C. Y. Yeung (AL Chemistry)

F7 Essay Writing

(Purification and Characterization of Organic Compounds)
Q.
Write an essay on the general methods used for the purification and characterization of organic compounds, giving examples of the use of the methods you discuss.
Outlines:

	
	Purification
Technique
	Application
	Characterization
	Example

	1
	Distillation
	mixture of two or more liquids
	boiling point of distillate
	ethanol-water
mixture

	2
	Fractional

Distillation
	the boiling points of the liquid components are close together
	boiling point of distillate
	benzene-methylbenzene mixture

	3
	Reduced-pressure

Distillation
	liquids with very high boiling point but low thermal stability
	boiling point of distillate at low pressure
	nitrobenzene

	4
	Recrystallization
	organic solid
	melting point of crystal
	2,4-dinitrophenylhydrazone of carbonyl compound in ethanol

	5
	Solvent Extraction
	mixture of two or more liquids with great different polarities
	boiling point
	extraction of iodine from water

	6
	Paper Chromatography
	mixture of two or more liquids with great different polarities
	Rf value
	separation and identification of amino acids


~ Sample Essay ~

The methods chosen for the purification of an organic compound is largely determined by the physical and chemical properties of the substance concerned.  The principle techniques include distillation, recrystallization, solvent extraction and chromatography.
Distillation
Distillation applies to substances in the liquid phase.  When an impure liquid or a liquid mixture is boiled, the vapour evolved contains a higher proportion of the more volatile component than the original mixture.  The vapour is then condensed and the collected distillate may be redistilled if necessary to yield the pure liquid.  
If the boiling points of the liquid components are close together, an efficient fractionating column is required, so that the condensation process takes place repeatedly in the course of a single distillation.  The fractionating column provides a larger surface area in contact with both the vapour passing up the column and the condensed liquid returning to the flask.  For example, benzene can be distilled from a benzene-methylbenzene mixture, though they have similar boiling points.
In addition, reduced-pressure distillation is very useful for the extraction of non-volatile organic liquids.  If the pressure is lowered by attaching the distillation apparatus to a vacuum pump, liquids with very high boiling point could be distilled at a considerably lower temperature than by normal distillation methods.  For example, pure nitrobenzene can be distilled at 980C by reduced-pressure distillation whilst its boiling point is in fact 2100C.
Recrystallization

Recrystallization is probably the most common method for purifying organic solids.  A solvent is found in which the organic solid dissolves readily on warming, but in which it is sparingly soluble when cold.  The hot solution is filtered through a Buchner funnel to remove any insoluble impurities, and the filtrate is allowed to cool slowly.  Pure crystal of the compound could then be separated by filtration with a Buchner funnel again.
For example, 2,4-dinitrophenylhydrazone of carbonyl compound made from 2,4-nitrophenylhydrazine can be dissolved in ethanol and recrystallized by a Buchner funnel easily.  The crystal may be further purified by repeating the process.  The collected solid is washed with a little amount of cold ethanol on filter paper, and is dried by sucking off as much liquid as possible through a Buchner funnel and then is allowed to stand in air.  A stable and high melting point compound may be dried in an oven at an appropriate temperature.
The purity of an organic solid is often indicated by its melting point.  A pure solid usually has a very sharp melting point and melts over a very narrow temperature range.  An impure solid melts over a considerably wider range and often at a lower temperature than the pure substance.  An organic solid obtained from an organic reaction is therefore always purified by repeated recystallization until a constant sharp melting point is obtained.
Solvent Extraction

Solvent extraction is frequently used for the separation of organic compounds from an aqueous solution.  Compounds to be purified by this method have a greater solubility in non-aqueous solvent such as diethyl ether.  The aqueous solution is shaken with a small amount of diethyl ether in a separating funnel.  Most of the organic compound dissolves in the diethyl ether which, as it is less dense than water and is insoluble in it, forms a layer on the top of the aqueous solution.  The aqueous layer is run off into a beaker and the organic layer is transferred to a separate container.  More efficient extraction could be done if the diethyl ether is used in several small portions in successive extractions rather than all at once.  In this way, virtually all the organic compound could be removed from the aqueous solution by repeating the process with diethyl ether.
Chromatography
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Separation by chromatography depends on the differences in the rates at which the components of a mixture are moved along a stationary phase (e.g. paper) by a moving phase (the eluent).  The method may be used for the separation and, in some cases, the identification of different components in extremely small samples of a mixture.  Paper chromatography is the most frequently used chromatographic method.  It has been used to separate a wide range of organic compounds such as amino acids and plant pigment.
The components of the mixture are separated into a number of spots according to their relative solubilities in the solvent and in the water molecules adsorbed on the filter paper.  They could then be identified by measuring the distance of the solute traveled along the paper relative to the solvent front (i.e. the Rf value, where Rf = DA / DS), followed by comparing the results obtained with known reference samples under the same conditions.  With colourless organic compounds such as amino acid, the spots are often detected under UV light after the paper is sprayed with ninhydrin.
In conclusion, as most organic reactions give the desirable product along with many side products, strategic isolation of the target product is an essential step in the preparation of organic compounds.  Apart from the classical techniques discussed above, many instrumental methods such as FT-IR, HPLC and NMR have also been developed flourishingly to facilitate convenient separation and characterization of organic compounds.
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