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SOLUBILITY PRODUCT - SUMMARY

Solubility Product K,
¢ solubility product of a sparingly soluble salt is the product of the molar concentrations of its
constituent ions, each raised to appropriate powers, in a saturated solution at a given temperature
» equilibrium established in a saturated solution of a sparingly ionic soluble salt A;B; is:

\ + .
AB:s) — YA¥@y * 2B

K, = [A"@@][B" @]’

sp
* concentration of salt is constant as it is a solid, hence not included in the expression
¢ atequilibrium, concentration of ions remains constant, hence solution is saturated
o [ions] in K, for saturated solutions only
° K related to solubility of salt

Exercise 1

Write an equation to show the dissociation and an expression for the solubility of each of the following
sparingly soluble salts:

(a) Ag-COs

(b) Cas(PO4)2

Solubility
« solubility of a salt at a stated temperature can be expressed in 2 ways:

o maximum amount of solute dissolved in 1 dm= of solution (mol dm)
©  maximum mass of solute dissolved in 1 dm™ of solution (g dm™)
¢ solubility can be determined from Ks,, and vice versa

Exercise 2
At a particular temperature, the solubility of lead(Il)iodide is 1.22 g dm™. Calculate the solubility product of
lead iodide at this temperature. [7.41 x 10® mol®* dm™)

Exercise 3
Fe(OH): is added to a beaker of water until no more can dissolve. The pH of the solution is found to be 9.50.
Calculate the solubility product of Fe(OH).. [1.58 x 107 mol® dm™]

Exercise 4

Determine the solubility of the following sparingly soluble salts given their Ks, values
(a) AgBr, Ks, = 5.35 x 107 mol* dm™®

(b) Ag2COs, Ksp = 8.46 x 102 mol® dm™

[7.31 x 107 mol dm™, 1.28 x 10 mol dm™]
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Relationship between Solubility Product and Solubility

Compound | Solubility/ mol dm* | Solubility Product | Total no of ions per compound
Ag.CrO, 6.5 x 10° 1.1 x 10" mol*dm?® 3
AgCl 1.3x10° 1.8 x 10"° molPdm™® 2
BaCOs 7.1x10° 5.0 x 10° mol? dm™* 2
CaF; 2.13x10* 3.9 x 10" molfdm™® 3

» solubility products only give a direct comparison of the solubility of two salts only if the ratio of
cations and anions produced in solution is the same in both cases
o solubility product of BaCOg; (2 ions) is higher than that of AgCl (2 ions) and its solubility is also

lonic Pr

higher

o solubility product of CaF; (3 ions) is higher than that of Ag.CrO. (3 ions) and its solubility is also

higher

If the ratios are different, then the solubility product do not give a comparison of solubilities directly,
and a calculation of solubility must be performed

©  The solubility product of AgCI (2 ions) is higher than Ag.CrO. (3 ions) but its solubility is lower.

oduct (IP)

lonic product (IP) has similar expression as K, except that it involves specific concentrations that
are not necessarily at equilibrium.

lonic Product

Solubility Product

[ions] for unsaturated, saturated or
supersaturated solution

[ions] for saturated solution only

Varies at a particular temperature as
concentration of ions changes

Constant at a particular temperature

* Hence IP can be used to predict precipitation of salts

IP Solution Precipitation?
Less than K Unsaturated or diluted |No
Equal to K Saturated No
Greater than Ks, | Supersaturated Yes

* ForIP > K, , as ppt occurs, [ions] will decrease hence IP will decrease gradually until IP = K, and
ppt stops

Exercise 5
Can CaSQ, precipitate from a solution prepared by mixing 200 cm? of 0.025 mol dm CaCl, and 400 cm?® of
0.150 mol dm™ NaS0,? [ Ks, of CaSO, = 2.4 x 10° mol? dm™]

Exercise 6
Will cadmium hydroxide, Cd(OH), precipitate from a 0.010 mol dm solution of cadmium chloride at a pH of
9.007? (Ksp of Cd(OH), = 7.2 x 107" mol® dm®)
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Common lon Effect
* Consider the equilibrium of sparingly soluble salt AgCI

AgClI(s) T‘ Ag‘(aq) + Cl(aq)

* If AgNO:s (aq) is added to the solution, then [Ag*] will increase. According to LCP, the equilibrium
will shift left to partially remove the Ag®, more AgCl will be precipitated, and solubility of AgCI
will be lowered or suppressed due to the common ion Ag* that is added

¢ This phenomenon is called the common ion effect

* similarly, if Cl" is added to the solution via salt such as NaCl(aq), the common ion effect will suppress
the solubility of AgClI

Exercise 7

Given that K, for iron (ll) hydroxide at 298 K is 7.9 x 107"® mol® dm, calculate its solubility in
(a) pure water

(b) 0.10 mol dm™ FeSO4(aq)

Explain the difference in solubilities calculated in (a) and (b).

[5.82 x 10°® mol dm™, 4.44 x 10® mol dm™]

Exercise 8

The concentration of sulphate in a sample solution was determined gravimetrically by adding excess barium
chloride solution to precipitate barium sulphate. The precipitate was filtered and washed with dilute sulphuric
acid before it was dried and weighed.

Explain why the precipitate was washed with dilute sulphuric acid instead of water.

Selective Precipitation
* a mixture of metal cations can be separated by adding OH" ions slowly to the mixture and

precipitate out the metal hydroxides one by one
¢ the metal hydroxide with smaller K, will be precipitated first, and can be filtered off and separated
from the mixture

Exercise 9

Aqueous sodium hydroxide was slowly added to a mixture of 0.001 mol dm™ Fe(ll) and 0.001 mol dm™
Cu(ll) ions for separation. Given Ks, Cu(OH)2 = 4.8 x 10?° mol® dm®, K, Fe(OH)2 = 4.87 x 10" mol® dm™®.

(a) Which cation will be precipitated first?

(b) Determine the pH range of the solution in order to precipitate out the cation in (a) without precipitating the
other. [5.84 to 7.34]

(c) Determine the concentration of cation in (a) when the second precipitate first appeared. [9.86 x 107 mol
dm?]

(d) From your answer in (c), suggest if this separation method is good or bad.
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