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Redox titrations 

Introduction to Redox Titrations 

• Redox titrations, a form of volumetric analysis, are widely used in pharmaceutical analysis to 
determine the concentration of substances via oxidation-reduction reactions. 

• These titrations play a key role in ensuring the quality, safety, and potency of drug substances 
and products. 

Principles of Redox Titration 

1. Redox Reaction 

➢ Redox titration is based on a reaction between an oxidizing agent and a reducing agent. 

➢ During titration, the titrant is added to the analyte until the reaction reaches 
completion, often indicated by a color change or electrode potential shift. 

2. Indicators 

➢ Indicators are frequently used to signal the endpoint of the titration, where the amount 
of titrant added is stoichiometrically equivalent to the analyte. 

3. Electrochemical Methods 

➢ In certain cases, particularly with complex systems or low concentrations, 
electrochemical methods like potentiometry are used to detect the endpoint by 
measuring the potential difference between electrodes. 

Applications in Pharmaceutical Analysis 

1. Determination of Active Pharmaceutical Ingredients (APIs): 

➢ Redox titrations are used to quantify APIs, ensuring correct dosage and drug efficacy. 

2. Impurity Profiling: 

➢ These titrations help identify impurities that may be oxidizable or reducible, critical for 
drug purity and safety. 

3. Stability Testing: 

➢ Redox titrations assess drug stability by monitoring degradation, which often involves 
redox reactions over time. 

4. Formulation Development: 

➢ During drug development, redox titration is essential for optimizing formulations 
involving redox-active components. 

Advantages in Pharmaceutical Analysis 

1. Accuracy and Precision: 
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➢ Redox titrations offer highly accurate and precise measurements, essential for quality 
control and regulatory compliance. 

2. Versatility: 

➢ They can be applied to a broad range of substances, including those challenging to 
analyze by other techniques. 

3. Sensitivity: 

➢ These titrations can detect minute changes in the redox state, making them highly 
sensitive and reliable. 

 

Concept of Oxidation 

• Oxidation is a process in which a chemical species loses one or more electrons, leading to an 
increase in its oxidation state. 

• In simpler terms, the species becomes more positively charged. 

• Oxidation is often associated with the addition of oxygen to a substance or the removal of 
hydrogen from it. 

• However, the key factor that defines oxidation is the loss of electrons. 

Example: 

➢ Consider the reaction between magnesium metal (Mg) and oxygen gas (O₂) to form 
magnesium oxide (MgO). 

𝟐 Mg (s) + 𝑶𝟐 (g) ⟶  𝟐 MgO (s) 

➢ In this reaction, magnesium loses two electrons to become the Mg²⁺ ion, as shown below: 

Mg (s) ⟶  Mg𝟐+(𝒔) + 𝟐𝒆− 

➢ Magnesium has been oxidized, as it has lost electrons, and its oxidation state has 
increased from 0 to +2. 

Oxidizing Agents 

• An oxidizing agent is a substance that gains electrons in a redox reaction, causing the 
oxidation of another species. 

• By accepting electrons from another species, it enables that species to lose electrons, leading 
to its oxidation. 

• As a result, the oxidizing agent itself gets reduced in the process. 

• Oxidizing agents typically have a high affinity for electrons and can be identified by their ability 
to oxidize other substances. 

Example: 
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➢ In the reaction between hydrogen gas (H₂) and oxygen gas (O₂) to form water (H₂O): 

𝟐 H2(g) + O2(g)  ⟶  𝟐 H2O(l) 

➢ Oxygen (O₂) is the oxidizing agent, as it gains electrons from hydrogen (H₂) during the 
reaction, leading to the reduction of oxygen and the oxidation of hydrogen. 

 

Concept of Reduction 

• Reduction is a process in which a chemical species gains one or more electrons, leading to a 
decrease in its oxidation state. 

• In other words, the species becomes less positively charged or more negatively charged. 

• Reduction is often associated with the addition of hydrogen to a substance or the removal of 
oxygen from it. 

• Fundamentally, however, reduction is defined by the gain of electrons. 

Example 

➢ In the reaction between magnesium metal and oxygen gas, oxygen is reduced to form oxide 
ions (O²⁻): 

𝟏
𝟐

𝑶𝟐 (𝒈) + 𝟒𝒆−  ⟶  𝟐 𝑶𝟐− (𝒔) 

➢ Oxygen has gained two electrons in this process, and its oxidation state has decreased 
from 0 to –2. 

Reducing Agents 

• A reducing agent is a substance that donates electrons in a redox reaction, causing the 
reduction of another species. 

• By giving away electrons to another species, it enables that species to gain electrons, leading 
to its reduction. 

• As a result, the reducing agent itself gets oxidized in the process. 

• Reducing agents typically have a low affinity for electrons and are identified by their ability to 
reduce other substances. 

Example 

➢ In the reaction between hydrogen gas and oxygen gas to form water: 

𝟐 𝑯𝟐 (𝒈) + 𝑶𝟐 (𝒈)  ⟶  𝟐 𝑯𝟐𝑶 (𝒍) 

➢ Hydrogen (H₂) is the reducing agent, as it donates electrons to oxygen (O₂) during the 
reaction, leading to the oxidation of hydrogen and the reduction of oxygen. 

 

Types of redox titrations 
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A. Cerimetry 

Principle 

➢ Cerimetry involves the use of cerium(IV) salts (e.g., cerium(IV) sulfate) as the oxidizing 
titrant. 

➢ Cerium(IV) ions are reduced to cerium(III) ions when they react with reducing agents in 
the analyte. 

Applications 

➢ Determination of reducing sugars, phenols, and various organic and inorganic 
substances. 

Example Chemical Reaction 

𝟐 Ce(SO4)2 + C2H2O4  ⟶  𝟐 CeSO4 + 𝟐 H2SO4 + 𝟐 CO2 

B. Iodimetry 

Principle 

➢ Iodimetry involves the direct titration of a reducing agent with iodine (I₂) as the 
oxidizing titrant. 

➢ Iodine is reduced to iodide (I⁻), while the reducing agent is oxidized. 

Applications 

➢ Used to quantify reducing agents such as sulfites, thiosulfates, arsenites, and organic 
compounds like vitamin C. 

Example Chemical Reaction 

𝟐 S2O3
2- + I2  ⟶  S4O6

2- + 𝟐 I- 

C. Iodometry 

Principle 

➢ Iodometry is an indirect redox titration where the reducing agent reacts with excess 
iodine, producing iodide ions. 

➢ The unreacted iodine is then titrated with sodium thiosulfate. 

Applications 

➢ Determination of metal ions (e.g., copper, antimony) and various organic and 
pharmaceutical substances. 

Example Chemical Reaction 

1. Copper(II) sulfate reacts with potassium iodide: 

Cu2+ + 𝟐 I-  ⟶  CuI (𝒔) + I2 

2. Liberated iodine is titrated with sodium thiosulfate: 
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