
Fujian Normal UniversityCollege Chemistry: Chapter 8Slide 1

Qianhuo Chen
Fujian Normal University, China

Chapter 8
Precipitation Equilibria and TiTrations

College  Chemistry
大学化学 (双语)

College of Chemistry and Materials Science



Fujian Normal UniversityCollege Chemistry: Chapter 8Slide 2

Content

8.1 Basic Concepts
8.2 Factors Affecting the Precipitation 

Equilibrium
8.3 Fractional Precipitation
8.4 Transformation of the Precipitate
8.5 Gravimetry
8.6 Precipitation Titration
8.7 Organic precipitating agent
8.8 Homogeneous precipitation



Fujian Normal UniversityCollege Chemistry: Chapter 8Slide 3

Chapter Goals

1. Apply chemical equilibrium concepts to the 
solubility of ionic compounds.

2. Estimate the solubility of a salt from the value of 
Ksp.

3. Understand the side reaction and K’sp.
4. Understand the common ion effect, salt effect, 

acid effect and coordination effect. 
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Mineral Barite(重晶石）
Barium sulfate used to 
examine the digestive tract.
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8.1 Basic Concepts

1. Precipitation-dissolution Equilibrium
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Given Solubility Product Constant: Ksp=(m+)(m-)

2.  Solubility Product Constant: Ksp
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where ρ(kg/L) is the density of the solution, MB
(kg/mol) is the molar mass of the solute.

In dilute solution cB≈mB

∴ Ksp=[M+][A-]
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3.  Solubility (s) is defined as the concentration of a 
dissolved at equilibrium with its undissolved form.

∵ Ksp = [ms]m[ns]n= mmnn smsn= mmnn sm+n
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Note for the Relationship Between Ksp & s

Ksp can be used to 

• estimate the solubility of a solid salt;

• determine whether a solid will precipitate when 
solution of its anion and cation are mixed;

• compare the solubility of two salts having the 
same cation-anion ratio. 
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1. If Q = Ksp the solution is saturated and at 
equilibrium.

2. If Q＜Ksp, the solution is not saturated. (i) If solid is 
present, more will dissolve until equilibrium is 
achieved; (ii) If solid is not already present, more 
ions could be added to the solution until 
precipitation of solid begins.

3. If Q＞Ksp, the system is not at equilibrium, the 
solution is supersaturated.

Note
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Applying the Criteria for Precipitation of a Slightly Soluble 
Solute.  Three drops of 0.20 M KI are added to 100.0 mL of 0.010 
M Pb(NO3)2.  Will a precipitate of lead iodide form? 
(1 drop ≈ 0.05 mL)

PbI2(s)  → Pb2+(aq) +    2 I-(aq)       Ksp= 7.1×10-9

Determine the amount of I- in the solution:

= 3×10-5 mol I-

nI- = 3 drops 
1 drop

0.05 mL
1000 mL

1 L
1 L

0.20 mol KI
1 mol KI
1 mol I-

EXAMPLE
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[I-] = 
0.1000 L

3 × 10-5 mol
= 3×10-4 M

Determine the concentration of I- in the solution:

Apply the Precipitation Criteria:

Q = [Pb2+][I-]2 = (0.010)(3×10-4)2

= 9×10-10 <  Ksp = 7.1×10-9

EXAMPLE
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4.  Side Reaction and Conditional Solubility Product 
Constant (K’sp)
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For the total concentration of A in the solution:

[A’] = [A] + [HA] + [H2A] + · · ·

For the total concentration of M in the solution:

[M’] = [M] + [M(OH)] + [M(OH)2] + · · · [M(OH)n]

+ [ML] + [ML2] + · · · [MLn]

sp
[M'][A']= [M][A] =
(M) (A)

K
α α

sp' M'][A']= [Giv Ken 
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sp sp' (M) (A) = (M) (A)

(M) (A)

o

=
K

K K α α α α
γ γ

Conditional Solubility Product
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8.2 Factors Affecting the Precipitation    
Equilibrium

1. Common Ion Effect：Adding a common ion to a 
saturated solution of a salt will always lower the salt 
solubility. 
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Note

• The solubility of a salt will always be reduced by 
the presence of a common ion, in accordance with 
Le Chatelier’s principle.

• We made the approximation that the amount of 
common ion added to the solution was very large 
in comparison with the amount of that ion 
coming from the insoluble salt, which allowed us 
to simplify our calculation.
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2.   Salt Effect: Adding some strong electrolyte 
(KNO3、NaNO3) , neither reacting with the 
precipitate nor having common ions, to a 
saturated solution of a precipitate will always 
increase the solubility. The reason of the salt 
effect is the change of activity coefficient.
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Effects on the Solubility of Ag2CrO4

Comparison of the common-
ion effect and the salt effect on 
the molar solubility of 
Ag2CrO4
The presence of CrO4

2- ions, 
derived from K2CrO4(aq) 
reduces the solubility of 
Ag2CrO4 by a factor of about 35 
over the concentration range 
shown (from 0 to 0.10 M added 
salt). Over the same 
concentration range, the 
solubility of Ag2CrO4 is 
increased by the presence of the 
uncommon, or diverse, ions 
from KNO3, but only by about 
25%. 
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3.   Acid Effect: If the cation of a substance is a weak 
acid or the anion is a weak base, the solubility of the 
substance will be affected by the pH of the solution. 

OH

M(OH)

· · ·

H

HA

· · ·

MA( )                  M              +          A�s  
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• Any salt containing an anion that is the conjugate 
base of a weak acid will dissolve in water to a 
greater extent than given by Ksp. 

[Pb2+] = [S2-’] = s

2+ 2-PbS(s) Pb (aq) + S (aq) �

2- - -
2S (aq) + H O(l) HS (aq) + OH (aq) �
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Note

• In general, the solubility of salt containing the 
conjugate base of a weak acid is increased by 
addition of a stronger acid to the solution. In 
contrast, salts are not soluble in strong acid if the 
anion is the conjugate base of a strong acid.
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4.  Coordination effect：The presence of complexing
agents that can combine with either cation or 
anion of a slightly soluble substance will lead to an 
increase in its solubility. 

[Ag’] = [Cl-] = s

Ksp= = 1.6×107
[Ag(NH3)2]+

[Ag+][NH3]2

+ -

+ +
3 3 2

Main reaction :   AgCl(s) Ag + Cl
Complexation reaction :   Ag + 2NH Ag(NH )

�

�

Ksp = 1.8×10-11
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5.   Other Effects

• Temperature effect;

• Solvent effect;

• The effect of the size of the precipitate;

• The effect of forming colloid solution;

• The effect of form of the precipitate.
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8.3 Fractional Precipitation

• A technique in which two or more ions in solution 
are separated  by the proper use of one reagent that 
can cause precipitation of both ions.

• Significant differences in solubility's are necessary.

• Key to the technique is slow addition of the 
reagent.
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8.3  Fractional Precipitate (continued)

Example: A solution containing 0.01 mol/L of I- and 0.01 
mol/L of Cl- was added with AgNO3 solution, which 
precipitate will form first?

)
×

= ×
-10

sp+ -8
-

(AgCl) 1.8 10[Ag ] = = 1.8 10 (mol/L)
(Cl 0.01

K
c

The concentration of Ag+ when AgCl begins to precipitate:

)
×

= ×
-17

sp+ -15
-

(AgI) 9.3 10[Ag ] = = 9.3 10 (mol/L)
(I 0.01

K
c

The concentration of Ag+ when AgI begins to precipitate:
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8.4 Transformation of the Precipitate

Transformation Reaction

Equilibrium Constant of Transformation Reaction:
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8.5 Gravimetry (重量测定)

sample solution precipitate 
form

weighing 
form

result
calculation

dissolution

filtering, rinsing

adding
precipitator 

calcination or drying 
weighing 

• In gravimetry, or gravimetric analysis as it is 
sometimes called, the analyte is converted to an 
insoluble substance (precipitate) which is isolated
and weighed.
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Requirements for Precipitate

• For Precipitate Form:
1. Highly insoluble;
2. Pure；
3. Easy to filter and rinse (清洗);
4. Easy to change to weighing form.
• For weighing form:
1. Invariable (恒定的) chemical composition;
2. Stable property;
3. Large molar mass.
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Calculating the Results

Ba BaSO4                                      M(Ba)/M(BaSO4)

MgO Mg2P2O7                    2M(MgO)/M(Mg2P2O7)

Fe3O4                          Fe2O3                                  2M(Fe3O4)/M(Fe2O3)

NH3                              Pt                                     2M(NH3)/M(Pt)

Analyte weighing form          gravimetric factor F
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Silver 
method

Mohr’s method

Volhard method

Fajans method

K2CrO4 indicator

NH4Fe(SO4)2 
indicator

Adsorption 
indicator

8.6 Precipitation Titration
8.6 Precipitation Titration

伏哈德法

法杨司法

莫尔法
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8.7 Organic precipitating agent

• High selectivity
• Low solubility of the precipitation
• The adsorption capacity of the precipitation to 

inorganic impurities is very small, and easy to 
obtain the pure precipitation. 

• Large molar mass.
• The composition of sedimentation is constant, 

the precipitation can be weighed by the drying
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丁二酮肟

8-羟基喹啉

硝酸灵

1-亚硝基2-萘酚

铜铁试剂

水杨醛肟
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8.8 Homogeneous precipitation

• In homogeneous precipitation, the precipitant is 
generated slowly by a chemical reaction. For example, 
urea decomposes in boiling water to produce OH-.

• By this means, the pH of a solution can be raised very 
gradually. Slow OH- formation enhances the particle 
size of Fe(III) formate precipitate:

C

O

H OH

+ OH- HCO2
- + H2O

HCO2
- + Fe3+ Fe(HCO2)3 nH2O
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乙酸基喹啉

磷酸三甲酯

氨基磺酸

硫代乙酰胺

尿素

氰酸钾

草酸(二)甲酯
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