lonic Equilibriain Aqueous Solution: Solubility Product, Ky,

Aqueous solution equilibriaare important in industrial, analytical and biological processes.

The equilibrium between an undissociated solid solute and its dissolved products in solution is known as
solubility equilibria.

Reminder: solubility isaconcentration RATE.

i defined asthe maximum number of moles of solutethat can be dissolved in oneliter of
S0 agiven temperature.

(

: Mole of solution per liter of solution, units: mol L, mol dm®)

SO s eventually formed, the ionsin saturated solution are in equilibrium with the excess undissolved

When iEw' ng quantities of a sparingly soluble ionic compound AB dissolvesin water, a saturated
w

THere 1 adynamic equilibrium between undissolved solid and dissolved (agueous) ions. The rate of

di ﬁward) isequal to the rate of crystallization (precipitation) (reverse).
equiibrium at saturation can be written as:

T
m AB S===== A+(aq) + B

ium constant for this equation system is called the Solubility Product or K.

r
Ke roduct of the concentrations of the ions in solution when the system is at saturation, (i.e.

equilibrium).
In VE: Ky =[A"][B]
In Generdl, Wher

[

eacompound X,,.Y , reaches equilibrium with its aqueous solution as follows:

Xn¥ng S>> X" * ¥ @)

an product (K,) iswritten as:
Ke = [X™]"[Y™]"

ty product constant, Kspr like other equilibrium constants is temperature dependent. Hence the
temy

e at which a solubility product is measured should always be stated.
ity product of asalt isusually obtained from its solubility.

e 6 gives some solubility product, Kgp values at 25°C.

Write the dissociation equation and the corresponding K, expression for the following:
1. Silver bromide, AgBr

2. Silver bromate, AgBrO;

3. Lead (I1) sulphate, PbSO,

4. Iron (111) hydroxide

5. silver carbonate

6. Aluminium Sulphide



Calculations using solubility product, K,
There are two types, using K, and finding K,

|._Calculating Solubility given Solubility Product, K ¢,: Use of K, to predict solubility

Sample Problems 1: the K, of lead (I1) chromate, PbCrO,  , at 25 °C is2.0x 10™

PbCrO, P + CrO%
m Ke = [PPI[CrO2] = 20x10%
[P?] = [CrO2] = %2.0x10® = 1.414x 10°moliL

that lead (1) chromateisinsoluble. If onetriesto dissolvelead (I1) chromate, the maximum
be dissolved will be 1.4 x 10® moles. in one liter. Small numbers like these mean that the
sinsoluble.

ty product, Kspr isthe product of the MAXIMUM AMOUNT of soluteionsthat can be
that temperature.

values are indicators of the solubility of compounds.

ing, small Ksp values mean low solubility (insoluble).

(( yispeaking, ALL ionic compounds or polar covalent compounds are soluble to some extent.))
[ vaueis used for high school chemistry: Below a solubility value of 0.1 mol L,
E— compounds are taken to be insoluble.]

OvieUsIVan! insol uble” lead or mercury or organometallic compound with a solubility of (say) 0.0001
mﬁL would be hazardous to health if ingested.

at 25°C.

Ocr04 (S)

i.e

@ﬁ: The K, for Strontium chromate, SrCrO, is 3.60 x 10°. Calculate the solubility of SrCrO,

2+ 2-
ST t CrO

[Sr*][CrO4] = 3.6x10°
= x?
= 36x10°

Therefore: “x” 6.0x 10°mol L*

Thisisthe solubility of SrCrO,. Thiscalculation tells usthat at 25EC one cannot have higher concentration
of SrCrO4; i.e. Strontium chromateisinsoluble for al practical purposes.



Generaly, for smple AB compound, the solubility isthe SQUARE ROOT of the K, and conversely, the
Ky isthe SQUARE of the solubility.

Solubility = % K, Ky = (solubility)?

(NOTE: only for AB compounds, not A,B, AB,, A,B; €tc.)

1 gBrO,) = 3.39x 10° at 16 °C, what isits solubility?

2.

= 4.0x 102 at 20 °C, what isits solubility?

C tion for compound with the formula: “A,B” type
Examplel: TheK, for silver carbonate, Ag,CO, is6.2 x 10* . Calculate the solubility for silver

[ B carbonate.

Mty of Ag,CO; be“x” molesL™, i.e. the maximum that dissolvesisthe x moles/liter.

m Ag,CO; s Ag'y + CO7y

L

2X X
Ke = [AgT1CO;]
= (29? ()
= 4
. 62x1012 = 4¢
Pss x 102 = x°
: X = 116x10*mol L?
Thmm Ag,CO; is1.16 x 10*mol L™
=
@aﬁna Solubility Product, K ., given Solubility
Ex : A saturated solution of silver acetate, CH,COOA(g has a concentration of 0.05 mol/L.
Wheat isthe K,? [Note: “AB” Type]

CH,COO0Ag, =————> Agy, + CH,COO,

[Ag7 = [CH,COO] = 5.0x10?% molL*
[Ag+][ CH,COO] = (5.2x10%?* => 25x10°




Example 2: The solubility of aluminum sulfide, Al,S;is2.0 x 107 mol L™. Calculate the K, for
auminum sulfide.

AlLS, 2A1%, + 34

A concentration of 2.0 x 107 mol L™ produces an IONIC CONCENTRATION asfollows:

[AI*] = 4.0x107 and [§] = 6.0x 107 mol L™

T ity product is: Ke = [APTP[ST?
i Ky = (40x107)(6.0x 107)°
= 35x10%

1 ubility of silver carbonate, Ag,CO; ¢ is1.25x 10“ mol L™ at 20 °C, what isits Kep?

|ubility of lead (1) iodide, Pbl,  is2.1x 107 at 25 °C, what isits K¢, ?

2.

N .
Limitatiens to the solubility product concept
Mproduct concept isvalid only for saturated solutions in which the total concentration of ions

h

ot be used for soluble substances such as AgNO,, NaCl, etc.

iwman 0.01 mol L. For concentrations greater than this, the value of Kgpisnolonger constant,

L0 predict precipitation
A t application of solubility product isthat they can be used to predict the maximum
co rations of ionsin solution. Hence, to predict whether or not precipitation mill occur.

T hether a precipitate will form when solutions are mixed, one calculatestheion product , (i.e.
thetrial Eroduct) for ionsin question in solution.

Ifﬁduct,Q, iISLESSTHAN theK g, therewill be no precipitate.
(The compound is soluble.)

Ift jal product, Q, isGREATER THAN the K, therewill be a precipitate.
(The 1on eancentrations are beyond solubility.)

Giventhe Ky, for calcium sulfate so 2.4 x 10° at 25 °C. If a1.0litre of 0.02 mol L™
solution of CaCl, ; is mixed with 1.0 litre of 0.0004 mol L™ solution of N&,S0,. -
Will a precipitate form? (A precipitate of CaSO,)

lumeis doubled, the concentration of the reacting ions will be halved. [Divide concentration
C\V; = GV, to caculate the fina concentration.]

1.0x 102 mol L*
2.0x 10*mol L.*

[Ca]
[SO.7]

0.01
0.0002

Trial product, Q = [C&*][SO,?]

Trial product, Q = [Ca?][SO] = (1.0x 10?)(2.0x 10%)

= 2.0x10°
Thisislessthan the K, for calcium sulphate given in the question as 2.4 x 10°
Therefore, precipitate will NOT occur.



Example 2: Mix 1.0 litre of 0.08 mol/L CaCl, with 1.0 litre of 0.02 mol/L Na,S0,.
Will aprecipitate of calcium sulphate, CaSO,, , form?

Solution:
Since the volume is doubled, the concentration of the reacting ionswill be halved. [Divide concentration
by 2anduse C,V, = C,V, to calculate thefinal concentration.]

Trid product, Q = [Ca?][SO2]
[C&] = 4.0x10%mol/L
and [SO,#] = 1.0x 102 mol/L

Trmct, Q = [C&'][SO2] = (4.0x10%)(1.0x 107
= 40x10*

Tm than K, for calcium sulphate of 2.4 x 10° , therefore a precipitate will occur, until the excess
io precipitated. (Excess above solubility)
Ont wing pages are lists of common ions and atable of solubility.

n of solidsin Nature:

ggmites and stalactites: these precipitate from a saturated solution of calcium carbonate; they
ipitate slowly from water in which the concentrations of Ca”?,y and  CO; -? ; have anionic
ct greater than the solubility product of calcium carbonate.

oral reefs grow when the concentrations of Ca, and CO, -* ,, ionsaround the coral must be
e enough to precipitate cal cium carbonate from the surrounding water.

ster: the concentrations of Ca'?,,y and CO; -* ;) must be large enough to precipitate calcium
bonate from sea water from its shell.

Precipi
1

2.

mon ion effect
the solubility of asalt is reduced, i.e. suppressed in the presence of acommon ion.

In

AB A T B

In EREIPrESEnce of either A** or B from another source, the solubility of the salt AB is reduced.

Elampie

Cdléulate the solubility of BaSO, (,, given Kg, (BaSO,) = 1.0x 10 in:
(a)h

(b) O.

ol L* Na,SO, (4




K, Values

lonic products and K, values for some substances at 25°C

SALT IONIC Ke
PRODUCT

[Ag][C,H,0,] 25x10°
[Ag+][Br] 48x10"
[Ag']4CO,7] 8.2 x 102
[AgT][CI] 1.2 x 1010
[Ag[I] 1.5x 10
[AgS] 1.6x10*
[AI*][OHT]? 5.0x 10*
[Ba™][COT] 4.9x10°
[Ba][SO,] 1.1x 10
[Cd™][S] 1.0x 102
[Ca™][CO,] 4.8x 10°
[Ca™][F]? 42x 10"
[Ca™] [OH]? 1.3x 10°
[Ca™][SO,7] 6.1x10°
[Cu'][CI] 3.2x 107
[Cu]qS] 1.6 x 10
[Cu*|[ST 8.5x 10
[Fe™][S] 3.7x10"
[Fe*][OH]? 1.5x 10%
[Hg"][S] 3.0x 10™
[Mg™][CO;7] 2.5x 10°
[Mg™*][OH]? 5.9 x 102
IMN™][S] 1.4x 10
[Ni**][S] 1.8x10*
[Pb™][CI? 1.0x 10*
[Pb™][CrO;7] 1.8x 104
[Pb*][SO,] 1.9x 10°®
[Pb™][S] 8.4x 10%
[S*][SO,] 2.8x 107
[Zn™][S] 45x 102




Solubility of Common I norganic Compoundsin Water
(Low solubility = “insoluble”)

Negative lons + Positive lons _ Compounds with
(anions) (cations) the solubility
Alkali ions (Li*, Na’, Soluble
Essentially all K*, Rb*, Cs', Fr)
jalyall Hydrogen ions Soluble
[H el (ACIDS)
dly all Ammonium ions Soluble
(NH,")
@, NO; Essentially all Soluble
e, CH,COO" Essentially all Soluble
e, Cl Ag', Pb", Hg*, Cu*, Low solubility
%’ PiBr' Ti*
I All others Soluble
. I cat, 9%, Ba, P, Low solubility
fae, SO,* R&*
All others Soluble
Alkali ions, H* Soluble
NH,", B, Mg,
e S- Ca*, S, B, R
m All others Low solubility
Alkali ions, H* Soluble
yeiexide, OH NH,", S, Ba®*, R,
Ti*
. All others Low solubility
— —
Alkali ions, H* Soluble
NH,"
All others Low solubility

hate, PO,*
ate, CO,>
ite, SO,*

=




