The Logic of Separation: Chromatography A
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A Masterclass on the Physicochemical Principles of Purification

The Definition

Chromatography is an
analytical laboratory
technique used for the
separation, purification,
and testing of the purity
of organic compounds.

Etymology

Derived from Greek:
chroma (colour) and
graphy (writing).
Originally used for
separating colored
substances found in
plants.

The Goal

To exploit slight differences in how components of a mixture interact with two different phases to isolate them completely.
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Stationary Phase Mobile Phase
Stationary Phase (SP) Mobile Phase (MP)
A fixed bed of solid or liguid material. It retards the A pure solvent, a mixture of solvents, or a gas that
movement of components based on their affinity to it. moves slowly over the stationary phase.

The Principle of Differential Affinity

Components separate because they travel at different speeds. A component that strongly prefers the Stationary Phase moves
slowly. A component that prefers the Mobile Phase moves quickly.




The Two Fundamental Mechanisms é%

Adsorption Chromatography Partition Chromatography

Stationary = ——

Liquid Fllm e ® .

Mobile
quU|d

- Mechanism: Components ‘stick’ to the surface of a - Mechanism: Components distribute (dissolve)
solid. themselves between two separate liquid phases.

- Differential: Different compounds are adsorbed to - Differential: Based on relative solubility in the
different degrees. stationary liquid vs. the mobile liquid.

- Apparatus: Column Chromatography & Thin Layer - Apparatus: Paper Chromatography.

Chromatography (TLC).
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Column Chromatography (Adsorption)

Anatomy Map

Mobile Phase: Solvent added continuously.

Mixture: Placed at the top of the column.

Stationary Phase: Solid adsorbent (Alumina Al203
or Silica gel) packed in the glass tube.

Glass Wool: Supports the stationary phase.

Stopcock: Controls downward gravitational flow.

The Separation Logic

The component that iIs most readily
adsorbed is retained near the top of the
column. The least adsorbed component
is washed down to the lowest part.
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Thin Layer Chromatography (TLC)

Anatomy Map

Chromatoplate (TLC Plate):
Glass plate coated with a thin
layer (0.2 mm) of silica gel or
alumina (Stationary Phase).

Base Line: Drawn 2 cm above the
bottom edge. Mixture is applied
as a single spot here.

Mobile Phase: Solvent rising up
the plate via capillary action.

Detection: How do
we see colorless
spots?

1. UV Light: For

components that
fluoresce.

2.lodine Chamber: |12
vapor creates brown
Spots.

3. Ninhydrin Spray:

Specific developer for
amino acids.
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Paper Chromatography (Partition) A

Anatomy Map

——0 Chromatography Paper: A
special quality paper used as

the support matrix.

o Solvent Front: The maximum

height reached by the mobile
phase.

o Separated Spots:
Components partitioned
across the phases.
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JEE TRAP ALERT

Misconception:
The paper (cellulose) itself is the
stationary phase.

Reality:

The stationary phase is actually the
water molecules trapped inside the
pores of the paper. It is a Liquid-
_iquid partition!

partition! The mobile phase is
another solvent that travels up the
paper via capillary action.
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Quantification: The Retardation Factor (Rf)

Distance moved by the
substance from base line (x)

R, =
f Distance moved by the

solvent from base line (y)

Key Analytical Takeaways

Y Base line (0) - Rt is aratio and is always less than 1 (since x <),

- It is independent of the time the chromatogram is allowed to run.

- A high R value indicates a lower affinity for the stationary phase
and a higher affinity for the mobile phase.




The Chromatography Revision Frame A
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Technique Underly!ng AL Mobile Phase | Flow Direction
Mechanism Phase
Column . Solid (Silica gel A Downward
Chromatography / Alumina) LIEMICIG (Gravity)

Thin Layer Solid (0.2mm Upward
Chromatography | Adsorption Silica/Alumina | Liquid Solvent (Capillary
(TLC) on glass) Action)

Liquid Upward
Partition (Trapped water | Liquid Solvent (Capillary
in paper pores) Action)

Paper
Chromatography

Master this matrix to instantly decode phase and mechanism questions in JEE.
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