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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 which is lead by PD Dr. Sabine Nick.

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.

In this booklet all problems of the selection procedure and the solutions are collected

In the appendix you find tables of historical interest.
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Contact addresses:

IPN, University of Kiel, z.H. PD Dr. Sabine Nick tel: +431-880-3116

Olshausenstraße 62 fax: +431-880-5468

24098 Kiel email: nick@ipn.uni-kiel.de

IPN, University of Kiel, z.H. Monika Barfknecht tel: +431-880-3168

Olshausenstraße 62 fax: +431-880-5468

24098 Kiel email: barfknecht@ipn.uni-kiel.de
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Association to promote the IChO

(Association of former participants and friends of the IChO)

Markus Schwind (Chairman)

Treuenerstr. 5

63457 Hanau email: schwind@fcho.de

internet: www.fcho.de



4



Problems

5

Part 1

The problem set of the four rounds
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a) Copy the diagram below and fill in the respective reactions of the partial steps of the

cycle as well as the appropriate energy values (the lengths of the lines do not corres-

pond to the values of the corresponding energy). Mark endo- and exothermic processes

by changing the lines into arrows.

Calculate the lattice energy of calcium fluoride.

enthalpy of formation lattice energy

sublimation enthalpy electron affinity

dissociation energy
ionisation energy

exothermicendothermic
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In nature calcium fluoride is found as the mineral fluorite which is hardly soluble in water.

Generally the solubility of an ionic compound can be quantified by the solubility product.

The solubility product of calcium fluoride at 25°C is given by pKL = 10.52.

b) Write the mathematical equation for the solubility product of calcium fluoride.

Calculate die solubility of calcium fluoride in pure water at 25°C in g/L.

Show your calculation.

Calcium fluoride is the starting material to produce hydrogen fluoride. It reacts with

concentrated sulfuric acid at 200 – 250°C in a rotary kiln, 20 m long and 3 m wide, made

from steel.

c) Write the equation of the reaction of sulfuric acid with calcium fluoride.

d) Calculate the volume (in mL) of sulfuric acid (96 % m/m, d = 1.84 g /cm3) which is

necessary to produce 1000 L of hydrogen flurorid. Assume complete reaction at 1.013

bar isobar and 200°C.

To produce the element fluorine hydrogen fluoride is needed. You get fluorine by electrolysis

of a mixture of moisture-free hydrogen fluoride and potasium fluoride.

e) Chlorine can be produced by elctrolysis of an aquous solution of a chloride.

Explain the reason why this process is not possible for fluorine. Argue on the base of

standard potentials.

Write down the reactions at the cathode and the anode of an electrolysis of an aquous

solution of sodium fluoride.

Problem 1-2 Pigments

Within living memory men use pigments to memorize and pass on important information by

scriptures and images. Because of their extraordinary light and weather resistence inorganic

pigments are especially suitable for durable drafts and paintings. At first naturally occuring

pigments, often of limited availability, made of finely ground minerals and earths were

applied. Later on synthesis of products indentical to natural pigments or of totally new

pigments opened undreamed-of possibilities. First syntheses were performed in the ancient

world and even nowadays new pigments are produced.

In the following text the syntheses of four inorganic pigments are described:
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1) 5.0 g of sodium dichromate are finely ground with 0.62 g of sulfur, heated up to 800°C.

The product is leached out with water.

2) 3.0 g of lead(II) oxide are finely ground with 1.0 g tin(IV) oxide amd heated up to 650°C.

3) Lead(II) oxide is annealed while exposed to air.

4) 2.0 g of silica, 0.66 g of copper(II) oxide, 0.83 g of calcium carbonate and 0.75 g of

borax are finely ground and annealed at 900°C for several days.

a) Write the names of the produced pigments, their compositions and the reaction

equations of the syntheses.

b) What is the benefit of borax in synthesis 4)? How can you purify the raw product easily?

c) Cite one more blue (iron containing), yellow (lead containing), green (copper but no

other metal containing) and red (mercury containing and used in painting) inorganic

pigment and record a possible synthesis by writing reaction equations.

In a painter’s shop an old unlabeled can with a green pigment in it was found. The painter

would like to use it but has to find out first the exact composition of the green pigment.

Therefore 1.818 g of the green powder are opened up. The solution is filled up with diluted

sulfuric acid. 20mL of this solution are treated with excess of potassium iodide and

afterwards titrated with sodium thiosulfate (c = 0.100 mol/L) until the brown colour

disappears. Consumption: 16.45 mL

d) Specify which metal is detected by this way.

Write all reaction equations of this determination method.

Calculate the content of Me in this sample.

e) Could the green powder be a mixture of pigments of part a)? Justify your answer.

Another analysis shall reveal the exact composition of the green powder. Therefore 2.000 g

are heated under airtight conditions. Besides 1.439 g of a black, not volatile compound water

vapor and a gas, which clouds barium-hydroxide solution, form.

f) Determine the compostion of the green pigment.
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Second Round (homework)

Problem 2-1: Aluminium and Some of its Compounds

Aluminium is after steel the most important metal used. Raw material for the production of

aluminium is bauxite with the main components aluminium oxid and iron oxide.

The composition of bauxite is to be analysed: 0.3437 g of bauxite are opened up. Al(III) and

Fe(III) are precipitated with ammonia as water containing hydroxides. Annealing to constant

weight results in 0.2544 g of iron and aluminium oxide.

To determinate the content of iron another sample of 0.6444 g of bauxite is opened up and

treated with sodium hydroxide. Annealing of the precipitate of the residue leads to 0.1588 g

of Fe(III)-oxide.

a) Calculate the mass content (percentage) of iron and aluminium in the examined bauxite.

To seperate both oxides in large scale mostly the „Bayer“-process is used which takes

advantage of the different solubilities of the hydroxides of both metals.

The sparingly soluble iron hydroxide is filtered off. Diluting the remaining solution with water

leads to precipitation of aluminium hydroxide.

Aluminium(III) concentration in a saturated aqueous solution depending on pH value at 25°C

b) Account for the strong pH dependance of the concentration of Al(III) in an aqueous

solution.

Aluminium is technically produced by fused-salt electrolysis of aluminium oxide and cryolite

(Na3AlF6). Therefore an eutectical mixture is used where the melting-point depression is

pH value
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e) Write the reaction equations of the formation of aluminium carbide and of the reaction of

aluminium carbide with water including the formula of gas X.

Calculate the equilibrium constant of the hydolysis of aluminium carbide at 25 °C. Which

side of the reaction is favored ?

f) Which amount of aluminium carbide (in g) is needed to produce 100 L of gas X (p =

1013 hPa, T = 298 K)?

Intercalation compounds may also be formally counted as carbides. Many electron donors

as alkali, alkaline earth and lanthanoide metals intercalade in a graphite matrix with different

compositions. The illustration shows the unit cell of a carbon/potassium intercalation

compound.

Unit cell of an intercalation compound of potassium in graphite from two different points of view (the
black atoms are partially situated in adjacent unit cells; big atoms: potassium, small atoms: carbon).

g) Calculate the empirical formula of the displayed compound.

The oxide of aluminium is found as corundum in several natural deposits. The colourless

corundum is the number five in hardness of all known substance. Due to this fact it is used

as polishing and grinding agent In its crystal structure the O2–- ions form hexagonal close-

packing, the Al3+-ions occupy 2/3 of the octahedral gaps. The exchange of a small

percentage of aluminium cations by other metal ions leads to intensely coloured gem stones.

The red ruby contains chromium(III) cations, the blue sapphire iron(II)- and titanium(IV)-

cations.

h) Explain why corundum is colourless and elucidate the colour of ruby with the help of

crystal-field splitting. Where does the colour of sapphire come from?
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Green chromium(III) oxide shows the structure of corundum. Here too the chromium(III) ions

are responsible for the colour.

i) Why do chromium(III) oxide and ruby differ in colour? Give an explanation using the

crystal-field theory.

Problem 2-2 Synthesis of a Copper Complex

A is a five membered cyclic compound composed from 71.61 % C, 7.51 % H, 20.88 % N

(mass percent) with a molar mass of 67 g/mol.

B is an aromatic compound with the empirical formula C11H14O, which reacts with Tollens’

reagent. It is substituted in p position, its 1H- and 13C-NMR spectra are given below. In the

IR spektrum you find an intensive band at approx. 1700 cm-1.

A and B are mixed and dissolved in propionic acid and filled in a flask with reflux condensor.

They react in the molar ratio of 1:1 at boiling temperature to form the intensive violet

coloured macrocyclic compound C (85.88 % C, 7.45 % H, 6.67 % N) with a molar mass of

839 g/mol. In the 1H-NMR spectrum of C you find 5 signals at -2.74, 1.61, 7.75, 8.15 and

8.87 ppm with the intensity ratio of 1 : 18 : 4 : 4 : 4.

a) Determine the empirical formala and the structure of A.

b) Is A aromatic or antiaromatic? Account for your decision.

c) Give the structure and the name of B..

d) Determine the empirical formula of C. How many molecules of A and B form a

molecule C?

e) Describe the first steps of the reaction mechanism (total reaction of one molecule of B).

Which kind of reaction mechanism is concerned?

f) Draw one resonance structure of C.

During the reaction of A and B to form C you find an oxidation (dehydrogenation).

g) Specify which oxidizing agents could be possible in this process.

Compound C reacts with copper(II) acetate in dimethyl formamide as solvent to form

complex D (CuC60H60N4).

h) Draw one resonance structure of the macrocyclic complex D.





Problems Round 2

17

Problem 2-3 Study of a Drug

A drug X is looked at. It inhibits the pumping of protons and suppresses the secretion of

chloric acid in the stomach. Amongst others it is used to treat gastric ulcer.

The synthesis of compound X follows the following procedure:

a) Write the name of the starting compound and plot the structures of A, D, E, F, G.

b) Give the mechanism of the reaction of D with acetic anhydride.

Hint: Be aware of tautomerism.

c) Give the reaction mechanism of the rearrangement. Which is the driving force of this

reaction?

d) For what was MCPBA (m-chloroperbenzoic acid) used in the last step of the synthesis?

e) Is the product of the sythesis chiral? Account for your answer.

Compound X is a “prodrug“. Prodrugs are materials which come pharmacological into

operation after metabolism in the body. The drug X reacts only in acidic surrounding to form

the active inhibitor of proton pumps (H+/K+-ATPase).

This happens via a spiro compound as intermediate followed by rearrangement to form a

sulphenic acid. Sulphenic acid reacts by cleavage of water to form the active metabolite, a

cyclic sulphenamide. The sulfenamide reacts with H+/K+-ATPase by forming a disulphide

bridge and thus the enzyme is blocked irreversible

Drug X

MCPBA = m-Chloroperbenzoic acid

Acetic anhydride

- CH3COOH

Rearrangement
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f) Plot the structures of the spiro compound and of the sulphenamide.

Drug X Spiro compound

Sulphenic acid

Sulphenamide
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Problems Round 3

Test 1 Berlin and Köln 2007: Problems 3-01 to 3-10

Test 2 Berlin and Köln 2007: 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 table 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




