m , ,  + e e / , , ( u  + I e e ' / , , ( u  

B ,  C, and D are functions of the ionic strength fractions. This 
dependence may be expressed by polynomials of the following 

(10) 

type (2) 

BO.,) = b ,  + b& + b3yi2 + ... 
CW/) = c, + cg j  + C$/2  + ... 

with i = 2, 3. The calculated values of coefficients in eq 10 
are listed in Table IX. From the empirical parameters B ,  C, 
and D calculated by the least-squares method, the activity 
coefficients can be obtained with appropriate expressions (2). 

Schonert's treatment offers the advantage that the activity 
coefficients are calculable from the solvent activities without 

"'* I I 

0.3 t 
0.2 } MgSO;7H20 r 

mMgSo6/moi. kg-' 

Flgure 1. Experimental solubilities (-) and corresponding data cal- 
culated by using different methods for H,O (l)-K,SO, (2)-MgSO, (3) 
at 25 'C: (0) Pitzer's equations, (0) Scatchard's equations, (0) 
Schonert's procedure. 

6 ft 
KCI. MgCl j 6H,O 

x 

m,,,/mol. kg-' 

Figure 2. Experimental solubilities (-) and corresponding data cal- 
:ulated by using different methods for H,O (1)-KCI (2)-MgCI, (3) at 25 

C: (0) Pitzer's equations, (0) Scatchard's equations, (0) Schonert's 
procedure. 

knowledge of the activities of the corresponding binary solu- 
tions. However, the regression of experimental data and the 
numerical calculation of derivatives with respect to y require an 
extensive set of accurate measuring points. 

The comparison between empirical and calculated solubility 
data enables to check the reliability of the applied three models. 
The solubility data were evaluated from solubility constants for 
ternary solutions being in contact with the stable solid phases. 
These constants have been determined with standard chemical 
potentials reported by Harvle and Weare (17). From the 
well-known relationships between solubilii constants and ac- 
tivity coefficients, the solubllities have been determined by an 
iterative method. Figures 1 and 2 reveal the very good 
agreement between predicted solubilitles and experimental data 
(78) with the exception of K,SO,-MgSO, treated by the 
Schonert procedure. The discrepancies in the K2S0,-MgS04 
system occurring especially at hlgh ionic strengths and high 
MgSO, content are obviously due to the difficulty to calculate 
the coefficients of eq 10 with a sufficient precision. 



444 Journal of Chemical and Engineering Data, Vol. 30, No. 4, 1985 
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Figwe 3. Excess oibbs free energy of mklng &GE for H,O (l)-K,SO, 
(2)-MgSO, (3) at 25 OC. 

Osmotic coefficients for K$o4&fgSO4 obtained in this study 
and f ied  by the Scatchard equation have been compared with 
those of Ninkovic and Radovanovic (3XZ, = 5.5 mol-kg-'). 
The data are practically identical within f0.004. For KCI- 
MgCI,, our res& are systematically lower by 0.002 up to 0.007 
than osmotic coefficients given in the literature (4, 7) (I, = 
5 mobkg-') indicating a reasonable good agreement. Activity 
coefficients of KCI measured by Gieskes and Christenson (6) 
at Z = 1 mol-kg-l using an ion-selective electrode are in ex- 
cellent agreement with data obtained in the present work. On 
the other hand, the deviating data of Klrgintsev and Lukyanov 
(5) for the ionlc strength range from 3.3 to 6 mobkg-l are 
obviously not accurate. There are already considerable dls- 
crepandes between reported isopiestic molalities and generally 
accepted standard values for pure MgCI, solutions (70).  

I t  follows from the detailed analysis of our results that the 
equation of Scatchard is quite suitable to accurately evaluate 
the osmotic and activky coefficients also at high concentrations. 
However, the higher accuracy in comparison with Pltzer's me- 
thod requires a higher number of adjustable parameters leadlng 
to an increasing numerical expense in case of more complex 
systems. Consequently, the Peer procedure appears to be 
optimal with respect to accuracy and number of empirical pa- 
rameters. Because of the relatively high sensitivity against 
random errors of regression coefficients, the Schonert method 
was found to be limited in applicability. 

Finally, the values of the excess Wbs free energy of mlxing 
have been calculated from the Scatchard coefficients given in 
Tables V I  and VI1  by using the exprression 

The resuits at round ionic strengths are shown in Figures 3 and 
4. Owing to the dominatlng factor RTZ', the absolute values 
of AMGE are somewhat uncertain (approximately 35% at high 
ionic strengths). Nevertheless, the principal trend at varying 
ionic strength should be correct. For K2S04-MgS0,, the A,,,GE 
data are generally negative. On the contrary, in KCI-MgCI, 
mixtures occurs a change of sign at an ionic strength of about 
7.5 mol-kg-'. I t  can be assumed that the Considerable differ- 
ence between both systems is due to comparatively large 
contributions of anions (especially the SO4 anion) to the ionlc 
interaction In the investigated temary solutions. The relatively 

9 mol, kg" 

-zooo In 
d Y2 

Figwe 4. Excess Gibbs free energy of mixing A,GE for H,O (1)-KCI 
(2)-MgCI, (3) at 25 OC. 

large difference between the calculated interaction 
coefficients for K2S04-MgS04 and KCI-MgCI, mixtures supports 
this interpretation. 
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Excess Thermodynamic Properties for Acetonitrile/Water 

M. A. Vlllama?ibnt and H. C. Van Ness" 
Chemical and Environmental Engineering Department, Rensselaer Polytechnic Institute, Troy, New York 12 180-3590 

Heatofmixing data for the binary liquld system 
acetonitrile/water at 50 OC are reported. These data, 
together with HE data at 5 and 25 OC from the literature 
and a previously pubilshed set of VLE data at 50 OC, are 
comMned to provide correlatlons for HE, GE, and Sc that 
are functlons of both composition and temperature. 

Experimental heatsf-mixing data at 50 O C  for the aceto- 
nitrilelwater system, taken with the apparatus of Winterhalter 
and Van Ness ( l ) ,  are listed in Table I. The acetonitrile was 
OmnlW reagemt from MCB Manufacturing Chemists, Inc., with 
an assay of 99.8 mol %; the water was doubly deionized. 
Boiling the reagents accomplishes partial degassing, and they 
are loaded into the calorimeter while hot. With this procedure, 
no evolution of dissolved gases occurs during a run. 

Correlations for the Excess Properties 

by the eight-parameter Margules equation 
An excellent correlation of the reported HE data is achieved 

(1) 

where A' 
DZ1'x1 + D1ix2 ;  E'= EP1'xl + E1;x2. Regresslon of the data 
to minimize the sum of squares of the differences between 
experimental and calculated values of HE,  all points weighted 
equally, leads to the following values of the parameters: A zl' 
= 3.09040, A ' = 0.28205; C2,' = 0.49964, C12' = 
-13.33587; D21'2= -14.101 70, 0,: = -66.70484; E,,' = 
-25.872 04, E12' = -104.790 37. The rms value of the devi- 
ations is l. l J mol-' and the maximum deviation is 2. l J mol-'. 
We could find no equation with a smaller number of parameters 
that provided a proper correlation of the data. 

A comparable set of vapor/liquid equiHbrlum data, also at 50 
OC, was reported recently by Villamaiiln et al. (2). A suitable 
correlation of these P-x data resulted when the excess Gibbs 
energy of the liquid phase was represented by the six-param- 
eter Marguies equation. For present purposes, we require 
Margules equations for both GE and HE with the same number 
of terms. We have therefore refit the P-x data of VillamaAln 

HE/(x1x2RT)  = A ' -  C'x1x2 + D ' ( X ~ X , ) ~  - E'(xlx.# 

A2' 'x1  + A lz'x2; C' CP1'xl  + C , i x 2 ;  0' 

'Permanent address: E. T. S. de Ingenleros Industriales, Universldad de 
Vailadolld, ValladoiM, Spaln. 

Table I. HE-x Data for Acetonitrile (l)/Water (2) at 50 "C 
XI  x ,  HEIJ mol-' x ,  x ,  HEIJ mol-' 

0.0194 
0.0501 
0.0686 
0.1066 
0.1507 
0.1999 
0.2405 
0.2475 
0.2919 
0.3432 
0.3936 
0.4457 

0.9806 
0.9499 
0.9314 
0.8934 
0.8493 
0.8001 
0.7595 
0.7525 
0.7081 
0.6568 
0.6064 
0.5543 

28.0 
113.0 
177.6 
319.3 
472.8 
626.6 
739.1 
755.4 
862.1 
969.8 

1060.2 
1137.2 

0.4902 
0.5418 
0.5989 
0.6482 
0.6988 
0.7511 
0.7981 
0.8494 
0.9007 
0.9327 
0.9579 
0.9858 

0.5098 
0.4582 
0.4011 
0.3518 
0.3012 
0.2489 
0.2019 
0.1506 
0.0993 
0.0673 
0.0421 
0.0142 

1189.3 
1232.2 
1255.1 
1249.2 
1218.8 
1147.6 
1049.2 
891.9 
661.8 
484.7 
318.1 
115.3 

et ai. to provide parameters for the eight-parameter Margules 
equation, which may be written for GE as 

G E / ( x 1 x 2 R T )  = A - Cxlx2 + D(x1x2) ,  - € ( x , ~ , ) ~  (2) 

where A D2,x ,  + D ,g2; E E2,x , + E , g , .  The resuiting parameter values 
are A,, = 2.014 13, A ,, = 2.51424; C,, = 1.190 13, C12 = 

E 12 = -8.867 9 1. The rms value of the pressure deviations is 
1.0 kPa, and the maximum deviation is 1.9 kPa. 

S E / ( x 1 x 2 R )  = A"- C"xlx2 + D " ( X ~ X ~ ) ~  - € / ' ( ~ , x ~ ) ~  (3) 

where A"= Az1"x1 + A12"x2, C"= Cpl r 'x l  + C 1 i r x 2 ,  D" 
5 DZ1''xl + Dl2"x2, E" = E 2 1 " ~ 1  + E12"x2, with each pa- 
rameter Mu" related to the corresponding parameters in eq l 
and 2 by 

A,+,  + A 'g2; C = C2,x1 + C12x2;  D 

0.51224; 0 2 1  = 1.06764, Dj, = -4.51292; €21 = -0.84890, 

Since SE = (HE - GE) /T ,  we also have 

M [ =  M i -  Mu 

The resulting parameter values for 50 OC are therefore A 2," 

= 1.07627, A 'i' = -2.232 19; CZ1" = -0.69049, C,," = 

-25.023 14, E,;' = -95.92246. The three excess propertles 
at 50 O C  as calculated from eq 1, 2, and 3 are plotted as 
functions of x 1  in Figure 1. 

Additional data from the literature allow development of 
correlations that incorporate the temperature dependence of 
the parameters. The assumption that H E  is linear in T and 

-13.848 11; 0 2 1 ' '  = -15.16934, D12" = -62.191 92; €21'' = 
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