
Chromatography 
Chromatography is usually introduced as a technique for separating and/or identifying the 
components in a mixture. The basic principle is that components in a mixture have different 
tendencies to adsorb onto a surface or dissolve in a solvent. It is a powerful method in industry, 
where it is used on a large scale to separate and purify the intermediates and products in various 
syntheses.  

The Classification of Chromatography 

 

The theory  
There are several different types of chromatography currently in use – iepaper chromatography; 
thin layer chromatography (TLC); gas chromatography (GC); liquid chromatography (LC); high 
performance liquid chromatography (HPLC); ion exchange chromatography; and gel permeation 
or gel filtration chromatography. 

Basic principles 
All chromatographic methods require one static part (the stationary phase) and one moving part 
(the mobile phase). The techniques rely on one of the following phenomena: adsorption; 
partition; ion exchange; or molecular exclusion. 



Adsorption 
Adsorption chromatography was developed first. It has a solid stationary phase and a liquid or 
gaseous mobile phase. (Plant pigments were separated at the turn of the 20th century by using a 
calcium carbonate stationary phase and a liquid hydrocarbon mobile phase. The different solutes 
travelled different distances through the solid, carried along by the solvent.) Each solute has its 
own equilibrium between adsorption onto the surface of the solid and solubility in the solvent, 
the least soluble or best adsorbed ones travel more slowly. The result is a separation into bands 
containing different solutes. Liquid chromatography using a column containing silica gel or 
alumina is an example of adsorption chromatography (Fig.). The solvent that is put into a column 
is called the eluent, and the liquid that flows out of the end of the column is called the eluate. 

 

Adsorption chromatography using a column 

 

Partition 
In partition chromatography the stationary phase is a non-volatile liquid which is held as a thin 
layer (or film) on the surface of an inert solid. The mixture to be separated is carried by a gas or a 
liquid as the mobile phase. The solutes distribute themselves between the moving and the 
stationary phases, with the more soluble component in the mobile phase reaching the end of the 
chromatography column first (Fig.). Paper chromatography is an example of partition 
chromatography. 



Applications: 
• The separation of amino acids formed by the hydrolysis of a protein molecule 
• The analysis of closely-related aliphatic alcohols 
• Separation of sugar derivatives 

 

 

Partition chromatography 

 

Chromatographic techniques 

Paper chromatography 
This is probably the first, and the simplest, type of chromatography that people meet. A drop of a 
solution of a mixture of dyes or inks is placed on a piece of chromatography paper and allowed 
to dry. The mixture separates as the solvent front advances past the mixture. Filter paper and 
blotting paper are frequently substituted for chromatography paper if precision is not required. 
Separation is most efficient if the atmosphere is saturated in the solvent vapour 



 

Paper chromatography 

Some simple materials that can be separated by using this method are inks fromfountain and 
fibre-tipped pens, food colourings and dyes. The components can be regenerated by dissolving 
them out of the cut up paper.  

The efficiency of the separation can be optimised by trying different solvents, and this remains 
the way that the best solvents for industrial separations are discovered (some experience and 
knowledge of different solvent systems is advantageous).  

Paper chromatography works by the partition of solutes between water in the paper fibres 
(stationary phase) and the solvent (mobile phase). Common solvents that are used include 
pentane, propanone and ethanol. Mixtures of solvents are also used, including aqueous solutions, 
and solvent systems with a range of polarities can be made. A mixture useful for separating the 
dyes on Smarties is a 3:1:1 mixture (by volume) of butan-1-ol:ethanol:0.880 ammonia solution. 

As each solute distributes itself (equilibrates) between the stationary and the mobile phase, the 
distance a solute moves is always the same fraction of the distance moved by the solvent. This 
fraction is variously called the retardation factor or the retention ratio, and is given the symbol R 
or Rf 

 



So as long as the correct solvent and type of chromatography paper are used, a component can be 
identified from its retention ratio 

 

The retention ratio, R

It is possible that two solutes have the same R

f 

f values using one solvent, but different values 
using another solvent (eg this occurs with some amino acids). This means that if a multi 
component system is not efficiently separated by one solvent the chromatogram can be dried, 
turned through 900

Applications: 

, and run again using a second solvent 

• The separation of amino acids by using ninhydrin as detecting reagent 
• Structural analysis 
• Separation of inorganic cations or complexes 

 

Thin layer chromatography (TLC) 
Thin layer chromatography is similar to paper chromatography, but the stationary phase is a thin 
layer of a solid such as alumina or silica supported on an inert base such as glass, aluminum foil 
or insoluble plastic. The mixture is ‘spotted’at the bottom of the TLC plate and allowed to dry. 
The plate is placed in a closed vessel containing solvent (the mobile phase) so that the liquid 
level is below the spot. 
TLC has advantages over paper chromatography in that its results are more reproducible, and 
that separations are very efficient because of the much smaller particle size of the stationary 
phase. 



The solvent ascends the plate by capillary action, the liquid filling the spaces between the solid 
particles. This technique is usually done in a closed vessel to ensure that the atmosphere is 
saturated with solvent vapour and that evaporation from the plate is minimised before the run is 
complete. The plate is removed when the solvent front approaches the top of the plate and the 
position of the solvent front recorded before it is dried (this allows the Rf

 

 value to be calculated). 
TLC has applications in industry in determining the progress of a reaction by studying the 
components present; and in separating reaction intermediates. In the latter case a line of the 
reaction mixture is ‘painted’across the TLC plate instead of a single spot, and the line of product 
after separation is cut out of the plate and dissolved in an appropriate solvent. 

 
Using two solvents to separate a multi component mixture 

 
Many spots are not visible without the plates being ‘developed’. This usually involves spraying 
with a solution that is reversibly adsorbed or reacts in some way with the solutes. Two examples 
of developing solutions are iodine in petroleum ether (useful for identifying aromatic 
compounds, especially those with electron donatinggroups eg C6H5NH2) and ninhydrin (useful 
for identifying amino acids). Iodine vapour is also used to develop plates in some cases. 
Alternatively, specially prepared plates can be used that fluoresce in ultraviolet light. The plates 



are used in the normal manner, but once dried they are placed under an ultraviolet lamp. Solute 
spots mask fluorescence on the surface of the plate – iea dark spot is observed. Some compounds 
have their own fluorescence which can be used for identification, or retardation factors can be 
used to identify known solutes. 
Radioactive solutes can be identified on TLC plates by passing the plates under a Geiger counter 
with a narrow window. A chart recorder plots the count rate as the plate passes under the counter 
(Fig.). Accurate quantitative data can be derived by integrating the peaks (this is not shown in the 
diagram). 
 

 
Count rate on a TLC plate 

 
A relatively new method of detecting components on TLC plates is to scan the lane along which 
a mixture has travelled with a beam of fixed wavelength light. The reflected light from the lane 
(A) is measured relative to the radiation reflected from outside the lane (B): 
 

 
 

The plates can be scanned for ultraviolet/visible absorption; or natural fluorescence. Ultraviolet 
sensitive plates or already developed plates can also be read. 
 
 



Applications: 
• The checking of purity of samples 
• The identification of organic compounds 
• The separation of inorganic ions 

 

Column Chromatography 
Column chromatography is frequently used by organic chemists to purify liquids (and solids.) An 
impure sample is loaded onto a column of adsorbent, such as silica gel or alumina. An organic 
solvent or a mixture of solvents (the eluent) flows down through the column. Components of the 
sample separate from each other by partitioning between the stationary packing material (silica 
or alumina) and the mobile elutant. 
In column chromatography, the stationary phase is packed into a glass tube to form a cylinder or 
columnof granules. Solvent or buffer can flow freely between the granules Stationary phase may 
be silica gel or ion exchange resin or a variety of other substances that may have particular 
affinity for amino acid molecules. 
The sample is applied with care as a layer on top of the stationary phase. Then solvent is added 
and flows through the column. Samples molecules move while they enter the flowing solvent. 
The stationary phase is polar compounds are attracted to the polar column packing by hydrogen 
bonding or dipole-dipole attractionsThe more polar component interacts more strongly with the 
stationary phase. Polar compounds are move slowly. Non-polar compounds are going to come 
off the column first, while the polar compounds are going to come off the column last. 
Usually, one starts will a less polar solvent to remove the less polar compounds, and then slowly 
increase the polarity of the solvent to remove the more polar compounds. 
Molecules with different polarity partition to different extents, and therefore move through the 
column at different rates. The eluent is collected in fractions. 
 



  
 

Applications: 
• The separation of the mixtures into the pure individual components 
• The purification of compounds by the removal of impurities 
• The identification of unknown compounds 
• The separation of geometrical isomers, diastereomers, racemates and tautomers 
• The separation and identification of inorganic anions and cations 
• The determination of homogeneity of chemical substances 
• The concentration of substances from dilute solutions such as those obtained when 

natural product are extracted with large volumes of the solvents from the roots and leaves 
of trees, plants etc. 

 
 
 
 
 
 
 
 
 
 
 
 



Crystallization  
Crystallization is a separation technique that uses evaporation to separate the parts of a solution 
(mixture). The solvent (liquid) evaporates and leaves behind the solute (solid) as crystals. 

Crystallization is a process of cooling a hot, concentrated solution of a substance to 
obtain crystals of a pure substance 
It is based on the difference in the solubilities of the compound and the impurities in a suitable 
solvent. The impure compound is sparingly soluble in a solvent at room temperature but 
appreciably soluble at higher temperature. 
 

Steps Involve in Crystallization 
• The impure compound is dissolved in a solvent at higher temperature to form a solution 
• The solution is then filtered to remove insoluble impurities. Clear solution is obtained 

after filtration 
• The solution is then heated gently on a water bath till a saturated solution is obtained. The 

saturation of solution can be tested by the formation of crystal and can be done by 
dipping time to time glass rod into the solution. When crystal appears at the bottom of 
glass rod stop heating the solution 

• The hot saturated solution is allowed to cool 
• Crystals of pure substances are formed which can be obtain by filtration and dried 

 

Fractional Crystallization 
When the compound is highly soluble in one solvent and very little soluble in another solvent, 
crystallization can be carried out in mixture of these solvent. 
A process by which a chemical compound is separated into components by crystallization. In 
fractional crystallization the compound is mixed with a solvent, heated, and then gradually 
cooled so that, as each of its constituent components crystallizes, it can be removed in its pure 
form from the solution. 
 

Distillation 
A process in which a liquid or vapour mixture of two or more substances is separated into its 
component fractions of desired purity, by the application and removal of heat. 



 

Distillation is based on the fact that the vapour of a boiling mixture will be richer in the 
components that have lower boiling points. 

Therefore, when this vapour is cooled and condensed, the condensate will contain more volatile 
components. At the same time, the original mixture will contain more of the less volatile 
material. 

• Distillation is the most common separation technique 
• It consumes enormous amounts of energy, both in terms of cooling and heating 

requirements 
• It can contribute to more than 50% of plant operating costs 

 
Separation of components from a liquid mixture via distillation depends on the differences in 

boiling points of the individual components. Also, depending on the concentrations of the 
components present, the liquid mixture will have different boiling point characteristics. 
Therefore, distillation processes depends on the vapour pressure characteristics of liquid 
mixtures. 

 
                              Simple distillation 



 

Fractional distillation 
Is the process of separating two or more miscible liquids for which the difference in boiling 

points is less than 25 K. the distillate being collected in fractions boiling at different temperatures 
In fractional distillation fractionating column is used in between the distillation flask and the 

condenser. A fractionating column is a tube packed with glass beads. These beads provides 
surface for the vapours to cool and condense repeatedly 

 
Uses 

• Separation of different gases from air 
• Separation of crude oil in petroleum industry into useful fractios such as kerosene, 

diesel, petrol, etc. 
• Separation of miscible liquids like alcohol-water mixture and acetone –water mixture 

 
When the mixture of miscible liquids is heated in a distillation flask fitted with fractionating 
column, both liquids form vapours as their boiling point approach. The hot vapours rise up in the 
fractionating column. The upper part of the fractionating column is cooler so the hot vapours gets 
cooled on reaching there. They get condensed and trickle back into the distillation flask. As the 
experiment goes on, the fractionating column warms up by the heat released by the condensed 



vapours. A temperature gradient is created in the fractionating column, after some time. The 
temperature at the top of the column being much less than at its bottom. 
When the temperature at the top of the fractionating column reaches the boiling points of low 
boiling component from miscible liquids then its vapours passes into the condenser, gets cooled 
and collects in a receiver as the first fraction. The diagram is shown below 
 

 
Fractional distillation 

 

Steam distillation 
This is a technique in which a liquid that is immiscible with water is distilled in a current of 
steam so as to be separated from other materials in the original mixture e.g plant material or co-
products of a reaction. 
In steam distillation the liquids boils when the sum of the vapours pressures due to to the organic 
liquid (P0) and that due to water (Pw

 
) becomes equal to the atmospheric pressure (P) 

P=P0+P
As P

w 

0

In steam distillation, from a steam generator steam is passed through a heated flask containg the 
liquid to be distilled. The mixture of the volatile organic compound and steam is condensed and 
collected. The compound is later separated from water using a separating funnel. Diagram is 
shown below 

 is lower than P, the organic liquid vaporizes at lower temperature than its boiling points 

 



 
Steam distillation 

 
 

Uses of Steam Distillation 
• Commercially it can be used to separate essential oils from plant material e.g. orange or 

eucalyptus oils 
• In a lab it can be used as a way of purifying high boiling temperature liquids in such a 

way as to minimise the possibility of thermal decomposition and oxidation. 
• e.g. phenylamine which darkens as it oxidises in air to a very unpleasant black oil when it 

is a pale yellow oil when fresh and pure 


