Chapter 6

Titrimetric Methods of Analysis

Objectives

This chapter is an introduction to all types of titrimetric methods of analysis. Precipitation titrimetry will be used to illustrate the various theoretical aspects of the titration process. The terms that are used widely in titrimetry will be defined and methods for treating the data and calculating the results will be discussed. 

Titrimetric methods are based on measuring the amount of a reagent of known concentration that is consumed by the analyte.

Examples on these methods include:

Volumetric titrimetry; measuring the volume of a solution of known concentration that is needed to react completely with the anayte.

Gravimetric titrimetry; measuring the mass of the reagent instead of its volume.

Colometric titrimetry;  measuring the quantity of charge in coulombs required to complete a reaction with the analyte.

Some Terms Used in Volumetric Titrimetry

Standard solution: is a reagent of exactly known concentration that is used in a titrimetric analysis. 

Titration: is a process in which a standard reagent is added to a solution of an analyte until the reaction between the analyte and reagent is judged to be complete. 
Back-titration: is a process in which the excess of a standard solution used to consume an analyte is determined by titration with a second standard solution.
Back-titrations are often required when the rate of reaction between the analyte and reagent is slow or when the standard solution lacks stability.

Equivalence point: is the point in a titration when the amount of added standard is chemically equivalent to the amount of analyte. 

End point: is the point at which a physical change occurs that is associated with the condition of chemical equivalence.
Titration error: the difference in volume or mass between the equivalence point and 

the end point.
Indicators: added to the analyte solution to produce an observable physical change at or near the equivalence point.

Typical indicator changes include a change in color,  or turbidity.

Sometimes, instruments are used to detect end points, such as colorimeters, turbidimeters, temperature monitors, refractometers, voltmeters, current meters, and conductivity meters.
Primary Standards 

A primary standard is a highly purified compound that serves as a reference material in volumetric and mass titrimetric methods. Important requirements for a primary standard: 
1. High purity.
2. Atmospheric stability. 
3. Absence of hydrate water, so that the composition of the solid does not change with variations in humidity. 
4. Modest cost. 
5. Reasonable solubility in the titration medium. 
6. Reasonably large molar mass so that the relative error associated with weighing the standard is minimized. 
Unfortunately, only a limited number of primary-standard substances are available.
A secondary standard is a compound whose purity has been established by chemical analysis and serves as a reference material for a titrimetric analysis.

Standard Solutions

An ideal standard solution for a titrimetric method should posses the following properties:   
1. sufficiently stable. 
2. react rapidly with the analyte (minimum time between additions).
3. react more or less completely with the analyte so that satisfactory end points are realized 
4. undergo a selective reaction with the analyte that can be described by a balanced equation.
Two methods are used to establish the concentration of standard solutions. 
Direct method, in which a carefully weighed quantity of a primary standard is dissolved in a suitable solvent and diluted to an exactly known volume in a volumetric flask. 

Standardization, in which the titrant to be standardized ( secondary standard) is used to titrate an exact quantity of a primary standard (mass or volume), or a secondary standard (volume), whose concentration has been determined accurately.
