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Volumetric analysis 

Fundamentals of Volumetric Analysis 

Principle 

• Volumetric analysis is a quantitative analytical technique based on the stoichiometric reaction 
between a titrant and an analyte. 

• A measured volume of titrant is added to a known volume of analyte until the reaction reaches 
completion—known as the equivalence point. 

• This point is typically identified using an indicator or instrumental method. 

Where is Volumetric Analysis Used? 

• Determining water hardness 

• Quality control in industries 

• Blood and urine tests in medical labs 

• Determining acidity in food or beverages 

• Environmental monitoring (e.g., pollution) 

Basic Tools/Equipment Used 

Equipment Description 

Burette Long, graduated glass tube with a tap at the bottom; used to add 
titrant dropwise. 

Pipette Used to accurately measure and transfer a fixed volume of solution 
(usually analyte). 

Conical Flask Flask where the titration reaction takes place. 

White Tile Placed under the conical flask to help detect color changes clearly. 

Volumetric Flask Used to prepare standard solutions of exact volume. 

Funnel Used for transferring liquids. 

Indicator A chemical that changes color at (or near) the equivalence point to 
signal that the reaction is complete. 

Key Terms 

Term Definition 

Titration The process of slowly adding one solution to another until the 
reaction is complete. 

Titrant The solution of known concentration. 
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Analyte The solution of unknown concentration. 

Equivalence Point The point in a titration where the number of moles of titrant 
equals the number of moles of analyte. 

End Point The point where the indicator shows that the reaction is 
complete (ideally close to equivalence point). 

Standard Solution A solution whose exact concentration is known. 

Types of Volumetric Analysis 

A. Acid-Base Titrations 

➢ Involve neutralization reactions between acids and bases. 

➢ Example: Titration of hydrochloric acid (HCl) with sodium hydroxide (NaOH). 

➢ Commonly used for drug purity testing (e.g., aspirin). 

B. Redox Titrations 

➢ Based on oxidation-reduction (electron transfer) reactions. 

➢ Example: Potassium permanganate (KMnO₄) vs. ferrous ions (Fe²⁺). 

➢ Used for analyzing oxidizable or reducible substances. 

C. Complexometric Titrations 

➢ Involve the formation of stable complexes. 

➢ Example: Ethylenediaminetetraacetic acid (EDTA) with metal ions. 

➢ Useful for determining metal ion content in pharmaceutical formulations. 

D. Precipitation Titrations 

➢ Rely on the formation of an insoluble precipitate. 

➢ Example: Silver nitrate (AgNO₃) with chloride ions (Cl⁻). 

➢ Applied where precipitate formation indicates the endpoint. 

Applications in Pharmaceutical Chemistry 

• Assay of Active Pharmaceutical Ingredients (APIs) 

• Determination of substance purity 

• Content uniformity testing in formulations 

• Quality control and validation of raw materials and finished products 

Advantages 

• High precision and accuracy 
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• Cost-effective and simple to perform 

• Well-suited for routine quality control processes 

Limitations 

• Requires a clear, stoichiometric chemical reaction 

• Manual endpoint detection can be subjective 

• Impurities may interfere with accurate results 
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