Principle of High Performance Liquid Chromatography (HPLC)

High Performance Liquid Chromatography (HPLC) is an advanced type of liquid chromatography
used to separate, identify, and quantify components in a mixture. The principle of HPLC is based on
differential partitioning of the components of a sample between a stationary phase and a mobile
phase under high pressure.

Core Principle

At the heart of HPLC lies the concept of adsorption or partitioning, depending on the nature of the
stationary phase:

e Stationary phase: A solid or liquid supported on a solid, packed in a column (usually silica or
chemically modified silica).

e Mobile phase: A liquid solvent or mixture of solvents that flows through the column.

As the sample is injected into the system, it travels through the column with the mobile phase. The
different components in the sample interact differently with the stationary phase based on their
polarity, size, or charge, resulting in varied retention times.

Mechanism of Separation

e Compounds that have a higher affinity for the stationary phase travel slower through the
column.

e Compounds with greater solubility in the mobile phase travel faster.

o This differential migration leads to separation of the components.

Key Factors Influencing Separation
1. Nature of stationary phase (polar or non-polar)
2. Composition of mobile phase
3. Flow rate of the mobile phase
4. Temperature of the column

5. Pressure applied to the system

Types of Separation Based on Principle

HPLC Mode Principle

Normal Phase HPLC Separation based on polarity (polar stationary phase)
Reverse Phase HPLC Separation based on hydrophobicity (non-polar column)

Ion-Exchange HPLC Separation based on charge of molecules



HPLC Mode Principle
Size-Exclusion HPLC Separation based on molecular size

Affinity HPLC Separation based on specific biological interactions

Summary

The principle of HPLC is fundamentally about the distribution of sample components between the
stationary and mobile phases, governed by physical or chemical interactions. By carefully selecting
column materials and mobile phase composition, highly efficient and reproducible separations are
achieved, making HPLC a vital tool in analytical chemistry, pharmaceuticals, environmental testing,

and biotechnology.



