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1 Red lead oxide, Pb3O4, is used in metal priming paints. It can be made by heating PbO in air. 

6PbO(s) + O2(g) → 2Pb3O4(s) 

Which two values are needed to calculate the enthalpy change for this reaction? 

A enthalpy change of combustion of lead and enthalpy change of formation of Pb3O4 

B enthalpy change of combustion of PbO and enthalpy change of formation of Pb3O4 

C enthalpy change of formation of PbO and enthalpy change of atomisation of O2 

D enthalpy change of formation of PbO and enthalpy change of formation of Pb3O4 

Section A 

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

2 An exothermic chemical reaction proceeds by two stages. 

reactants intermediate products
stage 1 stage 2

The activation energy of stage 1 is 50 kJ mol–1. The overall enthalpy change of reaction is 
–100 kJ mol–1.

Which diagram represents the reaction pathway for this reaction? 
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3 Skiers trapped by snowstorms use heat packs to keep warm. The heat may be generated by the 
reaction below. 

4Fe(s) + 3O2(g) → 2Fe2O3(s) ; ∆HO = –1648 kJ

What is the standard enthalpy change of formation of iron(III) oxide? 

A 0 kJ mol–1 

B –824 kJ mol–1

C –1648 kJ mol–1

D –3296 kJ mol–1

4 Slaked lime, Ca(OH)2, may be made from limestone, CaCO3. 

On heating in a lime kiln at 1000 °C, limestone decomposes as follows. 

reaction 1 CaCO3(s) → CaO(s) + CO2(g) 

Water is then reacted with calcium oxide, CaO, as follows. 

reaction 2 CaO(s) + H2O(l) → Ca(OH)2(s) 

What are the enthalpy changes of these reactions? 
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5 The standard enthalpy changes of formation of HCl and HI are –92 kJ mol–1 and +26 kJ mol–1 
respectively. 

Which statement is most important in explaining this difference? 

A Chlorine is more electronegative than iodine. 

B The activation energy for the H2 / Cl2 reaction is much less than that for the H2 / I2 reaction. 

C The bond energy of HI is smaller than the bond energy of HCl. 

D The bond energy of I2 is smaller than the bond energy of Cl2. 

6 Which equation represents the standard enthalpy change of atomisation of bromine? 

A Br2(l) → 2Br(g) 

B Br2(g) → 2Br(g) 

C 1

2

D 1

2

Br2(l) → Br(g) 

Br2(g) → Br(g) 

7 The gaseous oxides of nitrogen have positive enthalpy changes of formation. 

Which factor is likely to make the most significant contribution to these enthalpy changes? 

A the high bond energy of the nitrogen molecule, N2 

B the high electron affinity of nitrogen atoms 

C the high electron affinity of oxygen atoms 

D the similarity of the electronegativities of oxygen and nitrogen 
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8 For which equation is the enthalpy change correctly described as an enthalpy change of 
formation? 

A 2NO(g) → N2(g) + O2(g) 

B 2CO(g) + O2(g) → 2CO2(g) 

C H2O(l) + NaCl(s) → NaCl(aq) 

D K(s) + Mn(s) + 2O2(g) → KMnO4(s) 

9 1Given CO(g) + 
2

O2(g) 

O2(g) 1H2(g) + 
2

H2O(g) 

→ CO2(g)

→ 2H O(l)

→ 2H O(l)

∆Ho = –283 kJ mol–1 

∆Ho = –286 kJ mol–1 

∆Ho = –44 kJ mol–1 

what is the change in enthalpy, ∆Ho, for the following reaction? 

CO2(g) + H2(g) → CO(g) + H2O(g) 

A –525 kJ mol–1 B –41 kJ mol–1 C +41 kJ mol–1 D +525 kJ mol–1 

2

1

10 Given S(s) + O2(g) → SO2(g), ∆H 

o = –297 kJ mol –1 

and S(s) + 1  O2(g) → SO3(g) ∆H 
o = –395 kJ mol –1 

what is the enthalpy change of reaction, ∆H o, of 2SO2(g) + O2(g) → 2SO3(g)? 

A –196 kJ mol –1 B –98 kJ mol –1 C +98 kJ mol –1 D +196 kJ mol –1 

f

f
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11 The table shows the enthalpy change of neutralisation per mole of water formed, ∆H, for various 
acids and bases. 

cid baseacid ∆H / kJ mol–1 

––57.

––54.

––52.

hydrochloric acid 

P 

hydrochloric acid 

nitric acid 

sodium hydroxide 

sodium hydroxide 

Q 

R ––57.

What are P, Q and R? 

P Q R

A 

B 

C 

D 

ethanoic acid 

ethanoic acid 

sulphuric acid 

sulphuric acid 

ammonia 

sodium hydroxide 

ammonia 

sodium hydroxide 

potassium hydroxide 

ammonia 

potassium hydroxide 

ammonia 

12 The standard enthalpy changes of formation of iron(II) oxide, FeO(s), and aluminium oxide,
Al2O3(s), are  –266 kJ mol–1 and –1676 kJ mol–1 respectively.

What is the enthalpy change under standard conditions for the following reaction?

3FeO(s) + 2Al (s) � 3Fe(s) + Al 2O3(s)

A + 878 kJ B – 878 kJ C –1942 kJ D –2474 kJ

13 Use of the Data Booklet is relevant to this question. 

Which of the bonds in the structure below has the lowest bond energy? 

A

H

H C C
C

H

H F

Cl
B

D
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14 Gaseous phosphorus pentachloride can be decomposed into gaseous phosphorus trichloride and
chlorine by heating. The table below gives the bond energies.

What is the enthalpy change in the decomposition of PCl5 to PCl3 and Cl2?

A –420 kJ mol–1 B –90 kJ mol–1 C +90 kJ mol–1 D +420 kJ mol–1

bond bond energy / kJ mol–1

330P-Cl (in both chlorides)

Cl-Cl 240
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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. 

15 Nitrogen and oxygen react in a hot car engine to form nitrogen monoxide which is a serious 
pollutant in our cities and in the countryside. However, nitrogen and oxygen do not react at room 
temperature. 

Which statements help to explain why nitrogen and oxygen do not react at room temperature? 

1 

2 

3 

The reaction is endothermic. 

A high activation energy is required. 

Nitrogen has a high bond energy. 

16 Sodium ions can be formed from sodium atoms. 

Na(s) → Na+(g) 

Which quantities are required to calculate the enthalpy change of formation of gaseous sodium 
ions? 

1 

2 

3 

enthalpy change of atomisation of sodium 

first ionisation energy of sodium 

enthalpy change of formation of sodium 

B C D
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17 Which of the enthalpy changes of the following reactions can only be obtained by application of 
Hess’ Law? 

1 

2 

3 

The hydration of anhydrous copper sulphate to form crystals of CuSO4.5H2O. 

The formation of methane from its elements. 

The combustion of glucose, C6H12O6. 

18 The diagram illustrates the energy changes of a set of reactions. 

R

H = _134 kJ mol
S

T U
H = _75 kJ mol

H = +92 J mol  1

 1_

 1_

Which of the following statements are correct? 

1 

2 

3 

The enthalpy change for the transformation U → R is + 42 kJ mol–1
 . 

The enthalpy change for the transformation T → S is endothermic. 

The enthalpy change for the transformation R → T is – 33 kJ mol–1
 . 
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19    The conversion of graphite into diamond is an endothermic reaction (∆H = +3 kJ mol–1).

C(graphite)  → C(diamond)

Which statements are correct?

1 The enthalpy change of atomisation of diamond is smaller than that of graphite.

2 The bond energy of the C–C bonds in graphite is greater than that in diamond.

3 The enthalpy change of combustion of diamond is greater than that of graphite.




