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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 carbonyl compounds.

(a)  The skeletal formula of menthone is shown.

Give the molecular formula of menthone.

(1)

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

(b)  Ethanal, CH3CHO , reacts with hydrogen cyanide in the presence of cyanide ions to form
2-hydroxypropanenitrile.

Draw the mechanism for this reaction.
Include curly arrows, and any relevant lone pairs and dipoles.

(4)

(c)  A carbonyl compound, F, has the molecular formula C6H12O .
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(i)  F reacts with iodine in an alkaline solution to give a pale yellow precipitate.

Give the name or formula of the group in F identified by this test.

(1)

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

(ii)  Draw the skeletal formulae of the four possible structures of carbonyl compound F.

(2)

(iii)  The carbon-13 (13C) NMR spectrum of F has four peaks.

Identify F by drawing its displayed formula.
Justify your answer by labelling the carbon atoms or groups of carbon atoms responsible for the
four peaks in the spectrum.

(2)

*(d)  Explain, in terms of all the intermolecular forces involved, why butanal has a higher boiling
temperature than pentane but a lower boiling temperature than propanoic acid.

(6)

 

(Total for question = 16 marks)
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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.

(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.
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(3)

(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)
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Q4.           

Which of these reacts directly with ethanoic acid to form ethanoyl chloride?

   A    chlorine

   B    chloroethane

   C    hydrogen chloride

   D    phosphorus(V) chloride

 

(Total for question = 1 mark)

 

 

Q5.           

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)

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

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

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

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

(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)

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

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

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

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

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

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

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

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

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

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

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

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

 

(Total for question = 12 marks)
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Q6.           

The compound lactic acid can be synthesised from ethanal in two steps.

(a)  (i)  Give the mechanism for Step 1. Include curly arrows, and any relevant lone pairs and
dipoles.

(4)

(ii)  A student predicted that the product of Step 1 would rotate the plane of plane-polarised
light.

Comment on this prediction.

(3)

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

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

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

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

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

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

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

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

(iii)  Complete the table that summarises information about Step 2.
State symbols are not required for the equation.

(4)
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(b)  Sodium hydrogencarbonate, NaHCO3 , has been used by some athletes to help prevent lactic
acid causing muscle pain during exercise.

Write an equation for the reaction between sodium hydrogencarbonate and lactic acid.

(1)

(c)  Sodium hydrogencarbonate is part of a buffer in the body that controls the pH of blood. Two
of the equilibria involved in this process are shown.

(i)  Use the equilibria to explain how the buffer keeps the pH of blood nearly constant when a
small increase in the concentration of hydrogen ions occurs.

(3)

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

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

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

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

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

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

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

.............................................................................................................................................
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(ii)  The pH of a blood sample was found to be 7.41.
Calculate the ratio of the concentration of  in the blood sample.

(3)

 

(Total for question = 18 marks)

 

 

Q7.           

This question is about compounds with the molecular formula C6H12O2.

(a)  Hexanoic acid, C5H11COOH, is a weak acid.

(i)  Write the equation for the acid dissociation constant, Ka, of hexanoic acid.

(1)

(ii)  Calculate the pH of a 0.100 mol dm–3 solution of hexanoic acid.

[pKa of hexanoic acid = 4.88]

(4)

(iii)  The solubility of hexanoic acid in water is 1.08 g per 100 g of water.

The isomer of hexanoic acid, butyl ethanoate, CH3CO2C4H9, has a solubility of 0.68 g per 100 g of
water.

Explain the differences in these data in terms of the hydrogen bonding between hexanoic acid
and water, and between butyl ethanoate and water.

(3)

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

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

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

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

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

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

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

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

(b)(i)  Compound A is thought to be another isomer of hexanoic acid.

10 g of compound A is found to contain 6.21 g of carbon and 1.03 g of hydrogen, with the
remainder being oxygen.

Use the data to calculate the empirical formula of compound A.

You must show all your working.

(3)

(ii)  State how you might use your answer to (b)(i)  and a mass spectrum of compound A to
prove that compound A is an isomer of hexanoic acid.

(1)

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

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

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

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

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

*(iii)  A series of tests was performed on compound A.

Deduce the structure for compound A.
Justify your answer by using all the test results.

(6)

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

(c)  Compound B, another isomer with the molecular formula C6H12O2, contains a ring of six
carbon atoms.

The carbon-13 NMR spectrum has only two peaks, one of which is at 69 ppm.

Draw the structure of compound B.

(2)

 

(Total for question = 20 marks)
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Q8.           

Which compound has the highest boiling temperature?

(1)

   A    butanal

   B    butan-1-ol

   C    butanone

   D    butanoic acid

 

(Total for question = 1 mark)

 

 

Q9.           

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)
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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 .

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)

 

Mark Scheme
 

Q1.           

 

 

Q2.           

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

https://stemup.co.uk


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

https://stemup.co.uk


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

https://stemup.co.uk


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

https://stemup.co.uk


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

https://stemup.co.uk


 

 

Q3.           
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Q4.           

 

 

Q5.           
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Q6.           
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Q7.           
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Q8.           

 

 

Q9.           

 

 

Q10.           
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Q1.           

The compound  reacts with excess sodium hydroxide solution.

What is the organic product formed in the reaction?

 

(Total for question = 1 mark)

 

 

Q2.           

This question concerns six isomers each with the molecular formula C5H10O2.

(a)  Isomers A, B, C and D are structural isomers that all react with aqueous sodium carbonate
to produce carbon dioxide.

Isomer A is a straight-chain compound.

Isomer B has only two peaks in its high resolution proton NMR spectrum, both of which are
singlets.

Isomer C contains a chiral centre but isomer D does not.

Give the structures of these four isomers.

(4)
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(b)  (i)  Isomer E contains an ether functional group (R-O-R) and a ketone functional group. The 
low resolution proton NMR spectrum of isomer E has four peaks. The displayed formula of
isomer E is

The four hydrogen environments responsible for the four peaks are labelled. Complete the table
of information regarding these peaks including the splitting pattern in the high resolution
spectrum.

(3)
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(ii)  State the number of peaks in the carbon-13 (13C) NMR spectrum of E.

(1)

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

(c)  Isomer F is a neutral compound that smells of pears.

It can be formed by the reaction between compounds V and W in the presence of concentrated
sulfuric acid.

Compound V has an absorption in its infrared spectrum at 1720 cm−1 and a broad absorption
around 3050 cm−1.

Compound W can be formed directly from propanal.

(i)  Identify, by name or formula, compounds V, W and F.

Justify your answer by using all the available information.

(4)

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

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

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

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

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

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

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

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

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

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

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

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

(ii)  State the conditions required and the reagent needed to form compound W from propanal.

(1)

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

(iii)  State the role of sulfuric acid in the formation of F.

(1)

.............................................................................................................................................
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(d)  State which one of the isomers A, E and F has the highest boiling temperature.

Justify your answer.

(3)

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

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

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

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

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

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

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

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

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

 

(Total for question = 17 marks)

 

 

Q3.           

This question is about methanoic acid and propanoic acid.

(a)  A student carried out a titration to find the concentration of an aqueous solution of
potassium hydroxide.

25.00 cm3 of 0.150 mol dm−3 aqueous methanoic acid was pipetted into a conical flask.
Potassium hydroxide was added from a burette while measuring the pH. The titration curve is
shown.
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(i)  Complete the equation for the reaction taking place in this titration. State symbols are not
required.

(1)

HCOOH +

(ii)  Calculate the concentration of the potassium hydroxide solution, using your equation in (i)
and the titration curve.

(2)

(iii)  Use the titration curve to determine a value for the acid dissociation constant, Ka, of
methanoic acid.

(3)

(b)  A student prepared a buffer by mixing together equimolar aqueous solutions of propanoic
acid, CH3CH2COOH, and sodium propanoate, CH3CH2COONa.

The acid dissociation constant, Ka, for propanoic acid is 1.3 × 10−5 mol dm
−3

.

Calculate the volume ratio of propanoic acid to sodium propanoate needed to produce a buffer
solution
with a pH of 4.6

(2)

 

(Total for question = 8 marks)
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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 .

An organic compound that reacts with both lithium tetrahydridoaluminate(III) (lithium aluminium
hydride) and magnesium could be

   A    an aldehyde

   B    a carboxylic acid

   C    a ketone

   D    a tertiary alcohol

 

(Total for question = 1 mark)

 

 

Q5.           

Lithium tetrahydridoaluminate(III), LiAlH4, is used to reduce the compound shown.

The product formed is:

(1)

   A    a saturated alcohol

   B    a saturated carboxylic acid

   C    an unsaturated alcohol

   D    an unsaturated ketone

 

(Total for question = 1 mark)
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Q6.           

Which reaction does not produce a carboxylic acid?

(1)

   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 .

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)

 

 

Q8.           
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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 .

Compound X, C4H10O, is oxidised to form compound Y.

Compound Y reacts with ethanol in the presence of concentrated sulfuric acid to give an ester, 
Z.

Which of these could be the formula of Z?

   A    CH3COOC(CH3)3

   B    CH3CH2COO(CH2)3CH3

   C    (CH3)2CHCOOCH2CH3

   D    CH3CH2COOCH2CH(CH3)2

 

(Total for question = 1 mark)

 

 

Q9.           

Compound X is used by mammals as an alternative energy source to sugars.
X is a compound of carbon, hydrogen and oxygen only.

(a)  Complete combustion of a 2.50 g sample of X in dry oxygen produced 4.31 g of carbon
dioxide and 1.32 g of water as the only products.

(i)  Give a reason why the oxygen used must be dry.

(1)

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

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

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

(ii)  Show that the empirical formula of X is C4H6O3. You must show your working.

(5)

(b)  Compound X gave an orange precipitate with Brady's reagent (2,4-dinitrophenylhydrazine)
but no reaction with Tollens' reagent.
      When X was added to a solution of sodium hydrogencarbonate, effervescence occurred and
the gas evolved turned limewater cloudy.
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The carbon-13 NMR spectrum of X had only four peaks.

(i)  Deduce the two possible structures of X, showing how this information supports your answer.

(6)

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

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

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

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

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

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

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

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

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

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

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

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

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

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

(ii)  Give a chemical test which would allow you to distinguish between the two compounds you
have given in (b)(i). Include the reagents required and the result for each of the compounds.

(3)

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

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

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

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

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

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

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

(c)  A simplified high resolution proton (1H) NMR spectrum of compound X is shown.
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Explain how the number of peaks in the 1H NMR spectrum, together with their relative heights,
their chemical shifts and their splitting patterns, may be used to confirm the structure of X. Use
the chemical shifts given in your Data Booklet.

(5)

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

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

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

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

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

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

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

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

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

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

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

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

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

 

(Total for question = 20 marks)

 

 

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 .

But-2-ene-1,4-diol may be converted into 2-oxobutanedioic acid in a two-step synthesis through
an intermediate compound W.

Identify the intermediate compound W and the reagent for Step 2.

 

(Total for question = 1 mark)

 

Mark Scheme
 

Q1.           

 

 

Q2.           
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Q3.           
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Q4.           

 

 

Q5.           

 

 

Q6.           

 

 

Q7.           
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Q8.           

 

 

Q9.           
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Q10.           
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