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Answer all questions. Answers must be written within the answer boxes provided.

1.	 Iron(II) sulfide can be produced by heating powdered iron and sulfur together.

(a)	 Describe the difference between an element and a compound.� [2]
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(b)	 Outline why solid iron(II) sulfide is a polar covalent compound. Use sections 9 and 17 
of the data booklet.� [1]
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(c)	 Contrast one physical property of iron and iron(II) sulfide.� [1]
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(d)	 Calculate the wavelength, in m, for the limit of convergence observed in the line 
spectrum of iron. Use sections 1, 2 and 9 of the data booklet.� [3]
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2.	 Cobalt ions form coloured compounds.

(a)	 Deduce the electron configuration of the Co2+ ion.� [1]

���������������������������������������������������������������������������������������������������������������������������������������������������

(b)	 An equilibrium is established when hydrated cobalt ions are mixed with concentrated 
hydrochloric acid.

[Co(H2O)6]
2+(aq) + 4Cl-(aq)



[CoCl4]
2-(aq) + 6H2O(l)

Pink Blue

(i)	 Predict the effect on the value of K and the equilibrium position when solid 
sodium chloride, NaCl(s), is added to the mixture at constant temperature.� [1]
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(ii)	 Heating an equilibrium mixture that is initially pink changes the colour to purplish-
blue. Deduce, giving a reason, whether the formation of [CoCl4]

2-(aq) is an 
exothermic or endothermic process.� [1]
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3.	 An equilibrium is established between gaseous carbon monoxide and steam.

CO(g) + H2O(g)  CO2(g) + H2(g)

Under certain conditions of temperature and pressure, 2.7 mol of CO(g) and 2.9 mol of H2O(g) 
were placed in a 1 dm3 container and allowed to reach equilibrium.

(a)	 State the equilibrium constant expression, K, for this equilibrium.� [1]
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(b)	 At equilibrium, there was 1.5 mol of CO2(g) present. Calculate the amount, in mol, of 
the other gases and hence find the value of the equilibrium constant, K.� [2]
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(This question continues on the following page)
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(Question 3 continued)

(c)	 A mixture of CO2(g) and H2(g) can be used in a molten carbonate fuel cell, which is 
similar to a hydrogen fuel cell.

e

gases out

anode
electrolyte

cathode

e

CO2 and H2 in

unused CO2 and O2

CO3 
2 

CO3 
2 

CO2 and O2 in

Deduce the half-equations for the reactions occurring at each electrode.� [2]

Anode:  CO3
2- + ______________  CO2 + ______________

Cathode:  CO2 + ______________  CO3
2- + ______________

(d)	 Suggest why the molten carbonate fuel cell is considered to be  
environmentally friendly.� [1]
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