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INTRODUCTION


It was the basic form of chromatography developed initially. When a column of stationary phase is used, the technique is called as column chromatography. Many modifications and improvements were made to column chromatography to derive advanced chromatography techniques.


The advanced forms of column chromatography are high-performance liquid chromatography (HPLC), Ultra Performance Liquid Chromatography (UPLC), Gas chromatography (GC), etc. One can easily demonstrate the principle and procedure of chromatography using it. Despite many advanced methods of chromatography, still this model of chromatography is widely used in science, research and industry.

14.3 PRINCIPLE


Adsorption is the principle of separation and here a solid
stationary phase and a liquid mobile phase are used. When a mixture of
different components which are dissolved in the mobile phase is
introduced in the column, the different components moves with different
rates depending upon their different relative affinities. The lesser
affinity compound which is towards the stationary phase moves faster and
it is eluted first. The greater affinity compound which is towards the
stationary phase is eluted later. Thus, in this way depending upon their
relative affinities the separation is done. The rate of movement of the compound(R) is given by the following formula:
R= Rate of movement of a component / Rate of movement of mobile phase,i.e. it is the ratio of the distance moved by solute to the distance moved by solvent.
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Figure: Column chromatography

14.4 REQUIREMENTS FOR COLUMN CHROMATOGRAPHY
Stationary phase.
Mobile phase.

Column characteristic.

Preparation of column.

Introduction of the sample.

Development technique.

Detection of components.

Recovery of components.

1. Stationary phase (adsorbent):


An adsorbent used in column chromatography should meet the following criteria:

Should be inert.

Insoluble in the solvents.

It should be colorless.

It should allow free flow of mobile phase.

Inexpensive.

Freely available.

It should separate wide variety of components.

Should have a high mechanical stability.


Alumina and silica are the two most popular stationary phases in column chromatography.  
2. Mobile phase:

The mobile phase is very important and it serves several functions. It acts as solvent, developer and as eluent. The functions of mobile phase are:

To introduce the mixture into the column as a solvent.

To develop the zones of separation as developing agent.

To remove a pure component out of the column as an eluent.


Different mobile phases are used they are petroleum ether, cyclohexane, carbon disulphide, toluene, chloroform, benzene, acetone, alcohols etc. These solvents can be used in either pure form or as a mixture of solvents of varying composition.

3. Column characteristics:

The column must be neutral such that it should not be affected by acids, alkalies or solvents. The column dimensions are very important for effective separations. The length: diameter must range from 10:1 to 30:1. It must be 100:1 for more efficiency. The length of the column depends upon:

The affinity of compounds towards the adsorbent used.

Number of compounds to be separated.

Type of adsorbent used.

Quantity of the sample.

4. Preparation of the column:



The bottom portion of the column is packed with cotton wool or glass wool above which the column of the adsorbent is packed, a Whattman filter paper disc can also be used. After packing the column with adsorbent, a similar paper disc is kept on the top. So that the adsorbent layer is not disturbed during the introduction of sample or mobile phase. The preparation of the column is done by two methods
In dry packing technique the required quantity of the adsorbent is packed into the column in dry form and the solvent is allowed to flow through the column. The demerits are formation of air bubbles and cracking due to the complete dry packing of the column.

In wet packing technique the adsorbent is mixed with the mobile phase solvent in a beaker and it is poured into the column. This is an ideal process.

Introduction of the sample:


The sample which consists of a mixture of components is dissolved in a minimum quantity of mobile phase used for separation of the column. From here samples can be separated individually by the elution process.

Development technique :( Elution)


After the introduction of the sample, by elution technique, the individual components are separated out from the column, the two elution techniques are:

Isocratic elution technique: In this technique, the same solvent composition is used throughout the separation process.
Gradient elution technique: Solvents of gradually increasing polarity or increasing elution strength are used during the separation process. Initially,the low polar solvent is used; gradually higher polar solvent is used.
Detection of components:



Detection of coloured components can be done visually. Different colored bands are seen moving down the column, which can be collected separately. But for colorless compounds, the technique depends upon the properties of the components. Different properties that can be used are:

Absorption of light using UV/visible detector.

Fluorescence detector.

Flame ionization detector.

Refractive index detector.

Evaporation of the solvent.



Any one above technique can be used for detection of compounds. So that it can be used for qualitative analysis and for isolation of compounds.

Recovery of the components:



Earlier the recovery can be done by cutting the column into
distinct zones by means of a plunger. The best technique for recovery is
elution. The components are called as elute and the solvent used is
called as eluent and the process is called as elution.

 FACTORS AFFECTING COLUMN EFFICIENCY
Dimensions of the column: Length: diameter ratio of 14:1 or 30:1 is ideal. But for improving the efficiency,100:1 may be more satisfactory.

Particle size of the adsorbent: Adsorbent activity depends on the surface area of adsorbent. For increasing the surface area particle size should be reduced and hence the adsorbent activity increases.

Nature of the solvent: The flow rate of the solvent is affected by its viscosity. The flow rate is inversely proportional to the viscosity. Hence less viscous solvents are better for separation.

Temperature of the column: Speed of elution increases with increase in temperature. But adsorbent power decreases. Hence compromise is made between speed of elution and adsorbent power. Normally room temperature is used for all samples.

Pressure: High pressure above the column and low pressure below the column increase the efficiency of separation.

APPLICATIONS OF COLUMN CHROMATOGRAPHY

Separation of different mixture of compounds.

Removal of impurities.

Isolation of active constituents.

Isolation of metabolite from biological fluids.

Estimation of drugs in formulations.

 ADVANTAGES OF COLUMN CHROMATOGRAPHY

Any type of mixture can be separated.

Any quantity of the mixture can be separated.

Wider choice of mobile phase.

Automation is possible.

DISADVANTAGES OF COLUMN CHROMATOGRAPHY

Time consuming method.

More amounts of solvents are required which are expensive.

Automation technique makes complication.
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