
Chapter 13 
 

Titrimetric Methods; 
Precipitation Titrimetry 
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Titrations are widely used in analytical chemistry to determine acids, 
bases, oxidants, reductants, metal ions, proteins, and many other species. 
Titrations are based on a reaction between the analyte and a standard 
reagent known as the titrant. The reaction is of known and reproducible 
stoichiometry. 
The volume, or the mass, of the titrant needed to react completely with 
the analyte is determined and used to calculate the quantity of analyte. A 
volume-based titration is shown in this figure in which the standard 
solution is added from a buret, and the reaction occurs in the Erlenmeyer 
flask. In some titrations, known as coulometric titrations, the quantity of 
charge required to completely consume the analyte is obtained. In any 
titration, the point of chemical equivalence, called the end point when 
determined experimentally, is signaled by an indicator color change or a 
change in an instrumental response. This chapter introduces the titration 
principle and the calculations that determine the amount of the unknown. 
Titration curves, which show the progress of the titration, are also 
introduced. 



Titrimetric Methods;  
 
1) Volumetric Titrimetry 
2) Gravimetric Titrimetry 
3) CoulometricTitrimetry 
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Titration methods are based on determining the quantity of a reagent of known 
concentration that is required to react completely with the analyte. 
The reagent may be a standard solution of a chemical or an electric current of 
known magnitude. 
 
In volumetric titrations, the volume of a standard reagent is the measured quantity. 
 
       acid/base reactions 
       complex formation 
       formation of a precipitate 
       redox titrations: electron transfer 
 
In Gravimetric titrations, the mass of the reagent is measured instead of its 
volume.  
 
In coulometric titrations, the “reagent” is a constant direct electrical current of 
known magnitude that consumes the analyte. For this titration, the time required 
(and thus the total charge) to complete the electrochemical reaction is measured. 
 
Amperometric titrations 
Spectrophotometric titrations 



Direct titration  : titrant is added to the analyte until the reaction is complete.         

Back titration : Back-titration is a process in which the excess of a standard 
solution (T1) used to consume an analyte is determined by titration with a second 
standard solution (T2). Back-titrations are often required when the rate of reaction 
between the analyte and reagent is slow or when the standard solution lacks 
stability. 

A 
T1 

Excess T1 
T2 

Ex.      PO4
3– + 3Ag+  →   Ag3PO4 (s) 

            Ag+  + SCN – → AgSCN (s) 

13A  Some Terms Used in Volumetric Titrations 
A standard solution (or a standard titrant) is A standard solution is a reagent 
of known concentration. Standard solutions are used in titrations and in many 
other chemical analyses. 



Principles of volumetric analysis 

Volumetry :  the volume of standard reagent needed to react with analyte is 
measured 

Titrimetry : increments of the titrant are added to the analyte until their reaction 
is complete. 

     Titrant   vs   Analyte 

        N V    =   N’V’  

       nMV   =  n’M’V’           

N= known 
 V= measure 

N’= unknown 
V’= known  



Titration :  

A procedure for determining the amount of some unknown substance (the 
analyte ) by quantitative reaction with a measured volume of a solution of 
precisely known concentration (the titrant ). 

 

Titrant :  
The substance that quantitatively reacts with the analyte  in a titration . The 
titrant is usually a standard solution  added carefully to the analyte until the 
reaction is complete. The amount of analyte is calculated from the volume of 
titrant required for complete reaction. 

Indicator : 
A substance that undergoes an sharp, easily observable physical change when 
conditions in its solutions change. See, for example, acid-base indicator and redox 
indicator . 
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13A-1  Equivalence Points and End Point 
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Indicators are often added to the analyte solution to produce an observable 
physical change (signaling the end point) at or near the equivalence point.  
Large changes in the relative concentration of analyte or titrant occur in the 
equivalence-point region. 
These concentration changes cause the indicator to change in appearance.  
Typical indicator changes include the appearance or disappearance of a color, a 
change in color, or the appearance or disappearance of turbidity. As an example, 
the indicator used in the neutralization titration of hydrochloric acid with sodium 
hydroxide is phenolphthalein, which causes the solution to change from 
colorless to a pink color once excess sodium hydroxide has been added. 
 
Use of instruments to detect end points: 
 
     colorimeters,  
     turbidimeters,  
     spectrophotometers, 
     temperature monitors,  
     refractometers,  
     voltmeters, pH meter, current meters, and conductivity meters. 



13A-2  Primary Standards 



13A-2  Standard Solutions 



② 

① 



Primary standard KHP 
204.22 g/1000 mL= 1.0000 M 

0.51055 g/25 mL = x  M 

x = 0.1000 M 

 

 

End point = 5.00 mL 
0.1000 N×5.00 mL= x N×5.00 mL 

X = 0.1000 N = 0.1000 M 

Titration of   
5.00 mL of  

0.1 M KHP 
standard with 
NaOH 

 Experiments.    Standardization of 0.1000 M  NaOH  



13C  Volumetric Calculations 
 
Molar concentration, c, is the number of moles of reagent contained in one 
liter of solution. 
 
Normal concentration, cN, is the number of equivalents of reagent in the 
same volume. 
 
13C-1  Some Useful Relationships 



13C-2 Calculating the Molar Concentration of Standard Solutions 







13C-3  Treating Titration Data 

■  Calculation Molarities from Standardization Data 







■  Calculating the Quantity of analyte from Titration Data 
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