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Activity 17:   Determination of the Kc for the ethanoic acid/ethyl ethanoate equilibrium








Student worksheet














Questions


Compare your results with the results obtained from the other equilibrium mixtures. Identify any anomalous results.


Identify the main sources of error in both the procedure and the measurements.


Suggest ways of minimising errors and increasing reliability.


Calculate the standard enthalpy change for this reaction using the data given.


Ethyl ethanoate is often prepared by refluxing the mixture. What effect will heat have upon the equilibrium?








From the examiner 


Make and record measurements to an appropriate precision and in a suitable format.


Analyse, interpret and evaluate experimentally-derived results quantitatively to reach valid conclusions.








Safety


Wear a lab coat and tie long hair back.


Wear eye protection (see below).











Data/diagram


Density of ethanoic acid = 1.05 g cm–3


Density of ethanol = 0.79 g cm–3


Density of ethyl ethanoate = 0.92 g cm–3


Density of water = 1.0 g cm–3


H = 1.0, C = 12.0 and O = 16.0


Standard enthalpies of formation:


ethanoic acid = –484.5 kJ mol–1


ethanol = –277.7 kJ mol–1


ethyl ethanoate = –485.8 kJ mol–1 


water = –285.9 kJ mol–1














Analysis of results


Calculate the number of moles of hydrochloric acid in the mixture initially.


From the titration, calculate the number of moles of acid at equilibrium and hence the number of moles of ethanoic acid remaining at equilibrium.


Deduce the amount of each component in the equilibrium mixture and obtain a value for the equilibrium constant.




















Procedure


Prepare one of the following mixtures shown in Table 1 in a conical flask. Wear goggles.





Table 1


Mixture�
Volume of CH3COOH/cm3�
Volume of C2H5OH/cm3�
Volume of CH3COOC2H5/cm3�
Volume of *HCl/H2O/cm3�
�
A�
30.0�
30.0�
30.0�
10.0�
�
B�
30.0�
30.0�
 0.0�
40.0�
�
C�
30.0�
 0.0�
30.0�
40.0�
�
D�
 0.0�
30.0�
30.0�
40.0�
�
*Each mixture contains 10.0 cm3 of 1 mol dm–3 hydrochloric acid solution and this is included in the total volume of water added.





Stopper the flask and leave for a week.


Wearing safety spectacles take a graduated pipette and pipette 1.0 cm3 from your mixture and put it into a clean conical flask containing 25.0 cm3 of distilled/deionised water.


Add four to five drops of phenolphthalein indicator. Titrate the solution with 0.5 mol dm–3 sodium hydroxide solution.


Repeat as many times as necessary to produce titres which are within 0.10 cm3 of each other.








Equipment/materials


30 cm3 glacial ethanoic acid (in a burette) (corrosive)


30 cm3 ethanol (in a burette) (highly flammable)


30 cm3 ethyl ethanoate (in a burette) (highly flammable and irritant)


10 cm3 1.0 mol dm–3 hydrochloric acid (in a burette) (low hazard at this concentration)


Distilled/deionised water (in a burette)


100 cm3 0.5 mol dm–3 sodium hydroxide solution (corrosive)


Phenolphthalein indicator


Two 250 cm3 conical flasks 


Stopper for a conical flask


1 cm3 graduated pipette and filler


50 cm3 burette and burette stand


White tile



































Objective				


Be able to prepare an equilibrium mixture and perform an acid/base titration on the mixture.


Be able to process the data and calculate the equilibrium constant for the ethanoic acid/ethyl ethanoate system.
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