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1	 Many organic chemicals such as saturated hydrocarbons are obtained 
from crude oil. Crude oil is separated into simpler mixtures of 
hydrocarbons using fractional distillation.

	 (a)	 What is meant by the term saturated hydrocarbons?

[2]

	 (b)	 Explain how fractional distillation is used to separate crude oil.

[2]

	 (c)	 Once separated, hydrocarbons may be further processed. 

		  One processing reaction is shown below.

		  CH3(CH2)4CH3 → CH3CH(CH3)CH(CH3)CH3

		  (i)	 Name the process occurring in this reaction.

[1]

		  (ii)	 State the IUPAC name of the reactant and the product.

CH3(CH2)4CH3�

CH3CH(CH3)CH(CH3)CH3� [2]
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	 (d)	 Many hydrocarbons, such as butane, are used as fuels.

		  (i)	 Write an equation for the combustion of butane in a plentiful 
supply of air.

[2]

		  (ii)	 State the main problem associated with the following pollutants 
formed during the combustion process.

oxides of sulfur�

carbon particulates�

unburnt hydrocarbons�

[3]

	 (e)	 Nitrogen(II) oxide may be found in vehicle emissions formed  
from the reaction of nitrogen with oxygen in the high temperatures in 
the engine. 

		  (i)	 Write an equation for the formation of nitrogen(II) oxide from 
nitrogen and oxygen.

[1]

		  (ii)	 Explain how nitrogen(II) oxide is removed from car exhaust 
emissions.

[2]
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2	 The equations below show some organic reactions. 

	 The letters W, X, Y and Z represent organic compounds.

Reaction Equation

1 trichloromethane + chlorine → W + hydrogen chloride

2 C10H22 → 2C4H8 + X

3 CH3CH2CH2OH + [O] → CH3CH2CHO + H2O

4 hex-2-ene + hydrogen → Y

5 CH3CH2CH2CH2OH → Z + H2O

	 (a)	 Write the molecular formula for W in Reaction 1 and state its IUPAC 
name.

		  molecular formula

IUPAC name� [2]

	 (b)	 Name the type of reaction which is occurring in Reaction 1.

[1]

	 (c)	 Write the molecular formula of X in Reaction 2 and state its IUPAC 
name.

		  molecular formula

IUPAC name� [2]

	 (d)	 Name the type of reaction occurring in Reaction 2.

[1]

	 (e)	 State the IUPAC name of CH3CH2CHO in Reaction 3.

[1]
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	 (f)	 Name a suitable reagent to carry out Reaction 3 and state the type of 
reaction occurring.

		  Reagent:

Type of reaction:	 [3]

	 (g)	 Suggest the name of the mechanism for Reaction 4.

[2]

	 (h)	 Identify Y in Reaction 4.

[1]

	 (i)	 Write a balanced symbol equation for Reaction 4.

[1]

	 (j)	 Name a suitable catalyst for Reaction 4.

[1]

	 (k)	 Name the type of reaction occurring in Reaction 5.

[1]

	 (l)	 Name a suitable catalyst for Reaction 5.

[1]

	 (m)	Draw the structural formula of Z in Reaction 5 and state its  
IUPAC name.

		  structural formula

IUPAC name� [2]
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3	 Alkenes are a homologous series of hydrocarbons.

	 (a)	 What is meant by the term homologous series?

[3]

	 (b)	 What is the general formula for alkenes?

[1]

	 (c)	 Pent-1-ene has molecular formula C5H10. It is unsaturated and does 
not form E-Z isomers.

		  (i)	 Draw the structural formula and state the IUPAC name of another 
compound with the molecular formula C5H10 which is also 
unsaturated and does not form E-Z isomers.

			   structural formula

IUPAC name� [2]

		  (ii)	 Draw the structural formula and label the E-Z isomers of a 
compound which has the molecular formula C5H10.

[3]
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	 (d)	 The compound below is also unsaturated. 

		  It is a liquid at room temperature.

H

H

C

C

H

H

C

C

C

C

HH

H

HH

H

		  (i)	 What is the IUPAC name for this molecule?

[1]

		  (ii)	 Write the molecular formula for this compound.

[1]

		  (iii)	Describe how you would test this liquid compound for 
unsaturation and state all the observations which would be made.

[3]
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	 (e)	 Alkenes may be polymerised.

		  (i)	 Write an equation for the polymerisation of ethene to form 
polythene.

[2]

		  (ii)	 Polymer waste such as polythene products cause environmental 
problems.

			   	 Explain why polythene causes environmental problems.
			   	 Describe waste management strategies used to overcome 

the issues associated with unwanted polythene.
			   	 Describe how chemists can limit the impact of polymer 

disposal.

			   Quality of written communication will be assessed in this 
question.

[6]
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4	 Alcohols may be classified as primary, secondary or tertiary. 

	 (a)	 (i)	 State the difference between a primary and secondary alcohol.

[1]

		  There are four alcohols with the molecular formula C4H9OH. 

		  (ii)	 Complete the table below for these alcohols.

Name Skeletal formula Classification

butan-1-ol Primary

OH

OH

2-methylpropan-1-ol Primary

OH

OH

[6]

	 (b)	 Propan-2-ol (boiling point 83 °C) may be prepared by heating a 
mixture of 2-bromopropane (boiling point 59 °C) and sodium hydroxide 
solution under reflux. 

		  Anti-bumping granules are also added to the mixture.

		  (i)	 Write a symbol equation for the preparation of propan-2-ol from 
2-bromopropane.

[2]
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		  (ii)	 Draw a labelled diagram of the assembled apparatus used for 
heating under reflux.

[4]

		  (iii)	What is meant by heating under reflux?

[1]

		  (iv)	What is the purpose of the anti-bumping granules?

[1]

		  (v)	 How could propan-2-ol be separated from the reaction mixture 
after heating under reflux?

[1]

		  (vi)	State one impurity which may be present in the alcohol collected.

[1]
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	 (c)	 The molecular formula of an alcohol, R, is the same as its empirical 
formula.

		  (i)	 Determine the empirical formula of alcohol R using the following 
percentage composition by mass.

element percentage composition 
by mass /%

carbon 68.18

hydrogen 13.64

oxygen 18.18

	 empirical formula =                         [4]

		  (ii)	 Explain how the empirical formula of alcohol R shows that the 
molecular formula is the same as the empirical formula.

[1]
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5	 Aspirin may be prepared from salicylic acid and ethanoic anhydride.

	 The equation below shows the reaction along with the relative formula 
masses (RFM) of the reactants and aspirin.

	 HOC6H4COOH   +   (CH3CO)2O   →   CH3COOC6H4COOH   +   CH3COOH

	 salicylic acid	 ethanoic anhydride	 aspirin
	   RFM = 138	 RFM = 102	 RFM = 180

	 (a)	 State the lUPAC name of the product with formula CH3COOH.

[1]

	 (b)	 The procedure below describes the main steps in the preparation of 
an impure sample of aspirin.

		  Place 20.0 g of salicylic acid in a dry pear-shaped flask and add 
40.0 cm3 of ethanoic anhydride. 

		  Add 5 cm3 of concentrated phosphoric acid slowly. Heat the mixture 
under reflux for 20–30 minutes. 

		  Add water and pour the mixture onto crushed ice. 

		  Remove the impure aspirin by suction filtration.

		  (i)	 What is the role of the concentrated phosphoric acid?

[1]

		  (ii)	 Why is the concentrated phosphoric acid added slowly?

[2]

		  (iii)	Why is water added after heating under reflux?

[1]

		  (iv)	Why is suction filtration used instead of gravity filtration?

[1]
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	 (c)	 Describe how you would test the impure aspirin sample for the 
presence of salicylic acid impurities. Include the colour change 
observed.

[3]

	 (d)	 Describe how the impure aspirin may be recrystallised using the 
solvent ethanol.

[4]
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	 (e)	 20.0 g of aspirin was obtained when 20.0 g of salicylic acid was 
reacted with excess ethanoic anhydride.

	 	 (i)	 Calculate the theoretical yield.

theoretical yield =                g  [2]

	 	 (ii)	 Calculate the percentage yield.

percentage yield =                %  [1]
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	 (f)	 The purity of the sample of aspirin can be checked by melting point 
analysis or using spectroscopic techniques such as mass 
spectrometry.

		  (i)	 Describe how melting point analysis can be used to check the 
purity of a sample of aspirin.

[2]

		  (ii)	 How can mass spectrometry be used to indentify a sample of 
aspirin? 

[1]
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(g) The table below shows the characteristic absorptions in infrared (IR)
spectroscopy.

Wavenumber 
/cm−−1

Bond Compound

550 – 850 C—X (X = Cl, Br, I) Halogenoalkanes

750 – 1100 C—C Alkanes, alkyl groups

1000 – 1300 C—O Alcohols, esters, carboxylic 
acids

1600 – 1700 C C Alkenes

1650 – 1800 C O
Carboxylic acid, esters, 
aldehydes, ketones, acid 
anhydrides

2500 – 3200 O—H Carboxylic acids

2750 – 2850 C—H Aldehydes

2850 – 3000 C—H Alkanes, alkyl groups, alkenes, 
benzene compounds

3200 – 3600 O—H Alcohols

IR Spectrum for Aspirin

Image removed due to copyright
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		  The structure of aspirin is shown below. Identify the bonds responsible 
for the peaks in the IR spectrum for aspirin labelled A, B and C.

C C

C

O

O
OO

H

H

H
H

Peak A 	

Peak B 	

Peak C 	  [3]

THIS IS THE END OF THE QUESTION PAPER
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† 90–103  Actinium series

a = relative atomic mass (approx)
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