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Question 1:  

a) What is the difference between an element and a chemical compound? What is the 
difference between isotopes of the same element?     (3P) 

b) What do the numbers in the nuclide Li7
3  tell us? 

Give the electronic configurations of sodium (Na) and nitrogen (N), showing clearly 
how electrons are distributed between orbitals of the same energy.  
Explain why compounds of the formulae Na2O and NH3 form from their respective 
constituent elements. Give reasons for your answer.    (4P) 

c) In the analytical method Atomic Absorption Spectroscopy, the substance to be 
analysed is first atomised, the atoms are then introduced into a beam of 
polychromatic light, and the intensity of the transmitted light is measured as a function 
of wavelength.  
What results does one obtain from this? Why can it be used as an analytical method? 
This method is based on a principle that is important for the description of the 
electronic structure of atoms. What is this principle?    (2P)  

d) Name the four Quantum Numbers, that determine the energy levels of electrons in an 
atom. State briefly the significance of each Quantum Number.   (4P) 

e) On which physical principle is the separation process Solvent Extraction based? (1P) 

  



Question 2: 

a) What are the oxidation states of the nitrogen atoms in the following compounds: N2O, 
N2, NH3, NO2?          (2P) 

b) The formation of ammonia (NH3) from the elements is an exothermic equilibrium 
reaction. Give the equation for the reaction, and explain why entropy decreases as 
the reaction proceeds. Why was it such a great challenge to develop an efficient 
industrial synthesis of ammonia, for which Carl Bosch obtained the Nobel Prize? 
In which direction is the equilibrium position shifted, if:  
(i)  the temperature is increased?  
(ii)  the pressure is increased?  
Explain your answer, noting that the reaction is exothermic (∆H = -46 kJ/mol). (6P) 

c) Fritz Haber, who taught in Karlsruhe, discovered in 1909 that the synthesis of 
ammonia from the elements required the use of a catalyst, and at first used metallic 
osmium for this.   
Why must a catalyst be used? Does this alter the equilibrium position? 
Osmium is very expensive. What catalyst is now used industrially?   (3P) 

d) Ammonia, or alternatively urea, can be used to remove polluting substances from 
waste gases.  
Which toxic gases are formed in internal combustion motors?  
What group of toxic waste gases can be removed using ammonia? Give the reaction 
equations.  
Why is urea used instead of ammonia in mobile systems such as car engines? (6P) 

e) The use of gas-powered motors is being encouraged. What volume (in m3) of CO2 is 
produced by the combustion of 2.24 m³ of methane (in both cases at 273K und 1 
bar)? What is the mass of this CO2 in kg? (C: 12 g mol-1, H: 1 g mol-1)  (2P) 

f) What is understood by the “Greenhouse Effect”? Which property of the CO2 molecule 
makes it a significant greenhouse gas?      (2P) 
 

Question 3: 

a) According to Brønsted and Lowry, what is understood by acids and bases? Give the 
reaction equation for the protolysis equlibrium of ethanoic acid (H3CCOOH) in water. 
State which of the four species involved are acting as acids, and which as bases.
            (3P) 

b) At room temperature, the solubility product of PbCl2 LPbCl2 = 3.2 × 10-5 (mol/l)³. What is 
the concentration of Pb2+ (In mol/l) in a saturated solution of PbCl2 in pure water, and 
what would the concentration of Pb2+ be if the water contains 0.1 mol/l chloride? Use 
these Pb2+ concentrations to calculate the solubility of PbCl2 (in g/l) in the two 
solutions. M(PbCl2) = 278.2 g/mol        (4P) 

c) Determine the stoichiometric coefficients for the “Thermite” redox reaction:  
 [ ] Fe2O3 + [ ] Al → [ ] Fe + [ ] Al2O3 
Which substance is acting as a reducing agent, and which as an oxidising agent?
           (3P) 

d) What is the potential (in volts) of a Co/Zn Daniell cell, if 1 molar solutions of cobalt(II) 
sulphate and zinc(II) sulphate are used? What are the redox half-reactions? (n.b. 
standard reduction potentials are listed on the last page of the Klausur).                 
Will the potential of this Galvanic cell increase or decrease, if the concentration of 
Co2+ is decreased? What is the equation that can be used to calculate this (give 
either the equation itself or its name)?       (5P) 



e) Two glass beakers each contain a piece of tin metal (Sn). One beaker is then filled 
with a 1 mol/l solution of CuSO4, the other with a 1 mol/l solution of FeSO4. In each 
case, use the table of Standard Reduction Potentials on the last page to explain 
whether you expect a chemical reaction to take place.    (2P) 

f) Give the equations for the two redox half-reactions that take place when a lead 
accumulator (car battery) is discharged. What happens when the accumulator is 
recharged?          (3P) 
 

Aufgabe 4: 

a) Give the name of an industrial method for the production of hydrogen from 
hydrocarbons. Give the corresponding reaction equation(s).    (2P) 

b)  Draw the Lewis-structure for the ozone (O3) molecule, and give the reaction equation 
for the formation of ozone.        (2P) 

c) State three industrially-important properties of metals.    (3P) 

d) What is understood by Passivation?       (1P) 

e) State a property of aluminium that makes it an important industrial material. 
The main raw material for the production of aluminium is the ore bauxite, which is a 
mixture of Al2O3 and Fe2O3. 
What are the four principal steps in the production of aluminium from bauxite? Give 
the equations for the reactions that take place in each stage.   (6P) 

f) Most of the sulphur that is needed for the production of sulphuric acid is obtained 
from the processing of mineral oil or natural gas.  
Which sulphur-containing compound is obtained in this way? Which process is used 
to obtain sulphur from this compound? Give the reaction equations. 
Give the equations of the reactions that take plave during the industrial production of 
sulphuric acid from sulphur.        (5P) 

g) In a Blast Furnace, partial oxidation of coke results in formation of the reducing agent 
CO. This is also involved in the Boudouard equilibrium, by which finely-divided carbon 
is formed which dissolves in the liquid iron.   
Give the reaction equation for the Boudouard equilibrium.  
What disadvantageous effect does this dissolved carbon have on the “pig iron”?  
Give the name of a process that is used to reduce this carbon content during the 
production of steel.         (3P) 

h) What is understood by corrosion, and what is a local element?    (2P) 

i) Give two methods for protecting metals from corrosion.    (2P) 

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

 

Question 5: 

a) What is the hybridisation of carbon atoms involved in single, double and triple bonds, 
respectively? In each case, what is the three-dimensional geometry of the bonds to 
the central carbon atom?        (3P) 

b) Give three structural characteristics of the benzene molecule, and draw the Lewis-
structures of the two mesomeric structures. What is the hybridisation of the carbon 
atoms?          (3P) 

c) Give the Lewis-structure of the 3,3-dimethylpentan-1-ol molecule. X  (2P) 



d) Draw the Lewis-structures of the characteristic functional groups of ketones, alcohols 
and carboxylic acids.           (3P) 

e) Explain why an alcohol has a much higher boiling point than the corresponding 
alkane with the same number of carbon atoms. Why is ethane hydrophobic, whereas 
ethanol is hydrophilic?        (2P) 

f) Describe using a simple sketch the difference between a simple distillation and 
distillation using a fractionating column.       (2P) 



 



 

 


