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Pharmaceutical analysis 

Introduction to Pharmaceutical Analysis 

Definition of Pharmaceutical Analysis 

• Pharmaceutical analysis is a specialized branch of analytical chemistry focused on the 
identification, quantification, and evaluation of the quality, safety, and efficacy of 
pharmaceutical products. 

• It involves the application of various analytical techniques and methodologies to ensure that 
drugs and pharmaceutical substances comply with established standards and regulatory 
requirements. 

Scope of Pharmaceutical Analysis 

1. Quality Control: 

➢ Ensures pharmaceutical products meet quality standards for purity, potency, stability, 
and uniformity. 

➢ Involves analysis of raw materials, in-process materials, finished products, and 
packaging. 

2. Drug Development: 

➢ Supports the identification and characterization of APIs and excipients. 

➢ Aids in optimizing formulations and manufacturing processes. 

3. Method Development and Validation: 

➢ Focuses on creating, optimizing, and validating analytical methods to ensure accuracy, 
precision, and reliability. 

4. Pharmacokinetics and Bioanalysis: 

➢ Analyzes drug ADME (absorption, distribution, metabolism, excretion) to guide dosing 
and understand pharmacological effects. 

5. Stability Testing: 

➢ Evaluates drug stability under various conditions to determine shelf life and proper 
storage. 

6. Impurity Profiling: 

➢ Identifies and quantifies impurities to ensure drug safety and efficacy. 

7. Regulatory Compliance: 

➢ Ensures adherence to regulations and guidelines from authorities like the FDA and EMA. 

8. Counterfeit Drug Detection: 
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➢ Identifies counterfeit or adulterated drugs to safeguard public health and maintain the 
pharmaceutical supply chain. 

 

Different techniques of analysis in Pharmaceutical Analysis 

• There are numerous analytical techniques used in pharmaceutical analysis, each with its 
specific applications and advantages. 

Some of the most commonly used techniques include: 

 

A. Spectroscopy 

1. Ultraviolet-Visible (UV-Vis) Spectroscopy: 

➢ Analyzes the absorption of UV and visible light by molecules, providing information 
on concentration, purity, and molecular structure. 

2. Infrared (IR) Spectroscopy: 

➢ Identifies functional groups and chemical bonds in molecules based on their 
vibrational frequencies. 
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3. Nuclear Magnetic Resonance (NMR) Spectroscopy: 

➢ Investigates the magnetic properties of atomic nuclei to determine molecular 
structure and identify compounds. 

4. Mass Spectrometry (MS): 

➢ Determines the mass-to-charge ratio of ions to identify and quantify molecules in a 
sample. 

B. Chromatography 

1. High-Performance Liquid Chromatography (HPLC): 

➢ Separates and quantifies components in a mixture using a liquid mobile phase and a 
stationary phase. 

2. Gas Chromatography (GC): 

➢ Separates and analyzes volatile compounds using a gaseous mobile phase and a 
stationary phase. 

3. Thin-Layer Chromatography (TLC): 

➢ Separates components of a mixture on a coated solid support using a liquid mobile 
phase. 

C. Electrophoresis 

1. Capillary Electrophoresis (CE): 

➢ Separates molecules based on their charge and size using an electric field in a 
capillary column. 

2. Gel Electrophoresis: 

➢ Separates molecules, typically proteins or nucleic acids, based on their size and 
charge in a gel matrix under an electric field. 

D. Titrimetry 

1. Acid-Base Titration: 

➢ Determines the concentration of an acid or base by neutralization with a standard 
solution of known concentration. 

2. Redox Titration: 

➢ Involves the use of a reducing or oxidizing agent to determine the concentration of 
an analyte based on its redox properties. 

E. Electroanalytical Techniques 

1. Potentiometry: 

➢ Measures the potential difference between two electrodes in an electrochemical 
cell to determine the concentration of an analyte. 
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2. Voltammetry: 

➢ Analyzes the current-voltage relationship in an electrochemical cell to determine 
the concentration and identity of analytes. 

F. Microscopy 

1. Optical Microscopy: 

➢ Uses visible light and lenses to magnify and examine the physical properties of 
small samples. 

2. Electron Microscopy: 

➢ Utilizes a beam of electrons to magnify and study the structure and composition of 
samples at high resolution. 

G. Thermal Analysis 

1. Differential Scanning Calorimetry (DSC): 

➢ Measures the heat flow associated with phase transitions and chemical reactions in 
a sample. 

2. Thermogravimetric Analysis (TGA): 

➢ Monitors weight changes in a sample as a function of temperature, providing 
information on composition, purity, and thermal stability. 

 

Methods of expressing strength of solutions 

• Concentration refers to the amount of solute present in a given quantity of solvent or solution. 

There are several methods to express concentration, each with a 
specific formula. 

1. Mass Percentage (w/w): 

➢ Mass percentage is the mass of solute in a given mass of solution, expressed as a 
percentage. 

➢ Formula:  

Mass % = (
mass of solute

mass of solution
) × 𝟏𝟎𝟎 

2. Volume Percentage (v/v): 

➢ Volume percentage is the volume of solute in a given volume of solution, expressed as a 
percentage. 

➢ Formula:  

Volume % = (
volume of solute

volume of solution
) × 𝟏𝟎𝟎 
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3. Mass/Volume Percentage (w/v): 

➢ Mass/volume percentage is the mass of solute in a given volume of solution, expressed 
as a percentage. 

➢ Formula:  

Volume % = (
mass of solute

volume of solution
) × 𝟏𝟎𝟎 

4. Molarity (M): 

➢ Molarity is the number of moles of solute in one liter of solution. 

➢ Formula: 

𝑴 =
moles of solute
liters of solution

 

5. Molality (m): 

➢ Molality is the number of moles of solute in one kilogram of solvent. 

➢ Formula:  

𝒎 =
moles of solute

kilograms of solvent
 

6. Mole Fraction (χ): 

➢ Mole fraction is the ratio of the moles of one component to the total number of moles in 
the mixture. 

➢ Formula:  

𝛘𝑨 =
moles of A

moles of A + moles of B
 

7. Normality (N): 

➢ Normality is the number of gram-equivalents of solute in one liter of solution. 

➢ Formula:  

𝑵 =
gram-equivalents of solute

liters of solution
 

 

Primary & Secondary Standards 

A standard solution is a solution of known concentration used in analytical techniques like titrations 
and spectrophotometry to determine unknown concentrations and ensure accuracy. 

A. Primary Standards 

➢ Primary standards are high-purity substances used to prepare standard solutions with 
accurate concentrations. 
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