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Column Chromatography

Column Chromatography

Introduction

Column Chromatography is a classical separation technique used to isolate, identify, and
purify chemical compounds.

Itis widely used in pharmaceutical analysis for the separation of complex mixtures based on
the differential interactions of components with the stationary and mobile phases.

Column chromatography can be broadly classified into:

o Adsorption column chromatography

o Partition chromatography

Adsorption Column Chromatography

Principle

» This method is based on adsorption of analytes onto a solid stationary phase (usually silica
gel or alumina), and their desorption by a liquid mobile phase.
» Components are separated due to differences in their affinity for the stationary phase.
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Stationary Phase

» Adsorbent: Silica gel (polar), Alumina (polar)
» Nature: Solid, highly porous
Mobile Phase
» Eluent: Organic solvents like hexane, chloroform, methanol, ethyl acetate, etc.

» Selected based on polarity and elution strength

Mechanism

» Components with stronger adsorption elute slower (higher retention)

» Components with weaker adsorption elute faster
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Operational Technique of Column Chromatography

Step-by-Step Procedure

1. Column Packing

o Wetordry packing of the adsorbent into the glass column

o Ensure no air bubbles or cracks

Sample Application

o Dissolve sample in a small volume of solvent and apply it carefully on top of the packed
bed

Elution
o Mobile phase is added continuously
o Gravity or slight pressure helps flow
o Two common modes:
= [socratic: Constant composition
= Gradient: Increasing elution strength

4. Fraction Collection

o Eluentis collected in test tubes or vials

o Monitored by UV, TLC, or HPLC

5. Detection and Analysis

o Fractions are analyzed to identify and isolate the desired compound

Frontal Analysis and Elution Analysis

These are two approaches to understand and model the separation process in column
chromatography:

A. Frontal Analysis

» Inthis method, the sample is continuously fed into the column.
Components move at different speeds and exit the column one after another.
Each component appears as a plateau, not a peak.
The order of elution is from least adsorbed to most adsorbed.
Not used for analytical purposes; more for capacity and adsorption studies.

» Use: Determination of adsorption isotherms, capacity factor

B. Elution Analysis

» Most widely used form of chromatography.

» Afinite quantity of sample is introduced.
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» Components elute as discrete peaks.
» The component with the lowest affinity elutes first.

» Use: Analytical and preparative separation of pharmaceuticals

Factors Affecting Column Efficiency

1. Particle Size of Stationary Phase

» Smaller particle size > larger surface area > better resolution

» But mayincrease back pressure

. Column Length and Diameter

» Longer columns improve resolution but increase time
» Narrower columns give sharper peaks
. Uniformity of Packing
» Poor packing causes channeling and tailing
» Uniform packing improves efficiency
. Flow Rate of Mobile Phase
» Too fast » incomplete separation
» Too slow > broad peaks and long analysis time

. Nature of Stationary and Mobile Phase

» Polarity plays a crucial role

» Proper match improves selectivity and resolution

. Temperature

» Affects viscosity and interaction strength

» Generally, higher temperature reduces retention time

Applications of Column Chromatography

Area Application
Purification Separation of synthetic drug mixtures
Isolation Extraction of natural products like alkaloids, glycosides
Qualitative Analysis Identification of compounds using elution time and behavior
Quantitative Analysis Estimation of active ingredients or impurities
Preparative Chromatography Large-scale purification for drug development

Stability Studies Monitoring degradation products over time
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Partition Chromatography

Principle

» In partition chromatography, separation is based on the partitioning of solutes between two
liquid phases: a stationary liquid coated on a solid support and a mobile liquid or gas.

Key Features
Stationary phase: Liquid film (e.g., water or alcohol)

Mobile phase: Another immiscible liquid (in L-L chromatography) or a gas (in gas-liquid
chromatography)

Separation is based on relative solubilities of components in the two phases

Examples in Pharmaceutical Analysis

» Paper Chromatography (liquid-liquid)
» Gas-Liquid Chromatography (already discussed)
» Centrifugal partition chromatography (CPC)

Applications

» Isolation of polar and non-polar drug components
» Separation of closely related compounds

> Useful for heat-sensitive and labile substances

Comparison: Adsorption vs Partition Chromatography

Feature Adsorption Chromatography Partition Chromatography

Stationary Phase Solid adsorbent (e.g., silica) Liquid coated on inert solid

Mobile Phase Liquid Liquid or gas

Separation Basis =Adsorption strength Solubility (partition coefficient)

Example Column Chromatography Paper Chromatography, GLC

Used For Non-polar to moderately polar compounds = Polar and labile compounds
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