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Experiment #1



Isolation and Purification of Eugenol from Cloves Results & Calculations Solvent + Visualisation method 35% ethyl



TLC plate



Rf Solvent front = 3.20 cm



acetate/65%



Rf of spot 1 (standard eugenol solution)



hexane + UV



=



= 0.594



Rf of spot 2 (co-spot) =



= 0.594



Rf of spot 3 (product) =



= 0.594



For all three lanes, the spots have migrated a significant distance away from the baseline, confirming that 35% ethyl acetate/65% hexane is an appropriate solvent system for TLC of the compound eugenol. The Rf values are equal for the three spots, indicating high purity of the eugenol product extracted in the earlier steps, as its Rf value is equal to that of the standard eugenol solution. The co-spot confirms that the spots in lanes 1 and 3 have migrated an equal distance, as there is only one spot – comprising both the standard eugenol solution and the eugenol extract – in lane 2, as opposed to two spots which would indicate that the standard eugenol solution spot and the product spot are in fact distinct and separate, and only appear to have migrated the same distance due to parallax error. Thus our product is a highly pure extract of eugenol. The spots are relatively large, indicating that the original volume spotted at the baseline may be too large. The co-spot is especially large and unevenly shaped, due to the greater combined volumes of the standard eugenol solution and product spotted at lane 2. The accuracy can be improved by spotting a smaller volume initially. Post-Lab Questions 1.



2. Eugenol dissolves better in DCM. Eugenol is a largely non-polar molecule. Although it has a highly polar hydroxyl group and a polar ether group, most of its bonds are non-polar carboncarbon or carbon-hydrogen bonds, and it contains a large non-polar benzene ring. Water molecules are highly polar due to the highly electronegative O-H bond, and because the bond dipoles do not cancel out due to the bent geometry of the molecule. Although water is able to form strong hydrogen bonds with the hydroxyl and ether groups of eugenol, it only interacts weakly with the remaining non-polar parts of the eugenol molecule via weak London Dispersion Forces (LDF) and dipole-induced dipole forces. The intermolecular forces (IMF) between water and eugenol molecules are weaker than those between water molecules and those between eugenol molecules, thus eugenol is not very soluble in water. Dichloromethane (DCM), like eugenol, is only slightly polar. It has two electronegative C-Cl bonds, and two non-polar C-H bonds. The polar bonds in DCM forms strong dipole-dipole forces (DDF) with the polar hydroxyl and ether groups in eugenol; at the same time, DCM also has nonpolar C-H bonds that interact well and form LDF with the non-polar C-H bonds in eugenol, and, in particular, eugenol’s large non-polar benzene ring. The intermolecular forces between DCM and eugenol molecules are stronger than the IMF between water and eugenol molecules, thus eugenol is more soluble in DCM than in water. 3. It is more efficient to use several small portions rather than one large portion of solvent to extract a sample. The concentration of A (eugenol) remaining in an aqueous solution (the distillate containing the eugenol oil dispersed in water) after i extractions with an organic solvent (DCM) is given by



where is the concentration of A remaining in the aqueous solution after extracting mL of the solution with an original concentration of with i portions of the organic solvent, each with a volume of .



The concentration of eugenol remaining in the aqueous solution is only less for the oneextraction-using-30mL when the distribution coefficient K is negative (smaller than -2/3). As K must be positive, and is smaller for the three-extractions-using-10mL for all positive values of K, the three extractions always imparts greater extraction efficiency, extracting a higher concentration of eugenol into the DCM and leaving a smaller concentration remaining in the distillate. 4. NaOH reacts with eugenol in the organic phase, forming a water-soluble salt sodium eugenate:



The eugenate anion dissolves into the aqueous phase because the negatively charged ion can form strong ion-dipole forces with polar water molecules, which are stronger than the intermolecular forces between the eugenate ions and between the water molecules. This is a step in purifying eugenol from the distillate, as we are extracting eugenate anions into the aqueous phase, leaving impurities behind to be discarded together with the organic phase. The eugenate ions can then be converted back to eugenol by acidifying the aqueous phase, thus protonating the anions:



5. Litmus paper cannot be used instead. The pH range of Congo red paper is 3.0 – 5.2, which is more acidic and narrower than the pH range of litmus paper, which is 4.5 – 8.3. HCl added to the aqueous solution protonates the eugenate anions, converting them back to eugenol molecule.s The H+ from the acid is thus neutralized – the reaction (drawn in Q4) can be seen as a titration between a strong acid and a weak alkali. After all the eugenate anions have been protonated, excess HCl added swiftly increases the acidity of the mixture due to the increase in free protons in the solution, quickly lowering the pH. Because HCl is a strong acid, the pH of the mixture after acidifying will be rather low. Congo red paper is a better indicator of this drop in pH as its pH range is closer to the acidic end, and the colour of the paper changes from red at a nearly neutral pH of 5.2 to blue as the pH approaches acidic levels of 3.0. This better represents the pH change of this solution, which goes from neutral to acidic. Litmus paper changes from blue at a basic pH of 8.3 to red as it approaches pH 4.5, which is closer to neutral and less acidic than pH 3.0. It is likely the litmus paper will turn red before all the eugenate molecules have been protonated, thus litmus is a poorer indicator. 6. 1. For each extraction, extract the distillate, organic layer, and aqueous layer using a greater number of portions of solvent, keeping the volume of each portion unchanged or increased, if possible. As shown in Q3, this leaves a smaller concentration of our desired product A remaining in the first phase. Even if the total volume of solvent is limited such that we must reduce the volume of each portion in order to extract more times, extracting five times (for example) instead of three times will still increase the extraction efficiency (there is little gain by dividing the extracting solvent into more than six portions). 2. Add ice and salt into the water bath from which the condenser draws its water. Salt lowers the melting point of ice, thus reducing the temperature of the ice-water bath. The water through the condenser is colder, cooling the condenser tube even more, and the greater and faster drop in temperature as the vapour moves from the round-bottom flask to the condenser tube speeds up condensation of the vapour to form distillate. We can collect a larger volume of distillate faster, both speeding up the experiment and allowing us to extract more eugenol. The accuracy is not significantly affected because the distillate is a mixture of eugenol oil and water, so even if water condenses in the inner tubing of the condenser when it gets too cold, it will not cause side reactions or affect the purity of the distillate.
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