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Section A 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 
be correct. 

1 The diagram shows a Boltzmann distribution of molecular energies for a gaseous mixture. The 
distribution has a peak, labelled P on the diagram. 

0
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What happens when an effective catalyst is added to the mixture? 

A The height of the peak decreases and the activation energy moves to the right. 

B The height of the peak decreases and the activation energy moves to the left. 

C The height of the peak remains the same and the activation energy moves to the right. 

D The height of the peak remains the same and the activation energy moves to the left. 

2 The diagram shows a reaction pathway for an endothermic reaction. 

Which arrow represents the activation energy for the forward reaction? 
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3 The Boltzmann distribution below shows the distribution of molecular energies in a sample of a 

gas at a given temperature. 

0
0 molecular energy

number of
molecules

Which statement correctly describes the change in such a distribution if the temperature is 
increased? 

A Fewer molecules possess the most probable energy value and this value shifts to the left. 

B Fewer molecules possess the most probable energy value and this value shifts to the right. 

C More molecules possess the most probable energy value and this value shifts to the left. 

D The area under the curve of the distribution increases. 
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4 The following reaction was carried out. 

HCO2CH3(aq)  +  NaOH(aq)  →  HCO2Na(aq)  +  CH3OH(aq) 

The concentration of methanol, [CH3OH(aq)], was measured with time, t. 

Which graph shows the relationship between [CH3OH(aq)] and t ? 
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5 When making sparkler fireworks, a mixture of barium nitrate powder with aluminium powder, 
water and glue is coated onto wires and allowed to dry. At this stage, the following exothermic 
reaction may occur. 

16Al  +  3Ba(NO3)2  +  36H2O  →  3Ba(OH)2  +  16Al (OH)3  +  6NH3 

Which conditions would be best to reduce the rate of this reaction during the drying process, and 
would also keep the aluminium and barium nitrate unchanged? 
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6 Boltzmann distributions are shown in the diagrams. 
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In diagram 1, one curve, P or Q, corresponds to a temperature higher than that of the other 
curve. 

In diagram 2, one line, X or Y, corresponds to the activation energy in the presence of a catalyst 
and the other line corresponds to the activation energy of the same reaction in the absence of a 
catalyst. 

Which combination gives the correct curve and line? 
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7 In the diagram, curve X was obtained by observing the decomposition of 100 cm3 of 1.0 mol dm–3 

hydrogen peroxide, catalysed by manganese(IV) oxide. 
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X

Which alteration to the original experimental conditions would produce curve Y? 

A adding more manganese(IV) oxide 

B adding some 0.1 mol dm–3 hydrogen peroxide 

C adding water 

D raising the temperature 
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8 Which solid-line curve most accurately represents the distribution of molecular energies in a gas 
at 500 K if the dotted-line curve represents the corresponding distribution for the same gas at 
300 K? 
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9 The reaction pathway diagram below illustrates the energies of the reactants, the products and 
the transition state of a reaction. 
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Which expression represents the activation energy of the forward reaction? 

A E1 – E2 B E2 – E1 C E2 – E3 D E3 – E2 
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10 The diagram below represents, for a given temperature, the Boltzmann distribution of the kinetic 
energy of the molecules in a mixture of two gases that react slowly together. 

The activation energy for the reaction, Ea, is marked. 

When the reaction is catalysed, the rate of reaction increases a little. 

What will be the position of Ea for the catalysed reaction? 

Ea

number of
molecules

kinetic
energy

A B C D

11 An experiment is set up to measure the rate of hydrolysis of ethyl ethanoate. 

CH3CO2C2H5  +  H2O    CH3CO2H  +  C2H5OH 

The hydrolysis is found to be slow in neutral aqueous solution but it proceeds at a measurable 
rate when the solution is acidified with hydrochloric acid. 

What is the function of the hydrochloric acid? 

A to dissolve the ethyl ethanoate 

B to ensure that the reaction reaches equilibrium 

C to increase the reaction rate by catalytic action 

D to suppress ionisation of the ethanoic acid formed 
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12 Why does the rate of a gaseous reaction increase when the pressure is increased at a constant 
temperature? 

A More particles have energy that exceeds the activation energy. 

B The particles have more space in which to move. 

C The particles move faster. 

D There are more frequent collisions between particles. 

13 The diagram shows the Maxwell-Boltzmann energy distribution curves for molecules of a sample 
of a gas at two different temperatures. 

Which letter on the axes represents the most probable energy of the molecules at the lower 
temperature? 

A 

B 

C D 

14 Crotonaldehyde, CH3CH=CHCHO, can be obtained by oxidising butadiene, CH2=CHCH=CH2, 
using air or oxygen. One method is to pass a mixture of butadiene and oxygen through a hot 

aqueous solution of palladium(II) ions, Pd2+(aq), which catalyse the reaction. 

Which statement is not correct about the action of the Pd2+(aq) ions? 

A Changing the concentration of the Pd2+(aq) will have an effect on the rate of the reaction. 

B Pd2+(aq) increases the energy of the reacting molecules. 

C Pd2+(aq) lowers the activation energy for the reaction. 

D Pd2+(aq) provides a different route for the reaction. 
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15 An autocatalytic reaction is a reaction in which one of the products catalyses the reaction. 

Which curve was obtained if the rate of reaction was plotted against time for an autocatalytic 
reaction? 
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16 The diagrams below show the Boltzmann distribution for air at two temperatures. 

The solid line represents the distribution at –20 °C. 

The dotted line represents the distribution at –10 °C. 

Which diagram is correct? 
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17 Na2S2O3 reacts with dilute HCl to give a pale yellow precipitate. If 1 cm3 of 0.1 mol dm–3 HCl is
added to 10 cm3 of 0.02 mol dm–3 Na2S2O3 the precipitate forms slowly.

If the experiment is repeated with 1 cm3 of 0.1 mol dm–3 HCl and 10 cm3 of 0.05 mol dm–3 Na2S2O3

the precipitate forms more quickly. 

Why is this? 

A The activation energy of the reaction is lower when 0.05 mol dm–3 Na2S2O3 is used.

B The collisions between reactant particles are more violent when 0.05 mol dm–3 Na2S2O3 is
used. 

C The reactant particles collide more frequently when 0.05 mol dm–3 Na2S2O3 is used.

D The reaction proceeds by a different pathway when 0.05 mol dm–3 Na2S2O3 is used.

18 A reaction pathway diagram is shown. 

energy

reaction pathway

Which reaction does not have such a profile? 

A CH3CHO + HCN CH3CH(OH)CN 

B C2H5Br + NaOH → C2H5OH + NaBr 

(CH3)3CBr + NaOH → (CH3)3 COH + NaBr C 

D + B 2 Br 

Br 

NaCN
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19 The molecular energy distribution curve represents the variation in energy of the molecules of a 
gas at room temperature. 
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20 Many, but not all, organic reactions need to be heated before reaction occurs. 

Which reaction occurs at a good rate at room temperature (20 °C)? 

A CH3OH + PCl 5 → CH3Cl + POCl 3 + HCl 

B CH3CH2Br + KCN → CH3CH2CN + KBr 

C CH3CH2OH → C2H4 + H2O 

D CH3CH2CN + 2H2O → CH3CH2CO2H + NH3 

21 A possible mechanism for the exothermic hydrolysis of 2-chloro-2-methylpropane is shown. 
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Which diagram represents the reaction pathway diagram for this mechanism? 
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22 Which solid-line curve most accurately represents the distribution of molecular speeds in a gas at 
500 K if the dotted-line curve represents the corresponding distribution for the same gas at 300 K? 
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23 The Haber process for the manufacture of ammonia is represented by the following equation. 

N2(g) + 3H2(g)  2NH3(g) ∆H = –92 kJ mol–1

Which statement is correct about this reaction when the temperature is increased? 

A Both forward and backward rates increase. 

B The backward rate only increases. 

C The forward rate only increases. 

D There is no effect on the backward or forward rate. 



Save My Exams! – The Home of Revision 
For more awesome GCSE and A level resources, visit us at www.savemyexams.co.uk/ 

24 Which diagram correctly represents the Boltzmann distribution of molecular energies at two 
temperatures T1 and T2, where T1 = 300 K and T2 = 310 K? 
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25 Many, but not all, organic reactions need to be heated before reaction occurs. 

Which reaction occurs at a good rate at room temperature (20 °C)? 

A C10H22 → C8H18 + C2H4 

B CH3CH2CH2Br + NH3 → CH3CH2CH2NH2 + HBr 

C CH3CH2OH + KBr → CH3CH2Br + KOH 

D (CH3)2CO + H2NNHC6H3(NO2)2 → (CH3)2C=NNHC6H3(NO2)2 + H2O
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26 The diagram shows the Maxwell-Boltzmann energy distribution curve for molecules of a mixture 

of two gases at a given temperature. For a reaction to occur the molecules must collide together 
with sufficient energy. 
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Ea is the activation energy for the reaction between the gases. Of the two values shown, one is 
for a catalysed reaction, the other for an uncatalysed one. 

Which pair of statements is correct when a catalyst is used? 

A Ea1 catalysed reaction 

fewer effective collisions 

Ea2 uncatalysed reaction 

more effective collisions 

B Ea1 uncatalysed reaction 

fewer effective collisions 

Ea2 catalysed reaction 

more effective collisions 

C Ea1 catalysed reaction 

more effective collisions 

Ea2 uncatalysed reaction 

fewer effective collisions 

D Ea1 uncatalysed reaction 

more effective collisions 

Ea2 catalysed reaction 

fewer effective collisions 
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27 Four reactions of the type shown are studied at the same temperature. 

X (g) + Y (g) → Z (g) 

Which is the correct reaction pathway diagram for the reaction that would proceed most rapidly 
and with the highest yield? 
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28 Photochromic glass, used for sunglasses, darkens when exposed to bright light and becomes 
more transparent again when the light is less bright. The depth of colour of the glass is related to 
the concentration of silver atoms. 

The following reactions are involved. 

reaction 1 Ag+ + Cl
 –  Ag + Cl 

reaction 2 Cu+ + →Cl  Cu2+ + Cl
 –

reaction 3 Cu2+
 + Ag → Cu+ + Ag+ 

Which statement about these reactions is correct? 

A Cu+ and Cu2+ ions act as catalysts. 

B Cu+ ions act as an oxidising agent in reaction 2. 

C Reaction 2 is the one in which light is absorbed. 

D Ag+ ions are oxidised in reaction 1. 
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29 When sulfur trioxide is manufactured from sulfur dioxide and oxygen, using the Contact process, 
which condition affects the value of the equilibrium constant, Kc? 

A adjusting the temperature 

B adjusting the pressure 

C using a catalyst 

D removing SO3 from the equilibrium mixture 

30 The diagram represents the reaction pathway for the following reaction. 

W(g) + X(g) → Y(g) + Z(g) 

energy

W + X

Y + Z

reaction pathway

What statement can be made about the reverse reaction, Y(g) + Z(g) → W(g) + X(g)? 

A It will have a larger activation energy and a positive ∆H. 

B It will have a larger activation energy and a negative ∆H. 

C It will have a smaller activation energy and a positive ∆H. 

D It will have a smaller activation energy and a negative ∆H. 
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Section B 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 
be correct. 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 
the statements that you consider to be correct). 

The responses A to D should be selected on the basis of 

A

1, 2 and 3 
are 

correct 

1 and 2 
only are 
correct 

2 and 3 
only are 
correct 

1 only 
is 

correct 

No other combination of statements is used as a correct response. 

31 Why does raising the pressure of a fixed mass of gaseous reactants at a constant temperature 
cause an increase in the rate of reaction? 

1 

2 

3 

More collisions occur per second when the pressure is increased. 

More molecules have energy greater than the activation energy at the higher pressure. 

Raising the pressure lowers the activation energy. 

32 A reaction pathway diagram is shown. 

energy
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Which reactions would have this profile? 

1

2

3

 (CH3)3CBr  +  NaOH  →  (CH3)3COH  +  NaBr 

 CH3CH2Br  +  NaOH  →  CH3CH2OH  +  NaBr 

 (CH3)3CCH2CH2Cl  +  2NH3  →  (CH3)3CCH2CH2NH2  +  NH4Cl 

B DC
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33 Solid calcium carbonate is added to 100 cm3 of dilute hydrochloric acid and the rate of the 
reaction is measured. 100 cm3 of distilled water is then added to a second 100 cm3 portion of the 
acid, and the experiment repeated under the same conditions. 

Why does the addition of water decrease the rate of the reaction? 

1 

2 

3 

Adding water reduces the frequency of collisions between reactant molecules. 

Adding water reduces the proportion of effective collisions between reactant molecules. 

Adding water reduces the proportion of reactant molecules possessing the activation energy. 

34 The diagram represents the Boltzmann distribution of molecular energies at a given temperature. 

energy

proportion
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Which of the factors that affect the rate of a reaction can be explained using such a Boltzmann 
distribution? 

1 

2 

3 

increasing the concentration of reactants 

increasing the temperature 

the addition of a catalyst 

35 Why does a mixture of hydrogen gas and bromine gas react together faster at a temperature of 
500 K than it does at a temperature of 400 K? 

1 

2 

3 

A higher proportion of effective collisions occurs at 500 K. 

Hydrogen molecules and bromine molecules collide more frequently at 500 K. 

The activation energy of the reaction is lower at 500 K. 
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36 Which statements about the properties of a catalyst are correct? 

1 

2 

3 

A catalyst increases the average kinetic energy of the reacting particles. 

A catalyst increases the rate of the reverse reaction. 

A catalyst has no effect on the enthalpy change of the reaction. 




