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Precipitation Reactions and Titrations 
     A number of anions form slightly precipitates with certain ions and can be 

titrated with the metal solutions. 

 

Cl− + Ag+ → AgCl ↓ 

SO4
−2 + Ba+2 → BaSO4  ↓ 

 

Effect of acidity on solubility of precipitates: conditional solubility product. 

The solubility of a precipitate whose anion is derived from a weak acid will 

increase in the presence of added acid because the acid will lead to combine 

with the anion and thus remove the anion from solution for example the 

precipitate MA that partially dissolves to give M
+
 and A

-
 ions will exhibit the 

following. 

 

 

 

The anion A
-
 can combine with protons to increase the solubility of the precipitates. The 

combined equilibrium concentrations of A
-
 and HA make up the total analytical 

concentration, CHA, which will be equal to [M
+
] from the dissolved precipitate (M

+
 or A

-
 

excess). 

α2 =
𝐾𝑎1𝐾𝑎2

[𝐻+]2+𝐾𝑎1[𝐻+]+𝐾𝑎1𝐾𝑎2
   Effect of acidity on solubility of precipitates 
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Note: The conditional solubility product value holds for only a specified pH. 
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Example 11.1: Calculate the solubility of CaC2O4 in a solution containing 

0.001M HCl? 

 

 

 

This compares with a calculated solubility in water using Ksp= [Ca
2+

][C2O4
2-

] 

of 5.1×10
-5

M (a 400% increase in solubility). 

 

Mass Balance Approach for Multiple Equilibria: 

The systematic approach is well suited for competing equilibria calculations. 

Example 11.2: How many moles of MA will dissolve in 1L of 0.1M HCl if 

Ksp for MA is 1.0×10
-8

 and Ka for HA is 1.0×10
-6

? 
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Example 11.3: calculate the solubility of CaC2O4 in a solution of 0.001M HCl 

by systematic approach? 
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Solving the quadratic equation gives [Ca
2+

] =1.9×10
-4

M. This is the same as 

that calculated in Example 11.1. 
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Effect of Complexation on Solubility:  

Conditional Solubility Product 
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Example 11.4: Calculate the molar solubility of silver bromide in 0.1M 

ammonia solution. 

 

 

 

 

 

Precipitation Titrations: (Argentometric Titration) 

Example 11.5: Calculate pCl for the titration of 100mL of 0.10mL Cl
-
 with 

0.1M AgNO3 after addition of 0.0, 20.0, 99.0, 99.50, 100.0, 100.50 and 

110.0mL AgNO3? 
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Titration curves for 100mL 0.1M Cl
-
, Br

-
, and I

-
 solutions versus 0.1M AgNO3.  

 

Note: The smaller the Ksp, the sharper the endpoint (or the smaller the Ksp, the larger the 

break at the equivalence point). 
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The detection of the endpoint (indicators): 

We can detect the endpoint by measuring either pCl or pAg with two types of 

indicators: 

 (1) Indicators Reacting with the Titrant:  

There are several examples of an indicator forming a colored compound with a 

titrant, two common method were: 

(a) Mohr Method: used for determining chloride ion, after chloride ion consumed 

by reacting with equal mmol of AgNO3, the excess (after drops) of AgNO3 than 

reacting with the indicator (K2CrO4) to form red precipitate Ag2CrO4. 

Cl−      +      Ag+      →        AgCl ↓     ,    Ksp = 1.0 × 10−10 

               Analyte           titrant           white precipitate 

CrO4
2−    +    2Ag+ →       2Ag2CrO4  ↓     ,    Ksp = 1.1 × 10−12 

              Indicator          titrant           red precipitate 
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(b) Volhard Titration (Back Titration):- 
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(2)Adsorption Indicators (Fajan’s Method): 

With adsorption indicators, the indicator reaction takes place on the surface of 

the precipitate. The fluorescein indicators such as fluorescein, methyl violet, 

Rhodamine and Bromphenol blue are dyes, exists in solution as ionized form, 

usually anion In
-
. 

 

The colour of the adsorbed indicator is different from that of the unadsorbed 

indicators, and the difference signals the completion of the titration. The more 

insoluble precipitates can be titrated in more strongly adsorbed indicators. We 

want the maximum surface area for adsorption in contrast to gravimetry. 

Coagulate decreases the surface area for absorption of the indicator, which in 

turn decreases the sharpness of the end point, we can prevent coagulation of 

silver chloride by adding some dextrin to solution. 
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