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16 Hydrogen peroxide solution decomposes very slowly at room temperature to produce 
oxygen gas. This gas forms a rising foam when liquid detergent is added. 

 
Five test-tubes are half-filled with hydrogen peroxide solution. A drop of liquid detergent is added 
to each one. 

 
Different metal oxides are added to four of the test-tubes and the height of the foam formed after 
one minute is measured. The results are shown. 

 

metal oxide height of 
foam / cm 

no metal oxide added 0.1 

aluminium oxide 0.1 

calcium oxide 0.2 

copper(II) oxide 2.3 

manganese(IV) oxide 5.4 
 

Which conclusion can be drawn from these results? 

A Metal oxides do not affect the rate of this reaction. 

B All metal oxides increase the rate of this reaction and act as catalysts. 

C Manganese(IV) oxide is the best catalyst of the four metal oxides tested. 

D Only transition element oxides increase the rate of this reaction. 
 
 
17 Which equation represents one of the reactions in the Contact process? 

A 2SO2(g)  +  O2(g)    2SO3(g) 

B 2SO2(g)  +  O2(g)    2SO3(aq) 

C 2SO3(g)  +  O2(g)    2SO4(aq) 

D 2SO3(g)  +  O2(g)    2SO4(g) 
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18 The ionic equation for the redox reaction between acidified manganate(VII) ions and iodide ions 
is shown. 

 
2MnO4

–(aq)  +  16H+(aq)  +  10I–(aq)    2Mn2+(aq)  +  5I2(aq)  +  8H2O(l) 
 

Which row shows the changes in oxidation number for manganese and for iodine during this 
reaction? 

 
 manganese iodine 

 from to from to 

A –2 +4 –1 0 

B –2 +4 –10 +5 

C +7 +2 –1 0 

D +7 +2 –10 +5 
 
 
19 In the Haber process, nitrogen and hydrogen react to form ammonia. 
 

N2  +  3H2    2NH3 
 

The forward reaction is exothermic. 
 

Which changes in pressure and temperature increase the yield of ammonia? 
 

 change in 
pressure 

change in 
temperature 

A decrease decrease 

B decrease increase 

C increase decrease 

D increase increase 
 
 
20 Which statement describes a property of ethanoic acid? 

A It does not produce carbon dioxide when added to sodium carbonate. 

B It does not produce hydrogen when added to magnesium. 

C It only donates some of its protons when added to excess aqueous sodium hydroxide. 

D It only partially dissociates when added to water. 
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18 The equation shows the equilibrium between dinitrogen tetroxide, N2O4, and nitrogen dioxide, 
NO2. 

 
The colours of the reactant and product are shown. 

 
N2O4(g)    2NO2(g) 

 colourless brown 
 

The forward reaction is endothermic. 
 

Which statement is not correct? 

A At equilibrium, the concentrations of the reactant and the product stay constant. 

B At equilibrium, the rate of the forward reaction is equal to the rate of the reverse reaction. 

C When the pressure is increased, a darker brown colour is seen. 

D When the temperature is increased, a darker brown colour is seen. 
 
 
19 What is the oxidation number of chromium in the Cr2O7

2– ion? 

A –2 B –1 C +6 D +12 
 
 
20 Which method is used to prepare a pure, dry sample of lead(II) chloride? 

A mix aqueous lead(II) nitrate and dilute hydrochloric acid  filter  crystallise and dry the 
filtrate 

B mix aqueous lead(II) nitrate and dilute hydrochloric acid  filter  wash and dry the residue 

C mix solid lead(II) hydroxide and aqueous sodium chloride  filter  crystallise and dry the 
filtrate 

D mix solid lead(II) hydroxide and aqueous sodium chloride  filter  wash and dry the 
residue 

 
 
21 Phosphorus is an element in Group V of the Periodic Table. 
 

It burns in air to form an oxide that dissolves in water to form a solution with a pH of 1. 
 

Which row describes this oxide of phosphorus? 
 

 metal oxide non-metal 
oxide acidic oxide basic oxide 

 

A     key 

B      = yes 

C      = no 

D      
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19 Ethanol is manufactured by the addition of steam to ethene. 
 

C2H4(g)  +  H2O(g)    C2H5OH(g) 
 

The reaction conditions are 300 °C and 60 atm. 
 

The forward reaction is exothermic. 
 

Which rows describe the effect on the equilibrium yield of C2H5OH when the stated change is 
made? 

 

 change equilibrium 
yield of C2H5OH 

1 adding a catalyst no change 

2 decreasing the temperature increases 

3 decreasing the pressure increases 
 

A 1 and 2 B 1 and 3 C 2 only D 3 only 
 
 
20 Which row identifies the conditions used to make sulfur trioxide in the Contact process? 
 

 pressure / kPa catalyst 

A 200 iron 

B 200 vanadium(V) oxide 

C 20 000 iron 

D 20 000 vanadium(V) oxide 
 
 
21 Which statement describes a base? 

A It reacts with ammonium chloride to produce ammonia gas. 

B It reacts with calcium carbonate to produce carbon dioxide gas. 

C It reacts with copper to produce hydrogen gas. 

D It turns blue litmus red. 
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4 Gaseous sulfur tetrafluoride, SF4 , reacts with steam in a reversible reaction.

SF4(g)  +  2H2O(g)    SO2(g)  +  4HF(g)               ΔH = –54 kJ / mol

 (a) Complete the reaction pathway diagram in Fig. 4.1 for this reaction.

  Include in your diagram:

• the position and the formulae of the products

• an arrow, labelled Ea , to show the activation energy

• an arrow, labelled ΔH, to show the enthalpy change of the reaction. 

SF4(g) + 2H2O(g)

energy

progress of reaction

Fig. 4.1

 [4]
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 (b) The equation for the reaction can be represented as shown in Fig. 4.2.

S F
H O HF

F

F

H O H H F
H F

H F
H F

O S O ++ ΔH = –54 kJ / mol

Fig. 4.2

  Table 4.1 shows some bond energies.

Table 4.1

bond S – F O – H H – F

bond energy in kJ / mol 330 460 570

  Use the bond energies in Table 4.1 and the value of ΔH of the reaction to calculate  

the S=O bond energy in kJ / mol.

  Use the following steps.

• Calculate the energy needed to break the bonds in the reactants.

 .............................. kJ

• Calculate the energy released when the bonds in the products form.

 .............................. kJ

• Calculate the S=O bond energy.

 .............................. kJ / mol

 [4]
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 (c) The equation for the reaction is shown.

SF4(g)  +  2H2O(g)    SO2(g)  +  4HF(g)               ΔH = –54 kJ / mol

  State the effect, if any, on the position of equilibrium when the following changes are made.

  Give a reason for each of your answers.

• The temperature is increased.

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

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

• The pressure is increased. 

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

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

• A catalyst is added.

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

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

 [5]

 (d) Explain, in terms of collision theory, why reducing the temperature decreases the rate of the 

reverse reaction. 

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

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

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

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

 .............................................................................................................................................  [3]

[Total: 16]
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Question 5 starts on the next page.

* 0000800000011 *
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15 The graph shows the results of adding excess calcium carbonate to hydrochloric acid at 50 °C 
and at 30 °C. Only the temperature is changed. 

 

total volume of
carbon dioxide
given off / cm3

time / s0
0

50 °C

30 °C

 
 

Which row describes the reacting particles at 30 °C compared to those at 50 °C? 
 

 
frequency 

of collisions 
between particles 

average 
kinetic energy 

of particles 

A higher higher 

B higher lower 

C lower higher 

D lower lower 
 
 
16 Industrially, ammonia is made by the Haber process. The equation is shown. 
 
 N2(g)  +  3H2(g)    2NH3(g) H = –92 kJ / mol 
 

The conditions used are 450 °C and 200 atm. 
 

Which statements about the conditions are correct? 
 

1 Temperatures below 450 °C give a lower rate of reaction. 

2 Temperatures below 450 °C give a lower yield of ammonia. 

3 Pressures above 200 atm give a lower yield of ammonia. 

4 Pressures above 200 atm are too expensive to maintain. 
 

A 1 and 2 B 1 and 4 C 2 and 3 D 3 and 4 
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16 The reaction between aqueous iron(III) ions, Fe3+, and aqueous thiocyanate ions, SCN–, is 
reversible. 

 
The equation for the reaction is shown. 

 
Fe3+(aq)  +  SCN–(aq)    FeSCN2+(aq) 

 yellow colourless red 
 

At equilibrium, the concentrations of Fe3+ ions, SCN– ions, and FeSCN2+ ions are identical, and 
the mixture appears orange. 

 
When a few drops of aqueous thiocyanate ions are added to the mixture, a new equilibrium 
forms. 

 
How does the colour of the mixture change? 

A It becomes colourless. 

B It becomes a lighter orange. 

C It becomes more yellow. 

D It becomes more red. 
 
 
17 The equation for the reaction between iron(II) sulfate and bromine is shown. 
 

6FeSO4  +  3Br2    2Fe2(SO4)3  +  2FeBr3 
 

Which row identifies the oxidising agent and the reducing agent? 
 

 oxidising agent reducing agent 

A Br2 FeSO4 

B FeSO4 Br2 

C FeBr3 Fe2(SO4)3 

D Fe2(SO4)3 FeBr3 
 
 
18 The equation represents a redox reaction. 
 

2Al  +  Fe2O3    2Fe  +  Al 2O3 
 

What is the change in the oxidation number of iron in this reaction? 

A from +2 to +3 

B from +2 to 0 

C from +3 to +2 

D from +3 to 0 
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5 Methanol, CH3OH, is manufactured by the reaction between hydrogen and carbon monoxide.

 An equilibrium mixture is produced.

2H2(g) + CO(g)  CH3OH(g)

 (a) State what happens to the concentration of CH3OH when the reaction is at equilibrium.

  Explain your answer in terms of rate of forward and reverse reactions.

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

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

 .............................................................................................................................................  [2]

 (b) The reaction is carried out at a pressure of 75 atmospheres and a temperature of 250 °C.

  (i) State two disadvantages of using a pressure below 75 atmospheres.

1  ........................................................................................................................................

2  ........................................................................................................................................

 [2]

  (ii) Complete Table 5.1 using only the words increases, decreases or no change.

Table 5.1

effect on the concentration of 

CH3OH(g) at equilibrium

effect on the rate of the reverse 

reaction

catalyst is added

 [2]

  (iii) If a temperature of more than 250 °C is used, the yield of methanol decreases.

   State what can be deduced about the forward reaction.

 .....................................................................................................................................  [1]

  (iv) Suggest which of the elements from the list is a suitable catalyst for the reaction. Give a 

reason for your answer.

barium   carbon   copper   potassium   sulfur

catalyst  ..............................................................................................................................

reason  ...............................................................................................................................

 [2]
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 (c) Methanol is a member of the homologous series of alcohols.

  (i) State two characteristics of all members of a homologous series.

1  ........................................................................................................................................

2  ........................................................................................................................................

 [2]

  (ii) State the molecular formula of an alcohol that contains five carbon atoms.

 .....................................................................................................................................  [1]

 (d) Carboxylic acids react with alcohols to form esters.

  (i) Draw the displayed formula of an ester which contains three carbon atoms.

 [2]

  (ii) Butyl ethanoate is an ester.

   Name the alcohol and the carboxylic acid that react to produce butyl ethanoate.

alcohol  ...............................................................................................................................

carboxylic acid  ...................................................................................................................

 [2]

 (e) An organic compound has the following composition by mass:

  C, 64.87%; H, 13.51%; O, 21.62%.

  Calculate the empirical formula of the compound.

 empirical formula = .............................. [2]

 [Total: 18]
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19 Which statements explain why increasing the temperature in a reaction involving gases increases 
the rate of reaction? 

 
1 It increases the collision frequency between the gas particles. 

2 It lowers the activation energy. 

3 It increases the kinetic energy of the gas particles. 

4 It increases the number of gas particles per unit volume. 
 

A 1 and 3 B 1 and 4 C 2 and 3 D 2 and 4 
 
 
20 The equation for the reaction between ammonia and oxygen is shown. 
 
 4NH3(g)  +  5O2(g)    4NO(g)  +  6H2O(g) H = –909 kJ / mol 
 

Which two changes to the reaction conditions will both move the position of equilibrium to the 
right? 

 
 change 1 change 2 

A increasing the temperature decreasing the pressure 

B increasing the temperature increasing the pressure 

C decreasing the temperature increasing the pressure 

D decreasing the temperature decreasing the pressure 
 
 
21 Mercury(II) oxide, HgO, decomposes when heated. 
 

The equation is shown. 
 

2HgO    2Hg  +  O2 
 

Why is this a reduction reaction? 

A The products weigh less than the reactants. 

B There are fewer reactants than products. 

C There is a gain of oxygen. 

D There is a loss of oxygen. 
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