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Activity 4:   The preparation of two esters – ethyl ethanoate and methyl 2-hydroxybenzoate 





Student worksheet














Questions


What type of reaction occurs between ethanol and ethanoic acid?


What is the function of the sulfuric acid and why is it used in preference to hydrochloric acid?


Why is the distillate in A step 4 treated with sodium carbonate solution?


Ethyl ethanoate can also be made by combining ethanol with an acid anhydride. Which acid anhydride would you use? Give an equation for the reaction.


What are the two functional groups present in 2-hydroxybenzoic acid? Why does the OH group attached to the benzene ring not form esters with carboxylic acids?








From the examiner 


Demonstrate skilful and safe practical techniques.


Record accurate measurements to an appropriate precision.


Remember to use the correct units in any calculation.








Safety


Perform the experiment in a well-ventilated room.


Wear a lab coat, safety spectacles and tie long hair back.


Wear chemical-resistant gloves when handling concentrated acids.


Methyl 2-hydroxybenzoate is harmful.


Ethyl ethanoate is highly flammable and irritant.


Many of the reactants are flammable – make sure that they are kept away from naked flames.


 





























Data/diagram


The density of ethanol is 0.79 g cm–3.


The density of ethanoic acid is 1.05 g cm–3.


Equation for the preparation of the second ester:


CH3OH + C6H4(OH)COOH ( C6H4(OH)COOCH3 + H2O








Figure 4
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Analysis of results


Note the smell of both products. What does each ester remind you of?


Find the mass of ethanol and ethanoic acid used.


Show by calculation which is in excess.


Calculate the percentage yield of ethyl ethanoate.


Calculate the percentage yield of methyl 2-hydroxybenzoate.











Procedure


A	Ethyl ethanoate


Put 4.0 cm3 of ethanol into a pear-shaped flask clamped in a beaker of iced water. Carefully add 3.0 cm3 of concentrated sulfuric acid to the ethanol a few drops at a time. Swirl the flask to mix well*.


Put 5.0 cm3 of ethanol and 5.0 cm3 of ethanoic acid into a dropping funnel. Put the funnel into the top of the pear-shaped flask and slowly add the mixture to the flask. 


Arrange the apparatus for distillation. Heat the flask with a water bath, collecting any liquid that is produced up to a temperature of 90 °C.


Transfer the distillate to a separating funnel and add 5 cm3 of sodium carbonate solution. Shake and open the tap periodically to release the gas. Remove the lower layer.


Add 5 g of calcium chloride to 5 cm3 of water and add this solution to the separating funnel and shake. Remove the lower layer.


Empty the remaining liquid into a test tube with a few pieces of anhydrous calcium chloride. Stopper and shake.


Decant the liquid into a clean pear-shaped flask and distil, collecting the fraction that boils between 75 and 79 °C. Find the mass of the product.





B    Methyl 2-hydroxybenzoate


Weigh out 2.0 g of 2-hydroxybenzoic acid and put it in a clean pear-shaped flask.


Add 8.0 cm3 of methanol to the flask. Carefully add 0.5 cm3 of concentrated sulfuric acid to the mixture. Swirl the flask to mix well*.


Reflux the mixture using the heated water bath for five minutes. Turn off the condenser and the Bunsen burner and allow the mixture to cool in the water bath. Crystals should slowly form.


Filter the crystals under pressure and wash them with ice-cold water.


Recrystallise from ethanol. Find the mass of the dry product.





* note: If concentrated sulfuric acids are not mixed completely with the reactants there can be very violent reactions on heating.

















Equipment/materials


20 cm3 ethanol (highly flammable)


5 cm3 ethanoic acid (corrosive)


3 cm3 concentrated sulfuric acid (corrosive)


5 cm3 30% sodium carbonate solution (irritant)


6 g anhydrous calcium chloride (irritant)


8 cm3 methanol (highly flammable and toxic)


2 g 2-hydroxybenzoic acid (harmful)


Distilled/deionised water


50 cm3 dropping funnel and separating funnel 


Four 10 cm3 measuring cylinders


Three pear-shaped flasks 


Water-cooled condenser


Water bath/250 cm3 beaker with water


Bunsen burner, tripod, gauze and safety mat


Access to a balance 


Stand, clamp and boss


Ice


Thermometer 








Objective				


Be able to synthesise an aliphatic ester from an acid and an alcohol.


Be able to synthesise an aromatic ester from an acid and an alcohol.
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