Chem 116

Solubility Product Constant

Chapter 15
(pg. 618-633)

Solubility and Simultaneous Equilibria

*

The product of molar concentrations of the constituent ions, each raised ot the power of its stoichiometric coefficients in the equilibrium equation

Solubility Product Constant (K

Equilibrium constant for dissolution reaction.

Small amountsof a sparingly soluble salt (considered insolulsimg solubility rules)
dissolve in water and exist in the aqueous phasésaeciated ions.

At equilibrium, the ion concentrations remain because the rate at which the sq
dissolves to give the aqueous ions atieeat which ions crystallize to reform
the solid salt.

Q  For Mg(AsO,), Kg,=2.1x10?° What is the equilibrium specified by thigjvalue?

The numerical value of K gives information about the of the salt
Q What do high K, values specify? low Kvalues?

The value of K,depends only on

id
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Use of Solubility to Calculate K,

1. A saturated solution of Pbgias [PB*] = 1.44 x 16 M. What is the solubility product

constant for PbGP

2. Asaturated solution of G&0,), has [C4"] = 3.43 x 10’ M. Calculate K, [PO*], and

the molar solubility of calcium phosphate in water.

3. Assaturated solution of AGrO, prepared by dissolving solid AQrO, in water had

[CrO] = 6.5 x 10° M. Calculate Ksp for AgCrO,. a.1x109

Use of K, to Calculate Solubility

Solubility is the maximumamount of ionic compound that dissolves per volume of solution (mol/L; g/L; g/100 ml)

Molar solubility— max number of moles of compound that dissolveslirof solution (i.e. to give a

saturated solution)
— defined for ssaturated solutiorn, so we can use the equilibrium law to find it.

Calculate the solubility of MgRK=7.4x10") in water at 25C in units of mol/L and g/L.

Calculate the solubility of MASO,), (K, = 2.1x10%°) in units of g/100 mL. What is the concentration of
magnesium and arsenate ions in a saturated solutiongoiesiam arsenate?

Use the values ofto calculate the molar solubility of the following compounds.
a. BaCrQ b. Mg(OH), c. Ag,SO;

Which has the greater molar solubility: AgCI witly, & 1.8 x 18 or Ag,CrO, with Ky, = 1.1 x 16'2? g.crop
Which has the greater solubility in grams per liteg2o,)
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Factors Affecting Solubility

Common lon Effect
Addition of a strong electrolyte with an ion in common with a salt DECREASES the solubility of the salt.

Q Consider a saturated solution of B¢k, = 1.8x107). When added to the saturated barium fluor
solution, which of the following salts will affetttie solubility of Bakin water?

NaF NaCl BaC KF KNO, Ba(NOy),

Calculate the molar solubility of Bak pure water and in 0.30 M KF. In which is theFBaost
soluble, pure water or 0.30 M KF?

Examples:
1. Calculate the molar solubility of PbCy(X, = 2.8x10%) in:
a. Pure water b. 1.0x2M K,CrO,

2. Calculate the molar solubility at 28 of MgF, (K, = 7.4x10Y) in:
a. 0.10 M NaF b. 0.10 M Mgg¢l

Factors Affecting Solubility

pH of Solution
Addition of a strong acid to a saturated solution of salt that contains conjugate base of WEAK ACID will INCREASE the
solubility of the salt.

Q Explain how addition of HCI (or lowering of pH) affts the solubility of CaKsp =
1.5x10%9) in aqueous solution?

Metal hydroxides also contain the conjugate base of a weak acid (i.e. OH- is the conjugate base
of the weak acid H,0) and will INCREASE in solubility as strong acid is added!!

Q Explain how addition of strong acid affects theusility of Fe(OH), (K, = 2.6x10%)

Q Which of the following compounds are more solubl@¢idic solution than in pure waterp

AgCl Pbl, Al(OH), MnS Hg,Br,

ZnCQ, Ni(OH), Ca(POy), AgOH Mg(OH),
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Examples

1. Calculate the molar solubility and pH of a solution sda with Mg(OH). K(Mg(OH),) = 5.6 x 102

2. Calculate the molar solubility of Mg(Okin water buffered at a pH of 8.00.

Precipitation of lonic Compounds

Question: Will a precipitate form if aqueous solutions of AQNand K,SO, are mixed?

Answer: It depends on.....

To decide if a precipitate will form, calculate telue of the ion product (IP or

1.
2.
3.
If.... * P> K, then solution is and precipitate form.
* P < K, then solution is and precipitate form.
*  IP =K, then solution is and precipitate form.
Examples:

1. Will a precipitate form if 100. mL of 0.075 M Mg(NJ is mixed with 200. mL of 0.010 M N&EO,;?

2. Wil a precipitate form if 500. mL of 0.050 M AgB,0, is mixed with 300. mL of 0.010 M 4§0,?

3. Wil a precipitate form if 100. mL of 0.0250 M Bg@ mixed with 250. mL of 0.00100 M HE@NO5),?
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Qualitative Analysis Schem
A procedurefor separating and identifying metal cations present in an unknown solution
Group based separation into five groups is by wiffees in kg, values and NOT by solubility
rules.
Unknown solution Group |- Exp #8
of metal ions Ag*, Hg2", P?*
‘__fﬂa_\
Group I precipitate Solution Group Il 2Exp #9
AgCl, Hg,Cl,, PbCl, Tons of groups II-V PL?* Cu2" Hg?" B>
‘__IA_M&\
Group II precipitate Solution
PbS, CuS, Hgs, CdS, Tons of groups Group Il Exp #10
BiyS;, SnS, -V Mn2+ Fe¥, Ni2+, Al3*
‘—_Mf%
Group III precipitate Solution
MnS, FeS, CoS, NiS, Ions of groups
ZnS, Al(OH),, Cr(OH) A Group IV 2Exp #11
i > caz*, B+, S
'—_lﬂ%nzcoz
Soluti
Group IV precipitate Tonk ofugrzrl:p v Group V-Exp #12
CaCO,, BaCO, Na*, K*, Mg?* Na*, K¥, Mg, NH,*

2.

1.

Separation of Group | from Groups II-V

Based upon differences in Kq, values for the metal chlorides. Kg, values for PbCl,, AgCl, and Hg,Cl, are low.
K, values for most other metal chlorides are high.

A solution is 0.0015 M in each of the cations' Ag7*, and Hg?*. What concentration of chloride ion must be usqd
to precipitate as much of the g(as HgCl,) as possible without precipitating the chlorides of Agd PB*?
(KefHg,Cly) = 1.4 x 108, Ko(PbCh) = 1.2 x 10%; K(AgCl) = 1.8 x 16¥)

Consider the question above. What concentration-d$ Geeded to precipitate as much of the Agd Hg?* as
possible without precipitating the PB What is the concentration of igjions in the solution at this concentration [of
CI? At this Cl concentration, has most of the Pigbeen precipitated from solution?
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More Selective Precipitation

Separation of Group Il (acid insoluble) from Group Il (base insoluble) cations

Mixtures of metal cations, R, can be separated into two groups by the selective préicipitsf metal sulfides, MS
Group Il Metal Sulfides: Insolubleat low pH (pH < 1) and at high pkcid insoluble sulfides)
Group Il Metal Sulfides: Solubleat low pH butinsolubleat high pH (pH > 8)base insoluble sulfides)

The equilibrium set up by a metal sulfide (MS(s)) in agsesnlution at different pH values is:

Low pH conditions: IPspa> Kepa ONly for metal sulfides with low K, values (Group I1)
High pH conditions: IPspa> Kepa for metal sulfides with high and lowl, values (Groups Il and 11)
Solubility of metal sulfide or whether or not a metal sulfide will precipitate from solution depends on the pH of the
solution!!
Sulfide Kepa Sulfide Kepa
Pbs 3x10 MnS 3x10°
Cus 6x10° FeS 6x10
HgS 2x16°2 NiS 0.8
ZnS 0.03

1. Asolution with a pH=0.52 and,B concentration of 0.10 M is 0.0010 M in each of the catioAs A+, Mn?*,

Ni2*, and Z@&*. Under these Group Il conditions, which metal catioifisprecipitate as the sulfide?

2. Asolution is 0.0010 M in each of the seven metal casbosvn in the table above. If thg$iconcentration is

0.10 M, what pH is needed to precipitate all seven of thaelrations?
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Other Examples: Precipitation and Separation

Example: CuCQ;is insoluble with K, = 2.5x10'°. However addition of ammonia increases the sbitybi
of this salt and causes CugiO dissolve. Explain. Hint: Cu(ll) forms the sble ammonia complex ion
Cu(NH;),*?K; = 5.6x10%

Example: Silver chloride (K, = 1.8x10) is insoluble in water and in acid, but dissolirean excess of
aqueous ammonia. Explain. Hint: Silver(l) forthe soluble complex ion Ag(Nj+ K; = 1.7x10.

Q.  Calculate the molar solubility of AgBr (&= 5.4x10") at 25°C in:
a. Pure water b. 0.75 M NH

1. Asolution is 0.500 M in each of the ions?Nand C#* and has a pH of 4.00. Solid NaOH is added to precipitate {he
hydroxides. K{Ni(OH),) = 5.5x10'6, K{Cr(OH),) = 6.7x10*
a. Before NaOH is added, will either ion be precipitatechaydroxide?
b. Can these two ions be separated from each other by adjoltiofjthe solution?
c. What pH is needed to precipitate as much of tRéa3rpossible without precipitating the?ra
2. Asolution is 0.0050 M in Shand APF*and has a pH = 1.00. Solid NaOH is added to make the solutienbasic.
Which of these metal cations will precipitate first?
Sn(OH), (Kg, = 5.4x 1677) Al(OH); (Kgp = 1.9x10%)
3. Asolution is 1.0 x 1®M in each of the metal cations C@PIF*, Hg,?*, and Ad. Solid NaBr is added to this
solution. In what order will the bromides precipitate?
CuBr (K, = 6.3 x 1) AgBr (Ky,=5.4 x 104)
PbBp, (Kyp= 6.6 x 1) H,Br, (K= 6.4 x 1629
Formation of Metal Complex lons or Coordination
Compounds
If metal cation of salt forms a soluble metal complex ion, addition of ligand will increase the solubility of the salt.
Metal Complex lon....Definition:
Ligand:
Formation of a metal complex ion is an example of chemistry.
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Sample Questions

A solution is 0.60 M in [Cu(NE),]?*. K; = 5.6 x 10*. Calculate the concentration of free?Cand NH, in this
solution.

Calculate the solubility of Cu(OKln a solution of 1.2 M NHl
Kgp (Cu(OH)) = 1.6 x 1%, K; ([Cu(NH,),]?*) = 5.6 x 1%

3.

4.

Calculate the equilibrium concentrations ot*Nind NH, in the solution when 0.050 mol Ni(NJ are added to
1000. ml of 1.0 M NH. K([Ni(NH 3)¢]?*) = 2.0 x 16.

The complex ion [Ag(NE),]*, K; = 1.7 x 10, is formed from a solution that is 0.10 M*Agnd 1.0 M NH. After the
complex is formed, the solution is make of 0.030 M in NaCll &y AgCl precipitate? K(AgCl) = 1.8 x 10w,




