
Introduction to Pharmaceutical Analysis

(A concise, organized guide for students and professionals)

1. What Is Pharmaceutical Analysis?

Aspect Description

Definition
The science of measuring the identity, purity, potency, and quality of drug substances

and dosage forms.

Purpose

• Ensure safety and efficacy of medicines

• Support drug development, regulatory approval, and post?marketing surveillance

• Detect impurities, degradation products, and contaminants

Scope

• Raw materials (active pharmaceutical ingredients – APIs)

• Finished products (tablets, injectables, creams, etc.)

• Stability testing, bio?equivalence, and pharmacokinetic studies

2. Branches of Pharmaceutical Analysis

Branch Typical Techniques Key Applications

Qualitative Analysis
Thin?layer chromatography (TLC), Infrared

(IR) spectroscopy, Mass spectrometry (MS)

Identification of API,

excipients, and unknown

contaminants

Quantitative Analysis

UV?Vis spectrophotometry, High?

performance liquid chromatography (HPLC),

Gas chromatography (GC), Titrimetry

Determination of assay,

impurity levels, content

uniformity

Physical?Chemical

Characterization

Differential scanning calorimetry (DSC),

Thermogravimetric analysis (TGA), X?ray

diffraction (XRD)

Polymorphism, crystal

form, moisture content

Microbiological

Analysis

Sterility testing, Bioburden count, Endotoxin

assay (LAL)

Safety of sterile and non?

sterile products

Dissolution &

Disintegration

Testing

USP dissolution apparatus, Disintegration

tester

In?vitro release profile,

bioavailability prediction
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3. Core Principles & Concepts

1. Accuracy vs. Precision

Accuracy: Closeness of a measured value to the true value.

Precision: Repeatability of measurements (intra?day, inter?day).

2. Specificity & Selectivity

Ability of an analytical method to distinguish the analyte from other components

(excipients, degradation products).

3. Linearity & Range

Direct proportionality between response and concentration over a defined interval.

4. Limit of Detection (LOD) & Limit of Quantitation (LOQ)

Smallest amount that can be reliably detected/quantified.

5. Robustness

Tolerance of a method to small, deliberate variations in parameters (pH, temperature,

flow rate).

6. Validation (per ICH Q2(R1))

Parameters: Accuracy, Precision, Specificity, Linearity, Range, LOD, LOQ,

Robustness, System suitability.

4. Typical Workflow in Pharmaceutical Analysis

1. Sample Reception & Documentation

Verify batch number, storage conditions, and accompanying paperwork.

2. Sample Preparation
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Weighing, grinding, dissolution, extraction, filtration, or dilution as required.

3. Method Selection

Choose technique based on analyte properties (solubility, volatility, stability).

4. Instrument Calibration & System Suitability

Prepare calibration standards, run blanks, and verify performance criteria (e.g., tailing

factor, theoretical plates).

5. Analysis & Data Acquisition

Run samples, record chromatograms, spectra, or titration curves.

6. Data Processing

Integrate peaks, apply calibration curve,
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