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FIG. 1. Variation of A of [xNaN03 + (1 - x)KN03] + RH20 system 
withx at 298 K for different R values. 

presented as a function of temperature in Table 2.3 The mea- 
sured values of conductance were found to be reproducible to 
within t0 .75% accuracy. 

Variation of A with x 
The variation of A withx at different R values is shown in Fig. 

1. At all experimental tempertures less than 1% deviation of A 
from additivity has been observed upto R = 25. Rysselberghe 
and Nutting (8) also reported less than 1% deviation from 
additivity in A of [xNaN03 + (1 - x)KN03] + 55.56H20 
system at 298 K. The MAE is, however, considered to be not 
very significant when the non-additivity in A is < 1 %. At R = 
20, on the other hand, 2% deviation of A from additivity (Fig. 1) 
has been observed for x = 0.5 at 298 K thereby envisaging the 
occurrence of the MAE on A. Earlier it was suggested (7), as 
mentioned in the Introduction, that the MAE on electrical con- 
ductance starts becoming significant when the value of R falls in 
the concentration range where conductivity maximum of at least 
one of the components of the mixed electrolytic solution 
appears. The existence of MAE at R = 20 in the [xNaN03 + (1 
- x)KN03] + RH20 system is, however, contrary to our above 
suggestion since conductivity maximum has not been observed 
or reported for KN03 solution upto saturation point and for 
NaN03 solution it is found at R = 6.9. What is then the 
concentration range at which the MAE on A becomes significant 
in an aqueous medium? To seek a probable answer to this 
question we have plotted in Fig. 2 the difference (AA) in the A 
values of (i) NaSCN and KSCN solutions (7) and (ii) NaN03 
and KN03 solutions as a function of R at 298 K. It is evident 
from Fig. 2 that at high R values A h  depends linearly on R and at 
some concentration range deviation from the linear dependence 
starts to take place. It is very interesting to observe that the 
concentration range at which the MAE on A starts becoming 
significant coincides with the concentration range where de- 
pendence of AA on R deviates from linearity. Incidentally, in 
the case of NaSCN and KSCN solutions the concentration range 
around which AA deviates from linearity coincides with the 
range at which NaSCN solution exhibits specific conductance 
maximum. In Fig. 2 we also checked the dependence of AA on R 
for a few other pair of electrolytes, viz., RbCl and CsCl (at 296 
K), NaCl and KC1 (at 298 K), and LiCl and RbCl (at 296 K), 

R 
FIG. 2. Plot of difference in A values of aqueous electrolytic solu- 

tions at 25°C vs. R (I, NaSCN and KSCN; 11, NaN03 and KN03; 111, 
RbCl and CsCl (at 23°C); IV, NaCl and KC1; and V, LiCl and RbCl (at 
23°C). 

with the help of their reported data (9-1 1). In all cases, the 
dependence of AA on R follows a general trend, viz., (i) linear 
dependence at large R values, (ii) at some concentration range, 
which depends on the pair of electrolytes considered, deviation 
from linearity is observed and (iii) the plot of AA vs. R passes 
through a maximum at some lower R value. Therefore, for 
mixed electrolyte systems in aqueous medium the concentration 
range at which the MAE on A begins to become significant can 
be predetermined by plotting the difference in A of the two pure 
electrolytic solutions versus R. 

Variation of A with R 
We recently reported (7) a new isothermal equation of the 

f orm 

[ I  ] A = AFLK exp (Bc + Cc2) 

to describe the concentration dependence of A of electrolytic 
solutions, both single and mixed electrolytes, from dilute region 
upto high concentration. In eq. [I] ,  B and C are empirical 
constants and c is the molar concentration. Concentration in the 
exponential part of eq. [ l ]  can also be expressed in other units. 
AFLK refers to the Falkenhagen-Leist-KeIbg (FLK) equation 
(12) for A and is of the form 

For 1:l electrolytes, BI  = 8 2 . 5 0 1 / q ~ ( ~ T ) ' / ~ ,  B2 = 82.04 X 

~o~/ (DT)~ / ' ,  Bo = 50.29 X 1 0 ~ c ' / ' / ( ~ ~ ' / ' ,  and F = [exp 
(0.2929Boao) - 1]/0.2929Boao. A. is the molar conductance of 
the solution at infinite dilution, q o  is the viscosity of water, D is 
the dielectric constant of water at temperature T, and a. is 
known as the ion-size parameter. In eq. [ l ]  the parameters 
whose values need to be determined are Ao, ao, B, and C. While 
fitting data to eq. [ l ]  it was reduced to a three-parameter equa- 
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TABLE 3 .  Best-fit parameters of eq. [ I ]  for molar conductance of 
[xNaN03 + (1 - x)KN03] + RH20 system 

Std. dev. 
in A 

TABLE 3 (concluded) 

Std. dev. 
x A ~ / S  cm2 mol-' no x 108/cm -B -C in A 

FIG. 3. Variation of ao, B, and C of [xNaN03 + (1 - x)KN03] + 
RH20 system withx. 

tion, by substituting the reported (13) values of A. forx = 0 and 
x = 1 and for other values ofx the corresponding A. values were 
estimated using the additivity principle (14). The best-fit values 
of ao, B, and C obtained by using an iterative least-squares 
fitting program are listed in Table 3. 

It is evident from Table 3 ~ n d  Fig. 3 that a. increases linearly 
with x. At 298 K a. = 1.99 A for KN03 solution (x = 0) and for 
NaN03 solution (x = 1) a. = 4.36 A. Association into ionic 
pairs is reported (15-17) in aqueous solutions of both NaN03 
and KNOs. The considerably low value of a. for KN03 solu- 
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tion, also observed by others (15), envisages more ionic associa- 
tion in KN03 solution than in NaN03 solution. Increase in the 
degree of association of alkali salts in aqueous medium with 
increasing size of the alkali metal ion was also reported by Kay 
(15). From Fig. 3 it can further be seen that the a. parameter for 
NaN03 solution is almost temperature independent whereas the 
a0 of KN03 solution increases with increase in temperature. 
This is analogous to the observation made by Goldsack et al. 
(10) in the cases of NaCl and KC1 solutions. The degree of ionic 
association in KN03  solution therefore seems to decrease with 
increasing temperature. 

The dependence of B and C parameters on x is also shown in 
Fig. 3 at one particular temperature. C, which is always a 
negative quantity, has the lowest value for pure K N 0 3  solution 
and its value increases rapidly as K+  ions are replaced by NaC 
ions. In the range from x = 0.5  to x = 1 .O, C appears to remain 
almost independent of the x value. In the case of B, it has a 
highest positive value for K N 0 3  solution and its value decreases 
with increasing x value, becoming negative above a particular 
value of x. The value of x at which B becomes zero is dependent 
on the temperature. For example, at 298 K B = 0 at x = 0.04 
whereas at 288 K B = 0 at x = 0.16. Similar behaviour was 
observed in the case of [xNaSCN + (1 - x)KSCN] + RH20 
system also (7). This type of dependence of B on x may be 
explained by correlating,in the light of Wishaw-Stokes equa- 
tion (18), the exponential part of eq. [ I ]  to the reciprocal of 
viscosity of the system. Consequently, solutions whose B is 
positive and C is negative may be expected to show negative 
viscosity (relative viscosity < 1). I11 fact, aqueous KN03  solu- 
tion is known (9) to exhibit negative viscosity nearly upto 3 18 
K. At 298 K the viscosity of KN03  solution is therefore ex- 
pected to decrease with concentration upto c = B/C = 1.2 mol 
dmp3, which is in good agreement with the experimentally 
observed value (9). Furthermore, the B parameter appears to 
have a relation with the AE parameter of the Samoilov model 
(19) for hydration of ions. 
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