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Q1.           

Answer the question with a cross in the box you think is correct . If you change your
mind about an answer, put a line through the box  and then mark your new answer
with a cross .

Butanoic acid may be prepared by the acid hydrolysis of

   A    butyl ethanoate

   B    1-chlorobutane

   C    ethyl butanoate

   D    propanenitrile

 

(Total for question = 1 mark)

 

 

Q2.           

This question is about an ester, Y, with the molecular formula C8H16O2 .

(a)  Y contains 66.7 % carbon, 11.1 % hydrogen and 22.2 % oxygen by mass. Show that these
data are consistent with its molecular formula.

(2)

(b)  The structure of compound Y is

(i)  Give the IUPAC name of Y.

(2)

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

(ii)  Draw the structures of two organic compounds that would react together to form Y.

(1)
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(c)  The high resolution proton NMR spectrum of compound Y was obtained.

(i)  Label the three remaining hydrogen environments B, C and D on the structure.

(1)

(ii)  Complete the table.

(3)

 

(Total for question = 9 marks)

 

 

Q3.           

This question is about carboxylic acids and their derivatives.

(a)  Lactic acid, CH3CH(OH)COOH , is produced in muscles as a result of anaerobic respiration.

(i)  The structure of lactic acid is

Give a reason why lactic acid shows optical isomerism.
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(1)

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

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

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

(ii)  A laboratory sample of lactic acid does not rotate the plane of plane-polarised
monochromatic light.

Give a reason for this observation.

(1)

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

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

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

(iii)  Give the structure of the organic product formed when lactic acid reacts with concentrated
phosphoric(V) acid, H3PO4 .

(1)

(b)  A reaction scheme involving butanoic acid is shown.

Identify X, Y and Z by name or formula.

(3)

S T E M U P . C O . U K

https://stemup.co.uk


(c)  The repeat unit of a polyester is shown.

Give the structures of the two monomers that could form this polyester.

(2)

(d)  An organic compound E contains carbon, hydrogen and oxygen only.

(i)  The accurate relative atomic masses, Ar , of the three elements in E are shown in the table.
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E contains five carbon atoms and gives a molecular ion peak at m / z = 102.0678 in its mass
spectrum.

Deduce the molecular formula of E.

(1)

(ii)  Aqueous sodium hydrogencarbonate is added to a sample of E.
No effervescence occurs.

State what can be deduced by this observation.

(1)

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

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

(iii)  The infrared spectrum of E has an absorption in the range 1750 – 1735 cm−1.

Name the functional group in E.

(1)

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

(iv)  Data from the high resolution proton NMR spectrum of E is shown.

Deduce the structure of E.
Justify your answer by labelling the protons responsible for each peak.

(3)

 

(Total for question = 14 marks)

 
S T E M U P . C O . U K

https://stemup.co.uk


 

Q4.           

Polyesters can be made by the reaction of:

(1)

   A    diprotic carboxylic acids with a primary alcohol

   B    diprotic carboxylic acids with diols

   C    monoprotic carboxylic acids with triols

   D    monoprotic carboxylic acids with a secondary alcohol

 

(Total for question = 1 mark)

 

 

Q5.           

Answer the question with a cross in the box you think is correct . If you change your
mind about an answer, put a line through the box  and then mark your new answer
with a cross .

In which of these esters is the percentage by mass of carbon 54.5%?

   A    methyl methanoate, HCOOCH3

   B    methyl ethanoate, CH3COOCH3

   C    ethyl ethanoate, CH3COOCH2CH3

   D    ethyl methanoate, HCOOCH2CH3

 

(Total for question = 1 mark)

 

 

Q6.           

S T E M U P . C O . U K

https://stemup.co.uk


Esters are used in flavourings and perfumes.
They can be made by reactions involving alcohols.

(a)  A flask containing a mixture of 0.200 mol of ethanoic acid and 0.150 mol of ethanol was left
at 25 °C, in the presence of a catalyst, until equilibrium had been established.

The ethanoic acid present in the equilibrium mixture required 34.8 cm3 of a 2.50 mol dm–3

solution of sodium hydroxide for complete neutralisation.

(i)  Calculate the value of the equilibrium constant, Kc, for this reaction at 25 °C.

(4)

(ii)  The enthalpy change for this reaction is small.

Explain, by reference to the type and number of bonds being broken and made, how this might
have been predicted.

(2)

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

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

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

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

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

(b)  An ester which smells of raspberries can be formed by either of two different reactions.

Reaction 1

Reaction 2

(i)  Name the carboxylic acid, alcohol and catalyst used in Reaction 1.

(2)

(ii)  Explain one advantage and one disadvantage of using Reaction 2 rather than Reaction 1.

(4)

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

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

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

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

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

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

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

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

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

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

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

 

(Total for question = 12 marks)

 

 

Q7.           

This question is about ethanoic acid and some of its compounds.

(a)  Three students, A, B and C, carried out an investigation to determine the amount of isoamyl
acetate, an ester of ethanoic acid, in a banana food flavouring.

They hydrolysed the ester with excess sodium hydroxide solution.

The amount of sodium hydroxide remaining was determined by titrating the reaction mixture
with hydrochloric acid.

(i)  Give the systematic name for isoamyl acetate.

(1)

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

(ii)  6.06 × 10–3 mol of sodium hydroxide reacted with the ester present in 1.07 g of the
flavouring.

Calculate the percentage by mass of the ester in the food flavouring.
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(3)

(iii)  The students used 25.0 cm3 of sodium hydroxide solution with concentration 0.980 mol dm–3

for the hydrolysis.

Calculate the pH of the reaction mixture when the hydrolysis is complete. Assume the total
volume is 25.0 cm3.

(3)

(iv)  Two indicators, methyl orange and phenolphthalein, were available for this titration.

Student A thought only methyl orange could be used.
Student B thought only phenolphthalein could be used.
Student C suggested either indicator could be used.

Explain which student is correct.

(2)

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

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

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

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

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

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

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

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

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

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

(v)  Describe how the sodium ethanoate in the final reaction mixture could be converted into
ethanoic acid.

(1)

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

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

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

(b)  Ethanoic acid can be used to form buffer solutions.

(i)  Calculate the pH of the buffer solution formed when 50.0 cm3 of ethanoic acid with
concentration of 0.150 mol dm–3 is mixed with 30.0 cm3 of sodium hydroxide solution with
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concentration of 0.142 mol dm–3.

(5)

(ii)  Small amounts of sodium hydroxide and hydrochloric acid are added to separate samples of
the buffer solution in (b)(i).

Explain why these samples resist change in pH.

Illustrate your answer with at least two equations.

(5)

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

 

(Total for question = 20 marks)

 

 

Q8.           
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Carboxylic acids and acyl chlorides both react with alcohols to produce esters.
Acyl chlorides are often preferred to carboxylic acids for this reaction because the yield of the
ester is usually higher.
Which of the following statements is the best explanation for the higher yield?

(1)

   A    acyl chlorides react to remove any water produced

   B    the reaction is not reversible

   C    the reaction is less exothermic

   D    the reaction has a higher atom economy

 

(Total for question = 1 mark)

 

 

Q9.           

Answer the question with a cross in the box you think is correct . If you change your
mind about an answer, put a line through the box  and then mark your new answer
with a cross .

The formation of esters and the hydrolysis of esters are reactions that are slow under normal
laboratory conditions.

What speeds up these reactions?

 

(Total for question = 1 mark)

 

 

Q10.           
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For each question, select one answer from A to D and put a cross in the box . If you
change your mind about an answer, put a line through the box  and then mark your
new answer with a cross .

Which of these compounds is a product of the hydrolysis of CH3COOC3H7 by refluxing with
aqueous sodium hydroxide?

   A    CH3OH

   B    C3H7OH

   C    C3H7COOH

   D    C3H7COO–Na+

 

(Total for question = 1 mark)

 

Mark Scheme
 

Q1.           

 

 

Q2.           
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Q4.           

 

 

Q5.           
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Q7.           
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Q8.           
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Q9.           

 

 

Q10.           
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Q1.           

This question is about four organic compounds each with five carbon atoms but different
functional groups.

(a)  Which of these, when mixed with water, produces the solution with the lowest pH?

(1)

   A    compound 1

   B    compound 2

   C    compound 3

   D    compound 4

(b)  Which of these reacts with ethylamine, CH3CH2NH2, to form an N-substituted amide?

(1)

   A    compound 1

   B    compound 2

   C    compound 3

   D    compound 4

(c)  Which of these reacts with iodine and sodium hydroxide in solution to produce a pale yellow
precipitate?

(1)

   A    compound 1

   B    compound 2
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   C    compound 3

   D    compound 4

 

(Total for question = 3 marks)

 

 

Q2.           

A polymer is prepared by the reaction between hexanedioyl dichloride and hexane-1-6-diamine.

What type of polymerisation occurs?

   A    addition

   B    condensation

   C    hydrolysis

   D    substitution

 

(Total for question = 1 mark)

 

 

Q3.           

Answer the question with a cross in the box you think is correct . If you change your
mind about an answer, put a line through the box  and then mark your new answer
with a cross .

Which of the following could not be formed when methylamine is added to ethanoyl chloride?

 

(Total for question = 1 mark)

S T E M U P . C O . U K

https://stemup.co.uk


 

 

Q4.           

Answer the question with a cross in the box you think is correct  . If you change
your mind about an answer, put a line through the box  and then mark your new
answer with a cross  .

Which reagent reacts at room temperature with methylamine, CH3NH2, to form the compound
N-methylethanamide?

   A    CH3COCH3

   B    CH3COOH

   C    CH3COOCH3

   D    CH3COCl

 

(Total for question = 1 mark)

 

 

Q5.           

Answer the question with a cross in the box you think is correct  . If you change
your mind about an answer, put a line through the box  and then mark your new
answer with a cross  .

The substance known as PHBV is a biodegradable polymer formed from 3-hydroxybutanoic acid
and 3-hydroxypentanoic acid.

(a)  Which of these is the repeat unit of the polymer?

(1)
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(b)  What reaction occurs when PHBV biodegrades to its monomers?

(1)

   A    condensation

   B    hydrolysis

   C    hydration

   D    hydrogenation

 

(Total for question = 2 marks)

 

 

Q6.           

Which reaction does not produce a carboxylic acid?

(1)
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   A    hydrolysis of an acyl chloride with cold water

   B    hydrolysis of an ester by refluxing with dilute hydrochloric acid

   C    hydrolysis of a nitrile by refluxing with aqueous potassium hydroxide

   D    oxidation of a primary alcohol by refluxing with excess acidified potassium dichromate

 

(Total for question = 1 mark)

 

 

Q7.           

Answer the question with a cross in the box you think is correct  . If you change
your mind about an answer, put a line through the box  and then mark your new
answer with a cross  .

Propyl ethanoate, CH3COOCH2CH2CH3 , is hydrolysed with aqueous sodium hydroxide.

Which products are formed?

   A    CH3COOH and CH3CH2CH2OH

   B    CH3COOH and CH3CH2CH2ONa

   C    CH3COONa and CH3CH2CH2OH

   D    CH3COONa and CH3CH2CH2ONa

 

(Total for question = 1 mark)

 

 

Q8.           

The organic product of the reaction of ethanoyl chloride with ammonia gas is:

(1)

   A    ammonium ethanoate

   B    ethanamide
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   C    ethanenitrile

   D    methanenitrile

 

(Total for question = 1 mark)

 

 

Q9.           

*  Compare and contrast the reactions of ethanoyl chloride with water, with ethanol and with
ammonia.
Refer to the structural features of the molecules that determine the type of reaction. Identify the
products of the reactions. You may include equations in your answers.

(6)

 

(Total for question = 6 marks)

 

 

Q10.           

Answer the question with a cross in the box you think is correct . If you change your
mind about an answer, put a line through the box  and then mark your new answer
with a cross .

Which reaction cannot form a carboxylic acid?

   A    oxidation of primary alcohol

   B    acidic hydrolysis of a nitrile

   C    alkaline hydrolysis of an ester

   D    acyl chloride reacting with water

Use this space for any rough working. Anything you write in this space will gain no
credit.

 

(Total for question = 1 mark)
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Q11.           

One of the compounds responsible for the characteristic smell of bananas is 3-methylbutyl
ethanoate.
The structural formula of this compound is:

CH3COOCH2CH2CH(CH3)2

(a)  Draw the skeletal formula for 3-methylbutyl ethanoate.

(1)

(b)  The infrared spectrum of a sample of 3-methylbutyl ethanoate is shown below.

(i)  Use this spectrum to identify one peak resulting from a bond in the ester group of
3-methylbutyl ethanoate. Include the relevant bond and its wavenumber range.

(1)

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

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

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

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

(ii)  3-methylbutyl ethanoate was synthesised by reacting a suitable carboxylic acid with an
alcohol.

Show that its infrared spectrum confirms there is no alcohol remaining in the sample.
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(1)

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

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

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

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

*(c)  The high resolution proton nuclear magnetic resonance (NMR) spectrum of a different ester,
ethyl ethanoate, CH3COOCH2CH3, is shown.

The numbers over each peak represent their approximate relative areas.

Show that the structure of ethyl ethanoate is consistent with this NMR spectrum, using all the
data in the spectrum.

(6)

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

(d)  Ethyl ethanoate has three isomers which are also esters.

(i)  Draw the structures of these three isomers.

(2)

(ii)  Explain to what extent it is possible to distinguish between the three isomers using
carbon-13 NMR spectroscopy.

(2)
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.............................................................................................................................................

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

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

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

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

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

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

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

 

(Total for question = 13 marks)

 

 

Q12.           

Answer the question with a cross in the box you think is correct . If you change your
mind about an answer, put a line through the box  and then mark your new answer
with a cross .

Terylene is a polyester derived from ethane-1,2-diol and terephthalic acid.

What is the structure of the repeat unit of terylene?
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(Total for question = 1 mark)

 

Mark Scheme
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Q4.           

 

 

Q5.           
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Q6.           

 

 

Q7.           

 

 

Q8.           
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Q10.           
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