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Section A

For each of the following questions, only one of the lettered responses (A–D) is correct.

Select the correct response for each question and write the appropriate letter in 
the space provided.

1	 Which one of the following exhibits E–Z isomerism?

	 A	 H2C CHCl

	 B	 (CH3)2C CH2

	 C	 H2C CHCH3

	 D	 CH3CH C(CH3)C2H5

Answer                  [1]

2	 Which one of the following is the atom economy for the production of ethanol  
by fermentation?

	 C6H12O6 → 2CH3CH2OH + 2CO2

	 A	 25.6%

	 B	 34.3%

	 C	 51.1%

	 D	 67.6%

Answer                  [1]
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3	 When 10 cm3 of 2.0 mol dm-3 hydrochloric acid is reacted with 10 cm3 of  
2.0 mol dm-3 sodium hydroxide solution, the temperature change is ΔT.

	 HCl(aq) + NaOH(aq) → NaCl(aq) + H2O(l)

	 Which one of the following is the temperature change when the reaction is repeated 
with 50 cm3 of each solution?

	 A	 1
5 × ΔT

	 B	 ΔT

	 C	 5 × ΔT

	 D	 10 × 2 × ΔT

Answer                  [1]

4	 The equation for the reaction of propene with hydrogen bromide is shown below.

	 CH3CH CH2 + HBr → CH3CHBrCH3

	 Which one of the following describes the mechanism for this reaction?

	 A	 electrophilic addition

	 B	 electrophilic substitution

	 C	 nucleophilic addition

	 D	 nucleophilic substitution

Answer                  [1]



*28SCH2404*

*28SCH2404*

14096

5	 Which one of the following is the percentage yield of propanoic acid if 81.5 g are 
formed by the complete oxidation of 90.0 g of propan-1-ol?

	 C3H7OH + 2[O] → C2H5COOH + H2O

	 A	 73.4%

	 B	 88.6%

	 C	 89.5%

	 D	 90.6%

Answer                  [1]

6	 Which one of the following is the catalyst used in the hydrogenation of alkenes?

	 A	 iron

	 B	 manganese(IV) oxide

	 C	 nickel 

	 D	 vanadium(V) oxide

Answer                  [1]

7	 Which one of the following reacts with ethanol to produce steamy fumes?

	 A	 ammonia

	 B	 hydrogen chloride

	 C	 phosphorus(V) chloride

	 D	 sodium

Answer                  [1]



*28SCH2405*

*28SCH2405*

14096
[Turn over

8	 Which one of the following equations correctly shows a propagation step in the 
photochemical radical substitution reaction of methane with bromine?

	
	 A	 CH4 + Br2  →  CH3 + HBr

	 B	 CH3 + HBr  →  CH3Br + H

	 C	 CH3 + Br2  →  CH3Br + Br

	 D	 CH3 + Br  →  CH3Br

Answer                  [1]

9	 Which one of the following shows the products for the reaction of magnesium  
with steam?

	 A	 magnesium hydroxide and hydrogen

	 B	 magnesium hydroxide and oxygen

	 C	 magnesium oxide and hydrogen

	 D	 magnesium oxide and oxygen

Answer                  [1]

10 	 Which one of the following is the major product in the reaction between but-1-ene 
and hydrogen bromide?

	 A	 1-bromobutane

	 B	 2-bromobutane

	 C	 1,1-dibromobutane

	 D	 1,2-dibromobutane

Answer                  [1]
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Section B

Answer all six questions in this section

11	 Halogenoalkanes are reactive organic molecules. 

	 (a) 	There are four structural isomers with the formula C4H9Cl. Complete the table 
below to give information about these isomers.

IUPAC name Skeletal formula Classification

1-chlorobutane Primary

Cl Primary

Secondary

2-chloro-2-methylpropane
Cl

� [5]
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	 (b)	 2-chloro-2-methylpropane reacts with aqueous potassium hydroxide.

		  (i)	 State the IUPAC name of the organic product of this reaction.

[1]

	 	 (ii)	 Draw the mechanism for the reaction of 2-chloro-2-methylpropane with 
aqueous potassium hydroxide.

� [4]
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	 (c) 	The progress of the reaction between 2-chloro-2-methylpropane and aqueous 
potassium hydroxide can be monitored using infrared spectroscopy. 

		  (i) 	 Explain why organic molecules absorb infrared radiation.

 [1]

		  (ii)	 Describe how the infrared spectrum of 2-chloro-2-methylpropane is different 
from that of the purified product of the reaction in part (b).

[1]
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	 (d)	 Complete the following table, outlining reactions of 1-chlorobutane with  
different reagents.

Reagent Conditions Reaction type Structure of organic 
product

Potassium 
hydroxide

Reflux in
ethanolic
solution

Ammonia
Ammonia in

ethanol, heat in 
sealed tube

CH3CH2CH2CH2NH2

Potassium 
cyanide

Reflux in
ethanolic
solution

Substitution

� [4]
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12 	 Enthalpy changes may be determined using average bond enthalpy values and by 
Hess’s Law.

	 (a)	 Define the following terms:

		  (i)	 Average bond enthalpy

 [2]

	 	 (ii)	 Hess’s Law

 [2]

	 (b)	 The equation for the thermal decomposition of barium nitrate is given below.

	 2Ba(NO3)2(s) → 2BaO(s) + 4NO2(g) + O2(g)

		  The table below shows some enthalpy changes which are involved in the 
determination of the enthalpy of decomposition of barium nitrate. 

Enthalpy change Equation ΔH /kJ mol−1

Enthalpy of formation of 
barium nitrate Ba(s) + N2(g) + 3O2(g) → Ba(NO3)2(s) −988.0

Enthalpy of formation of 
barium oxide Ba(s) + 12 O2(g) → BaO(s) −558.1

Enthalpy of formation of 
nitrogen dioxide +33.2

	 	 (i)	 Write an equation for the enthalpy of formation of nitrogen dioxide.

 [2]
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		  (ii)	 Using Hess’s Law, calculate a value for the enthalpy change for the thermal 
decomposition of barium nitrate per mole of barium nitrate. Give your 
answer to 3 significant figures.

Answer                  kJ mol−1  [4]
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	 (c)	 The complete combustion of propanone is represented by the equation below:

CH3COCH3 + 4O2 → 3CO2 + 3H2O                    ΔH = −1821 kJ mol−1

		  Calculate the average bond enthalpy of the C O bond.

Bond Average bond enthalpy  
/kJ mol−1

C H 412
C C 348
O H 463
O O 496

Answer                  kJ mol−1 [4]
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13 	 Organic compounds undergo a wide range of reactions.

	 (a) 	But-1-ene can undergo addition polymerisation. Draw the structure of the 
polymer formed from but-1-ene, showing three repeating units.

� [1]
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	 (b) 	The reactivity of alkenes is due to the presence of the C C functional group.

		  Describe how C C and C C bonds are formed in terms of sigma and pi bonds.

 		  Compare the bond strength, bond length and reactivity of the C C and C C 
bonds.

		  In this question you will be assessed on using your written communication 
skills including the use of specialist scientific terms.

[6]
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	 (c)	 The structures of two organic compounds, labelled A and B, are shown below. 
Compound A reacts with hydrogen and compound B reacts with acidified 
potassium dichromate(VI) solution.

			   A	 B

	

H CH3 H— — —

H—C—C—C C—C—H— — — — —

H H H H H

H H H H— — — —
H—C—C—C—C—OH— — — —

H H H H
 

	 	 (i)	 Write the empirical formula of compound A.

 [1]

	 	 (ii)	 State the IUPAC names of compounds A and B.

A	

B	 [2]

		  (iii)	State the IUPAC name of the compound formed when A reacts with 
hydrogen.

 [1]

	 	 (iv)	State the type of reaction which occurs when compound B reacts with 
acidified potassium dichromate(VI) solution.

 [1]
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		  (v)	 Draw the structural formula of another alcohol, which is an isomer of 
compound B, that would not react with acidified potassium dichromate(VI) 
solution. Explain your answer.

 [2]
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14 	 Sulfuric acid is manufactured by the Contact process. 

	 One reaction in this process involves the conversion of sulfur dioxide to sulfur 
trioxide according to the following equation:

	 2SO2(g) + O2(g)   ⇌   2SO3(g)                    ΔH = −196 kJ mol−1

	 (a)	 This reaction can reach dynamic equilibrium. Define the term dynamic 
equilibrium.

[2]

	 (b)	 Write an expression for Kc for the above reaction and state its units.

Units:	 [2]

	 (c)	 State and explain the effect of increasing the pressure on the equilibrium yield of  
sulfur trioxide.

[3]
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	 (d)	 On the axes below, draw an enthalpy level diagram for this reaction. Label the 
axes and the enthalpy change (ΔH).

	
� [3]

	 (e)	 The sulfur trioxide produced in the Contact process is absorbed into 98% sulfuric 
acid to produce oleum (H2S2O7). The oleum is then diluted by dissolving it in 
water to produce sulfuric acid.

		  Write an equation for the reaction between oleum and water to produce  
sulfuric acid.

 [1]
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15	 (a)	 Catalytic converters convert unreacted hydrocarbons, such as ethane, to less 
harmful products. 

		  Calculate the total volume, in dm3, of gaseous products formed when 11.85 kg of 
ethane were reacted with excess nitrogen(IV) oxide in a catalytic converter. 

		  The molar gas volume is 24 dm3.

	 4C2H6(g) + 14NO2(g) → 8CO2(g) + 7N2(g) + 12H2O(l)

Answer                  dm3  [3] 
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	 (b)	 The Maxwell–Boltzmann distribution of molecular energies for a mixture of 
ethane and nitrogen(IV) oxide at 300 K is shown below.

N
um

be
r o

f m
ol

ec
ul

es

EA Energy

	 	 (i)	 With reference to the graph, explain how the catalyst increases the rate of 
this chemical reaction.

 [3]

	 	 (ii)	 Sketch on the graph the distribution of molecular energies you would expect 
to obtain at 500 K.� [2]
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	 (c)	 Alkanes can be replaced as fuels by hydrogen or by alcohols, such as ethanol. 

		  The table below compares the use of hydrogen and ethanol as fuels.

Fuel
Enthalpy of 
combustion

/kJ mol-1

Energy 
evolved per 

gram /kJ

Energy 
evolved per 

cm3 /kJ

State at 
room 

temperature 
and 

pressure

Hydrogen -286 143 0.012 gas

Ethanol -1367 liquid

		  (i) 	 Write an equation for the complete combustion of one mole of ethanol.
 

[2]

		  (ii)	 Calculate the molar mass of ethanol.

Answer                  g mol-1 [1]

		  (iii)	Calculate the energy evolved per gram for ethanol. 

Answer                  kJ [1]
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		  (iv) 	Calculate the energy evolved per cm3 for ethanol. The density of ethanol  
is 0.79 g cm-3.

Answer                  kJ [2]

		  (v) 	Suggest one environmental advantage of using hydrogen as a fuel rather 
than ethanol.

[1]
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16 	 The solubility of Group II compounds in water varies greatly.

	 (a)	 Explain what is meant by the term solubility.

 [1]

	 (b) 	The graph below shows the solubility of magnesium sulfate at different 
temperatures.
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		  (i)	 Calculate the mass of solid that would crystallise when a saturated solution 
of magnesium sulfate in 2 kg of water is cooled from 30 °C to 20 °C.

Answer                  g [2]

	 	 (ii)	 Magnesium sulfate is formed when magnesium reacts with sulfuric acid. 
Write an equation for this reaction.

 [1]

	 (c)	 Group II metals react with water to form metal hydroxides.

		  (i)	 Write an equation for the reaction of calcium with water.

[1]

	 	 (ii)	 State the trend in solubility of the Group II hydroxides.

[1]
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	 (d)	 The table below shows the decomposition temperatures of the Group II 
carbonates.

Group II carbonate Decomposition temperature /°C

magnesium carbonate 540

calcium carbonate 900

strontium carbonate 1290

barium carbonate 1360

	 	 (i)	 Write an equation for the decomposition of strontium carbonate.

 [1]

		  (ii)	 State and explain the trend in the thermal stability of the Group II 
carbonates.

 [3]

THIS IS THE END OF THE QUESTION PAPER
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General Information
1 tonne = 106 g
1 metre = 109 nm
One mole of any gas at 293 K and a pressure of 1 atmosphere (105 Pa) occupies a volume of 24 dm3

Avogadro Constant = 6.02 × 1023 mol–1

Planck Constant = 6.63 × 10–34 J s
Specifi c Heat Capacity of water = 4.2 J g–1 K–1

Speed of Light = 3 × 108 m s–1

Characteristic absorptions in IR spectroscopy

Wavenumber/cm–1 Bond Compound

550–850 C–X (X = Cl, Br, I) Haloalkanes
spuorg lykla ,senaklA C–C 0011–057

 sdica cilyxobrac ,sretse ,slohoclA O–C 0031–0001
1450–1650 C ̿ senerA C
1600–1700 C ̿ seneklA C
1650–1800 C ̿    ,sedyhedla ,sretse ,sdica cilyxobraC O

sedirolhc lyca ,sedima ,senotek  
2200–2300 C   selirtiN N

sdica cilyxobraC H–O 0023–0052
sedyhedlA H–C  0582–0572

senera ,senekla ,spuorg lykla ,senaklA H–C 0003–0582
slohoclA H–O 0063–0023

sedima ,senimA H–N 0053–0033

Proton Chemical Shifts in Nuclear Magnetic Resonance Spectroscopy 
(relative to TMS)

  Structure

0.5–2.0 –CH senakla detarutaS 
0.5–5.5 –OH slohoclA 
1.0–3.0 –NH senimA 
2.0–3.0 –CO–CH Ketones

C–N– H Amines
C 6H5–CH  c on ring)

2.0–4.0 X–CH X = Cl or Br (3.0–4.0)
)0.3–0.2( I = X  

4.5–6.0  –C ̿ CH Alkenes
5.5–8.5 RCONH Amides
6.0–8.0 –C6H5 Arenes (on ring)
9.0–10.0 –CHO Aldehydes
10.0–12.0 –COOH Carboxylic acids

 on and temperature dependent and may be outside 
the ranges indicated above.
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THE PERIODIC TABLE OF ELEMENTS
Group

*

†

1   

1

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

III III IV VI VII 0V

285  

112
Copernicium

* 58 – 71    Lanthanum series
† 90 – 103  Actinium series

a = relative atomic mass 

x = atomic symbol
b = atomic number

a

b
x (approx)
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