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PART 16 
CHROMATOGRAPHY 
I. GENERAL PRINCIPLES OF CHROMATOGRAPHY

Chromatography is a method for separation of mixtures into single substances by use of repeatedly occurring sorption processes.
Chromatography can be used for:

1) practical separation of compound mixtures into single compounds (for instance, in chemical industry),

2) identification and quantitative analysis of compounds. Chromatography is an important method, for instance, in biochemistry, where it allows to detect separate amino acids in their mixtures. By means of chromatography this problem is solved much easier, than by systematic analysis of every particular amino acid.

To better understand the principle of chromatographic analysis, let us discuss a simple example, see fig.1. A carrier gas - argon is flowing through a column, filled with solid adsorbent.

Let us infuse into the flow of carrier gas a sample of gas mixture, that we are going to analyze, for instance, a mixture of H2 and N2. The flow of argon will carry both gases into the column,filled with adsorbent. When passing through the column, both gases will be adsorbed and desorbed from the surface of adsorbent many times.

As H2 is adsorbed weaker, than N2, in a unit of time the argon flow will carry H2 farther, than N2 (as N2 is better adsorbed, it will be adsorbed next time after passing a shorter distance, than H2).
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Fig.16.1. The principle of chromatographic analysis.

As the result, H2 will reach the outlet of the column first, but N2 will be delayed in time. If the column is long enough, both gases will be completely separated from each other and the detector will be able to detect separately each of them.

II. CLASSIFICATION OF CHROMATOGRAPHIC METHODS

Chromatographic methods are classified according to:

1) the aggregate states of chromatographic system:

a) if the substance, that carries the sample mixture over the surface of sorbent, is a gas, then the method is called gas chromatography (as in the example, shown in fig.16.1),

b) if the substance, that carries the sample mixture is a

liquid, the method is called liquid chromatography.

2) the mechanism of mixture separation :

a) adsorption chromatography, where the separation is based

on different adsorption abilities of the compounds,

b) distribution chromatography, where the separation is based on different solubility of compounds in two solvents,

c) ion exchange chromatography, where the separation is based on different exchange abilities of ions,

d) gel chromatography, where the separation is based on different sizes of molecules.

3) practical realization of chromatographic process:

a) column chromatography (as in the fig.16.1) where the process is carried out in sorbent-filled columns,

b) thin-layer chromatography, where the process is carried out in a thin layer of adsorbent, which is spread over the surface of a metal foil or glass platelet,

c) paper chromatography, where the process is carried out on a special chromatography paper (chromatography paper looks very similar to a dense filter paper).

III. JOINT PRINCIPLE OF CHROMATOGRAPHIC METHODS. METHOD OF WITNESSES

The chromatographic principle is similar in all cases: the mobile phase - sample compounds together with the carrier gas (in gas chromatography) or with the solvent (in liquid chromatography) moves along the surface of the immobile phase, which, on its turn, can be a solid adsorbent (in adsorption chromatography) or another solvent that is fixed on the surface of a solid adsorbent (in distribution chromatography).

The sample compounds are repeatedly transferred from the mobile phase to the immobile one and back. As the result, the mobile phase carries farther that of the sample compounds, which is weaker bound to the immobile phase. The most delayed in time is that compound of the mixture, which is most strongly bound to the surface of immobile phase.

When considering the possibility to separate one compound from another in a given chromatographic system, one has to use a parameter,called chromatographic mobility Rf of each sample compound (see fig.16.2.).

Let us imagine a metal foil, covered by a thin layer of adsorbent. One has to mark the starting line at the lower part of adsorbent, then put a drop of the sample mixture on this starting line and immerse the lower edge of the foil into solvent. The solvent starts sucking vertically up along the porous adsorbent. When it reaches the spot of sample mixture, all the sample com-pounds are dissolved in the solvent and the solvent starts carrying them up.
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Fig.16.2. A chromatogram on thin layer of adsorbent

When moving up along the adsorbent, the compounds are many times adsorbed to the surface of adsorbent and desorbed from it, passing back into the mobile phase. If the mixture initially consisted of two compounds A and B and it is known, that compound B is better adsorbed on the surface of adsorbent, than compound A, then compound A will cover a longer distance along the surface of adsorbent, than compound B.

When the front of solvent has come close to the edge of chromatogram, the chromatogram is taken out from the solvent and dried. If the compounds A and B are colored, two spots, corresponding to the sample compounds A and B respectively will be seen on the chromatogram at different heights.

The chromatographic mobility of a given compound (Rf) is defined as a ratio between the distance, covered by this compound and the the distance, covered by the front of solvent. For compounds A and B their chromatographic mobilities are therefore found as:
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The more different are the chromatographic mobilities of the two compounds, the more completely they will be separated from each other in the chromatographic process.

The chromatographic mobility of every given compound in every given chromatographic system (i.e. with a given solvent and given adsorbent) is a constant value.

This property is used for identification of compounds in the so-called method of witnesses, see fig.16.3. Method of witnesses is often used in biochemistry to make clear, which amino acids are present in a mixture, and which are not.

If it is possible to guess, that the sample mixture of amino acids could contain amino acids A, B and C, then, besides of the spot of the sample mixture, spots of solutions of these three amino acids (called witnesses)are also put on the start line of the chromatogram and then the chromatographic process is carried out.
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Fig.16.3. Method of witnesses.

At the end of process one can see, that in the mixture there are present compounds, that covered equal distances with amino acids A and B. This means, that the two amino acids A and B can be present in the sample mixture. In the chromatogram of the sample mixture there is no spot, corresponding to the distance, covered by the amino acid C, therefore it is clear, that this amino acid is not present in the sample mixture.

At the same time, the chromatogram of mixture contains a spot, that doesn’t correspond to any of the witnesses A, B or C. Now we can formulate the results of our experiment:

1) it is very probable, that amino acids A and B are present in the mixture,

2) it is absolutely clear, that amino acid C is not present in the mixture,

3) the mixture contains one more compound, that is not yet identified.

IV. PRINCIPLES OF CHROMATOGRAPHY METHODS ACCORDING TO THE SEPARATION MECHANISM

In this chapter different separation mechanisms of sample compounds in chromatography will be discussed more in detail.

IV.1. ADSORPTION CHROMATOGRAPHY

In adsorption chromatography the separation of sample compounds from each other is based on their different ability to be adsorbed on the surface of adsorbent.

The mobile phase in adsorption chromatography is a solvent (then it is liquid chromatography, like in fig.16.2) or a gas (then it is gas chromatogra-phy like in fig 16.1).

The immobile phase in adsorption chromatography is a solid adsorbent, that is filled into columns (fig.16.1) or spread over a surface of a glass platelet or a metal foil (fig.16.2). Compounds like Al2O3 , MgO, cellulose, activated coal, silica gel or some special compounds, called zeolites or molecular sifts can be used as adsorbents ion adsorption chromatography.

Obtaining of the chromatogram is as described previously - the mobile phase moves along the surface of the immobile phase and the sample compounds are repeatedly adsorbed and desorbed from the surface of the immobile phase.

The chromatographic mobility will be great for these compounds, that are weakly adsorbed and small for these compounds, that are strongly adsorbed. As the result, these compounds, that are weakly adsorbed, are just a little delayed from the front of solvent (or gas), but these ones, that are adsorbed strongly are greatly delayed from the front of the mobile phase.

One has to remember, that the compounds should not be very well soluble in the solvent, that is used as the mobile phase, otherwise they will move together with solvent’s front and no separation will take place.

Adsorption chromatography can be used for just separation of compounds or for their identification by means of the method of witnesses.

IV.2. DISTRIBUTION CHROMATOGRAPHY

Distribution chromatography just visually is very much alike to adsorption chromatography, but the principle of separation is completely different, therefore one has to be very careful to understand the difference.

The separation of compounds in distribution chromatography is based on different distribution of compounds between two solvents.

One of the solvents is tightly adsorbed to a surface of a solid compound (called chromatographic carrier in this case), therefore it forms the immobile phase (in practice it is so, that a microscopic layer of adsorbed liquid is formed on the surface of the solid carrier).

The other solvent (which is insoluble in the first one) forms the mobile phase and can suck up along the surface of the carrier. To make it more clear, let us imagine a real situation. Let us choose chromatography paper (imagine a paper, that is similar to dense filter paper) as the carrier.

An adsorbed layer of moisture (water) always exists at the surface of chromatography paper (this layer is so thin, that is not seen). The content of adsorbed water in chromatography paper can reach 20-25% of the mass of paper.The adsorbed layer of water on the surface of chromatography paper serves as the immobile phase. If one edge of chromatography paper is immersed into an organic solvent, the organic solvent will suck up along the porous paper and the two liquids - the immobile water layer and the mobile organic solvent will be in contact all the time.

If a spot of mixture of compounds, that we are going to separate, is placed on the starting line, the organic solvent will carry these compounds up along the surface of paper. The sample compounds will be repeatedly transferred from the organic solvent into water and back.

As the result, the compounds, that are better soluble in water, will stay in the water phase longer and will be more delayed in time from the front of the organic solvent, but the compounds, that are better soluble in the organic solvent will stay shorter time in the water phase and will therefore be less delayed from the front of the organic solvent. In such a way, when the chromatographic process is over, the higher spots will correspond to the compounds, that are weakly soluble in water, the lower spots - to the compounds, that are better soluble in water.

The just discussed situation, corresponds to the case, when the chromatographic carrier (paper in this case) is hydrophile and therefore the polar solvent (water) is the one, that forms the immobile phase.

It is, as well, possible to choose a hydrophobous carrier - a non polar solid. Then the solvent, that will be fixed on the surface of carrier and will form the immobile phase, will be the organic one and water will form the mobile phase.

In the case of hydrophobous carrier the longer distance will be covered by the compounds, that are better soluble in water and the compounds, that are better soluble in organic solvent, will be delayed from the front of solvent.

IV.3. GEL CHROMATOGRAPHY

Separation of compounds in gel chromatography is based on different sizes of molecules. 

This kind of chromatography is usually carried out in columns. The immobile phase in this case is formed by a porous gel of a water-insoluble polymer, that is made in a form of swelled porous granules, see fig.16.4.

As the size of the pores in the granules is limited, the smallest molecules, that are present in the sample mixture,
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Fig.16.4.Gel chromatography.

penetrate into the pores of gel granules and travel a long way, until they get out from the granule. Then they are “sucked in” into the next granule and finally these smallest molecules are greatly delayed in time from the solvent, which passes through the column.

For the biggest molecules the inlets of pores are too small therefore they travel between the granules, thus cowering a much shorter distance. In such a way, the biggest molecules come out from the outlet of column first, but the smallest ones are delayed.

The main advantage of the gel chromatography method is, that it can be carried out in very soft conditions. Appropriate pH value and a mild solvent - water can be used.

For this reason gel chromatography can be used for compounds, that are very sensitive to the environment, for example, proteins or enzymes, that cannot stand the solvents like benzene or alcohol, which are used in the other kinds of chromatography - these solvents would change the structure of enzymes and make them inactive. This method is also used for separation of monosacharides from polysacharides.

IV.4. ION EXCHANGE CHROMATOGRAPHY

This kind of chromatography is already described in the part “Adsorption”.

The principle of separation in the case of ion exchange chromatography is based on the difference between in ion exchange abilities of the ions - the ions having a greater charge are better adsorbed and are therefore more delayed from the front of liquid.

If two ions having equal charges are compared, their exchange abilities depend on the ion radii- the greater is the radius of the ion, the smaller is its hydration and therefore the better it is adsorbed on the ion exchange resin (the greater is its exchange ability). Thus, the greater is radius of the ion, the more this ion will be delayed from the front of solvent.
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