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Preface

To become a member of the German IChO-team you have to be successful in four

rounds of a national competition.

The problems to be solved in the 1st round are sent to all highschools. To solve the

problems the students may use all resources available, e.g. textbooks etc.

All those students who solve about 70% of the tasks correctly will receive the problems

of the 2nd round, which are to be solved in the same way as mentioned above. These

problems are the most difficult ones in the whole competition.

The top 60 of the participants of the 2nd round are invited to the 3rd round, a one-week

chemistry camp. Besides lectures, excursions to chemical plants or universities and

cultural events there are two written theoretical tests of 5 hours each.

The top 15 of the 3rd round are the participants of the 4th round, a one-week practical

training. There are two written five-hour tests - one theoretical and one practical - under

the same conditions as at the IChO. Here the team is selected.

Responsible for organic questions: Dr. Wolfgang Bünder

Responsible for all other questions: Wolfgang Hampe

Responsible for the practical test: Dr. Wolfgang Bünder
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Contact addresses:

IPN, University of Kiel, z.H. Dr. Wolfgang Bünder tel: +431-880-5013 (3168)

Olshausenstraße 62 fax: +431-880-5468

D-24098 Kiel/Germany email: buender@ipn.uni-kiel.de

Wolfgang Hampe tel: +431-79433

Habichtweg 11 email: Hampe@t-online.de

D-24147 Klausdorf/Germany

Association to promote the IChO

(Association of former participants and friends of the IChO)

Christoph Jacob tel. +6101-33100
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D-61138 Niederdorfelden/Germany

Internet address : www.fcho.de
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Part 1

The problem set of the four rounds
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First Round (homework)

Problem 1-1 Correct Indications in a Catalog?

In catalogs of chemicals you find concentrated sulfuric acid, 95 -98 % solution. On the bottle

shipped to a school is written ”1 L = 1.84 kg”.

To find out the real concentration a student dilutes 5 mL of it to 500 mL. Then he takes five

samples of 10.00 mL each and titrates with standardized sodium-hydroxide solution

(c(NaOH) = 0.1760 mol/L):

sample 1 2 3 4 5

V(NaOH) in mL 20.15 19.65 21.30 20.40 20.35

a) Calculate the concentration (mol/L) in the 500 mL solution.

b) What is the mass percentage of the original sulfuric acid?

c) Calculate the mole fraction of sulfuric acid in the original solution.

Problem 1-2 Production of Aluminium

You cannot imagine modern everyday life without aluminium.

Raw material for the production of aluminium is bauxite which contains aluminium oxide.

a) Name at least three advantages of aluminium as a substance compared to iron. Give

disadvantages too.

Specify the approximate percentage of Al2O3 in bauxite, name deposits of bauxite which

are actually exploited. Explain the origin of the name “bauxite“.

To produce aluminium aluminium oxide (corundum) has to be seperated from bauxite.

Afterwards a fused salt electrolysis is made of a solution of corundum in cryolite. The

temperature of the melt is about 970 °C, a current of 130 kA is used with an efficiency of 95%

and a voltage of 5 to 7 V.

b) Describe the actually used process of seperation of aluminium oxide. Use reaction

equations.

c) Give the formula of corundum and the reason why it is employed.

Write equations for primary and as the case may be secondary reactions at the anode

and the cathode. Give a total reaction equation which includes the secondary reactions

too.

d) Calculate the energy (in kWh), the mass of bauxite (which contains % of mass of Al2O3)

and the mass of the anode material graphite to produce 1 t of aluminium.

Assume 5.0 V as voltage of the electrolysis and again a current efficiency of 95%.
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Problem 1-4 Substitution with Obstacles

Find an optimal way to synthesize 1-bromo-3-Chlorobenzene. Use only reactions with high

yield.

Starting material for the synthesis is 1-chlorobenzene.

Account for the individuel steps of the synthesis.

Problem 1-5 Aromatic Heterocyclic Compounds

Oxazole is an aromatic heterocyclic compound with a five membered ring:

a) Draw the ring with its p orbitals and the orbitals with free electron pairs.

Explain why oxazole is aromatic.

b) Compare the alkalinity (acceptance of protons) between oxazole and pyrrole.

Which of the N atoms in oxazole or in pyrrole is more alkalic?

Justify your decision using orbital images of oxazole and pyrrole.

N

O

H

H

H

N
H

Pyrrole

Oxazole
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Problem 2-2 Spinels

In a narrower sense spinels are mixed oxides of the type M(II)M´(III)2O4 (M, M´ = metal

cations), which owe their name to the so called "spinel" MgAl2O4.

The basis of their crystal lattices forms a cubic face-centred closed packing of oxide ions.

In this packing there are cavities of different sizes, octahedral and tetrahedral holes. The

following figure shows the position of a tetrahedral hole.

Fig.1 Cubic face-centred close packing
with tetrahedral hole

In spinels M2+ ions occupy tetrahedral , M’ 3+ ions octahedral holes.

a) Draw one octahedral hole in a plot like fig. 1. Mark the centres of all the other octahedral
holes.

b) Calculate the percentage of occupied tetrahedral and octahedral holes respectively of the
spinel CoAl2O4.

The unit cell of a spinel lattice consists of eight cubes shown in fig. 1. At a certain

temperature T the edge of the unit cell of CoAl2O4 has a length of 912 pm. Thereby directly

neighbouring spheres of oxide ions touch each other.

c) Calculate the density of this compound at the temperature T.

d) Determine the maximal radius which the spherical M2+ ions and the spherical M’ 3+ ions
may have in order to fit in the corresponding holes of this unit cell.

Besides the cubic face-centred packing of the oxide ions it depends on the ratio of cations

and anions whether a compound is assigned to the spinels or not. This ratio has to be 3:4.

These conditions provided even compounds with oxidation numbers of the metal ions

diverging from +II und +III are assigned to spinels.

e) Which oxidation numbers may the metal ions in the spinel SnCo2O4 exhibit?

It is possible to determine the oxidation states of the metals in SnCo2O4 by measuring the

paramagnetism.

f) Give the number of unpaired electrons per formula for all cases mentioned in e).
Take also the possibility into account that not Snn+- but Com+-ions occupy the tetrahedral
holes.

A spinel X shows a compositon of 43,9% O, 18,5% Al as well as 37,6% of other metal ions

(mass percentage in each case)

g) Determine the other metal ions in the spinel X.
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Problem 2-4: Structure and Reaction of an Organic Compound

Compound D naturally occurs in terms of manifold derivates. Essential oils (e.g. camo-mile

oil) which are valued for their anti-inflammatory impact embody some of the deri-vates of D.

D is a blue hydrocarbon, soluble not in water but in strong mineral acids. The dipole moment

amounts to 1.08 Debye, unexpected high for a hydrocarbon. The elementary analysis shows

water and carbon dioxid in the mass fraction of 1 : 6,11.

The following image is the 1H-NMR-spectrum of compound D:

(CHCl3 = contaminant in the solvent CDCl3 gives rise to the peak at 7,26 ppm)

2 2 21 1
Intensitätsverhältnis

a) By means of the spectrum you are able to predict a property of the structure of D without
knowing the exact structure.
Specify this property of the structure.
Calculate the ratio n(C):n(H) and the empirical formula of D.

The exact structure of compound D is to be determined by classical synthesis.

It starts with 2,4-dinitrochlorobenzene and pyridine. These two compounds form in a

nucleophilic substitution a compound A. A does not contain any chlorine.

A reacts with 2 equivalents dimethylamine eliminating 2,4-dinitroaniline to form an open

chain compound B.

Ratio of intensities
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Problems for Round 3

Test 1 Berlin and Köln 29. 03. 2006: Problems 3-01 to 3-10

Test 2 Berlin and Köln 31. 03. 2006: Problems 3-11 to 3-20

time 5 hours,

your name write it on every answer sheet,

relevant calculations write them down in the appropriate boxes,

otherwise you will get no points

atomic masses use only the periodic system given,

constants use only the values given in the table

answers only in the appropriate boxes of the

answer sheets.

nothing else will be marked
draft paper use the back of the pages of the problem booklet,

but everything written there will not be marked,

problem booklet you may keep it.

Good Luck
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Third Round, Test 1

Problem 3-1 (multiple choice, more than one answer may be correct)

a) Catalysts are substances which

A) change the reaction rate

B) transform a reaction into a spontaneous reaction

C) shift the equilibrium of a reaction towards the products

D) change the activation energy

b) A, B and C are gases which react according to A + B 2 C, Kp = 3.6 (5000 K).
In a system it can be observed that pA = 2.3 bar, pB = 4.0 bar and pC = 3.6 bar. Which of
the following statements is correct?

A) the system is at equilibrium

B) the system is not at equilibrium, A and B react to form C

C) the system is not at equilibrium, C reacts to form A and B

D) the system is at equilibrium, nevertheless a part of A and B reacts to form C

E) the system is at equilibrium, nevertheless a part of C reacts to form A and B

c) The two Br isotopes, 79Br and 81Br, have a natural molar abundance of about 50% each.
Which is the expected mass spectrum of the parent cation, Br2

+?

0

0

d) The ions below are isoelectronic. Which of the following sequences is correctly arranged
according to their size?

A) I- < Te2- < Ba2+ < Cs+ B) Ba2+ < Te2- < Cs+ < I- C) Cs+ < Ba2+ < Te2- < I-

D) Te2- < I- < Cs+ < Ba2+ E) Ba2+ < Cs+ < I- < Te2-

e) A compound has the molecular formula C4H8. How many isomers may exist maximally?

A) 2 B) 3 C) 4 D) 5 E) 6
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Problem 3-10 Chirality of a Compound

The chirality of1-Bromo–3,4-dichlorocyclopentane shall be analysed.

a) Give the number of stereogenic centres of 1-bromo-3,4-dichlorocyclopentane and the

maximum number of stereoisomers you may expect.

Actually there are less isomers.

b) Depict all structural formulas of the stereoisomers of 1-bromo-3,4-dichlorocyclopentane

and account for the reason that there are less than the maximum number.

Which of them show optical activity?

Hint for the images: In the picture of a three membered ring the thick point indicates an H

atom above the plain of the ring.

If there is not such a point the H atom lies below that plain and therefore the substituent lies

above it.

CH3

CH3

1

23

= H
H3C

CH3H 1 2

3

You may use one of these ways of drawing.

example:


