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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 as well as 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 keep 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

Some Formulae
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Spektrochemical Series:
I-<Br-<S2-<SCN-<Cl-<F-<OH-<H2O <NH3<en<CN-<CO

Mn2+<Ni2+<Co2+<Fe2+<Fe3+<Cr3+<Pt4+
Task 1


   





        11  Points
On the occasion of the 200th day of death of Joseph Haydn

In the year of Joseph Haydn’s death, 1809, Sir Humphry Davy discovered a metallic element A. In the following scheme possible reaction paths for the synthesis of the element and some of it’s compounds are shown.
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· B is a chloro compound of A. Using the fused salt electrolysis of B, which is conducted for a whole day with a current of 10000 A and a current yield of 85 %, 522.6 kg of element A are produced.

· C  is a white oxygen containing compound of A with an oxygen content of 10,4 %.

· D  contains twice, E  four times as much oxygen per formula unit than C. Compound D is used as starting aid in pyrotechnics and in aluminothermic operations (reaction C to give A).

· F  is a compound of two different elements.

· The compound G is also white and poorly soluble in water, but more readily soluble than the other homologous compounds of this group. It is also generated by the reaction of the element with water.
· H  develops a gas with the molar mass of 44 g/mol in reaction with acids.

· Substance I  crystallises in a NaCl-structure and contains two  elements.

· Compound J is found in nature. It is used in huge amounts as extender in the paper industry. The synthesis of I  from J  takes place in a rotary furnace at 1000 – 1200°C by reduction with coke, whereby carbon oxide is produced.

· In the reaction of I  to B, and I  to G  respectively a gas smelling like rotten eggs evolves. 
· The reaction of K  to give J is an often used analytical assay. 
1.1. 
What are the formulae and names of the substances A to K? Your assumption for A must be proven by a calculation.
1.2.
Which binding order is found in the anion of compound E? Give your reasoning based on the  MO-theory.

1.3.
What is the general name of the reaction from F to G?

1.4.
Write down a balanced equation for the reaction from C to A.

1.5.
Calculate the solubility product of compound G from the following electrochemical data: An+/A(s)
E° = -2.92 V;         G(s)/A(s)
E° = -2.99 V;

Davy produced element A by electrolysis following the „amalgam-method“. Thereby the element is precipitated as an amalgam on a mercury cathode. 9 years after this discovery, Ogg answered the question, whether mercury(I) ions consist of one or several mercury atoms. To do this he used the measurement of the EMF of the following galvanic cell: 
Hg(s)│Hg(I)-nitrate (c = 0.05M)∥ Hg(I)-nitrate (c = 0.5M) │Hg(s)
The value of the EMF was 0.030 V.

1.6.
Calculate the composition of the mercury(I) ion.

Element A is used for the production of superconductors. These superdonductors contain, aside from metal A Cu, Y and oxgen. The quantitative determination of the copper content of such a superconductor results from iodometric titration. After addition of iodide to a copper(II) ion containing solution they are reduced to a small extent to copper(I) ions:
2 Cu2+ + 3 I- ⇌ 2 Cu+ + I3-
These ions form with a surplus of iodide sparely soluble copper(I) iodide. 
1.7.
Calculate the equilibrium constant of the above written reaction from the following potentials: 
Cu2+/Cu+
 E° = 0.153 V;               I3-/I- E° = 0.536 V 

Task 2
                                                                                  4 points
Coordination chemistry of an essential, multi-colouring element 
A potassium cyano complex K1 of the element A exhibits a measured effective magnetic moment of µ = 3.8 B.M.. The compound shows a d-d-absorption at 26700 cm-1. The reduction of the ion A2O72- (orange in aqueous solution) with ethanol in an acidic surrounding yields the central ion of the cyano complex. This complex K1 may be reduced with potassium in liquid ammonia to give the cyano complex K2, whereby the coordination number remains unchanged.  By exchanging all ligands in K2  by ammonia, the magnetic moment of the new complex K3 will increase to µ = 4.9 B.M..

2.1. 
What is the element A?

2.2. 
Give the formula and the name of complex K1.

2.3. 
Draw the occupation of the d-orbitals for K1 and verify it by comparing the calculated and the measured magnetic moment.
2.4. 
Calculate the ligand energy splitting ∆ (in kJ/mol) for K1.

2.5. 
In case of the same central ion and the ligands H2O, Cl- and F- the following decreasing ligand splitting energies ∆ are found: 158 kJ/mol, 182 kJ/mol and 208 kJ/mol. Allocate the values to the respective ligands on the answer sheet. 
2.6. 
Give the formula and the name of complex K2.

2.7. 
Draw the occupation of the d-orbitals for K2 as well as K3 and show in each case, whether it is a high-spin or a low-spin complex.

2.8. 
The complex with the lower oxidation number of the central ion shows a distorted octahedral structure. What is the name of this effect?
2.9. 
What is the geometry of the following complex of element A: A(acac)2? Take the fact of 2.8. into account.
Task 3
                                                                                               7 points
Thermochemistry
A.
A substance from Indonesia
Borneol is a pungent smelling compound which is isolated from camphor trees in Borneo and Sumatra. At 230°C the substance isomerises to give iso-Borneol. The free standard reaction enthalpy of this reaction amounts to 
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3.1. Mark the asymmetric centres of Borneol with an asterisk (answer sheet).
3.2. How many stereoisomers of Borneol will exist?
3.3. Calculate the equilibrium constant of the isomerisation at 230°C.

3.4. Calculate the free reaction enthalpy ∆RGT of a mixture of 0.15 mol Borneol and 0.30 mol Isoborneol at a total pressure of 800 mbar. In which direction will this mixture react?
3.5. Calculate the amounts of both substances in the equilibrium mixture, if at the beginning 7.50 g Borneol and 14.0 g iso-Borneol are filled into a vessel with V = 5.0 L and heated to 230°C.

3.6. Which data in the above issues are not necessary for the calculations? 
B.
Equilibrium constants
The equilibrium constant of the reaction  

2 C3H6(g) ⇄ C2H4(g) + C4H8(g) 

may be described between 400 K and 410 K using the following equation: 
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3.7. Calculate ∆RG⊝T, ∆RH⊝T and ∆RS⊝T of the reaction at 400 K. You may assume that ∆RH⊝T and ∆RS⊝T are constant in this temperature range. 
Task 4
                                                                                               7 points
Kinetics
A.
Steady State

The aldol addition of acetone (propanone) is catalyzed using a base, which will produce a carbanion with acetone in a reversible reaction. This carbanion reacts with a second molecule of acetone to give the product. In a simplified way, the mechanism can be shown as follows: 
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4.1.
Find the rate equation for the production of P. Thereby use a steady state approximation to calculate the concentration of the carbanion species. Use the formulae HA for acetone and A- for the carbanion.
B.
An enzyme
The enzyme ATPase acts on ATP at 20°C with an enzyme concentration of [E]0 = 20 nmol/L.

Starting from 0.800 μmol/L ATP in a kinetic experiment, there will be present 0.703 μmol/L after 0.10 s. In a second experiment the ATP-concentration decreases from 3.00 μmol/L to 2.83 μmol/L in the same period.

4.2.
Calculate the initial rates of the enzyme catalyzed reactions. 

4.3.
Calculate the Michaelis-Menten-constant and the maximum rate of the reaction.

4.4. What is the turnover number of the enzyme?
C.
A 2nd-order reaction
1-Bromopropane reacts with thiosuphate ions according to the equation
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In order to gain information about the kinetics of this reaction, it is possible to titrate S2O32- with iodine solution from time to time. The following procedure is convenient. 2.00 mL of the thiosulphate solution, which is used in the experiment, need 12.2 mL of iodine solution with c = 5.00·10-3 mol/L. 20.0 mL of the thiosulphate solution are mixed with 20.0 mL of a bromopropane solution with the same initial, and, at the same time, a stop watch is started.  Then the solution is quickly filled into a burette. After 20 seconds, 10.0 mL of this solution are very quickly poured onto ice cubes in a titration flask in order to stop the reaction.  The resulting solution is titrated with the iodine solution, 16.0 mL are consumed. After 50 seconds the experiment is repeated with a second 10.0 mL-portion, the consumption of iodine solution amounts now to 9.35 mL.
4.5. Calculate the concentrations of thiosulphate after 20 s and 50 s.

4.6. Proof by a calculation that the reaction is of second order and calculate also the mean rate constant from three single values.
Task 5
                                                                                               8 points
Again and again ammonia!

The Haber-Bosch-synthesis for the production of ammonia is responsible for about 1.4 % of the annual consumption of energy world wide. 

5.1.
Give the reaction equation for the synthesis of ammonia from the elements. 
The equilibrium constant of this reaction is KP = 1.40·10-5​ at the usual applied temperature of 500°C.

5.2.
Assume that the stoichiometric mixture of 1.00 mole nitrogen and 3.00 mole hydrogen are forced to react at a pressure of 350 bar. Calculate the partial pressures of the various components after establishing the equilibrium.
In aquaristics various water parameters are measured again and again. In the denitrification of organic expulsion products ammonium ions are produced. If the pH-value is too high, ammonia will be generated, which is an unpleasant poison and therefore dangerous for fish. 
5.3.
A person keeping an aquarium measures in his 100 litre aquarium a pH of 8.00 and an ammonia concentration of 1.00 mg/L. Calculate the concentration of ammonium ions! The interaction with other ingredients is negligible. Ammonia, a weak base, has a pKB-value of 4.75.

5.4.
By addition of a special chemical for aquaria the keeper of the aquarium manages to decrease the pH to 7.00. What is now the ammonia concentration in water in mg/L? 

Task 6
                                                                                               8 points
Hexokinase

Two human hexokinase-proteins are investigated referring to possible differences. With the aid of tandem mass spectrometry it is possible, to fragment selectively special chosen ions in order to receive information about the structure. The following fragmentations have taken place in the investigated part: 
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fragment a1                   
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fragment c1
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fragment x1
	fragments of molecule A (m/z):

a1 = 88

x1 = 132

c2 = 289.1

a3 = 315.1

x5 = 594.2

c6 = 659.2

x8 = 936.3
	fragments of molecule B (m/z):

a2 = 244.1

a3 = 373.2

x2 = 189

c4 = 531.3

a5 = 601.3

a7 = 814.4

c8 = 946.4


Amino acids ( with abbreviations and molar masses in g/mol):

	Glycin
	Alanin
	Serin
	Prolin
	Valin
	Threonin
	Cystein
	Leucin
	Isoleucin
	Asparagin

	Gly
	Ala
	Ser
	Pro
	Val
	Thr
	Cys
	Leu
	Ile
	Asn

	75.0
	89.0
	105.0
	115.1
	117.1
	119.1
	121.0
	131.1
	131.1
	132.1


	Asparaginsäure
	Lysin
	Glutamin
	Glutamin-säure
	Methionin
	Histidin
	Phenyl-alanin
	Arginin
	Tyrosin
	Trypto-phan

	Asp
	Lys
	Gln
	Glu
	Met
	His
	Phe
	Arg
	Tyr
	Trp

	133.0
	146.1
	146.1
	147.1
	149.1
	155.1
	165.1
	174.1
	181.1
	204.1


The mathematical formula for the sum of masses of the total amino acids in a fragment of type an is given by:
An = m(an) + 45 + (n-1)·18

6.1.
Where do the numbers 45 and 18 come from in the above formula?

6.2.
Derive logically formulae for Cn and Xn.

6.3.
Calculate the hypothetical masses of all pieces an, cn and xn.

Each of the two parts from the two hexokinase molecules consists of 8 amino acids each with the same sequence. They differ in three places and do not contain leucine. 
6.4.
Develop the primary structures of both octapetides!

Task 7
                                                                                             15 points
Cough suppressant or drug?

The structure of salbutamol and clobutinol derive from adrenaline and belong to the group of ß-sympathomimetica. Both may be used due to their spasmolytic and anabolic action as pharmaceutical or as drug, and are therefore under severe restrictions in the application for competitive athletes.   
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The synthesis of salbutamol starts from salicylic acid and follows a series of classic reaction steps:
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Some information will help discovering the structures of A – E:

· A is a well known analgesic.
· The reaction of A to B is a rearrangement; it is a Friedel-Crafts acylation, whereby A is the acylation reagent itself. B is isomeric to A and reacts with Fe3+ as well as with 2,4-DNPH positively.

· C shows two molecular peaks in an mess spectrum at m/z 258 and m/z 260.

· In the reaction from C to D HBr is split off.

· The last step to give salbutamol is the removal of the protection group at the amine, thereby toluene is set free.
7.1.
Find the structures A – E.
7.2.
What is the mechanism for the reaction from C to D?

7.3
A 1H-NMR-spectrum of salbutimol is given. Assign the signals to the respective protons by writing the δ-values to the H-symbols of the formula. The broad signal at about 4.60 ppm disappears at addition of D2O. The signals in the range of 4.42 – 4.47 ppm accord to 3 protons (2+1). The protons in the region for aromats need not to be assigned. 
7.4.
The above synthesis delivers a racemat. The acting enantiomer is the (R)-salbutamol. Draw the stereochemical formula of (R)-salbutamol.
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Clobutinol is another cough suppressant, it was withdrawn from the open market in 2007 due to its side effects. 

The synthesis starts from toluene and butan-2-on. Only inorganic reagents and organic reagents with 1 or 2 C-atoms are used. Stereochemical aspects are not taken into account.
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Some information fort he synthesis of clobutinol:

· In the synthesis of F a second product is formed, which was separated. 
· G shows only 2 signals in a 1H-NMR (δ = 7.33 ppm, 4H (s) and δ = 4.55ppm, 2H(s); the 13C-NMR shows 5 different signals, 4 in the region of sp2-C-atoms δ = 128-136 ppm and 1 signal at δ = 45 ppm.

·  AIBN stands for azobisisobutyronitril and is a radical starter.

7.5.
Develop the structures F, G, H, J, K, M and N
7.6.
Name the reaction from butan-2-on with HCHO + K to give L?

7.7.
What is the mechanism of the reaction to give F? 

7.8.
What is the mechanism of the reaction to give G?

7.9.
Mark the chiral centres in clobutinol with an asterisk.

7.10.
How many stereoisomers has clobutinol? What is the stereochemical relation between the molcules? 
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