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No unauthorised resources ( e.g. lecture notes, textbooks etc.) may be used  during the 
examination.  

The use of a calculator is not permitted. All calculations have been set up, so that if you build up 
and derive an algebraic equation, and only substitute numerical values at the end, many of these will 
cancel conveniently, and a calculator is thus not necessary. 
Foreign students may use a dictionary (mother tongue – English) but this may not contain any 
handwritten notes. Enough paper will be provided; do not bring any paper of your own into the 
examination hall. 

Any attempt to use unauthorised resources will be c onsidered as cheating, and will lead to 
immediate exclusion from the examination and a mark  of 5,0. 
Numerical answers that are given without showing any working or explanation will receive no marks.  

In general, short answers with keywords will be sufficient; long essays are not necessary! To illustrate 
or explain a point, a clear sketch is often sufficient! 

The maximum number of points for each question is given in parentheses.  

Conversion from % to Note: 

0-49,5 50-54 55-59 60-64 65-70 71-75 76-80 81-85 86-90 91-95 96-100 
5,0 4,0 3,7 3,3 3,0 2,7 2,3 2,0 1,7 1,3 1,0 

 
Question 1: 

a) What is understood by an element, and what are isotopes? Give the number of protons 
and neutrons in chlorine atoms of mass number (atomic mass) 35, and also for Cl atoms 
with mass number 37.         (2 P) 

b) What method can be used to measure atomic mass? Describe briefly the three main steps 
in such a measurement.          (4 P) 

c) What is observed when the light emitted from thermally-excited atoms is passed through a 
prism and separated into its constituent wavelengths? What does this tell us about the 
structure of atoms?          (2 P) 

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

e) Which simple rule predicts that elements from Group 2 generally form cations with charge 
2+?            (1 P) 

f) What do elements within the same Group in the Periodic Table have in common?  (1 P) 

g) What is the underlying physical principle for separation processes such as solvent 
extraction and chromatography?        (1 P) 

h) How does an osmotic pressure arise?       (1 P) 

i) What are hydrogen bonds?        (1 P) 
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Question 2: 

a) Give the equations that can be used (with the help of data from tables) to calculate the 
changes in enthalpy (∆H), Gibbs free energy (∆G) and entropy (∆S) for a reaction.  (3 P) 

b) Use the change in free energy (∆G) to formulate the criterion for a spontaneous reaction 
or process. What is then the necessary condition for an endothermic reaction to be 
spontaneous?          (2 P) 

c) What are the characteristics of a chemical equilibrium?  
Give the equations relating the equilibrium constant K of a reaction (i) to the 
concentrations of the substances involved in the reaction and (ii) to thermodynamic 
quantities.  
What is the effect of an increase in temperature on the equilibrium position of an 
endothermic reaction, and what is the effect of removing a product from an equilibrium 
reaction?  
What effect does an increase in pressure have on a gas-phase equilibrium in which the 
number of gaseous atoms or molecules decreases as the reaction proceeds?  
Which general principle underlies the effects of changes in temperature or pressure, and 
of the addition or removal of substances involved in the reaction?    (4 P) 

d) Give the formula for the solubility product LAB2 for a fully-dissociated salt of formula AB2. 
What is the correct unit for LAB2?  
At room temperature the solubility product for PbCl2 is 3.2 x 10-5 (mol/l)³. What is the 
concentration of Pb2+ in a saturated solution of PbCl2 in distilled water? What is the 
concentration of Pb2+ in a saturated solution of PbCl2 in water in which the concentration of 
chloride ions is 0.1 mol/L?        (3 P) 

e) What is understood by the rate of a chemical reaction and by the (kinetic) order of a 
reaction? What is an elementary reaction?  
Give the equation that describes the influence of temperature on the rate of a chemical 
reaction.           (2 P) 

f) What is understood by (i) oxidation and (ii) reduction?     (1 P) 

g) Two beakers each contain a piece of cobalt (Co). A 1 molar solution of CuSO4 is added to 
one beaker, a 1 molar solution of FeSO4 is added to the other. In each case, use the table 
of Reduction Potentials (at the end of the exam script) to predict whether a chemical 
reaction will take place.           (1 P) 

h) What voltage do you expect from a Galvanic fuel cell operated with hydrogen and oxygen, 
in which the pressures of H2 and O2 are each 1 bar, and the electrolyte has pH = 0? What 
half-reactions are taking place?          (3 P) 

i) Determine the stoichiometric coefficients for the following redox reaction: 
[  ] Fe  +  [  ] NO3

-  +  [  ] H+   →   [  ] Fe2+  +  [  ] NO  +  [  ] H2O    (1 P) 
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Question 3: 

a) Name the two different molecular forms in which elemental oxygen occurs in the 
atmosphere. For each form give the sum formula and the Lewis structure. Which of these 
two forms is the more common, and why are molecules of this form attracted into a 
magnetic field?   
The other form occurs mainly in the stratosphere, and protects us from UV radiation. What 
reactions are important here?        (4 P) 

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

c) In Germany, most of the sulphur needed for the manufacture of sulphuric acid comes from 
the processing of crude oil and natural gas.  
As what substance is the sulphur obtained? 
Give the reaction equations for the steps in the manufacture of sulphuric acid from this 
substance? (Note: you should assume that the refinery and the sulphuric acid factory are 
not close to each other, and that only “safe” chemicals can be transported between them!)  
During the manufacture of sulphuric acid, SO3 is formed in an exothermic rection. What is 
the effect of the resulting increase in temperature on the yield of SO3 that can be 
obtained? What measures are taken to increase the yield?  
Calculate the emissions of SO2 (in kg) that result when 32 tonnes of sulphur are converted 
by these reactions to H2SO4. Assume that all the reactions are quantitative except for the 
formation of SO3, which has a yield of 99.5%.       (9 P) 

d) Name two important properties of metals that are made use of by industry.   (1 P) 

e) What is understood by passivation?       (1 P) 

f) Name two properties of aluminium (Al) that are exploited in its industrial use.  
From what raw material is aluminium mostly produced? Give the important stages of the 
process by which this raw material is converted to the starting material for the production 
of aluminium metal. Name the most important production method and an important 
industrial application for aluminium metal. What reactions take place during the 
manufacture of the metal?         (7 P) 

g) In a blast furnace, partial combustion of coke results in CO, which then acts as the 
reducing agent. CO also takes part in the Boudouard equilibrium, by which finely-divided 
carbon is formed which then dissolves in the iron.  
Give the reaction equation for the Boudouard equilibrium.  
What negative effect does this dissolved carbon have on the properties of the raw iron? 
Name a process used during the manufacture of steel, by which its carbon content can be 
reduced.            (3 P) 

h) What is understood by corrosion, and what is a local element?    (1 P) 

i) Name two important methods for protection from corrosion.    (1 P) 

j) Name two (other than platinum!) metals of the “platinum metals”. What is the main 
industrial use of these metals?        (2 P) 
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Question 4: 

a) What is the hybridisation of carbon atoms involved in single bonds, in a double bond, and 
in a triple bond. What bond angles do you expect in each case?    (3 P) 

b) There are two organic compounds with the sum formula C2H6O. For each of them, give its 
correct name and its Lewis formula (Lewis structure), and say to which class of organic 
compound it belongs.           (3 P) 

c) Give the Lewis formulae for the functional groups that characterise esters, ethers and 
amides.             (3 P) 

d) Give two characteristic structural features for the benzene molecule, and draw the Lewis 
formulae for the two mesomeric forms.       (2 P) 

e) Describe with the help of a simple sketch the difference between simple distillation and 
distillation with a fractionating column. Which of these two basic methods is used in oil 
refineries for the production of motor fuels?      (3 P) 

f) Describe the mechanism of a radical chain reaction, using radical polymerisation as an 
example.           (3 P) 

g) Give the Lewis formulae for the characteristic repeating units in polyethene, polypropene 
and polystyrene. From which monomers are these polymers produced?  (3 P) 

 

Question 5: 

a) What are the main components of (i) petrol and (ii) diesel fuel?    (1 P) 

b) Which pollutants are produced during the combustion of hydrocarbons in a combustion 
motor? Which of these are present in a motor that is running “lean”?   (3 P) 

c) Describe how a storage catalyst can reduce the emission of pollutants.   (2 P) 

d) Name an important use of lubricants.       (1P) 

e) From where are mineral lubricating oils obtained? Name two important characteristic 
parameters for evaluating the quality of a mineral lubricating oil.    (3 P) 

f) Name a solid lubricant and an application of solid lubricants.    (2 P) 

g) How much (in g/km) is emitted by a diesel motor with a consumption of 5.65 litres per 100 
km? For the calculation, assume that the fuel is pure cetane (C16H34, density ρ = 0.8 
g/cm³) and that the combustion is complete.      (3 P)  
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