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Å  The paper commonly used consists of highly purified cellulose. 

ÅCellulose, a homopolysaccharide of glucose. Many of the hydroxyl groups of glucose, however, become 

partially Oxidized during manufacture. The oxidation products usually are aldehyde, ketone or carboxyl 

functional groups. 

Å Impurities may be removed by washing the paper with 0.1 N HCI and drying it before chromatography is 

carried out. 

ÅThe cellulose itself takes a negative charge. 

 

 

ÅThe apparatus required for paper chromatography consists of a support for paper, solvent trough and an 

airtight chamber in which the chromatogram is developed. 

 

 

There are two main techniques. which may be employed for the development of paper chromatograms - 

ascending or descending techniques 













 Two-dimensional chromatography  



In paper chromatography the stationary phase is water since it is very well adsorbed by 

cellulose. The mobile phase, which is less polar flows over the polar stationary phase. The 

mobile phase may not be necessarily immiscible with water if  water is being used as the 

stationary phase.  

 

Ideally, the solvent system should be so chosen that the two phases are immiscible. Moreover, 

the sample components should have differing solubilities in the two phases.  

 

The solvent should be stable. It should not become oxidized when spread over the paper. 

Some solvents, for example phenolic solvents (particularly in ammoniacal environment), 

react with small quantities of copper present in the paper and get oxidized to produce brown 

or black tarry material.  



 

The spots due to amino acids can now be detected on account of the blue color that they develop. If  not 

sprayed, the reagents may be applied to the paper by either immersing the paper in the reagent or by treating 

the paper to the reagent vapors. 









 

The control of purity of pharmaceuticals, the detection of adulterants and contaminants in 

foods and drinks, the study of ripening and fermentation, the detection of drugs and dopes in 

animals and humans, the analyses of cosmetics, and to top it all, the analyses of the reaction 

mixtures in biochemical labs are all performed routinely with paper chromatography 

technique.  

 

 

A thin layer of a finely divided substance is deposited on to a flat glass plate. The sample to 

be separated is spotted at one end. The plate is dipped into the solvent in a glass jar and the 

development carried out by the ascending technique.  







 
The material of which the thin layer is to be made (silica gel, Kieselguhr, etc.) is usually 

mixed with water in such a proportion that a thick suspension, known as slurry results. This 

slurry is applied to a plate surface as a uniform thin layer by means of a plate" spreader' 

starting at one end of the plate and moving to the other in an unbroken uniform motion. 

 

Thin layer chromatography may be either carried out by the adsorption principle (if  the thin 

layer is prepared by an adsorbent such as Kieselguhr, or alumina) or by the partition principle 

(if  the layer is prepared by a substance such as silica gel which holds water like the paper). 

 



While preparing stationary phase for adsorption chromatography a binder such as calcium 

sulphate is mixed with the slurry. The binder helps in better adhesion of the stationary phase to 

the glass or foil  plate.  

 

If  adsorption chromatography is to be performed. the thin layer is activated by heating at ll0Á 

C for several hours. 

The choice of solvents and the methods of elution are much the same as for paper 

chromatography.  

 

One of the greatest advantages of TLC is the speed at which the separation is achieved. 

Generally 10-30 minutes are sufficient. However. with certain compounds about 90 minutes 

may be required.  



Ultraviolet absorption. fluorescence. autoradiography. if  the components are radio-labeled. or 

production of colors by chemical treatment). 

specific for TLC are: (i) spraying the plate with 25-50% sulphuric acid in ethanol and heating. 

This results in charring of most of the compounds. which show up as brown spots. and (ii)  

iodine vapor is used extensively as a universal reagent for organic compounds. Iodine vapor is 

seen concentrated in the form of a cloud over the region where the components have 

separated. These spots can then be scraped out. eluted and analyzed quantitatively.  



 

Choice of a column of a particular dimension is dictated primarily by the amount of sample; 

larger the sample volume larger the column chosen. The ratio of the column diameter to its 

length also varies. Most workers choose a ratio of diameter to length between 1: 10 and 1: 

100.  

 

The commonly used glass columns have a sintered glass disc at the bottom to support the 

stationary phase.  

 

The columns are provided with an inlet and an outlet. The inlet. which may be simple or 

fitted with a ground glass adaptor provides for the eluting solvent to enter the column. On the 

other hand. the effluent from the column is led by a capillary tubing to a continuous monitor 

and thence to the collecting system 
 





The column is fitted in the upright position and its bottom is sealed with glass wool or such 

other supports. The column is now filled to about one third its height with the mobile phase. 

A thick suspension called slurry of the degassed stationary phase (gel adsorbent or resin) is 

gently poured into the column with its outlet closed. The upper part of the column is all the 

while stirred to ensure  even packing and to avoid air bubbles. The slurry is usually added till  

3/4th of the column is full . The outlet is now opened and the column is stabilized by washing 

it with mobile phase. A filter paper disc or nylon gauze is then placed on the surface of the 

column to prevent disturbance during mobile phase/sample addition. To prevent the column 

from drying a layer of solvent is always maintained above the column surface.  

 

 



 

The sample is allowed to just run into the column. Solvent is then added to the column to a 

height of 5-10 cm.  

 

The column is then connected to a suitable reservoir which contains more solvent. so that the 

height of the solvent in the column can be maintained to a height of 5-10 cm.  

 

An alternative and better method is to mix the sample with sucrose or ficoll  to a 

concentration of about 1% to increase sample density. The sample now sinks below the top 

layer of the solvent to the surface of the column.  

 

It is necessary to apply the sample in as less a volume as possible. This gives an initial tight 

band of material when the separation begins and results in a sharper final separation.  



 

Continuous passage of a suitable eluant (mobile phase) through the packed column separates the components of the 

sample applied to the column. This process is known as column development. 

(i) isocratic elution. and 

(ii)  gradient elution. 

 

When a single solvent is used as an eluant during development. the process is known as isocratic separation. 

However. elution with single solvent is many times not sufficient and a satisfactory resolution may not be obtained. 

In such cases the pH. ionic strength or polarity of the eluant is changed with respect to time. This process where the 

composition of the mobile phase is changed giving rise to a gradient is known as gradient elution. This technique 

leads to a better resolution of the sample components.  

 

To produce a suitable gradient, two solvents of differing compositions have to be mixed in correct proportions 

before entering the column. 

 

Flow rate. Fe' is expressed as the volume of mobile phase per unit time. This is a very important criterion for 

suitable column development. For a satisfactory resolution it is absolutely necessary that the eluant flow should be 

maintained at a stable rate. 



An increase in the flow rate of the mobile phase through the column leads to shortening of the 

time necessary for separation. It may therefore be preferable to work with the maximum 

possible flow rate. 

The effluent. as it emerges from the column outlet is analyzed. The properties of a particular 

compound. viz .Å ultraviolet absorption. color or fluorescence are exploited in its analysis. 

Alternatively the compound may be labeled before application of the sample to the column and 

its radioactivity exploited for its analysis. 

 

The modem approach is to continuously monitor the effluent coming out of the column. 







 

Ion exchange may be defined as the reversible exchange of ions in solution with ions electrostatically bound to 

inert support medium. The governing factor in ion exchange reactions is the electrostatic force of attraction, 

which in turn depends mainly on the relative charge.  

 

The radius of the hydrated ions. and the degree of non-bonding interactions. Ion exchange separations are carried 

out usually in columns packed with an ion exchanger. Ion exchangers can be divided into two groups: anion 

exchangers and cation exchangers. 

 

This medium may be covalently bound to positive (anion exchanger) or negative (cation exchanger) functional 

groups. Ions bound electrostatically to the exchanger are referred to as the counterions. This technique is 

extremely useful in the separation of charged compounds. 

 

Macromolecules such as proteins and nucleic acids, which are capable of possessing both positive and negative 

charges. These large molecules, then, can bind to both, anion and cation exchangers since they possess both 

types of charges. The macromolecules can, however, be made to bear more negative charges by increasing the 

pH (resulting in a stronger binding to anion exchanger) or more positive charges by reducing the pH (resulting in 

a stronger binding to cation exchanger).  











Conversion of the exchanger from the form in which it is supplied to the form in which it is to be used is 

known as the preparation of the exchange medium and is essential for satisfactory performance of ion 

exchange chromatography. Apart from removing the impurities there are three other steps that are of absolute 

importance in exchanger preparation.  

 

(i) Swelling the medium. This is also known as precycling. This is necessary since the dry exchanger 

contains densely packed polymers. which results in the burial of many charged functional groups which are 

then unavailable for exchange. Swelling makes these functional charged groups to become exposed. 

 

ii)the exchanger has to be equilibrated with the suitable counterions. This is accomplished by washing the 

exchanger with different reagents depending upon the desired counterion to be introduced. 

 

The choice of buffers. which maintain the pH of the column. is dictated by the compounds to be separated and 

the type of ion exchange being carried out (anionic or cationic). Anion exchange chromatography should be 

carried out with cationic buffers. Reverse is true for cation exchange chromatography. If  anion exchange or 

cation exchange is carried out with anionic or cationic buffers respectively. the buffer ions will  indulge in ion 

exchange and hamper sample component exchange. 








