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Total:     .........../60

Hints
· You are given 5 hours as a maximum to solve the competition tasks.

· To achieve this you have this booklet, a booklet with answer sheets and draft paper at your hand. You may also use a PSE, a non programmable calculator and a blue or black biro, nothing else.

· Write your answers into the corresponding boxes on the answer sheets. Only these will be collected and marked. You may take with you the booklet with the problems, the information sheets and the draft paper.

Constants and data
R = 8.314 J/mol.K
F = 96485 A.s/mol

NA = 6.022.1023 mol-1
c = 2.9979·108 m/s

h = 6.62·10-34 J.s
1 eV = 1.6022‧10-19 J

Standard conditions: 25°C, 1 bar
Some formulae
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Task 1


   





          7 points
From the most abundant metal to Thénards blue
The metal in question is produced by electrolysis. Using a current of 30000 A (90% electricity yield) for 10 hours, 90.6 kg of this metal are deposited. In its pure form it crystallizes in a cubic centred lattice. Using a copper source (λ = 154 pm) in X-ray analysis for the lattice plane (1 1 1) a first order diffraction angle of 19.3° is measured.
1.1. What is the metal in question? Give proof for your assumption by a calculation.
1.2. Calculate the lattice constant a0 of the elemental cell.

1.3. Calculate the density of the metal.

At 750-800°C the metal reacts with chlorine producing a colourless, very hygroscopic solid which consists of dimers connected via two chlorine bridges. The substance hydrolizes to give a poorly soluble hydroxide, additionally producing HCl(g). This hydroxide behaves amphotericly and produces an octahedral hydroxo complex at high pH values.
1.4. Draw the constitutional formula of the chlorine containing the dimeric compound. 
1.5. Write down a balanced reaction equation for the hydrolysis of the chlorine containing compound.
1.6. Give the formula and the name of the hydroxo complex. 
The element X forms nicely coloured minerals with bivalent metals and oxygen, so called spinels. In such a spinel structure the oxide ions form a cubic face centred lattice, where 12.5% of the tetrahedral vacancies are occupied by the metal M, while 50% of the octahedral vacancies are covered by the metal X. Spinels are used as coloured pigments in ceramic production or, due to its characteristic colours, in analytical chemistry. One example is the so called Thénards blue, a dye with cobalt as bivalent metal.
Under certain conditions a so called “inverse” spinel structure may also be generated. The number of occupied tetrahedral and octahedral sites remains unchanged, but metal M now occupies the octahedral sites and the other metal X occupies tetrahedral and octahedral sites in a 1:1 proportion. Comparing the totals of the ligand field stabilising energies LFSE of each of the metal ions in an elemental cell, it is possible to forecast whether the spinel is a normal or an inverse one.
1.7. How many tetrahedral and octahedral sites are present in a cubic face centred lattice? 
1.8. What is the empirical formula of Thénards blue?

1.9. Determine by calculation whether an iron-chromium spinel exhibits a normal or an inverse spinel structure (Fe2+: high spin; Cr3+: low spin).
Task 2
                                                                                 7 points
Non metal chemistry on connection with an allotropic element 
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The molecules and particles A to L in the above scheme contain, aside from Y, only oxygen and/or hydrogen. Compound B is a technically extremely important substance, which condenses to give an ice-like solid below 17°C. It is the basis for the synthesis of the strong acid H. Compound B cannot be generated directly by combustion of element Y, but only by catalytic oxidation of compound A, a pungent smelling gas. This gas produces a moderately strong acid after reaction with water which cannot be isolated in water free form. If gas A reacts with magnesium hydroxyde, a solution containing ions D will be generated. Using this solution the company Lenzing AG produces cellulose by boiling.   By attachment of the Lewis-acid A to the Lewis-base E the ion F is produced. The potassium salt of F is used for disinfection, as in combination with water, gas A is generated.

Compound A may react with strong reducing agents to give acid G. The anion of acid G has strong reducing capability in alkaline solution, and thus instantaneously precipitates silver from a silver nitrate solution.

In the above mentioned electrolysis the anion of compound I is generated, which has the molecular formula  H2Y2O8. Hydrolysis of compound I delivers, after splitting off acid H, the so called Caro’s acid  J.

The anions K form a well known silver complex.

2.1. What is the element Y ?
2.2. Write the formulae and the names of substances A to L into the table at the answer sheet.
2.3. Which particle is oxidized by electrolysis from H to I ?

2.4. Give the name of the structure of ion E according to the VSEPR-theory.

2.5. Mark the proper box on your answer sheet concerning the bonding angle in particle E.
Task 3
                                                                                              6 points
Thermodynamics and electro chemistry
Consider two fuel cells:

⊖: CH3OH | H+(aq) | O2 ⊕

⊖: CH4 | H+(aq) | O2 ⊕
3.1. Write balanced reaction equations for the two combustions. 
Consequently you should find out which of the two fuel cells is better suited considering the following criteria:
(1) The equilibrium voltage of the cell (= emf, electromotive force)

(2) The electric work producible per mol oxygen
(3) The electric work producible per mass of cell content
(4) The thermodynamic efficiency
For your calculations use the following caloric data:

	substance
	ΔBH⊖298 (kJ/mol)
	S⊖298 (J/mol.K)

	CH3OH
	-239
	127

	CH4
	-74.9
	186

	O2
	0
	205

	CO2
	-394
	214

	H2O
	-286
	70.0


3.2. Calculate the change of enthalpy, entropy and free enthalpy at standard conditions for both cells per mol of „fuel“. 
3.3. Calculate the standard cell voltage (= emf) of both cells. Which cell is more effective in this respect?
3.4. Calculate the possible work of each cell assuming standard concentrations of all cell constituents, referring to 1 mol O2. Which cell is more effective in this respect?
3.5. Calculate the possible work of each cell assuming standard concentrations of all cell constituents, referring to the mass of reactants. Which cell is more effective in this respect?
3.6. Calculate the thermodynamic efficiency of each cell. Which cell is more effective in this respect?
Task 4
                                                                                              5 points
Kinetics
By oxidation of glucose in food oxygen is reduced to water but to some minor extent also to produce the radical O2-. In order to destroy this highly toxic radical the enzyme superoxiddismutase SOD comes into action. The enzyme is referred to as E, and catalyzes the following reaction:
2 O2-  +  2 H+                  O2  + H2O2
In a buffer solution of = 9.1 kinetic investigations were carried out. The initial concentration of SOD had the value [E]0 = 0.400·10-6 M. The initial reaction rate v0 of the above described disproportion was measured at room temperature using different initial concentrations of O2- -radical anions.

	c0(O2-)  mol/L
	7.69·10-6
	3.33·10-5
	2.00·10-4

	v0  mol/L·s
	3.85·10-3
	1.67·10-2
	0.100


4.1.
Find the reaction order in the rate law v = k·[O2-]n.

4.2.
Calculate the rate constant k.

The following mechanism was proposed for the reaction:


 O2-  +  E                  O2  + E-


O2-  +  E-                  O22-  + E                   E  +  H2O2
4.3.
Propose a rate law fort his mechanism, assuming that k2>k1. Find out whether this law matches the experimental law from 4.1. E- is not very stable, therefore [E-] remains constant after a short initial phase.
4.4.
Using a steady state approximation for E -, calculate the two rate constants k1 and k2 assuming that k2 is twice as big as k1.

Task 5
                                                                                              9 points
Iodide-ions…….

a) in analytical chemistry
An important analytical evidence for lead(II), as well as for iodide is the typical yellow PbI2-precipitate. The solubility product of this poorly soluble salt amounts to 8.30‧10-9.

5.a)1.
Calculate the molar concentration of Pb2+ and of I-​ in a saturated solution of PbI2.

In preparation of a spot test a solution of potassium iodide (solution A) with a concentration of 0.100 M is fabricated. Now we look for a suitable concentration for a lead nitrate solution (solution B), where also 100 mL are needed.
5.a)2. 
Calculate the minimum mass of lead(II) nitrate for the preparation of solution B which is necessary to produce a precipitate in a spot test with solution A. Assume that equal volumes of A and B are mixed.
Solid PbI2 is added to a solution of sodium iodide with the concentration of 0.1 M. 

5.a)3.
Calculate the concentration of Pb2+ in this solution using suitable simplifications.
5.a)4.
Calculate the concentration of Pb2+ in this solution avoiding any simplifications. In order to solve the upcoming equation use the approximation method by Netwon. 


Compare the result with 5.a)3..
b) in medical science 

The two radioactive isotopes 123I and 131I in form of sodium iodide are used for diagnostics and treatment of thyroid gland diseases.
123I shows electron capture with a half life of 13.3 hours. 131I disintegrates according to β- with a half life of 8.07 days.

5.b)1.
Write the disintegration equations for both isotopes. 
5.b)2. 
Calculate the activity of 123I in Becquerel per kg sodium iodide-123I. Calculating the molar mass assume that the mass number of the iodine nuclide corresponds to the molar mass of iodine in units. 
123I is used for thyroid gland scintigraphics. By this method a small amount of radioactive iodine is injected into the body, and after a short while, the radiation emitted is measured with a gamma-camera. The results allow to draw conclusions about the reception of iodine into the thyroid gland and thus about possible diseases. The usual way is to inject sodium iodide with an activity of 10.0 MBq.

5.b)3. 
Calculate the mass of sodium iodide which has to be injected assuming that all the iodide is the nuclide 123I.

Radioactive pharmaceuticals are always delivered directly from the company responsible for he production. The company guarantees a certain activity at a certain point in time. Thus, an activity of 37 MBq per mL injection solution was ordered for Tuesday noon.
5.b)4. 
Which mass of sodium iodide must be weighed in at 16.00 the day before to guarantee the ordered activity on the next day (again assuming that all the iodide is the nuclide 123I)?
Task 6
                                                                                               5 points
Stereochemistry and spectroscopy
In the focus of this task there is the compound 3-chloro-4-fluoro-1,1-dimethylcyclohexane.

6.1.
Draw the constitutional formula of the compound and mark all centres of chirality by an asterisk.
6.2.
The compound contains 14 H-atoms. How many different signals (multiplet peaks are counted as one signal) will be found in a 1H-NMR?

6.3.
Which of the H-atoms will cause the signal with the lowest chemical shift? 
6.4.
Which multiplicity will be found in this signal?
6.5.
Which of the H-atoms will cause the signal with the highest chemical shift?
6.6.
How many stereo isomers exist from this compound?
6.7.
Draw the configurational formula of the substance using stereo formulae with quoins and dots, the cyclohexane frame being a planar hexagon. Assume that all chirality centres have R-configuration.
6.8.
Draw the configurational formula of the substance using stereo formulae with quoins and dots, the cyclohexane frame having a chair-form. 
6.9.
Complete the Newman-projection on your answer sheet looking in the direction of the bond axis C-6→C-1 and C-4→C-3.

Task 7
                                                                                             13 points
Synthesis and structure investigation of rare fatty acids
From the fatty capsule of the tuberculosis bacillus, aside form other products, the left-rotating (R)-tuberculostearic acid K may be gained by hydrolysis. The structure of this acid was proven by the synthesis of racemic tuberculostearic acid. 

The constitutional formula of K is:


7.1. Find the IUPAC-name of tuberculostearic acid.
7.2. Draw the configurational formula of natural (R)-tuberculostearic acid. 
The following scheme shows a synthesis for the racemic acid: 



The reaction of G to give H occurs only at the aldehyde group. 
7.3. Draw the structures of compounds A – J.

7.4. In the above scheme a certain compound is referred to. The three signals in a 1H-NMR-spectrum show the intensity proportion of 6:2:4 namely at δ = 1.28 ppm (t). δ = 3.36 ppm (s) and at δ = 4.20 ppm (q). Which of the compounds of the above scheme matches this description?

In the hydrolysis of the fatty capsule of the tuberculosis bacillus another acid, mycolipenic acid L (C27H52O2) is accumulated which causes typical tuberculous damage if injected into bodies of animals.  The structure of this acid was clarified by classical methods. She consists of a linear rest CH3(CH2)17-  (here referred to as R- ) and the other rest of the molecule  –C8H14-COOH. This other rest contains three methyl groups. 
7.5. Aside from the double bond of the carboxylic group, how many double bonds are there in mycolipenic acid?
For clarification of the structure the following reactions were accomplished: 

7.6. Which constitutional formulae have the compounds O, M and N ?

7.7. Draw the constitutional formula of mycolipenic acid.

7.8. How many chiral centres can be found in L?

7.9. How many stereoisomers are possible in total?

7.10. One of the compounds in the second scheme shows a very intense C=O-band in an IR-spectrum at 1667 cm-1. Which of the compounds is referred to? Give reasoning for your decision. 
Task 8
                                                                                               8 points
Fatty acid degradation
The synthetic saturated fatty acid A undergoes several degradation steps: 



In the reaction of von B to C β-oxidation is not possible, in the reaction of C to D however only ω-oxidation. 

The compound I at the end of the reaction sequence has the following elemental composition: 49.30 % C,   6.91 % H,   43.79 % O.

The 1H-NMR of substance I shows the following signals: a singulet at 12.2 ppm (2 H), a multiplet at 2.6 ppm (2 H), and a dublet at 1.0 ppm (6 H). The 13C-NMR of substance I also shows three signals: at 176 ppm, 41 ppm, and 13 ppm.

8.1.
Draw the constitutional formulae of compounds A to I. For the formula of coencym A use the abbreviation „HS-CoA“.

From I we additionally know that it exist as meso-form. 
About A we know that it contains three chiral centres, whereby the two near the ω-end lying centres exhibit R-configuration.

8.2.
Draw the configurational formula of A. 
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