Solubility and pH

Oxalic acid, H2C2O4, is a diprotic weak acid (pKa1 = 1.252, pKa2 = 4.266) found in the leaves of the rhubarb plant. Although the stalks of rhubarb are edible, the leaves are quite toxic. For many years this toxicity was believed to be due to oxalic acid’s acidity. More recent work, however, suggests that its toxicity is due to oxalate’s ability to form the insoluble calcium salt, CaC2O4 (Ksp = 1.3×10–8), which crystallizes in the renal tubes and leads to kidney failure. The pH of urine is around 5, but calculating the molar solubility of CaC2O4 at this pH is not easy because at this pH oxalate is present as both HC2O4– and C2O42–; instead, establish some limits by calculating its molar solubility at buffered pH levels of 7.00 and 3.00. For each pH, write the reaction that governs the solubility of CaC2O4, determine the reaction’s equilibrium constant, and then solve for molar solubility.
Solubility and Complexation Chemistry

One possible treatment for oxalic acid poisoning is to give the patient an oral dose of EDTA, which we abbreviate as Y4–. Because EDTA forms a strong complex with Ca2+ (K1 = 4.90×1010) it may be capable of dissolving CaC2O4 crystals. As a test of the efficacy of this method, 1.00 g of CaC2O4 is placed in a beaker with exactly 100 mL of 0.050 M Y4–. What percentage of the CaC2O4 dissolves and what is the equilibrium concentration of CaY2–? You may assume that the pH is greater than 7.

Activity and Ionic Strength Workout

1. Calculate the ionic strengths (in M) of solutions with the following compositions:  

a. 0.050 M Ca(NO3)2 + 0.098 M Mg(NO3)2

b. 0.25 M HCl + 0.15 M NaCl 

c. 0.20 M (NH4)2CrO4  

d. 2.65 x 10-2 M LaCl3 + 3.56 x 10-2 M K2SO4 

e. 0.29 M NaOH

2. Using activities, calculate the solubility of 

a. Ag2SO4 (silver sulfate), Ksp = 1.5 x 10-5, in deionized H2O 

b. Ag2SO4 (silver sulfate), Ksp = 1.5 x 10-5, 0.025 M KNO3.  Since silver sulfate is sparingly soluble, ignore the contribution of Ag+ and SO42- to the ionic strength.

c. Zn(OH)2, Ksp = 3.0 x 10-16, in 0.020 M K2SO4.
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The apparent formation constant for Fe(SCN)2�, as shown in equa-
tion 6.62, is a function of concentrations. In place of concentrations, we 
define the true thermodynamic equilibrium constant using activities. The 
activity of species A, aA, is the product of its concentration, [A], and a 
solution-dependent activity coefficient, cA.
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The true thermodynamic formation constant for Fe(SCN)2�, therefore, is
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A species’ activity coefficient corrects for any deviation between its 
physical concentration and its ideal value. For a gas, a pure solid, a pure 
liquid, or a non-ionic solute, the activity coefficient is approximately one 
under most reasonable experimental conditions. For a reaction that in-
volves only these species, the difference between activity and concentration 
is negligible. The activity coefficient for an ion, however, depends on the 
solution’s ionic strength, the ion’s charge, and the ion’s size. It is possible to 
estimate activity coefficients using the extended Debye-Hückel equation
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where zA is the ion’s charge, aA is the hydrated ion’s effective diameter in 
nanometers (Table 6.2), n is the solution’s ionic strength, and 0.51 and 3.3 
are constants appropriate for an aqueous solution at 25 oC. A hydrated ion’s 



For a gas the proper terms are fugacity and 
fugacity coefficient, instead of activity and 
activity coefficient.



Unless otherwise specified, the equilib-
rium constants in the appendices are ther-
modynamic equilibrium constants.



Table 6.2 Effective Diameters (a) for Selected Ions
Ion Effective Diameter (nm)



H3O� 0.9
Li� 0.6
Na�, IO3



- , HSO3
- , HCO3



- , H PO2 4
- 0.45



OH–, F–, SCN–, HS–, ClO3
- , ClO4



- , MnO4
- 0.35



K�, Cl–, Br–, I–, CN–, NO2
- , NO3



- 0.3
Cs�, Tl�, Ag�, NH4



+ 0.25
Mg2�, Be2� 0.8
Ca2�, Cu2�, Zn2�, Sn2�, Mn2�, Fe2�, Ni2�, Co2� 0.6
Sr2�, Ba2�, Cd2�, Hg2�, S2– 0.5
Pb2�, SO4



2- , SO3
2- 0.45



Hg2
2+ , SO4



2- , S O2 3
2- , CrO4



2- , HPO4
2- 0.40



Al3�, Fe3�, Cr3� 0.9
PO4



3- , Fe(CN) 63- 0.4
Zr4�, Ce4�, Sn4� 1.1
Fe(CN) 6



4- 0.5
Source: Kielland, J. J. Am. Chem. Soc. 1937, 59, 1675–1678.











