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1. Introduction 

I sopi es ti c vapor press ure meas ure me nts have bee n 
repo rted for the sys te ms: wate r-sodium chlo ride ­
barium c hloride [11,3 wate r- po tassium chloride-barium 
chlorid e [2J, and water -sodium c hlo ride -calcium 
chloride [3j. R es ults fo r the sys te m : water-potass ium 
chloride-calcium chloride are now describe d. 

2. Definitions 

Mil is the mola lit y (moles pe r kilogra m of wate r) of 
a so lution co ntainin g onl y potass ium c hlo ride; 
it is the " refe rence" from whic h iso pies ti c 
da ta are calculate d. 

Inll , In( · , a re th e molaliti es of potass ium c hloride a nd 
ca lc i urn chloride, res pecti vely, in a solution 
co nta inin g both these salt s a nd in isopies ti c 
(va por phase) equilibrium with th e potass ium 
c hloride so lution of molalit y M/i . 

111 = 1111< + 1.5 Inc . 
R = Mlilm is th e iso pies ti c ra ti o. 

Xc = 1. .') mr-/ m. 
1 = mfj + 3mc is the tota l ioni c s tre ngth of the 

solutio n. 
YII = m./lil . 
Yc = 3mcl t . 

YII , Ye, a re the activit y coe ffi c ie nt s of potassium 
c hlo ri de a nd calc ium c hloride , respec ti ve ly, 
in the mixed sa lt soluti on. 

I Present address : De part ment of Che mis try. S iale Un ive rsi ty of Ne w York al Bing­
hamton . N .Y. 139 01. 

Z (:;uesl wo rker (1966) on leave from the Uni vers it y of Newcastle u pon T ync, England. 
3 Figures in brackets indicate the lit erature references at the end of't his paper. 

y~ is the ac tivity coe ffi c ie nt of potass ium c hl uride 
in a solution co ntainin g pot ass ium chlor ­
ide onl y at the same total ioni c s tre ngth 
1= 17111 + 3mc as the mixe d soluti o n. 

y7· is th e acti vity coe ffi c ie nt of calc ium chlo ride 
in a so lution co nt a inin g onl y ca lciu m c hlo ride 
a t the sa me tota l ioni c s tre ngth , t. 

<p = -55.51 In awl (2 m ll + 3mc) =- 55.5 1 In 
awl [ (YH + 1) I] is the os moti c coeffi c ient of the 
mi xed sa lt solution. 

<p71 is th e os mo ti c coe ffi c ie nt of the so lution co n­
ta in ing po tass ium c hl oride only a t the sa me 
tot a l io ni c s tre ngt h as th a t of th e mixed sa lt 
so luti on. 

<p~ . is the os moti c coeffi c ie nt of th e solution con­
tainin g calcium chloride o nl y at the same total 
ioni c s tre ngth as the mixed salt solution. 

3. Experimental Procedure and Results 

The sa lts we re porti ons of those used in earli e r work 
[2 , 31. Isopies ti c va por press ure meas ure me nts we re 
made in the ma nne r desc ribe d prev ious ly [11 . The 
res ults a re give n in ta ble 1. 

4. Discussion 

Th e immedi a te res ult of a n iso pi es ti c meas ure me nt 
is th e inform a tion that a so lution cont aining two salts 
of kn own molality has th e same aqueo us vapor pres ­
s ure as a solution of one of th e sa lts, aga in at a known 
molality. Such inform ati on is readily tran sformed into 
os moti c coe ffi c ient d ata . Ac ti vity coe ffi cie nt data , 
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TABLE 1. /sopiestic data for the system: potassium chloride (B)- calcium chloride (el 

Set M" m 'H mc 'P(obs.) 'P(ca le.) 

1 0.7560 0.5219 0.1564 0.8964 0.8942 
.2903 .3087 .9002 .8990 
.1347 .4072 .9095 .9055 

............. .4948 .9141 .9140 
0.7577 0.6384 0.0789 0.8987 0.8944 

.4168 .2267 .8980 .8957 

.1929 .3723 .9047 .9031 

2 1.1535 0.9288 0.1440 0.9051 0.9041 
.5890 .3579 .9204 .9207 
.2704 .5525 .9427 .9434 

... ........ ... .7140 .9675 .9691 

3 1.5135 1.3037 0.1310 0.9108 0.9117 
0.9350 .3559 .9302 .9327 

.5999 .5518 .9571 .9569 
.............. .8952 1.0175 1.0180 

1.5240 1.0898 0.2681 0.9223 0.9240 
0.7744 .4569 .9427 .9448 

.4029 .6734 .9740 .9759 

4 2.0809 1.2658 0.4755 0.961 3 0.9641 
0.7063 .7865 1.0087 1.0118 

.2483 1.0229 1.0672 1.0600 
2.1530 1.7491 0.2373 0.9370 0.9383 

1.0520 .6320 .9862 . 9881 
0.4806 .9403 1.0431 1.0434 

...... ....... 1.1896 1.1050 1.1041 

5 2.7872 1.9415 0.4654 0.9833 0.9813 
0.6796 1.1226 1.0982 1.0954 

.3588 1.2791 1.1397 1.1349 
2.7986 2.3180 0.2674 0.9589 0.9585 

1.4805 . 7194 1.0185 1.0178 
1.0515 . 9406 1.0586 1.0567 

6 2.9689 2.4640 0.2806 0.9632 0.9645 
1.5330 .7747 1.0310 1.0307 

*Not used in computing values of {Jo in eq (26). 

how ever, have to be obtained indirectly. One method 
achieves this objective by means of the McKay­
Perring procedure [4J. It was shown earlier [1] that if 
the isopiestic ratios, R , can be expressed in terms of 
the ionic fraction, xc, by means of the equation 

R = l + axc, (1) 

the application of the McKay-Perring method is very 
simple. Eve n if an additional term is needed, 

R = 1 + aXe+ bx't·, (2) 

it is still possible to use the method. 
Figure 1 shows some of the isopiestic data ob­

tained in the present work_ It will be observed that 
there is considerable curvature in the plots, particu­
larly for those corresponding to solutions of low total 
ioni c strength. It was found that eq (2) was inadequate 
to re present the experimental results and even the 
addition of a furthe r term in x~ ga ve only slightly better 
agree me nt. However , even .if the equation 

R = 1 + aXe + bx~ + cx~ (3) 

Set Mil mil m e 'P(obs.) c,t'(calc.l 

0.6726 1.2065 1.1193 1.1182 
. .......... .... 1.5264 1.2136 1.2109 

2.9694 1.8591 0.6052 1.0044 1.0048 
1.0832 1.0040 1.0733 1.0728 
0.3690 1.3528 1.1588 1.1570 

7 3.4262 2.8230 0.3250 0.9815 0.9811 
1.7945 .8579 1.0545 1.0552 
0.8574 1.3132 1.1494 1.1510 

3.4611 2.2892 0.6221 1.0196 1.0193 
1.2082 1.1605 1.1142 1.1151 
0.3930 1.5399 1.2156 1.2153 

.... ... ...... .. 1. 7164 1.2761 1.2742 

8 3.7176 2.7254 0.5244 1.0125 1.0128 
1.6537 1.0560 1.0983 1.0982 

*0.5957 1.5476 1.2190 .. .. ... ....... 
3. 7221 3.1867 0.2866 0.9845 0.9848 

2.2269 .7784 1.0489 1.0492 
1.1373 1.3036 1.1513 1.1529 

.. .. ........... 1.8128 1.3094 1.3089 

9 4.3263 3.7758 0.2844 1.0031 1.0018 
*2.6197 .8587 1.0784 ......... .. ... 
*1.6439 1.3151 1.1653 ............. . 

............... 2.0262 1.3871 1.3859 
4.3543 3.2196 0.5776 1.0394 1.0380 

*1.9778 1.1736 1.1360 . ............. 
*0.5997 1.7831 1.2970 . .. ....... . .. . 

10 4.6033 3.8770 0.3749 1.0188 1.0217 
*2.4736 1.0524 1.1161 ........... ... 
*1.0844 1.6724 1.2607 .. ... .. .... ... 

............... 2.1195 1.4226 1.4206 
4.6201 *3.1511 0.7405 1.0656 .... ... ....... 

*1.5840 1.4625 1.2022 . . ............ 
*0.5200 1.9134 1.3396 .............. 

was adequate, it would be difficult to handle the inte­
gration needed in the McKay-Perring method. 

An alternative, but equivalent, approach, based on 
the work of Scatchard [5] , is now presented. As this 
should have wide application to the study of mixed salt 
solutions, it will be described in some detail. 

Consider, first, a solution of two salts each of the 
1: 1 charge type. Let the activity coefficients of the 
salts in solutions of constant total ionic strength 
(I = mB + me if the salts are of the 1: 1 charge type) 
be capable of representation by the equations, 

In 'YB = In 'Y~ + QBYe + RByt. (4) 

In 'Yc = In 'Y~+ QCYB + Re~ . (5) 

Here YB = mBII , Yc= melI for salts of this charge type. 
QB , Qe, R B, and R e may be functions of I but not of 
YB, Yc individually. 

It has been shown, by the use of the Gibbs-Duhem 
equation, [2, 6, 7] that, if eqs (4) and (5) hold, the 
osmotic coefficient of the solution is given as 
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FIG URE 1. Isopiestic ratio (R) verSlLS ionic fraction (xc) of calcium 
chloride. 

a nd , by symm etry, 

Co mbining e qs (6) and (7) , we ge t 

1 
cp = )'IICPYi + YCCP~ + "2 YHYI(QII + OC) 

1 
+"3 YIJ yr( YIJ - yc) (Rc - R II ) ' (8) 

S in ce CPYi and cpV· depe nd only upon properties of so lu ­
ti ons co ntainin g a sin gle salt , th e departure from id ea l­
ity on mixin g the s in gle salt solution s can be repre ­
se nted as 

/). = 2cp- 2YIICPYJ - 2yc cp ~· 
2 

= YHYC (QII + Ocl + :3 YIIYc(YIi - yc) ( Rc - RII)' (9) 

If RII = Rc = 0 and cp ca n be desc ribe d e ntire ly in 
te rm s of Oil a nd Oc (th e case of th e H a rned Ru le) 
a plot of /). aga in st yc s hould be sy mmetrica l a bout the 
YII = Yc = 0.5 ax is_ The (Rc - RII ) te rm a llows [or a 
possible s kew in the plOL 

Fi gure 2 shows so me data for the sys te m: wat e r­
sod ium c hloride (8)- potass ium c hloride (C) [81_ The 
value of /). was calculated usin g th e data in se ri es 6 
of thi s refere nce- It is true th at th e va lues of /). are 
take n from data where the tota l ion ic s tre ngth vari ed 
[rom 4 _0 to 4_5 a nd , the refo re, do not sati s fy exact ly 
the condition o[ co nstant tota l ioni c s tre ngth _ Howeve r, 
the fi gure s uffi ces to s how th at /). s hould be ca pab le of 
express ion b y a term in )'IJ)'I with o nl y a s ma ll te rm in 
)'IIY(' (YII - Yc)-

In Scatchard's equ a tions [o r a so lution co nta inin g 
two 1: 1 salts, the os moti c coe ffi c ie nt of the solution is 
give n by th e e quation 

2cp = 2YIICPYi + 2yccpV· + )'IIYC{3" 

o 

!:l -0_02 

-0_04 

o 0_5 

Ys 

(0) 

(7) FIG URE 2 . The limction t;. = 2<p - 2YB<P;~ - 2yc<p~ for the system: 
water-sodium chloride (B)- potassium chloride (C) at 25°C. 
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with 

(11) 

and 

(12) 

Unlike the Q and R terms of eqs (4) and (5), bol , bo2 , 
and bl2 are independent of m. 

The activity coeffici ent of salt B is given by the 
equation 

21n YB/Y~= [2(cp~-cpg) + ,80+,8I]yc 

+ [(Bo - ,80) + 3 (BI -,8d ]Yt-- 2 (2BI - ,81 hi: (13) 

and that of salt C by the equation 

21n y c/yg = [2 (cp2 - cp~) + ,80 -,8I]YB 

+ [(Bo-,8o) -3 (BI -,8I)]y~+2(2BI-,8dy~. (14) 

Here, Bo = md,8oldm and B I= md,8l /dm. If,81 does 
not require terms higher than m 2 , then the coefficients 
of the n and Y~ terms are zero. 

Equation (10) can be written 

The procedure then is to use isopiestic data to calcu­
late the osmotic coefficients of mixed salt solutions 
at all available values of YB and m. The coefficients 
bol , b02 , and bl2 are then evaluated by the method of 
least squares. These, together with the corres pond­
ing values of Bo and B I , are then substituted in eqs (13) 
and (14) to get values of the activity coefficients. 
The application of these equations to the system: 
water-sodium chloride-potassium chloride has al­
ready been considered [9]. 

For the potassium chloride (B) - calcium chloride 
(C) system, it is convenient to write 

21n yu = 21n y~+QByc+RBY~ (16) 

In yc= In y~ + QCYB + RcY~. (17) 

The equation for the osmotic coefficient now becomes 

(18) 

A convenient deviation function 

1 
+:3 YBYc(YB - yc) (Rc - RB) (19) 

now represents the de parture from ideality when 
solutions of potassium chloride and calcium chloride 
are mixed at constant total ionic strength. 

Table 2 gives some values of 11 for this system, utiliz­
ing the data of set 6 of table 1. The values of 11 are 
plotted in figure 3. It will be observed that 11 is smaller 
for this system than for sodium chloride-potassium 
chloride mixtures (see fig. 2). The total ionic strength 
of these solutions lay between 3.3 and 4.4; there­
fore , they be no means satisfy the condition of con­
stant total ionic strength. The only purpose of figure 3 
is to suggest that departures from ideality for solu­
tions of this salt pair are comparatively small. 

Scatchard's equations for a system of this charge 
type become 

(20) 

21n YB/y2 = [(cp2- 1) - 2(cpZ-l) +,80+ ,81]YC 

+ [(Bo-{3o)+3(Bl-{3d]y~-2(2BI-{3I)yg (21) 

" 
TABLE 2. Osmotic coefficients of solutions of potassium chloride (B) J 

+ calcium chloride (C) at 25 °e 

mB rr/;;' YH cp Il a Il(ca,c) b 

2.4640 0.2806 0.7454 0.9632 - 0.0030 - 0.0029 
1.8591 .6052 .5059 1.0044 - .0047 - .0056 
1.5330 .7747 .3974 1.0310 - .0059 - .0061 
1.0832 1.0040 .2645 1.0733 - .0065 - .0058 
0.6726 1.2065 .1567 1.1193 - .0051 -.0043 
0. 3690 1.3528 .0833 1.1588 - .0022 - .0027 

a ll = (YH + l)cp - 2Y BCPZ - Yccp2· 
h Il(calc) = - 0.0225YHYc + 0.0150Yc(YH - rc) 

o 

-0.01 L.-________ "'----_______ ____ 

o 1.0 

FIGURE 3. The function Il = (YB + 1)cp - 2YBCP~ - Yccp~for the system: 
water-potassium chloride (B)- calcium chloride (C) at 25 °e. 
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In )'cI )'2= [2 (cpl~- 1) - (cp2 - 1) + /30 - /31]Yli 

+ [ (Bo- /3o) - 3(B, - /3I)] y~+2(2B, -/3dy~. (22) 

The os moti c coefficient s of solutions of potass ium 
> c hloride alone [10] were expressed as a polynomial 

in I by means of the equation 

2 ( cpl~-1 ) = cplJH - 2 (0.032041 - 0.02622[2 

+ 0.00562[3 - 0.000459[4) (23) 

> and those for calcium chloride alone [3 , 11] by means 
of the equation 

(cp2-1) = cplJll + 0.05840[ + 0.0055312 - 0.000068/3. 

(24) 

He re, cplJlI is th e De bye-HLi ckel co ntribution to the 
osmoti c coe ffi cie nt and , for aqu eous soluti ons at 
25 °C, can be writte n 

2.34 164 
cplJlI = _ 3[ [(l + x) - 2 1n (l + x) - (l +X) - I] 

p (25) 
where x = pfl /2 and p = 1.5 mole- ' /2 kg1/2. 

With the values of cp~ and cpg. calculated with the aid 
of eqs (23) and (24), and the os motic coeffi cient data for 
th e mixed salt solution s give n in table 1, it was found , 
by the method of leas t squ ares, that a fair approxi­
mation to th e experime ntal values could be obtained 
by putting /30 = bOll + b02J2 = 0.03330[ - 0.0103612. The 
fit is perhaps not as good as one might wish, the 
s tandard dev iation be in g 0.0021 in cp. Th e introduc­
ti o n of a furth er te rm , howeve r , /30 = 0 .03340[ 
- 0.0104512 , /31 = - 0.00035/ 2 , did not improve the 
agree me nt. It was decided, therefore, that the simpler 
equation should be ado pted. The equation s now 
become 

(Yli + 1) cp = 2Yncp2 + cp2+YJJYc/3o (26) 

2 In )'B/)'2 = [(cp~-I) - 2( Cp~ - 1) + /3o]yc 

+ (Bo - (30)y f. (27) 

In )'c/ )'2= [2(cp2- 1) - (cp2- 1) + /30]y1l 

+ (Bo - (30 )Y~ (28) 
with 

/3" = 0.033301 - 0.0103612 , Bo= 0.03330[ - 0.0051812 , 

and (Bo- /3o ) = 0.0051812. 

Valu es of the os moti c coe ffi cients calculated by means 
of eq (26) are given in th e last column of table 1. 
Some data in table 1 are marked with an asterisk; 
in these cases the total ionic s trength was greate r 
than that of saturated potassium c hloride solution 
and it is doubtful if eq (23) is applicable; these data 

TABLE 3. Osmotic and activity coefficients of the system water· 
potassium chloride-calcium chloride at 25 °C 

yc 'fJ log -y /J /-Y~, log -ycl-y~. 

/ = 1 
0 0.8962 0 - 0.0251 
0.2 .8963 0.0048 - .0204 

.4 .8952 .0096 - .0156 

.6 .8925 .0146 - .0106 

.8 .8874 .0196 - .0054 
1.0 .8784 .0248 0 

1= 2 
0 0.9122 0 -0.0375 
0.2 .9194 0.0070 - .0314 

.4 .9271 .0144 - .0246 

.6 .9356 .0221 - .0171 

.8 .9452 .0302 - .0089 
1.0 .9566 .0387 0 

1= 3 
0 0.9375 0 -0.0519 
0.2 .9503 0.0082 - .0447 

.4 .966] .0172 - .0360 

.6 .9859 .0270 - .0256 

.8 1.0119 .0377 -.01 36 
1.0 1.0478 .049] 0 

1=4 
0 0.9644 0 -0.0735 
0. 2 .9820 0.0089 -.0646 

.4 1.0056 .0192 - .0527 

.6 1.0378 .0309 - .0380 

.8 1.0828 .044] - .0205 
1.0 1.1485 .0587 0 

1= 5 
0 0.9977 0 - 0.0980 
0. 2 1.0] 84 0.0085 - .0874 

.4 1.0489 .0193 - .0723 

.6 1.0935 .0323 - .0527 

.8 1.1590 .0476 - .0286 
1.0 1.2582 .0652 0 

were not used in calc ulating values of bo, and b02 
by th e method of leas t squares. 

Activit y coe ffi cients for the mixed salt solutions 
have been calculated using eqs (27) and (28); values of 
log )'B /)'g and log )'cI)'2 are given in table 3 and plotted 
in fi gures 4 and 5. As will be seen from th ese fi gures, 
plots of log "II) against yc a nd of log "Ie against Yli are 
by no means linear exce pt a t th e lowest value of the 
total ioni c stre ngth , f = 1, where the c urvature is 
slight. Moreover , the vari ation of the activity coe ffi ­
cient is large; thus at 1 = 4, log yg =- 0.2368 for 
potassium chloride in its own so lution, wh ereas 
log "II;' = - 0.1 781 for the " trace" activity coe ffi cient 
of potassium chloride in the limit when the solu tion 
contains only calcium c hloride, a difference of 0.0587. 
The corresponding quantities for calcium chloride are 
log )'~ = - 0.2502 and log y~=- 0.3237, a difference 
of 0.0735. 

Th ese differences are much larger than those found 
for other sys tems of thi s charge type, as is e mpha­
sized by figure 6. It will be seen that the next larges t 
variation is found with barium chloride in potassi um 
chloride solution , whe re log )'rh? = 0.021. Moreover , 
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log YB Iy~ 

o 0.5 1.0 
Yc 

FIGURE 4. Variation of the activity coefficient of potassiam chloride 
in potassium chloride·calciam chloride mixtures at constant total 
ionic strength. 

o 

log Yc I Yeo 

-0.05 

.~ 

~~ 
~~~o,., 
~o~ ~ 0", 

o ~ "'-------0 , ., 

~ ~,., 
-0.10 ':-_______ ""'----____ ~ ___ ~I:....;...:5=__...J 

o 0.5 1.0 

YB 

FIGURE 5. Variation of the activity coefficient of calcium chloride 
in potassium chloride·calcium chloride mixtares at cons tant tolal 
ionic strength . ' 

there is a marked curvature in the two plots for the 
potassium c hloride-calcium chloride system wherea!;, 
for the other three sys te ms , any curvature in th e plots 
must have bee n s mall. 

Kirgintsev and Luk'yanov [12J have reported iso­
piesti c vapor pressure measurements of thi s sys tem. 
They had nine mixed salt solutions of different potas­
s ium chlorid e to calc ium chloride ratios and these were 
eq uilibrated with six reference potassium c hloride 
solutions of molalities ran gi ng from 1.857 to 4.217nt. 

Their results are in good agreement with ours. This 
can be illustrated by means of fi gure 7. We have used 
our data from set 7 of table 1 for six so lutions in equi­
librium with either 3.4262 or 3.4611m potassium chlo­
ride and also the data of Kirgintsev and Luk'yanov for 
nine so lutions in e quilibrium with 3.362m potassium 
c hloride and calc ulate d the deviation function, ~ , 

0.05 

o ~:::::=======2j 
log y/yO 

-0.05 

o 0.5 

Yc 

4 

1.0 o 0.5 

YB 

5 

1.0 

FIGU RE 6. Activity coefficients in solations at a constant total ionic 
strength of I = 4. 

I. Potass ium ch loride in calc ium chlo ride soLution. 
2. Sodium c hloride in ca lcium c hloride soluti on. 
3. Potassium c hloride in barium c hloride so lution. 
4. Sodium c hloride in barium c hloride so lution. 
5. Barium c hloride in sodium chloride solution. 
6. C alcium c hlurid e in sodi ulll ch loride solu tiun . 
7. Barium c hloride in potass ium chloride solutioll. 
8. Calcium c hlorid e in putassium c hloride su lution. 

o 

/::, 

-0.01 

-0.02 I--_______ --=~-------~ 
0.5 1.0 o 

FIGURE 7. The fa net ion t:. = (YB + 1) 'P - 2YB'P~ - Yc'P~Ior the system: 
water-potassiam chloride (B)-calciam chloride (C) at 25 °c. 

o Presen t work. sel 7 of table 1, M Ii ~ 3.44 
• Kjrginlsev and Luk 'yanov. 112), MH = 3 .36 2. 

rep rese nted by eq (19). As figure 7 shows, the agree­
me nt betwee n th e two se ts of data is good. 

These authors had 54 result s for mixed solution s but 
nine of th ese were for solutions whose total ionic 
strength exceeded 5. If we excl ude these on the ground 
that our eq (23) is not applicable at such high total 
ionic strengths, it is found that the remainin g45 results 
can be well represented by eq (26), with the {3o values 
given earlier. The standard deviation is 0.0021 in cp, 
which is also the standard de viation of our own results. 
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r 
r 

The excess free energy of mixing is the increase in 
free e nergy corres ponding to the process 

1 kg water 

Yc kg water + 
Yu kg water 

+ y lJl moles 
+ + ofKCI 

1 ~ 

yul moles "3 yef moles + 
of KCI of CaCh 1 

"3 Ycf moles 

of CaC I2 

when solutions of potassium c hloride and calcium 
chloride are mixed without change in total ionic 
s trength. As was s hown earli er [13 1, thi s can be 
written 

GEjRT= YIJYcI[ ~(Q1i + Qc) + YIJRIJ 

+YcRC:+~(YIJ -Yc)(Rc- RIJ)]. (29) 
3 

Under the conditions represented by eqs (26), (27), 
and (28), this red uces to the partic ularly simple form 

(30) 

The following values of th e excess free energy of 
mixin g in the potassium c hloride -calcium ch loride 
sys tem have been calculated by means of eq (30) (in 
cal per kg of water, 1 cal = 4.1840 J.) for the case when 
yfj = yC = 0.5: 

1= 1 2 3 4 5 
KCI-CaCb 3.4 3.7 1.0 - 4.8 - 13.7 
KCI-BaCL -2.9 - 12.3 -35.3 - 73.4 
NaCl-CaCh 3.5 15.3 30.9 50.8 75.9 
NaCI-BaC1 - 1.4 - 7.1 - 16.7 -34.9 - 64.4 

Some values for other systems of like c harge type are 
in cluded. In general, the excess free energy of mixing 
is s mall for the potassium chloride-calcium chloride 
system ; thi s contrasts with the co mparatively large 
changes in the activity coeffici e nts as shown in table 3. 

The reason for thi s is to be found in the magnitudes of 
the QB and Qc terms in eqs (16), (17), and (29). Assum­
ing, as is the case with this system, that the contribu­
tion of the R terms is small compared with that of the 
Q terms , we see that it is the individual QIJ and Qc 
terms which determine the change in the activity 
coefficients on mixing, whereas it is the sum (QIJ + Qc) 
which determines the excess free energy of mixing_ It 
is quite possible that QB and Qc could be very large, 
with large changes in the activity coefficients on 
mixing, yet if Q Ii = - Qc there would be no change in 
free energy on mixing. 
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