Solubility Product
Constant




Solubility Constant

* Solubility equilibria: Reactions involving
the dissolving or forming of a solid from
solution

* Qverall equation:
* AgNOsiap + HClag — AgCle + HNOZ(g
* Net ionic equation:

28 Ag+(aq) i 0"(aq) W AQCI(s)




Solubility Constant

* For a partly soluble or insoluble solid
such as AqCl,

3K AQCI(s) — Aq+(aq) . cl‘(aq)

* we define Ksp, the solubility product
constant:

* Ksp = LAg*ILCI]




Example
* Fe(OH)s) = Fe**ag + 30H(ag

3k Ksp=
2k Ang(s): ZAQ+(aq) 2 Sz‘(a(ﬂ

* Kep 2
* (as(P0s)ze) = 30aZ'iaq + 2P04%(ag)

% Ksp=




Example
* Fe(OH)s) = Fe**ag + 30H(ag

% Ko [Fe3*IL0H-1%
* Ag2Si = 2A0%aq * $%(ag)

* Kp = LAg1208%]
* (as(P0s)2) = 3Ca%(aq + 2P04% (ag)

% Ksp = [£a21°0P04512




Example

* A scientist prepares a saturated
solution of lead(ll) iodide. Independent
measurements show that the
concentration of leadis 1.3x 10° M

* Pblzg = sz*(aq) * 2 I (aq)




Solution

* Determine Concentrations

lPbl=13x10°M

[11=21Pbl=2x1Pbl=13x10°M
=26x10°M




Solution

* Substitute into K

Kep = LPbZ1L1-12
Ksp =(1.3 x 10-°)(2.6 x 10-%)2
Ksp =88x10°




Solubility and the
Comwon lon Effect

* Common ion effect: a decrease in
solubility which occurs when an ionic
compound is dissolved in a solution that

contains an ion in common with the
solid

* Consistent with principle of Le Chatelier




Comwon lon Effect

* What is the solubility of BaS04 in a
solution of 0.250 M Na2S04? The K, of
BaS04is 8.7 x 1011,

PaSO04 —  BaZ +  §04%
- (solid) 0 0.2%
- (solid) * X *xX

- (solid) X 0.29 +x




Solution

* Solve for x
Kep = [Ba210804%]
Kep = X (0.250 * x)
8.7 x 1011 =x(0.250 + x)
8.7 x 1011 =x(0.250) (hundred’s rule)
x=35x1010




Example

* (Calculate the solubility for the same
solute in water with no added $04% (5.




Comwon lon Effect

* (Calculate the solubility for the same
solute in water with no added $04% (4.

PaSO04 —  BaZ +  §04%
- (solid) 0 0
- (solid) * X *xX

- (solid) X X




Solution

* Solve for x

Kep = [BaZ+118042]
Ksp = X (x)

8.7 x 1011 = x2

x= 9.3x10°




Sumwmary

* The solubility of BaS04 is
* 9.3x10°%M inwater

* 39 x1019Min 0.250 M S04%




Formation of a
Precipitate

* Predict if a precipitate forms when two
solutions are wmixed

* Calculate Q and compare it to K fo
deterwine if a precipitate will form
when mixing solutions of soluble
compounds

ii No precipitate é ii Precipitate




Example

* 2500 mL of 0.050 M Na200s and 25.00
ml of 0.0020 M Ca(NO3z); are wmixed.
Will a precipitate form?




Solution
* Naz003iaq * CalNO2)2:90 = 2 NaNO3(aq) * CaC03)

* (al0s) = caz+(aq) i 0032'(aq)




Solution
* Naz003ia9 * CalNO2)2::90 = 2 NaNO3(aq * CaC03)

* (0aC0szi0 = CaZ*(zq * C03Z(ag

Find number of moles present that were added to the system

Nea = H
nea = (0.0020 M)(0.02500 L)
nea = 5.0 x 107 wol

neos = (0.050 M)(0.02500 L)
neoz = 1.29 x 10-2 wmol




Solution

* Now find the concentration of each ion
present.

Cea = n/v
Cca = (5.0x10-°)/(0.05000)
Cca=10x10° M

Ccoz = (1.25x10-2)/(0.05000)
Ceoz=0025 M




Solution

* Now find Q
Q=00az*11003s%]

Q=(1.0 x 10-9)(0.025)
Q=25x107

Find K, from chart

Ksp’ 50x 10




Solution

* Now find Q

2. %] 9
Q=1Caz*10C05%] 9x107>30x10
Q= (1.0 x 10)(0.025) Q> Ky
Q=25x10" Therefore a precipitate

WILL form




Homework

* p. 949 #121-128




