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Introduction to Chromatography 
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Chroma

Color 

graphy

To write 

Chromatography

There are two type of chromatography

Preparative 

Separates the 
components of a 

mixture For 
further use 

(Purification)

Analytical 

Chromatography is a technique which the components of a mixture are separated 
based on differences  in the rate at which they carried though a stationary phase by 
mobile phase

Introduction to Chromatography 

graphy

To write 

There are two type of chromatography

Analytical 

Measure the 
relative 

proportions 
components of a 

mixture (small 
amount)

Chromatography is a technique which the components of a mixture are separated 
based on differences  in the rate at which they carried though a stationary phase by 
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Chromatography is a physical method of separation in which the 
components to be separated are distributed between 2 phases; 
mobile phase and stationary phase.  

Mixture

Separate

Components

Introduction to Chromatography 

Mobile 
Phase 

Phase that does 
move 

A gas, a liquid or a 
supercritical fluid 

Stationary 
Phase 

Phase that doesn't 
move 

A solid or a liquid 
held on a solid 

support

The two phase of chromatography are: 
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a physical method of separation in which the 
components to be separated are distributed between 2 phases; 
mobile phase and stationary phase.  

Components

• Analyze

• Identify

• Purify

•Quantify

Introduction to Chromatography 

Phase that doesn't 

A solid or a liquid 
held on a solid 

The phases are chosen such that 
components of the sample have 
different  solubilities in each phase 
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Sample 

• The matter 
which is 
analyzed in 
chromatography. 
It can be a single 
component or a 
mixture.

Analyte

• Substance which 
is to be 
separated in 
chromatography

Chromatographic Terms  

Chromatogram 

• The visual output of a 
chromatography experiment 
generally shows the different 
components and their relative 
proportions.  
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Elution 

• Separation of 
analyte from the 
stationary phase 
by the mobile 
phase

Chromatographic Terms  

Chromatograph

• A device or equipment that 
helps in the separation of 
components in a mixture
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Principle of Chromatography 
Difference in the behavior of analyte towards mobile phase 
stationary phase  Component interact with the stationary phase based on    

1. Charge: ion-ion interaction or ion

2. Van der Waals‘ forces

3. Relative solubility

4. Adsorption: hydrophobic interactions or specific affinity
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Principle of Chromatography 
towards mobile phase and 

stationary phase  Component interact with the stationary phase based on    

ion interaction or ion-dipole interaction

. Adsorption: hydrophobic interactions or specific affinity
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Distribution constant
The rate of migration of solute through a stationary phase
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Distribution constant
The rate of migration of solute through a stationary phase

7



Retention Time 
A measure of speed with which a substance moves though 
chromatographic system 

Continuous 
development 

system 
• eg. HPLC, GC
• R­t or tR, the time between injection and detection

Interrupted 
development 

system 

• eg. TLC, PC
• Rf = Distance moved by the compound / Distance 

moved by the solvent

Factors effecting retention time:

• Variation of the eluent 
• The stationary Phase
• Temperature 
• Sample Matrix
• The set up
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Retention Time 
which a substance moves though 

. HPLC, GC
, the time between injection and detection

= Distance moved by the compound / Distance 
moved by the solvent
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Classification of chromatographic techniques

Based on

Chromatographic
Bed shape

Physical state of 
the mobile phase

ColumnPlaner 

Paper C.
TLC

LC GC

HPLC

NPLC RPLC

Classification of Chromatographic Techniques 
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Classification of chromatographic techniques

Based on

Physical state of 
the mobile phase

Separation mechanism

SFC
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SE
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IE
C
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on

 C
.

Classification of Chromatographic Techniques 
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Classification of Chromatographic Techniques Based on Bed Shape 
Planer Chromatography 

The stationary phase is present as or on plane

Paper 
Chromatography 

A form of 
chromatography 
in which a sheet 

of special paper is 
used for 

adsorption

Thin Layer 
Chromatography 

(TLC)

Involves a 
stationary phase of 

a thin layer of 
adsorbent like silica 

gel, alumina, or  
cellulose on a flat, 

inert substrate

TLC advantage over the paper chromatography 
Faster run Better separation choice between 

different adsorbents 
choice between 

different adsorbents 
3/29/2011

Classification of Chromatographic Techniques Based on Bed Shape 

The stationary phase is present as or on plane

Thin Layer 
Chromatography 

(TLC)

Involves a 
stationary phase of 

a thin layer of 
adsorbent like silica 

gel, alumina, or  
cellulose on a flat, 

inert substrate

Package

TLC advantage over the paper chromatography 
choice between 

different adsorbents 
choice between 

different adsorbents 
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Rf = D1 / D2

Retention Factor (Rf) for TLC 
Rf= distance migrated by the component (a)

distance migrated by the solvent (d)

D1 = distance that band traveled, measured from center of the 
band of color to the point where the spot color was applied 
D2 = total distance that solvent traveled 
Rf value should be between 0.0 and 1.0 and is unit less. 

Example 
A mixture of two component 
were separated using TLC , and 
the following result fond .Find 
out retention factor for both 
component1, 2 
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) for TLC 
distance migrated by the component (a)
distance migrated by the solvent (d)

End line 
(solvent front) 

Start line 

D1 = distance that band traveled, measured from center of the 
band of color to the point where the spot color was applied 

value should be between 0.0 and 1.0 and is unit less. 
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Retention Factor (Rf) for TLC:
Cont. Example  
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) for TLC:
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Classification of 
Chromatographic 
Techniques Based 
on Bed Shape 

Probably the most common form of Chromatography 

Consists of a tightly packed bead matrix in a tube

Mobile phase enters the column and flows out at a constant rate 

Usually coupled to a detection device 

Column can be used manually or in instruments

Column Chromatography 
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the most common form of Chromatography 

Consists of a tightly packed bead matrix in a tube

Mobile phase enters the column and flows out at a constant rate 

Usually coupled to a detection device 

Column can be used manually or in instruments
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Types of column chromatography
1. liquid chromatography (LC)….. mobile phase 
2. gas chromatography (GC) ….. mobile phase is 
3.supercritical chromatography (SFC). ….. mobile phase is supercritical fluid 
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Types of column chromatography
mobile phase is liquid

….. mobile phase is gas
….. mobile phase is supercritical fluid 
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Mechanisms of separation 

Adsorption Chromatography 

Partition Chromatography 

Ion-exchange Chromatography (IEC) 

molecular Exclusion Chromatography 

Affinity Chromatography
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Mechanisms of separation in chromatography 

Adsorption Chromatography 

Partition Chromatography 

exchange Chromatography (IEC) 

molecular Exclusion Chromatography 

Affinity Chromatography
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Adsorption Chromatography 
Analyte species are adsorbed onto the surface of a polar stationary phase 

The components of mixture interacts with the stationary phase due to 
dipole-dipole interaction  

Mobile phase 
• Liquid or gas 
• Organic solvent or 

mixture of organic solvent 

Stationary phase 
• Solid
• Finely divided polar solid that 

contains sites for retention of 
analyte

• Silica & alumina are the only 
used 3/29/2011

Adsorption Chromatography 
species are adsorbed onto the surface of a polar stationary phase 

The components of mixture interacts with the stationary phase due to 

Separation of 
relatively non-
polar, water-
insoluble organic 
compound 

Application 

Stationary phase 

Finely divided polar solid that 
contains sites for retention of 

Silica & alumina are the only 
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Application

Partition Chromatography 
Components partition(dissolve) themselves to different degree between liquid 
stationary Phase & mobile phase  
The components of mixture interacts with the stationary phase 
dipole interaction  

Mobile phase 

• Liquid or gas  

Stationary phase 

• Liquid or liquid 
adsorbed on a solid 

non-ionic compounds, polar compounds, and in certain cases 
ionic compounds 3/29/2011

Partition Chromatography 
Components partition(dissolve) themselves to different degree between liquid 

interacts with the stationary phase due to dipole-

Stationary phase 

Liquid or liquid 
adsorbed on a solid 

ionic compounds, polar compounds, and in certain cases 
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Partition Chromatography 

Partition 
Chromatography 

Normal-Phase 
Chromatography 

Polar stationary 
phase 

Less polar mobile 
phase 

E g. n-hexane
Ethyl ether
Chloroform 
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Partition Chromatography 

Partition 
Chromatography 

Reverse-Phase 
Chromatography 

Less polar 
stationary phase 

More polar 
mobile phase 

Eg. Methanol
acetonitril
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Molecular Exclusion Chromatography
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Chromatography

SEC

Gel 
Permeation 

An organic 
mobile phase 

is used and 
the stationary 

phase is 
hydrophobic 

Gel 
filtration 

An aqueous 
mobile phase 

is used and 
the packing 
material is 
hydrophilic  
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Gel Permeation

• Separates particles on the base of the size.
• High molecular weight solutes (>Principle 

• The components of a mixture are separated 
according to their ability to penetrate into the 
pores of the stationary phase material 

Separation 

• are wide-pore silica gel, polysaccharides, and 
synthetic polymers Packing Materials 

• the separation of large molecular weight 
biomolecules, and molecular  weight distribution 
studies of large polymers and natural products 

Application 

3/29/2011

Separates particles on the base of the size.
High molecular weight solutes (>10,000) 

The components of a mixture are separated 
according to their ability to penetrate into the 
pores of the stationary phase material 

pore silica gel, polysaccharides, and 
synthetic polymers 

the separation of large molecular weight 
, and molecular  weight distribution 

studies of large polymers and natural products 
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Size Exclusion Chromatography (SEC)
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Size Exclusion Chromatography (SEC)
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The stationary phase is small solid polymer resin beads that have 
ionic bonding sites on their surfaces.
The resin contains electrically charged sites at which one ion replace 
another

Ion-exchange Chromatography 

Ion exchange resin 

• Zeolite
• Clay
• Synthetic resin 

Cation
exchange resin 3/29/2011

The stationary phase is small solid polymer resin beads that have 
ionic bonding sites on their surfaces.

contains electrically charged sites at which one ion replace 

exchange Chromatography (IEC) 

Anion 
exchange resin 22
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most selective kind of chromatography 

specific interactions between one kind of solute molecule 
second molecule that is covalently attached (immobilized) 
stationary phase.

Affinity Chromatography
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most selective kind of chromatography 

specific interactions between one kind of solute molecule and a 
second molecule that is covalently attached (immobilized) to the 

Affinity Chromatography
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Affinity Chromatography
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Affinity Chromatography
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