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Question 1:  

a) What is understood by atomic number, and what are isotopes?      (2 P) 

b) Give the number of electrons, protons and neutrons in atoms of uranium with atomic 
weights 235 and 238.         (2 P) 

c) Name the four quantum numbers that describe the energy levels of electrons in 
atoms. Explain briefly (keywords are enough) the significance of each quantum 
number.          (4 P) 

d) How many electrons must atoms of the elements strontium and bromine either lose or 
gain, when they form ionic compounds?      (2 P) 

e) What do (i) the Pauli Principle and (ii) Hund’s Rules tell us?   (2 P) 

f) Give the electron configuration of the oxygen (O) atom     (1 P) 

g) Arrange the elements Na, Al, Cl and F in order of increasing electronegativity. (2 P) 

  



Question 2: 

a) What is understood by (i) enthalpy of reaction and (ii) entropy of reaction? (2 P) 
b) Modern power stations often use natural gas as fuel. Give the reaction equation for 

the complete combustion of methane (CH4). 

Use the values given below to calculate the enthalpy (∆H), entropy (∆S) and Gibbs 
free energy (∆G) of reaction for the complete combustion of methane at 1500 ºC. 
(n.b. these values are appropriate for 1500 ºC, you do not need to take any 
temperature dependence into account).      (4 P) 

Substance ∆��
� [kJ/mol] ∆��

� [J/mol∙K] 

CH4 30 300 

O2 49 260 

CO2 -312 300 

H2O -179.5 259.5 

c) Using the Gibbs free energy of reaction ∆G, state the criterion for a spontaneous 
process.         
Give the reaction equation for the formation of ethene by elimination of H2 from 
ethane. Use the above criterion to explain why this reaction can take place at high 
temperature, even though the reaction is endothermic.     (3 P) 

d) For a reaction aA + bB � cC + dD, give the equation that relates the equilibrium 
constant K to the concentrations of the substances taking part in the reaction, and 
also an equation that relates K to a thermodynamic quantity.    (2 P) 

e) The formation of sulphur trioxide (SO3) from sulphur dioxide (SO2) and oxygen (O2) is 
an equilibrium reaction. Give the reaction equation, and decide whether the entropy 
increases or decreases when SO3 is formed.  
In which direction does the equilibrium position shift, when:  
● the temperature is increased?  
● an excess of oxygen is added to the starting gas mixture?  
Explain your answers, noting that the formation of SO3 is exothermic (∆Ho = -99 
kJ/mol). 
The reaction takes place with the help of a catalyst.  
How does a catalyst affect a chemical reaction? Does it change the equilibrium 
position of the reaction? What is the important chemical substance in the catalyst 
usually used for the formation of SO3?      (6 P) 

f) What is understood by oxidation and reduction? For the formation of sodium chloride 
(NaCl) from the elements (Na und Cl2), give the equations for the reduction and 
oxidation half-reactions.        (3 P) 

g) What is the potential produced by a Ag/Sn Daniell cell, in which 1 molar solutions of 
AgNO3 and Sn(NO3)2 are used (see table of standard electrode potentials at end of 
this exam script). What half-reactions take place at the electrodes?   (3 P) 

h) Two glass beakers each contain a piece of iron (Fe) metal. A 1 molar solution of 
CuSO4 is poured into one beaker; a 1 molar solution of MnSO4 is poured into the 
other. For each beaker, do you expect a chemical reaction to take place, and if so, 
what will happen?         (2 P) 

  



Question 3: 

a) Give the reaction equation for the partial  oxidation of hexane to hydrogen and carbon 
monoxide.          (1 P) 

b) What is understood by the term “greenhouse effect”, and what property of the carbon 
dioxide (CO2) molecule makes it an efficient greenhouse gas?    (1 P) 

c) Name the two allotropes of the element oxygen that are found in the atmosphere.  
For each one, give both the sum formula and the Lewis structure.  
Which of these forms is the more common, and why is it attracted into a magnetic 
field?            (4 P) 

d) How is ammonium nitrate (NH4NO3) produced from ammonia? Give equations for the 
the four reactions involved in the process.       (4 P) 

e) For each of the metals aluminium (Al), iron (Fe) and copper (Cu), state one property 
that is made use of industrially.  
For each of these metals, give a raw material from which they can be obtained, the 
most important production method, and an important industrial application.  (6 P) 

f) Why is limestone (CaCO3) added to the mixture of iron ore and coke in a Blast 
Furnace?           (1 P) 

g) Give equations for the reactions that take place when iron rusts in moist air.  (4 P) 

h) Apart from platinum itself, name two further members of the “platinum group” of 
metals. What is the main industrial significance of the platinum metals?   (2 P) 

i) What is understood by corrosion, and what is a “local element” (bimetallic corrosion)?
           (2 P) 

Question 4: 

a) There are two organic compounds with the sum formula C2H6O. Give Lewis 
structures for both compounds. To which classes of organic compounds do they 
belong? Give their correct names.       (3 P) 

b) Give the Lewis structure for the compound 2,2,4-trimethylpentane.  (3 P) 

c) Explain with the help of sketches the different covalent bonding in ethane, ethane and 
ethyne, giving the hybridisations of the carbon atoms, the orbital structures and the 
bond angles.           (6 P) 

d) Describe the mechanism of a radical chain reaction, using the formation of CH3Br 
from CH4 and Br2 as an example.       (3 P) 

e) Draw the Lewis structures of the functional groups characteristic of the compound 
classes alkenes, ketones and carboxylic acids.     (3 P) 

f) Give the structures of the characteristic repeating units in polyethene and 
polystyrene. From which monomers are these two polymers produced?  (2 P) 

  



Question 5: 

a) What pollutants can be formed during the combustion of hydrocarbon fuels in a 
combustion motor?         (2 P) 

b) What catalyst system is used to remove toxic substances from the exhaust gas of a 
petrol engine?          (1 P) 

c) Describe with the help of a diagram how the amounts of the pollutants formed 
depends on the fuel:air ratio used in the engine.     (2 P) 

d) Why is it only sensible to use an exhaust catalyst for a petrol engine, when it is being 
run with a stoichiometric (λ = 1) fuel:air ratio?     (1 P)  

e) What is understood by “knocking” in a petrol engine? What number is used to 
describe the knock-resistance of a petrol, and how is it defined?   (2 P) 

f) Why are more nitrogen oxides (NOx) formed during the running of a Diesel motor than 
for a petrol motor? What process is used to treat the exhaust gases to minimise the 
amount of pollutants released? In Diesel vehicles, what substance is added to the 
exhaust gases, and what compound is formed from this in situ that acts as a reducing 
agent in this process?        (2 P) 

g) How much CO2 is emitted by a car with a petrol engine that consumes 5,7 litre per 
100km? You may assume for the calculation that the fuel is 100 % isooctane with a 
density ρ = 0,7 g/ml, and that it is completely combusted in the engine.  (3 P) 

h) State an important function of lubricants.       (1 P) 

i) Name one solid lubricant, and one application of solid lubricants.    (1 P) 

 



 
  



 
 


