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TOPIC:  THIN LAYER CHROMATOGRAPHY
INTRODUCTION


Thin layer chromatography (TLC) and high performance thin layer chromatography (HPTLC) and now also called planar chromatography are, like all chromatographic techniques, based on a multistage distribution process. This process involves: a suitable adsorbent (the stationary phase), solvents or solvent mixtures (the mobile phase or eluent), and the sample molecules. For thin layer chromatography the adsorbent is coated as a thin layer onto a suitable support (e.g. glass plate, polyester or aluminum sheet). On this layer the substance mixture is separated by elution with a suitable solvent.

PRINCIPLE


The principle of separation is adsorption. One or more compounds are spotted on a thin layer of adsorbent coated on a chromatographic plate. The mobile phase solvent flows through because of capillary action. The components move according to their affinities towards the adsorbent. The component with more affinity towards the stationary phase travels slower. The component with a lesser affinity towards the stationary phase travels faster. Thus the components are separated on a thin layer chromatographic plate based on the affinity of the compounds towards the stationary phase.

 PRACTICAL REQUIREMENTS
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Stationary phase

As stationary phase, a special finely ground matrix (silica gel, alumina, or similar material) is coated on a glass plate, a metal or a plastic film as a thin layer (~0.25 mm). In addition a binder like gypsum is mixed into the stationary phase to make it stick better to the slide. In many cases, a fluorescent powder is mixed into the stationary phase to simplify the visualization later on (e.g.  Bright green when you expose it to 254nm UV light).

Glass plates


Glass plates which are specific dimensions like 20cm x20cm (full plate), 20cm x 10cm (half plate), and 20cm x 5cm (quarter plate) can be used. These dimensions are used since the width of the commercially available TLC spreader is 20 cm. Microscopic slides can also be used for some applications like monitoring the progress of a chemical reaction. The development time is much shorter like 5 minutes.

Preparation and activation of TLC plates


The slurry which is a mixture of stationary phase and water is prepared. After preparing the slurry the TLC plates can be prepared by using any one of the following techniques. Pouring, dipping, spraying and spreading.
Pouring: The slurry prepared and poured onto the glass plate which is maintained on leveled surface.The slurry is spread uniformly on the surface of the glass plate. After setting the plates are dried in an oven. The disadvantage is that uniformity in thickness cannot be ensured.

Dipping: In dipping technique two plates (either of standard dimensions or microscopic slides) are dipped into the slurry and are separated after removing from slurry and later dried. The disadvantage is that a larger quantity of slurry is required even for preparing fewer plates.

Spraying: This technique resembles that of using a perfume spray on a cloth. The suspension of adsorbent or slurry is sprayed on a glass plate using a sprayer. The disadvantage is that the layer thickness cannot be maintained.

Spreading: It is the best technique where a TLC spreader is used.The glass plate of specific dimensions is stacked on a base plate. The slurry after preparation is poured inside the reservoir of TLC plate. The thickness of the adsorbent layer is adjusted by using a knob in the spreader. Normally a thickness of 0.25mm is used for analytical purpose and 2mm thickness for preparative purpose. Then the spreader is rolled only once on the plates. The plates allowed for setting. This is done to avoid cracks on the surface of adsorbent. After setting the plates are activated by keeping in an oven at 100C to 200 C for 1 hour.

Activation

Activation is nothing but removing water/moisture and other adsorbed substances from the surface of any adsorbent by heating at high temperature so, that adsorbent activity is retained. The activated plated can be stored in thermostatically controlled oven or in desiccators and can be used whenever required.

Application of sample


Usually to get good spots, the concentration of the sample or standard solution has to be minimum, 2-5ml of a 1% solution of either standard or test sample is spotted using a capillary tube or micropipette. The spots can be placed at random by using a template, with markings. The spots should be kept at least 2cm above the base of the plate and the spotting area should not be immersed in the mobile phase in the development tank. At least 4 spots can be spotted on a plate (20cm X 5cm).

Development tank

For the purpose of development, a developing tank or chamber of different sizes to hold TLC plates of standard dimensions are used. When a new method is developed, it is better to use glass beakers, specimen jars etc., to avoid more wastage of solvents. When developed method or standard method is used, it is better to use development tank. New type of development tanks have hump in the middle, which require less solvent. The development chamber or tank should be lined inside with the filter paper moistened with the mobile phase so as to saturate the atmosphere. If this kind of saturation of the atmosphere is not done “edge effect” occurs where the solvent front in the middle of TLC plate moves faster than that of the edge. Therefore the spots are disorted and not regular.

Mobile Phase

The solvent or the mobile phase used depends upon various factors as mentioned in column chromatography. Some of the factors are

1. Nature of the substances to be separated

2. Nature of the stationary phase used

3. Mode of chromatography (Normal phase or reverse phase)

4. Separation to be achieved – Analytical or preparative

5. Pure solvents or mixture of solvents are used.

The following gives a list of solvents (of increasing polarity)

Petroleum ether, Carbon tetrachloride, Cyclohexane, Carbon disulfide, Ether, Acetone, Benzene, Toluene, Ethyl acetate, Chloroform, Alcohols, Water, Pyridine, organic acids, inorganic acid.

Development Technique
Different development techniques are used for efficient separations. They are

A. One dimensional development (vertical):  Like conventional type, the solvent flows against gravity. The spots are kept at the bottom portion of paper and kept in a chamber with mobile phase solvent at the bottom

B. Two dimensional technique: This technique is similar to 2-Dimensional paper. The paper is developed in one direction and after development; the paper is developed in the second direction allowing more compounds or complex mixtures to be separated into individual spots. In the second direction, either the same solvent or different solvent system can be used for development.

C. Horizontal development: In this technique, the plate is positioned horizontally inside the chamber, and the solvent is applied using a wick or capillary slit. Development can be performed from one or both sides of the TLC plate.

Detecting or visualizing agents

Coloured spots are easily observed on developed chromatograms. However, different approaches need to be adopted when colourless components are to be observed. It is convenient to classify such methods as specific or non-specific.

Non-specific methods: Where the number of spots can be detected, but not the  

      exact nature or type of compound.


Iodine chamber: The developed plate is suspended in a closed jar containing a few crystals of iodine for about a minute. In presence of iodine vapour most organic compounds appear as brown spots.


UV viewing cabinet: Majority of colourless compounds can be viewed under illumination with UV light in a UV viewing cabinet. 

Specific Methods: Specific spray reagents or detecting agents visualizing agents 

      are used to find out the nature of compounds for identification purposes       

      Examples: 

Ferric chloride - For phenolic compounds and tannins. 

Ninhydrin in acetone - For amino acids.

Dragendroff’s reagent - For alkaloids.

3,5-Dinitro benzoic acid - For cardiac glycosidesv. 

2,4-Dinitrophenyl hydrazine – For aldehydes and ketones.

QUALITATIVE ANALYSIS

Rf Value


The retardation factor Rf is defined as the ratio of the distance traveled by the center of a spot to the distance traveled by the solvent front.
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Rx value


Rx value is nothing but the ratio of distance travelled by the sample and the distance travelled by standard. Rx value is always closer to 1.

Rm value


Rm value is used in qualitative analysis to find out whether the compounds belong to a homologous series .if they belong to a homologous series the ∆ Rm values are constant. the ∆ values for a pair of adjacent member of a homologous series is determined by using the formula.
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APPLICATION


Paper chromatography is more useful for the analysis of polar compounds like amino acids, sugars, natural products etc. The different types of applications are listed below.

Separation of mixtures of drugs of chemical or biological origin, plant extracts etc.

Separation of carbohydrates (sugars), vitamins, antibiotics, proteins, alkaloids, glycosides, amino acids etc.

Identification of drugs.

Identification of related compounds in drugs.

To detect the presence of foreign substances in drugs.

To detect decomposition products in drugs.
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