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Prifung in Chemie
fur Studierende des Maschinenbaus und des Lehramts an

Gymnasien
Friday, 4th October 2013, 15:00-18:00

No unauthorised resources (e.g. lecture notes, textbooks etc.) may be used during the examination.
Any attempt to use such unauthorised resources will be considered as cheating, and will lead to
immediate exclusion from the examination and a mark of 5,0.

Foreign students may use a dictionary (mother tongue — English) but this may not contain any

handwritten notes. The use of a calculator is not permitted.

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.
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Section 1:

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

b) Give the numbers of protons, neutrons and electrons in nitrogen atoms with
atomic weights 14 and 15, respectively. (2P)

c) Name the four quantum numbers that describe the energy levels of electrons
in an atom. Briefly describe the significance of each quantum number. (4P)

d) What do (i) the Pauli Principle and (ii) Hund’s Rules tell us? (2P)
e) Give the electronic configuration of the molybdenum (Mo) atom. apP)
f) What method is used to determine the mass of an atom? What are the three
main stages in this experimental method? (4P)
g) Use the VSEPR model to determine the 3-D geometries of SFg, [AI(OH),],
CO, and SbFs. (4P)
h) State the ideal gas equation. apP)
Section 2:

a) What is understood by (i) the standard enthalpy of formation of a compound,
and (ii) enthalpy of reaction? (2P)

b) Give the Gibbs-Helmholtz equation.
What is the criterion for a spontaneous chemical reaction?
What conditions must be fulfilled if an endothermic process is to occur
spontaneously? (3P)
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c) What are the characteristics of a chemical equilibrium?
Give the equation that relates the equilibrium constant K of a typical reaction
to the concentrations of the products and starting materials, and also the
equation that relates K to thermodynamic quantities.

What effect does an increase in temperature have on the equilibrium position
of an endothermic reaction, and what is the effect of removing a product of the
reaction?

What is the effect of an increase in pressure on the equilibrium position of a
reaction in which the number of gas-phase molecules decreases?

Which general Principle determines the effect of external influences (changes
in temperature or pressure, removal of a reaction component etc) on a system
such as an equilibrium?  (6P)

d) Ethene can be obtained by the dehydrogenation of ethane. Write down the
reaction equation.

Calculate the Standard Enthalpy of Reaction (AH°), the Standard Entropy of

Reaction (AS°) and the Gibbs free Energy of Reaction (AG°) using the

following values:

AH®(C,Hg) = -84.7 kJ mol™, AH(C,H.) = 52.4 kJ mol™

S°(CyHg) = 229.6 J mol™ K*, S°(C,H,4) = 219.3 I mol™ K™,

S°(H,) = 130.7 I mol™* K* (4P)
e) The formation of sulphur trioxide (SOs3) from sulphur dioxide (SO,) and oxygen

is an equilibrium reaction. Give the reaction equation, and decide if entroipy

increases or decreases as the reaction proceeds.

In which direction is the equilibrium position displaced, if

e the temperature is increased

e an excess of oxygen is added to the initial gas mixture?

Explain your answers, noting that the reaction is exothermic (AH = -99 kJ/mol).
(3P)

f) Determine the stoichiometric coefficients for the following redox reactions, and
give the oxidation states for the species taking part:
[1Cr" +[]1H02+[]OH — []1CrO,” +[] H,0
103+ [JHSOz + [JH" — [11"+ [ H2SO4+ [T H” (4P)
g) In each of the half-cells of a Galvanic cell, a sheet of platinised platinum is
dipped in a 1 M H,SO, solution at 25 °C, and the respective gas is passed
over the platinum at a pressure of 1.013 bar. What voltage will be measured
when H; is passed through one half-cell, and O, through the other? What are
the two half-reactions?
(3P)

Section 3:

a) What is understood by “Los Angeles Smog” (also known as “Summer Smog”)?
Give the equation for the chemical reaction that results in “Los Angeles
Smog”. (2P)

b) Give the equations for the stratospheric reactions involving CFCs
(chlorofluorocarbons, such as CCI3F) that are responsible for the formation of
the Ozone Hole. (2P)
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c)

d)

f)

g)
h)

What is the oxidation state of sulphur in the following compounds: H,S, Sg,
Na,SO3; and SO3? (2P)

How is ammonium nitrate made from ammonia? Give the equations for the
four reactions. (4P)

Bauxite, a mixture of Al,O; and Fe;0Os, is an important raw material in the
production of aluminium. What are the three main steps in the production of
aluminium from bauxite? Give chemical equations for the reaction(s) taking
place in each step.

Calculate the electric current that must be passed through the electrolysis cell,
if aluminium is to be produced at a rate of 54 kg/h.

Assume the Faraday constant F = 96500 C/mol, and round the atomic mass of
Al to 27 g mol™. (6P)

Name two raw materials from which iron can be obtained.

Which industrial process is used to obtain iron? What substance is the
reducing agent of the iron ore?

Why is lime (CaCOz3) used in iron production? Give equations for the reactions
in which the lime (or a substance derived from it) is involved.

During the chemical reactions involved in the formation of iron, finely-divided
carbon is formed via the Boudouard reaction, and this carbon dissolves in the
liquid iron. Give the equation for the chemical equilibrium involved in the
Boudouard reaction.

What negative effect does this dissolved carbon have on the properties of the
raw iron?

Name a process used during steel production, to reduce the carbon content of
the steel. (6P)

What is understood by corrosion? apP)

Give equations for the chemical reactions that take place when iron rusts in
moist air. What are two important methods that can be used to prevent such
rusting? (4P)
Name three of the elements that belong to the Platinum Group of metals. What
is the main industrial significance of these metals? (2P)

Aufgabe 4:

a)

b)

There are five organic compounds with the sum formula C4Hs. Choose any
two of these, and draw their Lewis formulae, give their correct names, and
state which class of organic compound each of them belongs to. (3P)

What hybridisation do carbon atoms have that are involved in single, double or
triple bonds? What is the spatial arrangement of the bonds around the carbon
atom in each case? (3P)

Give four characteristic structural features of the benzene molecule, and draw
the two mesomeric structures for the molecule. (3P)

Draw the Lewis formulae for the characteristic functional groups of carboxylic
acids, esters, ketones and alkenes. (4P)

Draw the Lewis formula for the compound 2-hydroxy-3-amino-4-methyl-5-
ethyl-cyclohexanone. (4P)
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f) What is understood by the terms macromolecule and polymerisation?  (1P)

g) Give the Lewis formulae for the repeating units in polyethene, polypropene,
polyvinylchloride, polystyrene and polyacrylonitrile. From which monomers are
these polymers produced? (5P)

h) How much CO, (in g/km) is emitted by a petrol motor with a fuel consumption
of 5,7 litre/100km? Assume that the fuel is 100 % isooctane, with a density of
p=0,7 glcm? (3P)
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Reduzierte Form = Oxidierte Form +ze” Standardpotential
E°inV
Li = Li* + e —3,04
K =K+ + e~ —292
Ba = Ba?* +2e” —2,90
Ca = Ca2*t +2e= —287
Na =:Nat e —-2.71
Mg = Mg?* +2e~ —2,36
Al =A% +3e~ —1,68
Mn = Mn4t +2e~ —1,19
Zn =7Zn%t +2e~ —0,76
Cr =GP +3e~ —0,74
S2- =38 +2e” —0,48
Fe = Fe2* +2e~ —0,41
Cd =HCdRt +2e” —0,40
Co =1Coh +2e” —0,28
Sn =502 +2e~ —0,14
Pb = Pb?* +2e~ —-0,13
Fe = Fe3+ +3e~ —0,036
H, + 2H,0 = 2H;0" +2e” 0
Sn2+ — i +2e~ +0,15
Cut —=rCu?t + e~ +0,15
SO, + 6 H,O = SO, +4H,;0" +2e- +0,17
Cu = Cu?* +2e~ +0,34
Cu = Cu* + e~ +0,52
21 =21 +2e” +0,54
H202+2H20 = 02+2H30+ +2e” +0,68
Fe2+ = Fe3+ + e~ +0,77
Ag = Ag™* + e~ +0,80
Hg = Hg?* +2e~ +0,85
NO + 6 H,O = NO; +4H;0" +3e~ 40,96
2Br— = Brn, +2e~ +1,07
6H,0O = 02+4H30+ +4e +1,23
2CP* +21H,0 = Cr,05 + 14H,0™" +6e~ +1,33
2Cl™ = Cl, +2e” +1,36
Pb** + 6 H,O = PbO, +4H;0" +2e” +1,46
Au = Au®t +3e” +1,50
Mn2* +12H,0 = MnO, +8H;0" +5e~ +1,51
3H,0 + O, = 0, +2H;0* fole- +2,07

2F~ =F +2e” +2,87




