
Solubility and Ksp 

Chapter 18 



General Concepts:  

Ø Some ionic compounds (salts) dissolve 
readily in water and dissociate into their 
ions.   

Ø Other salts are considered “insoluble” – 
these salts dissolve only a very small 
amount.   

Ø Almost anything will dissolve at least a 
small amount. 



Ø Solubility is the maximum quantity of a 
compound that can dissolve in a solution (g/
L, mol/L, mg/L, etc.).   A compound’s 
solubility is the concentration at which a 
solution is saturated. 

 
Ø A saturated solution contains the 

maximum quantity of compound that may 
dissolve.  A saturated solution is prepared 
by establishing equilibrium between 
dissolved ions and undissolved solid. 

 



Solubility Chart 

 

 

Anions Soluble (aq) Precipitate (s) 
NO3

-          nitrate Most cations No common cations 

CH3COO-   acetate Most cations Ag+ 

Cl-             chloride Most cations Ag+, Pb2+,4+,Hg2
2+, Tl+ 

Br-             bromide Most cations Ag+, Pb2+,4+, Hg2
2+, Tl+ 

I-                iodide  Most cations Ag+, Pb2+,4+, Hg2
2+, Tl+ 

SO4
2-         sulfate Most cations Ba2+, Sr2+,Pb2+,4+,Ag+,Ca2+ 

CrO4
2-       chromate Most cations Ba2+, Sr2+, Pb2+,4+, Ag+ 

S2-             sulfide 
NH4

+, cations of 
columns 1 and 2 

Most other cations 

OH-           hydroxide 
NH4

+, cations of 
columns 1 and 2 

Most other cations 

CO3
2-        carbonate 

NH4
+, cations of 

column 1, except Li+ 
Most other cations 

PO4
3-        phosphate 

NH4
+, cations of 

column 1, except Li+ 
Most other cations 



Solubility Chart – Guidelines 
Ø Using the solubility chart, predict which of the 

following compounds will dissolve in water: 

l  NaCl 

l  (NH4)2CO3 

l  Cu(OH)2 

l  Fe2 (PO4)3 

l  FeBr2 



The Solubility Product 

 Consider the general reaction: 

  MxAy(s) ó  x My+
(aq)  + y Ax-

(aq) 
   
  Ksp = [My+]x [Ax-]y 



Ø Solubility is governed by the Ksp – the 
solubility product constant. 

Ø Appendix C lists some Ksp values. 

Ø  If Ksp ≥ 1, then the compound is highly 
soluble. 

Ø  If Ksp << 1, then the compound is only 
slightly soluble (sometimes considered 
insoluble). 



Ø  In a dissolution experiment, lead (II) 
fluoride will dissolve to a concentration of 
2.6 x 10-3 M PbF2. 

 
 What is the Ksp for lead (II) fluoride? 

Example:  Calculating Ksp 



Example:  Calculating Ksp 

Ø What is the Ksp of ScF3 if only 8.3 mg will 
dissolve in 500.0 mL? 



Example:  Calculating Solubility 
Ø Calculate the solubility of Zn(CN)2  
 (Ksp= 8.0 x 10-9) in water in the units of 
mol/L and mg/L. 

 
 



Example:  Calculating solubility   
Ø  Silver sulfate (Ag2SO4) dissolves only slightly in 

water, with a Ksp of 1.5 x 10-5 at  25 °C.   

A)  What is the concentration of silver ions and 
sulfate ions at saturation? 

B)  If 1.0 g of silver sulfate is placed in 500.0 mL of 
water, what mass will dissolve? 

C)  If 5.0 g of silver sulfate is placed in 500.0 mL of 
water, what mass will dissolve? 



Example:  Calculating solubility 
 Bismuth(III) sulfide is essentially insoluble in 
water, with a Ksp of only 1.1 x 10-73.   

 
 Calculate the solubility of bismuth(III) sulfide in 
mol/L.   

 
 Also calculate [Bi3+] and [S2-]. 



More complex solubility equilibria 
Ø Some compounds are more soluble than their 

solubility products suggest. 

Ø This can be observed when a compound does 
not completely dissociate in water. 

Ø Example:  lead (II) chloride 



Common Ion Effect 
Ø  The presence of one of the ions of a salt in a 

solution will limit the solubility of that salt. 

Ø  Example:  
l  What will be the maximum concentration of Ag+ 

ions in a solution of Ag2CO3? (Ksp = 8.5 x 10-12) 

l  What will be the maximum concentration of 
silver ions in a solution that is 0.25 M Na2CO3? 



Bases (OH-) as a Common Ion 

Ø What will be the solubility of iron (II) 
hydroxide in a pH = 13.00 solution of 
NaOH? 

  



Basic salt solubility 
Ø Weak basic salts are often more soluble in 

water than may be predicted by a simple Ksp 
analysis because the anion reacts with 
water, increasing the total amount of the salt 
that will dissolve.   

Ø Consider BaCO3:   
 



Basic salts in acid solutions 
Ø Basic salts are often soluble in strong acid 

solutions, because their anions will completely 
react with H+ in solution to form water or a 
soluble weak acid. 

Ø Example: Basic salt in acid 
 What is the solubility (in mol/L) of Ni(OH)2 in a 
solution that is 0.0320 M in HCl? 

 



Example: basic salt solubility 
Ø What will be the maximum concentration of 

silver in a solution when excess silver 
cyanide is added to a solution that is 0.25 M 
in HNO3?  (Ksp of AgCN = 2.2 x 10-16) 

Ø What will be the pH of the solution? 



Qsp and Ksp 

Ø The reaction quotient Q, may be determined 
as for any equilibrium. 

Ø  If Q = K, the solution is saturated.  No more 
solid may dissolve. 

Ø  If Q < K, the solution is unsaturated.  
Additional solid will dissolve. 

Ø  If Q > K, the solution is supersaturated.     
The solution will likely have rapid precipitation 
of solid. 



Example: Qsp 
Ø A solution is found to contain 12.0 mg/L 

CaF2  solution.  Describe its level of 
saturation. 



Example: Qsp & precipitation 
Ø A solution is prepared by mixing       

750. mL of a 4.0 x 10-3 M Ce(NO3)3   
with 200. mL of a 2.0 x 10-2 M KIO3. 

 Will Ce(IO3)3 (Ksp = 1.9 x 10-10) 
precipitate from this solution? 



Example: Precipitation 
Ø  A solution is prepared by mixing  

 150. mL of 1.0 x 10-2 M Mg(NO3)2 with  
 250. mL of 1.0 x 10-1 M NaF. 

 What will be the Mg2+ and F- concentrations 
in equilibrium with solid?  (Ksp = 6.4 x 10-9) 



Selective Precipitation 
Ø A solution that contains more than one cation 

or more than one anion may be separated by 
adding a counter ion that has differing 
solubilities with the two ions. 

Ø For example, a solution containing both Ag+ 
and Ba2+ ions could be separated easily by 
adding NaCl solution.  AgCl is highly insoluble 
and precipitates.  BaCl2 is soluble and remains 
in solution. 



Selective precipitation 
Ø  Consider a solution that contains Ag+ and 

Pb2+ ions.  If you wish to separate the ions, 
which of the following anions would be a 
good choice to selectively precipitate one of 
the ions? 

   Nitrate    NO3
- 

   Carbonate    CO3
2- 

   Iodide   I- 



Selective precipitation 

Ø  Consider 250.0 mL solution that is     
0.0050 M Ag+ and 0.0050 M Pb2+.  

A.  What [I-] will be required to begin 
precipitation of Ag+ ions? 

B.  What [I-] will be required to begin 
precipitation of Pb2+ ions? 

C. What concentration of Ag+ remains when 
the Pb2+ begins to precipitate?   

 What percentage of the silver is this? 



Complex ion equilibria 
Ø  Complex ions form when small molecules or ions in solutions 

form weak to moderate  coordinate covalent bonds with a 
dissolves species. 

Ø  Many complex ions formations are strongly favored (large K 
values) and are highly soluble in water. 



Cr(NH3)6
3+ complex ion formation 



Complex ions and salt solubility 

Ø  An insoluble salt can be dissolved in a solution which 
contains molecules or ions that will complex to one of 
the salt ions. 

Ø  For example, Ni2+ ions will complex with cyanide ions 
in solution: 

 Ni2+
(aq) + 4 CN-

(aq) ⇔ [Ni(CN)4]2- 
(aq)  

 Kformation = 1.0 x 1031 

Ø  NiCO3, an insoluble salt (Ksp = 6.6 x 10-9) can be 
dissolved readily in a solution containing cyanide 
ions. 



Complex ions and salt solubility 
Ø What will be the overall K for dissolving 

NiCO3 in a solution containing cyanide ions? 

Ø What will be the solubility in mol/L of NiCO3 
in a 0.25 M solution of NaCN? 



Amphoteric Substance 


