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You are advised to spend 30 minutes answering the questions in this booklet.

QUESTION ONE: SMELTING ZINC

(a)  The smelting of zinc ores involves the reaction of Zn and ZnS with oxygen gas according to 
the following equations:

  Zn(s)   +   
1
2 O2(g)    →     ZnO(s)    ∆r  H ° = – 348 kJ mol–1

  ZnS(s)   +   1
1
2 O2(g)  →   ZnO(s)   +   SO2(g)  ∆r  H ° = – 441 kJ mol–1

 Using the following information and the data above, 

  S(s)    +    O2(g)   →     SO2(g)    ∆f  H ° = – 297 kJ mol–1

 calculate the value of the enthalpy change, ∆r  H °, for the reaction:

  Zn(s)    +    S(s)   →   ZnS(s)

(b) Using the result of the calculation in part (a) above, describe, with a reason, whether the heat 
of formation of ZnS is endothermic or exothermic.
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QUESTION TWO: FUEL CELLS

A fuel cell, such as that used on a space-craft, is similar to a battery.  An example is the fuel cell 
that ‘burns’ hydrogen and oxygen to produce water and energy.

The overall equation for the reaction is 

    2H2(g)    +    O2(g)    →     2H2O(l )   ∆r  H ° = – 572 kJ molH ° = – 572 kJ molH ° –1

(a) If the water produced is in the gas phase the equation for the reaction is 

    2H2(g)    +    O2(g)    →     2H2O(g)

 Use the following bond enthalpies to calculate ∆r  H ° for this reaction.H ° for this reaction.H °

Bond
Bond Enthalpy

kJ mol−1

H–H 436

O=O 498

O–H 460

(b) Write an equation for which the enthalpy change is equal to ∆vap  H ° (HH ° (HH ° 2O).

(c) By considering the nature of the reaction in part (b), describe why it is an endothermic 
change.

(d) Using the information in parts (a) to (c) above, calculate the value of ∆vap  H ° (HH ° (HH ° 2O).
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QUESTION THREE: COMBUSTION OF ETHANOL

The diagram to the right shows a simple calorimeter.

It can be used to measure the enthalpy of combustion of 
ethanol, C2H5OH.

(a) If 1.00 g of ethanol is burned in the spirit burner, the 
temperature of the 200 g of water is found to increase 
from 22°C to 40°C. Using these results, calculate the 
experimental value of ∆cH (C2H5OH, l).

M(C2H5OH, l) = 46 g mol–1     Specific heat capacity of water = 4.18 J g–1 °C–1

(b) The experimental value of ∆cH(C2H5OH,l) calculated above, is found to be only about half the 
‘accepted’ value. Use the following data to calculate ∆c  H °(C2H5OH,l).

C2H5OH(l)  +  3O2(g)  →  2CO2(g) + 3H2O(l)

∆f  H °(C2H5OH,l)  =  –277 kJ mol–1           ∆f  H °(H2O,l)  =  –286 kJ mol–1

∆f  H °(CO2,g)  =  –394 kJ mol–1

(c) Give two reasons why the experimental value for the enthalpy of combustion of ethanol 
calculated in part (a) is so much less than the ‘accepted’ value calculated in part (b).

200 g water

Spirit burner

Ethanol     
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QUESTION FOUR: BONDING

A chemistry textbook was found to include a table showing the following information.

Substance Bonds broken
∆fusH ° H ° H

kJ mol–1
Melting point

°C
Boiling point

°C

Nitrogen, N2

Heptane, C7H16

Water, H2O

Sodium chloride, NaCl

van der Waals 

van der Waals

hydrogen bonds

ionic 

0.36

90.6

6

28

– 210

37

0

801

– 196

– 196

100

1467

(a) Describe what is meant by the term ∆fus  H °.

(b) A knowledge of the nature of the substances in the table would indicate that the row of data 
for one of the substances is obviously incorrect. 

 Name this substance.  

 Discuss the nature of bonding in the substances named in the table above, and hence clearly 
explain why the row of data values can be identifi ed as incorrect.
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Extra paper for continuation of answers if required.Extra paper for continuation of answers if required.
Clearly number the question.
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