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1	 Three alcohols, A, B and C, have the same molecular formula (C5H11OH) but a 
different structural formula.

	 (a)	 What term is used to describe molecules which have the same molecular 
formula but a different structural formula?

[1]

	 (b)	 Complete the table below for alcohols A, B and C.

Alcohol IUPAC name Structural formula Classification

A

H H— — — —

— C — C — C — C — OH— — — —

H H

H

H

HH— —
H — C — C —— —

HH

B 3-methylbutan-2-ol

C tertiary

� [6]
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	 (c)	 The infrared (IR) spectrum of alcohol A and the table of characteristic 
absorbances in IR spectroscopy are shown below.
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550 – 850 C X (X = Cl,Br,I) Halogenoalkanes

750 – 1100 C C Alkanes, alkyl groups

1000 – 1300 C O Alcohols, carboxylic acids

1600 – 1700 C C Alkenes

1650 – 1800 C O Carboxylic acids, aldehydes, 
ketones

2500 – 3200 O H Carboxylic acids

2750 – 2850 C H Aldehydes

2850 – 3000 C H Alkanes, alkyl groups, alkenes

3200 – 3600 O H Alcohols
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		  Using the structural formula of alcohol A as shown below, identify the bonds 
responsible for the absorbances L, M and N.

OH

H

C

H

H

C

H

H

C

H

H

C

H

H

C

H

H

L	

M	

N� [3]
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2	 This question is about alkenes and some of their reactions.

	 (a)	 (i)	 State the general formula of the homologous series of alkenes.

[1]

		  (ii)	 State the name of the bond present in alkenes that causes them to be more 
reactive than alkanes.

[1]

	 (b)	 Ethene is an alkene that reacts with hydrogen bromide.

		  (i)	 Complete the structural equation for the reaction of ethene with hydrogen 
bromide.

			   State the IUPAC name of the organic product formed.

H—

C

H— —

H HC C H Br

IUPAC name of organic product 	 [2]

		  (ii)	 Name the type of mechanism occurring when ethene reacts with hydrogen 
bromide.

[2]
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	 (c)	 Propene forms an addition polymer, polypropene.

		  (i)	 Draw a section of the polymer polypropene showing three repeating units.

� [2]

		  (ii)	 Polypropene is chemically inert and its disposal, in landfill or by incineration, 
can lead to environmental problems.

			   State two ways chemists are limiting the problems associated with polymer 
disposal.

1.	

2.	

[2]
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	 (d)	 Hex-1-ene reacts with water in an addition reaction.

		  (i)	 Name this type of addition reaction.

[1]

		  (ii)	 Draw the structural formula of hex-1-ene.

� [1]

		  (iii)	State the name of the catalyst used in the reaction of hex-1-ene with water 
and suggest the IUPAC name of the product formed.

Catalyst	

IUPAC name	 [3]
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3	 This question is about hydrocarbons and their reactions.

	 (a)	 Three reactions involving hydrocarbons, some of which are saturated, are 
shown below.

Reaction 1 C10H22      C4H8  +  C6H14

Reaction 2 CH3(CH2)7CH3 CH3CH(CH3)C(CH3)2CH(CH3)2

Reaction 3 C5H10  +  X   	 C5H12

		  (i)	 Define the term saturated.

[1]

		  (ii)	 Name the process that is occurring in Reaction 1.

[1]

		  (iii)	State the IUPAC name of both products in Reaction 1.

C4H8 	

C6H14 	 [2]

		  (iv)	Name the process that is occurring in Reaction 2.

[1]
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		  (v)	 Draw the skeletal formula of the product of Reaction 2.

� [1]
			 

		  (vi)	 In Reaction 3, name the reagent X and the catalyst used.

Reagent X 	

Catalyst	 [2]

		  (vii)	 Name the homologous series to which C5H12 in Reaction 3 belongs.

			   Explain your answer.

Homologous series	

Explanation	

[2]

		  (viii)	Describe a practical method used to distinguish between C5H10 and C5H12.

[3]
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	 (b)	 Hydrocarbons such as octane are found in crude oil and have traditionally been 
used as fuels.

		  (i)	 Name the process used to separate hydrocarbon fuels from crude oil.

[1]

		  (ii)	 Write a balanced symbol equation for the combustion of octane (C8H18) in a 
plentiful supply of air.

[2]

		  (iii)	State the names of two other products that may form if the combustion of 
C8H18 is carried out in a limited supply of air.

1.	

2.	 [2]
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	 (c)	 Alternative fuels derived from renewable resources such as plants are 
increasingly being used to replace traditional non-renewable fossil fuels 
composed mostly of hydrocarbons.

		  	 State the names of two alternative fuels which are derived from plants.
		  	 Explain why alternative fuels derived from plants are described as 

renewable.
		  	 Compare and contrast the use of alternative fuels and traditional fossil fuels 

and their effect on the environment.

		  Quality of written communication will be assessed in this question.

[6]
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4	 The structural formula of five compounds, P, Q, R, S and T, are given below. 

O

HC C

HH

H C C

HH

P

O
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C C

H

H C CC—

H

HH
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H

H

C C

H

C

H

HH

H

C
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H C C

H

C H

H H
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C OH

H—
H C— —

H
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O

	 (a)	 Compounds P and Q both contain a C==O bond.

		  (i)	 State the IUPAC name of compounds P and Q.

P	

Q	 [2]

		  (ii)	 Benedict’s solution can be used to distinguish between compounds  
P and Q.

			   State what is observed when compounds P and Q are each warmed with 	
Benedict’s solution.

[3]

	 (b)	 Compound R is an alcohol.

		  (i)	 State the general formula of the homologous series of alcohols.

[1]
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		  (ii)	 What name is given to the OH functional group present in alcohols?

[1]

		  (iii)	Write a balanced symbol equation for the dehydration of compound R  
and state the IUPAC name of the organic product formed.

IUPAC name	 [2]

	 (c)	 Compound R undergoes an oxidation reaction.

		  (i)	 Define the term oxidation.

[1]

		  (ii)	 Describe practically how compound R could be oxidised in the laboratory.

[3]

		  (iii)	Write a structural equation for the complete oxidation of compound R.

			   Use [O] to represent a suitable oxidising agent.

[2]
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	 (d)	 Compound S can be prepared by the oxidation of an alcohol.

		  (i)	 Name the homologous series to which compound S belongs.

[1]

		  (ii)	 Draw the skeletal formula of the alcohol that can be oxidised to form 
compound S.

� [1]

	 (e)	 Compound T exists as two geometric isomers.

		  (i)	 State the IUPAC name of T.

[1]

		  (ii)	 Draw the structural formula of the E and Z forms of the two geometric 
isomers of compound T.

E Z
� [2]
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5	 This question is about the preparation of alcohols.

	 (a)	 (i)	 Name the process used to prepare alcoholic drinks from a solution of sugars.

[1]

		  (ii)	 State three of the conditions needed for this process to be successful.

1.	

2.	

3.	 [3]
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	 (b)	 Alcohols can also be prepared by refluxing halogenoalkanes with an excess of 
sodium hydroxide solution.

		  (i)	 Define the term reflux.

[1]

		  (ii)	 Write a balanced structural equation for the preparation of propan-2-ol from 
2-bromopropane and sodium hydroxide.

[2]

		  (iii)	Suggest how the propan-2-ol prepared in this reaction can be separated 
from the reaction mixture.

[1]

	 (c)	 The alcohol methanol can be prepared in a two step process.

		  Step 1:	 methane and chlorine react to form chloromethane.
		  Step 2:	 catalytic hydrolysis of chloromethane forms methanol.

		  (i)	 Write a balanced symbol equation for Step 1.

[1]

		  (ii)	 Define the term hydrolysis.

[1]
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6	 Ethanoic anhydride is used in the laboratory preparation of a variety of organic 
compounds.

	 (a)	 The information below shows the reaction that occurs in the laboratory 
preparation of aspirin using ethanoic anhydride.

Equation
OHO

OH

H3C

OC

OC

O

H3C

+

OHO

O O

CH3

+
H3C

OC

HO

A
RFM � 138

ethanoic anhydride
RFM � 102

aspirin
RFM � 180

B
RFM � 60

OHO

OH

H3C

OC

OC

O

H3C

+

OHO

O O

CH3

+
H3C

OC

HO

A
RFM � 138

ethanoic anhydride
RFM � 102

aspirin
RFM � 180

B
RFM � 60

OHO

OH

H3C

OC

OC

O

H3C

+

OHO

O O

CH3

+
H3C

OC

HO

A
RFM � 138

ethanoic anhydride
RFM � 102

aspirin
RFM � 180

B
RFM � 60

OHO

OH

H3C

OC

OC

O

H3C

+

OHO

O O

CH3

+
H3C

OC

HO

A
RFM � 138

ethanoic anhydride
RFM � 102

aspirin
RFM � 180

B
RFM � 60Compound 

name A ethanoic anhydride aspirin B

Relative 
Molecular 
Mass

138 102 180 60

		  (i)	 Name reactant A and product B.

A	

B	 [2]

		  (ii)	 In a reaction, 6.80 g of A was reacted with an excess of ethanoic anhydride.

			   Calculate the theoretical yield of aspirin in this reaction.  

			   Give your answer to 3 significant figures.

			   You are advised to show your working.

Theoretical yield                  g [2]



*28AZ02121*

*28AZ02121*

14023
[Turn over

		  (iii)	5.96 g of aspirin was prepared using a different mass of reactant A.

			   The theoretical yield of aspirin was calculated as 9.60 g.

			   Show that the percentage yield for this preparation is 62.1%.

� [1]

		  (iv)	Suggest two possible reasons why the percentage yield was not 100%.

1.	

2.	

[2]

	 (b)	 Aspirin prepared in the laboratory needs to be purified.

		  (i)	 Name the process used to purify aspirin that has been prepared in  
the laboratory.

[1]

		  (ii)	 Initially, in the purification process, the impure sample of aspirin must  
be dissolved.

			   What is done to ensure that all the aspirin has dissolved and it can be easily 
crystallised again?

[2]
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		  (iii)	The mixture is then gravity filtered hot to remove insoluble impurities.  
The filtrate is then cooled using crushed ice.

			   Explain why the filtrate is cooled.

[1]

		  (iv)	Describe how all the soluble impurities are then quickly removed.

[2]

		  (v)	 What can be determined to show that the sample of aspirin is pure?

[1]
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	 (c)	 Paracetamol can also be made in a laboratory using ethanoic anhydride.

		  (i)	 The mass spectrum of paracetamol and the structural formula of two of the 
fragments labelled X and Y are given below.

20 40 60 80 100 120 140 160
0

20

40

60

80

100

120

m/z

R
el

at
iv

e 
In

te
ns

ity

X Y

C

C

C

C

C

C

H

N
HH

H

OH

H

H

C

C

C
C

C

H

N
HH

HH

H

�

�

			   Identify the m/z value of the peak which relates to each fragment.

Fragment X 	

Fragment Y 	 [2]
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		  (ii)	 The empirical formula of paracetamol is also its molecular formula.

			   Determine the molecular formula of paracetamol using the following 
percentage composition by mass.

Element % of element by mass

C 63.58

H 5.96

N 9.27

O 21.19

			   You are advised to show your working.

Molecular formula                  [5]

THIS IS THE END OF THE QUESTION PAPER
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* 58–71    Lanthanum series
† 90–103  Actinium series

a = relative atomic mass (approx)
x = atomic symbol
b = atomic number
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