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PHARMACEUTICAL ANALYSIS - I (BP102T) 

 
Scope   

This course deals with the fundamentals of analytical chemistry and principles of electrochemical 
analysis of drugs. 

Objectives  

Upon completion of the course a student shall be able to understand  : 

 The principles of volumetric and electrochemical analysis. 

 Carry out various volumetric and electrochemical titrations. 

 Develop analytical skills  

Course Contents   

UNIT I 

(a)  Pharmaceutical analysis : Definition and scope  (i)  Different techniques of analysis  (ii)  Methods of expressing concentration  (iii)  Primary and Secondary standards (Refer Chapter 1) 
(b)  Errors : Sources of errors, types of errors, methods of minimizing errors, accuracy, precision and significant figures.  (Refer Chapter 2) 

(C)  Pharmacopoeia : Sources of Sources of impurities in medicinal agents, limit tests. (Refer Chapter 3) 
UNIT II 

 (a)  Acid base titration : Theories of acid base indicators, classification of acid base titrations and theory involved in titrations of strong, weak, and very weak acids and bases, neutralization curves. Preparation and standardization of sodium hydroxide, hydrochloric acid, sulphuric acid, Estimation of ammonium chloride.  (Refer Chapter 4) 
(b) Non aqueous titration : Solvents, acidimetry and alkalimetry titrations, and estimation of sodium benzoate. (Refer Chapter 5) 



 

 

UNIT III 

(a) Precipitation titrations : Mohr’s method, Volhard’s method, Modified Volhard’s method, Fajans method, and estimation of Sodium Chloride I.P.  (Refer Chapter 6) 
(b) Complexometric titration : Classification, metal ion indicators, masking and demasking reagents, and estimation of Calcium gluconate I.P.  (Refer Chapter 7) 
(c) Gravimetry : Principle and steps involved in gravimetric analysis. Purity of the precipitate :  co-precipitation and post precipitation, and estimation of Barium sulphate I. P. (Refer Chapter 8) 
UNIT IV 

Redox titrations (i) Concepts of oxidation and reduction (ii)  Preparation and standardization of Potassium Permanganate I. P., Ceric Ammonium Sulphate I.P./B. P. and Sodium Thiosulphate I. P./B. P.  (SPPU) (iii) Types of redox titrations (Principles and applications) : Permaganometry, Cerimetry, Iodimetry, Iodometry, Bromatometry, Dichrometry, Titrations with Potassium Iodate I. P. (Refer Chapter 9) 

UNIT V 

(a) Electrochemical methods of analysis (Refer Chapter 10) 

 (i)  Conductometry : Introduction, Conductivity cell, Conductometric titrations, applications. 
(Refer Chapter 11) 

 (ii) Potentiometry : Electrochemical cell, construction and working of reference (Standard Hydrogen Electrode, Silver Chloride Electrode and Calomel Electrode) and Indicator Electrodes (Metal electrodes and Glass Electrode), methods to determine end point of potentiometric titration and applications. (Refer Chapter 12) 
 (iii) Polarography : Principle and llkovik Equation.  (Refer Chapter 13) 

(b) Refractometry : Introduction, refractive index, specific and molar refraction, measurement of RI, Abbe’s refractometer and applications. (SPPU)  (Refer Chapter 14) 
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Unit I 

Chapter 1 : Pharmaceutical Analysis 1-1 to 1-17 

Syllabus : Definition and scope (i) Different techniques of 
analysis, (ii) Methods of expressing concentration, (iii) 
Primary and secondary standards, (iv) Preparation and 
standardization of various molar and normal solutions-
Oxalic acid, sodium hydroxide, hydrochloric acid, sodium 
thiosulphate, sulphuric acid, potassium permanganate and 
ceric ammonium sulphate. 1.1 Introduction ............................................................................... 1-1 1.1.1 Definition ..................................................................................... 1-1 1.1.2 Scope ............................................................................................. 1-1 1.2 Different Techniques of Analysis ..................................... 1-2 1.2.1 Based upon Type of Method .............................................. 1-2 1.2.1(A) Qualitative Analysis ................................................................ 1-2 1.2.1(B) Quantitative Analysis ............................................................ 1-2 1.2.2 Based upon its Nature ........................................................... 1-2 1.2.2(A) Chemical Methods ................................................................... 1-3 1.2.2(B) Electrochemical Methods .................................................... 1-6 1.2.2(C) Instrumental Methods of Analysis .................................. 1-6 1.2.2(D) Biological Methods ................................................................. 1-7 1.3 Methods of Expressing Concentration .......................... 1-7 1.3.1 The Chemical Method of Expressing   Concentration ............................................................................ 1-7 1.3.2 Percent Concentration .......................................................... 1-7 1.4 Primary and Secondary Standards ................................. 1-8 1.4.1 Primary Standard Solution ................................................. 1-8 1.4.2 Secondary Standard Solution ............................................ 1-9 1.5 Preparation and Standardization of Various   Molar and Normal Solutions ........................................... 1-10 1.5.1 Sodium Hydroxide ............................................................... 1-11 1.5.2 Hydrochloric Acid ................................................................ 1-12 

1.5.3 Sodium Thiosulphate .......................................................... 1-12 1.5.4 Sulphuric Acid ......................................................................... 1-13 1.5.5 Potassium Permanganate ................................................. 1-13 1.5.6 Ceric ammonium Sulphate................................................ 1-14 1.5.7 Calculations .............................................................................. 1-14 
Chapter 2 : Errors 2-1 to 2-15 

Syllabus : Sources of errors, types of errors, methods of 
minimizing errors, accuracy, precision and significant 
figures. 2.1 Introduction ............................................................................... 2-1 2.1.1 Sources of Errors ..................................................................... 2-1 2.1.2 Basic Terminology .................................................................. 2-2 2.2 Types of Errors in Pharmaceutical Analysis .............. 2-3 2.2.1 Systematic or Determinate Errors .................................. 2-3 2.2.2 Indeterminate (Random) Errors ..................................... 2-6 2.2.3 Gross Error ................................................................................. 2-7 2.3 Methods of Minimizing Errors .......................................... 2-7 2.4 Accuracy and Precision ...................................................... 2-10 2.4.1 Accuracy .................................................................................... 2-10 2.4.2 Precision .................................................................................... 2-10 2.5 Significant Figures ................................................................ 2-12 2.5.1 Rules and Conventions for Significant Figures ....... 2-13 2.5.2 Conventions Addressing Significant Figures ........... 2-13 

Chapter 3 : Pharmacopeia 3-1 to 3-30 

Syllabus : Pharmacopoeia, Sources of impurities in 
medicinal agents, limit tests.  3.1 Introduction ............................................................................... 3-1 3.1.1  History of Pharmacopoeia ................................................. 3-1 3.1.2  Indian Pharmacopoeia (IP) ................................................ 3-3 3.1.3 British Pharmacopeia (BP) ................................................. 3-5 3.1.4 United State Pharmacopoeia (USP) ............................... 3-6 
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3.1.5 Pharmacopoeia Internationals (International Pharmacopoeia) ....................................................................... 3-7 3.1.6 Martindale : The extra  Pharmacopoeia ....................... 3-7 3.1.7 Pharmaceutical Index ............................................................ 3-7 3.2 Pharmacopoeial Description/Presentation ............... 3-8 3.3 Sources of Impurities in Medicinal Agents .............. 3-14 3.4 Limit tests ................................................................................. 3-19 3.4.1 Limit Test for Chloride ....................................................... 3-19 3.4.1(A) Modified Limit Test for   Chlorides .............................. 3-20 3.4.2 Limit Test for Sulphate ...................................................... 3-21 3.4.2(A) Modified Limit Test for Sulphates ................................ 3-22 3.4.3 Limit Test for Iron ................................................................ 3-23 3.4.4 Limit Test for Arsenic ......................................................... 3-24 3.4.5 Limit Test for Lead............................................................... 3-26 3.4.6 Limit Test for Heavy Metals ............................................ 3-27 
Unit II 

Chapter 4 : Acid Base Titration  4-1 to 4-25 

Syllabus : Theories of acid base indicators, classification of 
acid base titrations and theory involved in titrations of 
strong, weak, and very weak acids and bases, 
neutralization curves. 4.1 Introduction ............................................................................... 4-1 4.2 Concept of Acids and Bases ................................................ 4-1 4.2.1 Arrhenius Theory .................................................................... 4-1 4.2.2 Lowry and Bronsted Theory .............................................. 4-2 4.2.3 Lewis Theory ............................................................................. 4-3 4.3 Theory involved in Acid-Base Titration ....................... 4-4 4.4 Concept of Strong and Weak-Acids and Bases .......... 4-6 4.5 Buffer Equation and Buffer Capacity ............................. 4-7 4.6 Theories of Acid-Base Indicators ................................. 4-11 4.7 Neutralization Curve........................................................... 4-16 

4.7.1 Neutralization curve for Strong Acid and Strong   Base Titration.......................................................................... 4-16 4.7.2 Neutralization Curve for Weak Acid and Strong   Base Titration.......................................................................... 4-18 4.7.3 Neutralization Curve for Weak Base and Strong   Acid Titration .......................................................................... 4-21 4.7.4 Neutralization curve for Weak Acid and Weak   Base Titration.......................................................................... 4-22 4.8 Standardization and Assay of Pharmaceuticals   by Acid Base Titration ........................................................ 4-23 4.9 Applications of Acid-Base Titration ............................. 4-24 
Chapter 5 :  Non-aqueous Titration  5-1 to 5-12 

Syllabus : Solvents, acidimetry and alkalimetry titration 
and estimation of Sodium benzoate and Ephedrine HCl.  5.1 Introduction ............................................................................... 5-1 5.1.1 Theory of Non-aqueous Acids and Bases .................... 5-1 5.1.2 Advantages and Disadvantages of Non-aqueous Titration ....................................................................................... 5-2 5.1.3 Need of Non-aqueous Titrations ..................................... 5-3 5.2 Solvents used in Non-aqueous Titration ..................... 5-3 5.2.1 Properties of Solvent used in Non-aqueous   Titration ....................................................................................... 5-4 5.2.2 Different Types of Solvent used in Non-aqueous Titration ....................................................................................... 5-4 5.3 Types of Non-aqueous Titrations .................................... 5-8 5.3.1 Alkalimetry Titration............................................................. 5-8 5.3.2 Acidimetry .................................................................................. 5-9 5.4 Estimation of Sodium Benzoate and Ephedrine  Hydrochloride ......................................................................... 5-10 5.4.1 Sodium Benzoate (C₆H₅COONa) .................................... 5-10 



 Pharmaceutical Analysis - I (B. Pharmacy) 3 Table of Contents 

 

5.4.2 Ephedrine Hydrochloride ................................................ 5-11 5.5 Applications of Non-aqueous Titration ..................... 5-11 
Unit III 

Chapter 6 :  Precipitation Titration 6-1 to 6-16 

Syllabus : Mohr‘s method, Volhard‘s, Modified Volhard‘s, 
Fajans method, estimation of sodium chloride. 6.1 Introduction ............................................................................... 6-1 6.1.1 Theory of Precipitation ........................................................ 6-1 6.2 Solubility Product and Precipitation ............................. 6-2 6.3 Factors Affecting Solubility ................................................ 6-3 6.3.1 Common Ion Effect ................................................................. 6-3 6.3.2 Effect of Temperature ........................................................... 6-5 6.3.3 Effect of Solvent ....................................................................... 6-5 6.3.4 Effect of pH ................................................................................. 6-5 6.4 Titration Curve ......................................................................... 6-6 6.4.1 Phases in Titration Curve .................................................... 6-6 6.5 Detection of Endpoint ........................................................... 6-7 6.5.1 Formation of Coloured  Precipitate   (Mohr's Method) ...................................................................... 6-7 6.5.1(A) Precipitation Titration based on Mohr’s Method .... 6-9 6.5.2 Formation of Soluble Coloured Compound   (Volhard's Method) ............................................................. 6-10 6.5.2(A) Preparation and Standardization of 0.1 M  Ammonium Thiocyanate .................................................. 6-11 6.5.2(B) Modified Volhard's Method ............................................. 6-12 6.5.3 Adsorption Indicator (Fajan's  Method) ................... 6-13 6.5.4 Turbidity Method (Gay Lussac's Method) ................ 6-15 6.6 Application of Precipitation Titration ........................ 6-15 

Chapter 7 : Complexometric Titration  7-1 to 7-24 

Syllabus : Classification, metal ion indicators, masking and 
demasking reagents, estimation of Magnesium sulphate, 
and calcium gluconate I.P. 

7.1 Introduction ............................................................................... 7-1 7.2 Ligands (Complexing Agents) ........................................... 7-2 7.2.1 Classification of Ligands ...................................................... 7-3 7.2.2 Chelating Agents ...................................................................... 7-3 7.2.3 Bonding in Complexes .......................................................... 7-4 7.2.4 Coordination Number or Werner   Coordination Number ........................................................... 7-4 7.2.5 Disodium EDTA as a Complexing Agent ...................... 7-6 7.3 Stability of Complexes........................................................... 7-7 7.3.1 Factors affecting Stability Constant in Complex Formation ................................................................................... 7-8 7.4 Types of Complexometric Titration ............................. 7-10 7.5 Detection of Endpoint ......................................................... 7-11 7.5.1 Visual Indicators .................................................................... 7-12 7.5.1(A)  Metallochromic Indicators/pM Indicators/Metal Indicators .................................................................................. 7-12 7.5.1(B) pH Indicators in  Complexometric Titrations .......... 7-16 7.5.2 Instrumental Methods ........................................................ 7-16 7.5.3 Titration Curve ....................................................................... 7-17 7.6 Titration of Mixtures ........................................................... 7-18 7.6.1 Masking Agents ...................................................................... 7-18 7.6.2 Demasking Agents ................................................................ 7-19 7.7 Estimation of Magnesium Sulphate and Calcium  Gluconate .................................................................................. 7-20 7.7.1 Estimation of Magnesium Sulphate .............................. 7-21 7.7.2 Estimation of Calcium Gluconate ................................... 7-22 7.8 Applications of Complexometric Titration ............... 7-23 
Chapter 8 : Gravimetry  8-1 to 8-27 

Syllabus : Principle and steps involved in gravimetric 

analysis. Purity of the precipitate: co-precipitation and 

post precipitation, and estimation of Barium sulphate I. P. 8.1 Introduction ............................................................................... 8-1 
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8.1.1 Classification of Gravimetric Analysis ........................... 8-1 8.1.2 Advantages and Disadvantages of Gravimetric Analysis ........................................................................................ 8-2 8.2 Steps Involved in Gravimetric Analysis   (Unit Operations) .................................................................... 8-3 8.3 Precipitation .............................................................................. 8-8 8.3.1 Theories of Precipitation ..................................................... 8-8 8.3.2 General Rules of Precipitation ....................................... 8-10 8.3.3 Properties of Precipitation .............................................. 8-11 8.3.4 Conditions of Precipitation .............................................. 8-11 8.3.5 Mechanism of Precipitation ............................................ 8-11 8.4 Precipitation Process.......................................................... 8-11 8.5 Types of Precipitate ............................................................ 8-15 8.5.1 Crystalline Precipitate ....................................................... 8-15 8.5.2 Colloidal precipitate (Curdy  Precipitate) ................ 8-16 8.5.3  Gelatinous Precipitate ........................................................ 8-17 8.6 Purity of Precipitate ............................................................ 8-18 8.6.1 Co-precipitation .................................................................... 8-18 8.6.2 Post Precipitation ................................................................. 8-21 8.7 Estimation of Barium as Barium Sulphate ............... 8-22 8.8 Applications of Gravimetric Analysis ......................... 8-23 8.9 Diazotization Titration (Nitrite Titrations) ............. 8-23 
Unit IV 

Chapter 9 : Redox Titration 9-1 to 9-26 

Syllabus : Concepts of oxidation and reduction, 
Preparation and standardization of Potassium 
Permanganate I. P., Ceric Ammonium Sulphate I. P./B. P. 
and Sodium Thiosulphate I. P./B. P.  

Types of redox titrations (Principles and applications) : 
Permaganometry, Cerimetry, Iodimetry, Iodometry, 
Bromatometry, Dichrometry, Titrations with Potassium 
Iodate I.P. 

9.1 Introduction ............................................................................... 9-1 9.2 Concepts of Oxidation and Reduction ........................... 9-1 9.2.1 Oxidation ..................................................................................... 9-1 9.2.1(A) Oxidizing Agents ...................................................................... 9-1 9.2.1(B) Oxidation Number or Oxidation State ........................... 9-2 9.2.2 Reduction .................................................................................... 9-2 9.2.2(A) Reducing Agents ...................................................................... 9-3 9.3 Half Reaction ............................................................................. 9-4 9.3.2 Balancing of Half Reactions ................................................ 9-4 9.3.2(A) Electron Balance Method .................................................... 9-4 9.3.2(B) Ion-Electron Balance Method ............................................ 9-5 9.4 Redox Equivalent Weight .................................................... 9-6 9.5 Redox Potential ........................................................................ 9-7 9.5.1 Nernst Equation ....................................................................... 9-8 9.5.1(A) Equilibrium Constant of Redox System ........................ 9-9 9.6 Detection of End Point ........................................................ 9-10 9.6.1 Self Indicator ........................................................................... 9-11 9.6.2 External Indicator ................................................................. 9-11 9.6.3  Internal Indicators ................................................................ 9-11 9.6.4 Instrumental Techniques .................................................. 9-13 9.6.5 Specific Indicator ................................................................... 9-13 9.7 Titration Curve ....................................................................... 9-13 9.8 Types of Redox Titration ................................................... 9-16 9.8.1 Potassium Permanganate Titration ............................. 9-16 9.8.2 Ceriometry or Cerimetric Titration .............................. 9-17 9.8.3 Iodine Titration ...................................................................... 9-18 9.8.3(A) Iodimetric Titration ............................................................. 9-20 9.8.3(B) Iodometry Titration ............................................................. 9-21 9.8.4 Bromatometry (Potassium Bromate Titration) ..... 9-22 9.8.5 Potassium Dichromate Titration ................................... 9-22 
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