
Questions 
 
Q1. 
  

This question is about an experiment to determine the equilibrium constant, Kc , for an 
esterification reaction producing propyl ethanoate. The equation for the reaction is 

 

In an experiment to determine the equilibrium constant, Kc , the following steps were carried 
out. 

 

•  6.0 cm3 of ethanoic acid (0.105 mol), 6.0 cm3 of propan-1-ol (0.080 mol) and 2.0 cm3 of 
dilute hydrochloric acid were mixed together in a sealed boiling tube.  
In this pre-equilibrium mixture, there is 0.111 mol of water 

•  The mixture was left for one week, at room temperature and pressure, to reach 
equilibrium 

•  The equilibrium mixture and washings were transferred to a volumetric flask and the 
solution made up to exactly 250.0 cm3 using distilled water 

•  25.0 cm3 samples of the diluted equilibrium mixture were titrated with a solution of 
sodium hydroxide, concentration 0.200 mol dm−3, using phenolphthalein as the indicator 

•  The mean titre was 23.60 cm3 of 0.200 mol dm−3 sodium hydroxide solution.  

(a)  State the role of the hydrochloric acid in the esterification reaction. 

(1) 

 .............................................................................................................................................  

 .............................................................................................................................................  

(b)  (i)  Calculate the total amount, in moles, of acid present in the volumetric flask in the 
equilibrium mixture. 

(2) 
 
 
 
 
 
 
 
 
 
 
(ii)  The 2.0 cm3 of dilute hydrochloric acid contained 0.00400 mol of H+(aq) ions. 

Use this and your answer to part (b)(i) to calculate the amount, in moles, of ethanoic 
acid present in the equilibrium mixture. 

(1) 

 
 
 
 

Edexcel Chemistry A-level - Carboxyl, Esters & Acyl Chlorides PhysicsAndMathsTutor.com



 
(c)  (i)  The initial mixture in the boiling tube contained 0.105 mol of ethanoic acid. 

Use your answer to (b)(ii) to calculate the amount, in moles, of ethanoic acid that 
reacted to form the ester in the equilibrium mixture. 

(1) 
 
 
 
 
 
 
 
 
 
 
(ii)  Use information given in the method, and your answer to (c)(i), to calculate the 
amounts, in moles, of propan-1-ol, propyl ethanoate and water that are present in the 
equilibrium mixture. 

(3) 

 
 
 
 
 
 
 
 
 
 
Moles of propan-1-ol at equilibrium 

 .............................................................................................................................................  

Moles of propyl ethanoate at equilibrium 

 .............................................................................................................................................  

Moles of water at equilibrium 

 .............................................................................................................................................  
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(d)  (i)  Write the expression for the equilibrium constant, Kc , for this reaction. 

 

(1) 
 
 
 
 
 
(ii)  Explain why it is possible, in this case, to calculate Kc using equilibrium amounts in 
moles, rather than equilibrium concentrations. 

(2) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

(iii)  Calculate the value of Kc. 
Give your answer to an appropriate number of significant figures. 

(2) 

 
 
 
 
 
 
 
 
 
 
(e)  The pink colour of the phenolphthalein fades after the end-point of the titration has been 
reached. 

Give a possible explanation for this observation. 
(2) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  
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(f)  Explain what you could do to confirm that one week is sufficient time for the mixture to 
reach equilibrium. 

(2) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

(g)  A student repeated the experiment, but left the mixture in a water bath at 40 °C until 
equilibrium was reached. 

 

Deduce the effect, if any, on this student's value for Kc compared with that obtained in 
part (d)(iii). 

(2) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

  

(Total for question = 19 marks) 
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Q2. 
  

Analysis shows that a compound has the molecular formula C4H8O2. 

A student suggests that the compound could be either A or B. 

 

 

 
Deduce a chemical test which would give a positive result for A but not for B.  
Include the reagent and observation. 

(2) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

  

(Total for question = 2 marks) 
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Q3. 
  

Alanine and lysine are amino acids. 

 

Draw the structure of the organic product formed when lysine reacts with the following 
reagents: 

(3) 

aqueous sodium hydroxide, NaOH(aq) 

 
 
 
 
 
 
 
 
 
 
excess dilute hydrochloric acid, HCl(aq) 

 
 
 
 
 
 
 
 
 
 
methanol, with warming, in the presence of a few drops of concentrated sulfuric acid. 

 
 
 
 
 
 
 
 
 
 
  

(Total for question = 3 marks) 
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Q4. 
  

Ethyl ethanoate is an ester. 

 

Ethyl ethanoate can also be formed by reacting ethanol with ethanoyl chloride, CH3COCl. 

Identify three differences in the esterification reaction when ethanoyl chloride is used instead 
of ethanoic acid. 

(3) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

  

(Total for question = 3 marks) 
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Q5. 
  

Ethyl ethanoate is an ester. 

 

One method for the formation of ethyl ethanoate is the reaction between ethanol and 
ethanoic acid, which is catalysed by hydrogen ions. 

CH3COOH + C2H5OH  CH3COOC2H5 + H2O 

An incomplete simplified mechanism for this reaction is shown. 

(i)  Add curly arrows and relevant lone pairs of electrons to complete the mechanism. 

(4) 

 

(ii)  In an experiment, the oxygen atom in ethanol is replaced by the oxygen-18 isotope, 18O.  
      The products of the esterification are 

 

Label the 18O oxygen atom in one of the products.  
Justify your answer. 

(2) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  
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(iii)  Calculate the standard molar entropy of ethyl ethanoate using your knowledge of Gibbs 
free energy, ΔG,  
       and the data in the table. 

Include sign and units in your answer. 
Use ΔG = −RT ln K and other appropriate equations. 

 

(6) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

(Total for question = 12 marks) 
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Q6. 
  

This question is about the identification of some organic compounds. 

Compound T, C4H10O, is oxidised by acidified potassium dichromate(VI) to form compound 
U, C4H8O. 

U gives an orange precipitate with 2,4-dinitrophenylhydrazine (Brady's reagent) but does not 
give a red precipitate when heated with Fehling's solution. 

T reacts with ethanoyl chloride to form compound V, C6H12O2. 

Deduce the structures of compounds T, U and V. Justify your answers. 

(6) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

  

(Total for question = 6 marks) 
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Q7. 
  

This question is about lactic acid (2-hydroxypropanoic acid), CH3CH(OH)COOH.  
Lactic acid is used to make biodegradable polymers. 

Polymerisation of lactic acid forms poly(lactic acid) as shown in the diagram. 

 

(i)  State the type of polymerisation occurring in this reaction. 

(1) 

 .............................................................................................................................................  

(ii)  On the diagram, draw a circle around the repeat unit of the polymer. 

(1) 

  

(Total for question = 2 marks) 
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Q8. 
  

The compound flavan-3-ol is found in tea, fruit and wine. 

 

*A sample of flavan-3-ol extracted from wine contained some ethanol. The sample  
was left in a flask, open to the air for several days. The contents were then analysed  
to identify any new compounds formed. Several new compounds were found to be  
present, including some with a distinctive fruity smell. 

Identify four new organic compounds that could form under these conditions  
by considering the chemistry of alcohols. Justify your answers. Include the  
structure of two compounds formed from flavan-3-ol, one of which has a fruity smell. 

(6) 

 
 
 
 
 
 
 
 
 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

  

(Total for question = 6 marks) 
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 Q9. 
  

* This question is about polymers. 

Compare and contrast how each of these monomers forms a polymer. 

 

 

 
Include equations, showing the formation of a single repeat unit for each polymer. 

(6) 

  

(Total for question = 6 marks) 
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Q10. 
  

The chemistry of organic compounds containing a chlorine atom is affected by the presence 
of other groups. 

Consider the reaction of ammonia, NH3, with CH3CH2CH2Cl and with CH3CH2COCl. 

Predict the mechanism for the reaction of CH3CH2COCl with ammonia. Include curly arrows 
and relevant lone pairs. 

(3) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

(Total for question = 3 marks) 
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Q11. 
  

The table contains data on propanone and ethanoic acid. 

 

(i)  Explain, by reference to the data and any intermolecular forces involved, the difference in 
the boiling temperatures. 

(4) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

(ii)  Explain, with the aid of a diagram, why propanone is completely miscible with water. 

(2) 

 
 
 
 
 
 
 
 
 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

  

(Total for question = 6 marks) 
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 Q12. 
  

Esters have many uses due to their characteristic aromas and often have common names. 
For example, isoamyl acetate is referred to as banana oil and amyl acetate has a scent 
similar to apples. 

Deduce the structural formula of the carboxylic acid that could be used to form both isoamyl 
acetate and amyl acetate. 

(1) 

 
 
 
 
 
 
 
  

(Total for question = 1 mark) 
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Q13. 
  

Esters have many uses due to their characteristic aromas and often have common names. 
For example, isoamyl acetate is referred to as banana oil and amyl acetate has a scent 
similar to apples. 

The carboxylic acid used to make isoamyl acetate and amyl acetate can also be used to 
make six further ester isomers. The structures of two of these esters, A and B, are shown. 

(i)  Complete the skeletal formulae of three of the remaining esters. Names are not 
required. 

(3) 

 

(ii)  Write an equation to show the formation of ester A from an acyl chloride and an alcohol. 

(2) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

(Total for question = 5 marks) 
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Q14. 
  

Esters have many uses due to their characteristic aromas and often have common names. 
For example, isoamyl acetate is referred to as banana oil and amyl acetate has a scent 
similar to apples. 

Give the systematic name for amyl acetate. 

(1) 

 .............................................................................................................................................  

  

(Total for question = 1 mark) 
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Q15. 
  

This question is about lactic acid (2-hydroxypropanoic acid), CH3CH(OH)COOH.  
Lactic acid is used to make biodegradable polymers. 

Lactic acid can be made in a two-step synthesis starting from ethanal, CH3CHO. 

Devise a reaction scheme for a two-step synthesis. 

Include in your answer all reagents and conditions, the type of reaction occurring at each 
step, and a balanced equation for each reaction.  
State symbols are not required. 

(7) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

(Total for question = 7 marks) 
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Q16. 
  

Compound X is a component of synthetic oils used as lubricants, for instance in the 
gearboxes of ships. 

 

 

 
The effectiveness of this synthetic oil is much reduced if it is contaminated with water. 

Give, in terms of a chemical reaction, a possible reason for this. 

(1) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

  

(Total for question = 1 mark) 
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Q17. 
  

This question is about esters with the molecular formula C6H12O2. 

Another ester, A, with molecular formula C6H12O2, was hydrolysed.  
It produced ethanoic acid, and an alcohol, B, with molecular formula C4H10O. 

Alcohol B undergoes an elimination reaction to produce a mixture of  
but-1-ene and but-2-ene. 

Deduce the structures of B and A. Justify your structure of B. 

(3) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

  

(Total for question = 3 marks) 
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Q18. 
  

Esters have many uses due to their characteristic aromas and often have common names. 
For example, isoamyl acetate is referred to as banana oil and amyl acetate has a scent 
similar to apples. 

Deduce the name of the alcohol that forms isoamyl acetate. 

(1) 

 .............................................................................................................................................  

  

(Total for question = 1 mark) 
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Q19. 
  

Esters have many uses due to their characteristic aromas and often have common names. 
For example, isoamyl acetate is referred to as banana oil and amyl acetate has a scent 
similar to apples. 

Esters can be hydrolysed by heating under reflux with aqueous acid or alkali. 

Compare and contrast these two methods of hydrolysis for amyl acetate. 

(4) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

  

(Total for question = 4 marks) 
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Mark Scheme 
 
Q1. 
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Q2. 
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Q3. 
  

 

  

 
 
Q4. 
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Q5. 
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Q6. 
  

 

  

 
 
Q7. 
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Q8. 
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Q9. 
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Q10. 
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Q11. 
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Q12. 
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Q13. 
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Q14. 
  

 

  

 
 
Q15. 
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Q16. 
  

 

  

 
 
Q17. 
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Q18. 
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Q19. 
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