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Application of Gibbs adsorption isotherm—A new method to
measure activity of electrolyte solutions
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Abstract: The surface tension of cobalt chloride aqueous solution was determined using the maximum bubble pressure
method at 298.15 K and constant pressure with ionic strength ranging from 0.57 to 12.81 mol/kg, and the empirical
formula of surface tension as a function of concentration was constructed. The relationship between surface tension and
activity was derived by applying Gibbs adsorption isotherm, and a new model to calculate activity coefficient was
proposed and regressed based on experimental values. Compared with literature values, the standard deviation of results
calculated from the new model is 0.0632, which is close to that of Pitzer equation parameters generalized by Kim. Thus,
it can be concluded that the new model provides a new approach to calculate activity coefficients (or activity) of
electrolyte solutions with a relatively high precision by measuring the surface tension.
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Fig. 1

Schematic diagram of experimental set-up for

measuring surface tension of cobalt chloride aqueous solution
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Table 1 Surface tension of cobalt chloride aqueous solutions

at different concentrations

Experiment Concentration _ Surface
No. c/ b/ b/ tension,
(mol'L) (molkg™') (molkg') o/(mN-m™)
1 0 0 0 72.14
2 0.1903 0.1912 0.3036 72.73
3 0.3832 0.3863 0.6133 73.19
4 0.5862 0.5933 0.9418 73.92
5 0.7735 0.7859 1.248 74.52
6 0.9642 0.9835 1.561 75.21
7 1.366 1.406 2.232 76.61
8 1.770 1.839 2.920 78.71
9 1.919 2.001 3.176 79.35
10 2.459 2.601 4.128 81.20
11 2.885 3.087 4.901 83.89
12 3.447 3.751 5.954 85.45
13 3.872 4.270 6.778 87.99
90
% Experiment value
84 F —Fitted line

82
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Relationship between surface tension and mean

molality of ions of cobalt chloride aqueous solutions
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Table 2 Fitting results of Eq. (9)

K, K A B
5.5286 0.9549 —2.9504 4.0891
C D E R
-1.7772 0.2581 0.0009144 0.99702
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Table 3 Literature values''® and calculated activity

coefficients of cobalt chloride aqueous solutions

Concentration, b/(mol-kg ") 2 72 73
0.2 0.479 0.461 0.478
0.4 0.459 0.441 0.410
0.6 0.470  0.452 0.408
0.8 0.492 0.477 0.435
1.0 0.531 0.513 0.482
1.2 0.578 0.558 0.542
1.4 0.634 0.612 0.613
1.6 0.699 0.674 0.693
1.8 0.773 0.745 0.779
2.0 0.860  0.826 0.870
2.5 1.120 1.067 1.108
3.0 1.458 1.374 1.365
3.5 1.832 1.751 1.677
4.0 2.215 2.202 2.144
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7, fromRef. [16], 7, from Ref. [17], y, from this work.
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Fig. 3 Relationship between activity coefficients and molality

of cobalt chloride aqueous solutions
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