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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. 

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. 

Key Components 

• Titrant: A reagent of known concentration added from a burette. 
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• Analyte: The substance being analyzed. 

• Indicator: A chemical that changes color or produces a signal at the endpoint. 

• Burette and Pipette: Precision glassware for accurate volume measurement. 

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 

• 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 

 

Acid base titration 

Introduction to Acid-Base Titration 

• Acid-base titration is a quantitative analytical technique used to determine the concentration 
of an unknown acid or base by neutralizing it with a base or acid of known concentration. 

• It is commonly used in chemistry labs to analyze the strength and concentration of acids or bases 
in solutions. 

Basic Principle 

➢ The titration process involves a neutralization reaction between an acid and a base: 

Acid + Base → Salt + Water 

➢ The equivalence point is the point at which the number of moles of acid equals the number of 
moles of base in the solution. 

➢ An indicator is used to signal the end of the titration by changing color. 
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Acid-Base Theory 

Several key theories define the nature of acids and bases. These include: 

A. Arrhenius Theory 

➢ Acid: A substance that increases the concentration of hydrogen ions (H⁺) in an aqueous 
solution. 

➢ Base: A substance that increases the concentration of hydroxide ions (OH⁻) in an aqueous 
solution. 

B. Brønsted-Lowry Theory 

➢ Acid: A substance that donates a proton (H⁺). 

➢ Base: A substance that accepts a proton (H⁺). 

C. Lewis Theory 

➢ Acid: A substance that accepts an electron pair. 

➢ Base: A substance that donates an electron pair. 

Among these theories, the Brønsted-Lowry theory is the most relevant in titration processes, as 
titrations typically involve the transfer of protons during neutralization reactions. 

Types of Acid-Base Titration 

There are four primary types of acid-base titrations, based on the strength of acids and bases involved: 

1. Strong Acid vs Strong Base 

➢ Example: HCl vs NaOH 

➢ Sharp, steep pH change at equivalence point (pH ≈ 7). 

2. Strong Acid vs Weak Base 

➢ Example: HCl vs NH₃ 

➢ pH at equivalence point is < 7 (acidic). 

➢ Curve rises more gradually near equivalence point. 

3. Weak Acid vs Strong Base 

➢ Example: CH₃COOH vs NaOH 

➢ pH at equivalence point is > 7 (basic). 

➢ Presence of buffer region. 
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4. Weak Acid vs Weak Base 

➢ Example: CH₃COOH vs NH₃ 

➢ No sharp pH change, poorly defined equivalence point. 

➢ Difficult to choose appropriate indicator. 

Acid-Base Indicators 

Definition 

• An acid-base indicator is a substance that changes color depending on the pH of the solution. 
• It is used to detect the end point of the titration, which should be as close as possible to the 

equivalence point. 

Common Indicators: 

Indicator pH Range Color Change Suitable For 

Phenolphthalein 8.2 – 10.0 Colorless → Pink Weak acid vs strong base 

Methyl Orange 3.1 – 4.4 Red → Yellow Strong acid vs weak base 

Bromothymol Blue 6.0 – 7.6 Yellow → Blue Strong acid vs strong base 

Choosing the correct indicator depends on the expected pH at the equivalence point. 

Types of Acid-Base Titration Curves 

Titration curves are graphs of pH vs volume of titrant added. The shape depends on the nature of the 
acid and base. 

A. Strong Acid vs Strong Base 

➢ Initial pH: Low (acidic) 

➢ Equivalence point: pH = 7 

➢ Curve: Steep vertical rise at equivalence point 
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B. Weak Acid vs Strong Base 

➢ Initial pH: Higher than strong acid 

➢ Buffer region: Present before equivalence 

➢ Equivalence point: pH > 7 

➢ Curve: Gradual rise, followed by a sharp increase 

 

C. Strong Acid vs Weak Base 

➢ Initial pH: Low 

➢ Equivalence point: pH < 7 

➢ Curve: Gradual slope followed by a less sharp vertical rise 

 

D. Weak Acid vs Weak Base 

➢ Initial pH: Moderate 

➢ No sharp rise at equivalence point 

➢ Equivalence point: Difficult to detect 

➢ Curve: Smooth, no clear inflection 
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