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An alternate method to estimate the Pitzer coefficients of the ion-interaction 
model for apparent molal expansibility from the temperature dependence of the 
Pitzer coefficients for apparent molal volume is described. The calculated 
coefficients are in excellent agreement with those obtained using a least squares 
technique to experimental data. 
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Eine alternative Methode zur Abschiitzung der Pitzer-Koeffizienten der effektiven 
molalen Expansibilitiiten yon wiiflrigen Elektrolyten 

Es wird ein alternativer Weg zur Absch~itzung der Pitzer-Koeffizienten nach 
dem ionischen Wechselwirkungsmodell ffir die effekfiven molalen Expan- 
sibilit~ten aus der Temperaturabhgngigkeit der Pitzer-Koeffizienten ffir das 
effektive molale Volumen beschrieben. Die berechneten Koeffizienten sind in 
ausgezeichneter Ubereinstimmung mit Werten, die nach einer Methode der 
kleinsten Fehlerquadrate aus experimentellen Daten erhalten wurden. 

Introduction 
Very recently, we [ 1, 2] demonstrated the utility of the ion-interaction 

theory of Pitzer [3] in describing the volume properties of aqueous single 
and mixed electrolyte solutions. We fitted the volumetric data to 
appropriate individual Pitzer equations for apparent molal volume, ~v, 
compressibility ~ :  and expansibility ~E of numerous aqueous single 
electrolytes and presented temperature and pressure dependences of the 
Pitzer ion-interaction coefficients. These coefficients for each of the 
properties of an electrolyte were evaluated employing a nonlinear least 
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squares technique. This note describes an alternative method to estimate 
qb E using the temperature dependent equations for the Pitzer coefficients 
of ~v- 

Results and Discussion 

The Pitzer equations relating ~v  and molality, m (molkg -l)  for a 
single electrolyte type MvM+ XVx- is 

with 

and 

~v = ~°v + v IZMZxl (Av/2 b) In (1 + bI 1/2) 

+ 2 vM vxR T[m BVx + m 2 (v~vx)1/2 CVx] (1) 

B~x = (8[3(°)laP)r + (813(1)lSP)r(2/~2I) 
[1 - (1 + II/2)exp(- c~I1/2)] (2) 

c~x  = (0 c~/oe)T/2 (3) 

~o is the value of ~v  at infinite dilution; v, stoichiometry of an electrolyte 
is vg + vx; A v, Pitzer-Debye-Hiickel slope; e and b are 2 and 1.2 
respectively. I is the ionic strength on molal basis and R and T have their 
usual significance. (Ofl(°)/OP)r, (313(1)/SP)r and (SC'~/SP)r are the ion- 
interaction coefficients; we observed (8 [3(1)/8 P)r to be negligible in all the 
electrolytes. 

The apparent molal expansibility q5 E is given by 

~e = (Srbvl8 T)e (4) 

The pertinent ion-interaction coefficients for ~e  are (82 [3(0)/8 P 8 7) and 
(82C~/8P8 7) with (8213(1)/8P8 7) being zero. Earlier these coefficients 
were determined with a least squares routine [1, 2]. 

The temperature dependence of (8 [3(0)/8 P) r and (8 C~/8 P) r for ~bv was 
noted to fit with the expression 

Y = a  + b r  + cT 2 (5) 

Thus the differentiation of Eq. (5) with respect to T should yield the ion- 
interaction coefficients for ~E. So one has 

(0 YI8 T) = b + 2 C T (6) 

Eq. (6) can be used for calculating (82~(°)/0P 0 73 and (02 C'~/SP 8 7) 
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Fig. 1. 02fl(°)/~PDT and D2C~/OP~T as a function of T for single electrolyte 
solutions. Values of 02 C~/0 P 0 Tto  be multiplied by l 0-8 for HC1 and SmC13; both 
coefficients: to be multiplied by 10 -6 for MgSO4. Remaining values to be 

multiplied by 10 -7 

from the values of b and c parameters in the Table 2 of our earlier work 
[II. 

The values of (D2fl(°)/OP~T) and (~2C~/OPDT) thus obtained agree 
closely to those obtained from the experimental data for reported 23 
electrolytes of different charge type using a least squares routine. In Fig. 1 
the calculated values of these coefficients are plotted for selected 
electrolyte solutions HC1, BaC12, MgSO4, SmC13 along with those 
obtained through a direct qb e fit, showing excellent agreement. The 
average standard deviation of fit for 23 electrolyte solutions is 0.9%. 
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These coefficients can be easily substituted in the appropriate q)e 
equation in order to estimate q)e at various concentrations and temper- 
atttres without a least squares program. 
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