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Association Constants of 1 : 1 Electrolytes in Water from Conductivity 
Measurements 

By ALAN D. PETHYBRIDGE and DAVID J. SPIERS 
(Department of Chemistry, The University, Reading, Berks RG6 2AD) 

Summary The association constants of most 1 : 1 salts in 
water, including those forming so-called outer-sphere 
complexes, are shown to be principally determined by the 
combined size of the two ions. 

As part of a conductimetric study of association in aqueous 
solutions of salts of the complex ion trans- [Co(en),(NO,),]+, 
we have reanalysed all existing conductance data for 1 : 1 
salts in water at  25OC in an attempt to establish some 
pattern in the results. No such pattern can be observed 
in the published constants because different authors have 
adopted different theoretical equations, different approxima- 
tions, and different methods of analysis. 

Our method of fitting conductance data in terms of Am, 
KA, and d, the distance of closest approach of free ions, has 
been described.l In this paper we have used the theoretical 
conductance equation due to Pitts2 in its full form, but 
entirely similar results are obtained with the Fuoss-Hsia 
e q ~ a t i o n . ~  It is now recognisedl~~ that a wide range of 
correlated values of K A  and d can give a satisfactory fit and 
that consideration of only the point of statistical best-fit 
may make comparison difficult. Our approach overcomes 
this problem. In Figure 1 we have plotted (circles) actual 
best-fit K A  and d values obtained by us using the full Pitts 
equation for all available precise (a, (0.1%) conductivity 
results for aqueous KC1 solutions.6-1s The continuous line 
represents the various KA-d pairs capable of fitting Chiu 

and F u o s ~ ’ ~  comprehensive results. Some results yield 
two best-fit points, a t  d values on either side of data showing 
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only one minimum. These are represented by half-filled 
circles. The squares represent the more associated 
KClO,.17-20 Consequently, when comparing KA values for 
different salts in the same solvent i t  is necessary to do so a t  
the same value of d. The actual value of d chosen is not 
critical within the range 2-8 A, but a convenient value is q, 
the Bjerrum critical distance, which is 3-58 in water a t  
28 "C. We accept that for many salts q is less than the sum 
of the crystallographic radii. However, when a unique 
position of best fit was obtained for any salt i t  occurred at  
a d value below 3-5 for the Pitts equation or 4.5 A for the 
Fuoss-Hsia equation, both of which are often significantly 
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less than the sum of the crystallographic radii. Con- 
sequently we believe that d cannot be interpreted as a 
physically meaningful distance, but that i t  is primarily a 
property of the charge on the ions and the dielectric con- 
stant of the solvent. 

In Figure 2 we have plotted K A  for various categories of 
salts a t  q against the sum of the estimated crystal radii of 

the constituent ions.21 Values of KA at d = 2q show the 
same trend, but are all ca. 1-Olmol-1 higher. If d is 
increased gradually from q for small ions to 24 for larger ions 
the trend demonstrated in Figure 2 is therefore accentuated. 
Apart from our results for the complexes, only those salts 
are included where two independent sets of precise results 
are in good agreement. A more complete examination of all 
results in the literature will be published later and we are at 
present studying those salts for which satisfactory data do 
not exist. 

Figure 2 shows clearly that KA values at the Bjemm 
distance are strongly correlated with the sum of the crystal- 
lographic radii of the two ions. A similar correlation is 
revealed if KA is plotted against the total surface area of 
the two ions. This correlation holds for such different 
classes of salts as alkali halides ( x) ,  alkali oxy-salts and 
AgMO, ( O), and tetra-alkylammonium halides ( + ) . Even 
salts of the complex ion trans-[Co(en),(NO,),]+ (A) are not 
associated to an extent greater than that predicted by their 
size. The only salts that we have found well off the line 
are TlC1 (Xcryst = 3.2 A, KA = 3.88 1 mol-l) where a small 
covalent interaction is suspected, and the higher tetra- 
alkylammonium iodides, e .g .  Bu,NI (XCryst = 7.1 A, KA = 
5.21 1 mol-1) where some form of mutual polarization may 
occur. The trend of KA with ion size shown in Figure 2 is 
the reverse of that predicted by the Bjerrum theory of 
association. While this theory is extremely useful for 
higher valency electrolytes in water and all electrolytes in 
solvents of lower dielectric constant, Robinson and Stokes2, 
have pointed out that this theory can only be expected to 
be valid when the association sphere is large enough to 
contain many solvent molecules and can be treated as a 
continuum. This is not the case with 1 : 1 electrolytes in 
water and our calculations indicate that for such systems 
the association constants, which reflect the breakdown of the 
continuum model for long-range forces a t  short interionic 
distances, may well be simply related to the probability of a 
collision or near-collision which, in turn, depends on the size 
of the two ions involved. 
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