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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 redox potentials
	Ox/Red
	E° (V)
	Ox/Red
	E° (V)
	Ox/Red
	E° (V)

	Zn2+/Zn
	-0.76
	Fe3+/Fe2+
	0.77
	BrO3-/Br-
	1.44

	Sn4+/Sn2+
	0.15
	Cr2O72-/Cr3+
	1.33
	Mn3+/Mn2+
	1.51

	SO42-/SO32-
	0.17
	Cl2/Cl-
	1.36
	MnO4-/Mn2+
	1.51


Some useful formulae:
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Problem 1


   





         8  points
A base light metal
The silvery whitish shining metal X in question with the density of ρ = 4.506 g/cm3 (at room temperature) is of great importance for aircraft and spacecraft industry as well as for the construction of lab apparatus production. Fineley powdered it burns with a bright, white flame and therefore is used in closed rooms as „torte sparklers“ or „sparkling stars“, or for pyrotechnical fireworks with low smoke output. At 883°C the metal changes its crystal system from a hexagonal face centred to a cubic space centred elemental cell. In this process the density decreases to a value of 5.60% less than before. The atomic radius of the metal is 144.8 pm.

1.1. What is the coordination number of the metal in the hexagonal face centred cell, what in the cubic space centred cell.

1.2. Calculate the lattice constant for the cubic face centred high temperature modification.
1.3. Identify the metal X by calculating the molar mass from the result of 1.2. 
The scheme on the next page shows the generation of the metal as well as the synthesis of various compounds of this element. Additionally the following information about compounds A to G is given:

· Compound A, the starting material fort the technical synthesis of element X, contains 31.6% of oxygen as well as the element X and iron with amolar proportion of 1:1.

· Compound B contains the element in its highest oxidation number in form of a hetero nuclear, diatomic cation Z. 

· Compound C is used as a white pigment.
· Compound D is a smoky liquid if exposed to air, it hydrolyses to give compound C and reacts as Lewis acid when producing compound F.

· In the reaction of compound D to compound E there is a one step change in the oxidation number.
· Compound G serves as specific reagent in the identification of element X.

The Latimer diagram of different species of the element is as follows:
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1.4. Write down formulae of the compounds A to G.

1.5. What is the geometry of compound F?

1.6. Salts with X2+-ions are stable only in solid state, and will be oxidised with water. 
Write a balanced chemical equation for this chemical reaction.  

1.7. Why is t this base metal resistant against corrosion?
Problem 2
                                                                                 7 points
Analysis of an iron ore
The iron content of hematite, an iron(III)-oxide containing ore, can be determined by an oxidimetric titration.  In such an analysis 4.00 g of powdered hematite were treated with concentrated hydrochloride acid. The insoluble parts were filtered off, the remainder was washed carefully, and all the iron ions in the filtrate were reduced to iron(II)-ions. The solution (pH = 0) was titrated with a dichromate titre (c = 0.100 mol/L). The titration volume then was 33.74 mL.

2.1.
Write a balanced reaction equation fort he reaction of the iron oxide with hydrochloric acid.
2.2. Choose from the following list and argue which of the reducing agents are suitable to  reduce to Fe(II): bromide, nitrite, sulphite, zinc (Jones-reductor), tin(II)-solution.

2.3. Write a balanced reaction equation fort the redox titration. 
2.4. Calculate the mass percentage on iron(III)-oxide in the sample. 
2.5. Calculate the equilibrium constant fort he titration reaction. 
2.6. Calculate the potential of the equivalent point of the titration reaction at the given conditions.
2.7. Which of the given redox indicators are suitable to indicate in this analytical determination? Give reasons for your assumption.
iron phenanthroline ( pale blue/red – E° = 1.14V), ferroine (blue/orange red – E° = 1.06V), indigocarmin (blue/yellow – E° = 0.29V), methylenblue (blue/colourless – E° = 0.53V), nilblue sulphate (violet/colourless – E° = 0.41V)

2.8. Is it possible that chloride ions will be oxidised in this titration? Give reasons for your assumption.
Another possibility of the quantitative determination of iron(II)-solutions would bet he titration with potassium permanganate solution. In order to avoid the generation of chlorine in this method, 10.0 mL of the so called Reinhardt-Zimmermann-reagent are added. This is a solution of manganese(II)-sulphate in  a mixture of sulphuric and of phosphoric acid with relatively high concentrations.  

2.9. Calculate the minimum pH-value at which chlorine will be generated in the titration with permanganate (all the other ions which influence the potential have the activity a = 1). 
2.10. In which direction will the standard potentials of higher oxidised manganese species change, if manganese(II)-sulphate is added. 
2.11. What is the effect of adding phosphoric acid?
Problem 3
                                                                                              7 points
Thermodynamics and kinetics
A.
Application of the 1st law of thermodynamics
The following shows the standard combustion enthalpies (298 K) of saccharose and ethanol – the combustion produces CO2(g) and H2O(l):
∆RH⊝ (C12H22O11) = -5645 kJ/mol; ∆RH⊝ (C2H6O) = -1368 kJ/mol;

In the same way the solution enthalpies (solution in water) of saccharose and ethanol are given at 298 K:

     ∆SOLH⊝ (C12H22O11) = 5.0 kJ/mol; ∆SOLH⊝ (C2H6O) = -10 kJ/mol;

The anaerobic fermentation of saccharose in aqueous solution generates ethanol and carbon dioxide.
3.1. Write balanced reaction equations for all procedures mentioned. Thereby use the indices (s), (l), (aq) for „solid“, „liquid“, „aqueous“.
3.2. Calculate the standard reaction enthalpy for the fermentation.
B.
Application of the 2nd law of thermodynamics and some kinetics
Let us look at the decomposition of NO2 to give NO and oxygen at 10°C with respect to thermodynamics and kinetics. 
3.3. Write a balanced equation fort he decomposition mentioned. Thereby use the smallest whole numbered stoechiometrical factors. 
The following table shows the initial rates dependant on different initial concentrations of NO2:
	[NO2]0 (mol/L)
	0.010
	0.012
	0.014
	0.016

	V0 (mol/L.s)
	5.40‧10-5
	7.78‧10-5
	1.06‧10-4
	1.38‧10-4


3.4. Determine the order of the reaction and calculate the rate constant. 
If we look at the reaction in equilibrium instead of at the beginning, another question arises. Use the following data to answer these questions:
∆BH⊝(NO2) = 33.2 kJ/mol; ∆BH⊝(NO) = 90.3 kJ/mol; 
S⊝(NO2) = 241 J/mol; S⊝(NO) = 211 J/mol; S⊝(O2) = 205 J/mol; 
3.5. Calculate ∆RH⊝, ∆RS⊝ and ∆RG⊝  at 10°C (the sizes may be looked at as independent of temperature).
3.6. What is the minimum temperature to which the system must be heated to so that the equilibrium will shifted to the right side (the thermodynamic sizes may be looked at as independent of temperature)? 
3.7. In which direction will the system react at 10°C, if a) only NO2, b) only NO and O2, c) all the substances involved with pi = 1.0 bar are placed in a closed vessel?

3.8. What will be the maximum partial pressure of oxygen at 500 K if p(NO2) = 1.0 bar and p(NO) = 0.010 bar and the reaction should proceed spontaneously to the right (the sizes may be looked at as independent of temperature)? 
Problem 4
                                                                                              8 points
Kinetics
The time dependant process of the hydrolysis of p-nitrophenylacetate (PNA) to give p-nitrophenol (PNP) and acetic acid may be investigated using the UV-absorption at 398 nm, because only compounds with nitrophenyl groups show a strong (but different) absorption at this wave length.
A solution of PNA (c0 = 1.0‧10-4 mol/L) was submitted to hydrolysis at 25°C in a phosphate buffer. The absorption of the solution was recorded (measuring series 1). 
The measurement was repeated with the same initial substances at T = 30° C (measuring series 2).

At the end of the reaction the solutions reached constant absorption values which are marked with t = ∞. All measuring cuvettes hat a thickness of 1.00 cm.

	t in s
	300
	900
	1500
	3000
	4500
	6000
	∞

	measuring series 1, A
	0.152
	0.377
	0.553
	0.886
	1.100
	1.244
	1.456

	measuring series 2, A
	0.307
	0.558
	0.757
	1.092
	1.278
	1.384
	1.512


4.1.
Write a balanced equation fort he hydrolysis of PNA. 
4.2.
Calculate the absorption coefficient for PNP at 398 nm from measuring series 1. 
As the absorption comes from both species (PNA and PNP), we must assume that (A∞-At) is proportional to the concentration of PNA.

4.3.
Proof the following correlation by a calculation: 

(A∞-At) =[ε(PNP) - ε(PNA)]‧c(PNA)
ε….absorption coefficient

4.4. Determine the order of the reaction and calculate the rate constant graphically for the measuring series 1, by checking for zero-, first- and second order (hand in the cross section paper).
4.5. How is it possible to bring the reaction order in line with the hydrolysis equation? 
4.6. Calculate the rate constant for the measuring series 2 (as a maximum calculate three values for k and thus a mean value).

4.7. Calculate the activation energy of the reaction.
Problem 5
                                                                                             7 points
Iron determination
For the analytical proof of Fe2+ 2,2´-bipyridine (bipyr) is used:



Fe2+ + 3 bipyr ⇌ [Fe(bipyr)3]2+

K = 1017.58
The complex absorbs at λmax=520 nm and has the molar extinction coefficient
ε = 8.377‧103 L‧mol-1‧cm-1.

We look for the expected extinction of the generated complex if we measure with 1.000 cm-cuvettes. The initial concentrations in the solution for measurement before reaching equilibrium are c(Fe2+) = 1.000‧10-4 mol/L and c(bipyr) = 2.667‧10-4 mol/L. 
5.1. 
Are the chosen concentrations suitable to get an authentic determination for the Fe2+-concentration? Tick the right box in the answer sheets. 
5.2. 
Using the given information give an approximated value fort he concentration of the coloured complex without an equilibrium calculation. 
5.3.
Formulate the mass law for an exact calculation, using x as variable for the unknown concentration of the coloured complex. Use the given data in a way so that x is the sole unknown in this equation.
Solving the equation in 5.3. with the usual mathematical means is only possible as an approximation. Good results will come from an iteration method: Thereby the repeatedly occurring variable x will be left once as an unknown, and for all the other x an estimated value is introduced (here it is sensible to use the result from 5.2.) Then the variable x is calculated and delivers a new approximated value which is used in same manner again. 
5.4.
Accomplish two iteration steps and thereby try to calculate the concentration of the coloured complex as precise as possible.
5.5.
Now calculate the expected extinction. You may either use your value from 5.2. or 5.4.
Problem 6
                                                                                             7 points
Phosphate-buffer
Commercially manufactured buffer solutions have a relatively high price, especially if the are used in huge quantities in laboratories. The company AustroBioGen assignes their analytical department to clarify the exact composition of the buffer most used in their biochemical department, in order to be able to produce this buffer on their own. The only information available from the commercial producer is a list with chemicals used to compose the buffer in question: phosphoric acid 85% (m/m) reagent grade, sodium dihydrogenphosphate dihydrate, di-sodium hydrogenphosphate – heptahydrate, tri-sodium phosphate – dodecahydrate.
The buffer has a pH-value of 6.50. The acid constants of phosphoric acid are   pKA1 = 2.23   pKA2=7.21, and  pKA3=12.32.

At first the total amount of phosphorous containing species is determined by a permanganometrical titration. Thereby the buffer is acidified slightly by adding acetic acid. Then ammonium chloride is added, and the phosphate is precipitated quantitatively with uranyl(VI)-acetate solution as insoluble uranyl ammonium phosphate (NH4UO2PO4). In a next step the purified uranyl salt is reduced with aluminum plate in sulphuric acid solution to uranium(IV). In the end the uranium(IV) is titrated with potassium permanganate, where uranium(IV) is oxidised to produce UO22+ again.

6.1.
Write down a balanced equation for the titration.
6.2.
In this titration 10.00 mL of buffer solution consume 13.34 mL of potassium permanganate solution (c=0.0200 mol/L). Calculate the total concentration of phosphorous containing species.
6.3. 
Now calculate the individual concentrations of the phosphorous containing species in the buffer solution. Assume that at the given pH some of the P-containing particles are present only in very low quantities and therefore may be neglected. Using this assumption determine the concentrations of the remaining P-containing particles.  Taking these values now calculate the concentrations of those P-containing particles which were neglected beforehand. Check the correctness of your assumption (the deviation should be less than 2%).
A main disadvantage of this buffer is the precipitation of calcium ions eventually present as apatite Ca3(PO4)2. The solubility product of apatite is 1.00‧10-26. 

6.4.
Calculate the possible maximum concentration of dissolved calcium ions present in this buffer.
6.5.
2.00 g of solid NaOH are added to one litre of this buffer solution. Calculate the pH-value of the resulting solution as well as the concentrations of all the other ions present applying useful approximations.  
Problem 7
                                                                                             8 points
Chemistry of terpenes
In order to clarify the structure of the optically active hydrocarbon A a series of reactions was executes, all of which are shown in the following scheme:
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Additionally the following information is at hand: 
· All the hydrogenation processes are complete
· In the ozonolysis only one reaction product is formed. 
· B is a monocarboxylic acid. C forms an open chain and is a dicarboxylic acid.  

· The 1H-NMR-stectrum of D shows the signals: δ= 1.2 ppm (d, 6H), δ= 2.8 ppm (m, 1H), δ= 4.8 ppm (s, broad, 1H), δ= 6.8 ppm (d, 2H), and 7.1 ppm   (d, 2H).

· F is optically inactive. 

7.1.
Draw the structural formulae (constitution) of compounds A - H into the respective boxes on the answer sheet. 
In the style of the biosynthesis cyclic terpenes may be generated from acyclic terpenes. Geraniole and nerole are typically acyclic terpenes. The only difference between them is the geometry of one double bond: 
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The mechanism of the cyclisation of nerole to form α-terpineole, which takes place in acidic solution, is shown in the following scheme. Fill in the missing structures as well as the missing reaction partners   (K+, L+, and M+ are reactive intermediates).
[image: image30.wmf]
                                                                                                               α –terpineol

7.2.
Write down the right stereo descriptor(s) fort he double bonds in geraniol and nerol.
7.3.
Draw the constitutional structures of the reactive intermediates K+, L+, and M+ and write also the formulae of the reaction partners ?/? into the boxes on the answer sheets. 

7.4.
Mark the chiral centre(s) in α-terpineole with an asterix (answer sheet).

If 1 mol of water (H+) is added to α-terpineole N (C10H20O2) is produced. By the catalytic effect of acid a cyclic ether O is formed from N. O, called eucalyptole, is the organoleptic component of the eucalyptus tree. 

7.5.
Draw the constitutional structures of N and O into the boxes on the answer sheets.

The intermediate M+ (C10H17+) is a carbenium ion which also plays an important role in the synthesis of bicyclic terpenes like borneole and camphor. 
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7.6.
Show by a reaction mechanism the way from M+ to borneol. 

Problem 8
                                                                                              8 points

Synthesis of vitamin C

The synthesis of vitamin C was one of the first synthesis’ of native substances in the industrial scale. It was patented in 1934 by Thaddeus Reichenstein, and is still today the basis of a world wide full-scale procedure.
In the first part of this synthesis sorbose is produced from D-glucose according to the following scheme:
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8.1.
Draw the structures of D-sorbit and the resulting sorbose in the open chain-Fischer projection.

8.2.
Assign the membership of the resulting sorbose to the D- or L-series.

8.3.
What is the stereochemical relationship between D- and L-sorbose? 

8.4.
Draw the structure of D-sorbose using Haworth-formulae (the basic lattices are given in the answer sheets).
8.5.
Write down the IUPAC-name (including stereo-descriptors) for the open chain version of D-sorbose.

In a second step the sorbose generated from step 1 is brought into a reaction with aceton in an acidic medium in order to protect particular OH-groups. The sorbose reacts in the cyclic form of α-L-sorbo-furanose to produce the “diacetonide“.
8.6.
Draw the Haworth-projection formula of the diacetonide.

Subsequently the free CH2OH-group is oxidized with NaOCl (or KMnO4), the protective groups are removed with aqueous acid, and, as a consequence, the 2-ketoglutaric acid with the following structure is formed: 
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This keto acid forms a cyclic lactone X (five-membered cyclic ester) spontaneously by elimination of water. X rearranges to produce vitamin C. 
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8.7.
Draw the constitutional formula of the lactone X.

8.8.
What do you call the relationship between X and vitamin C?

8.9.
Mark the chiral centres in the structure of vitamin C with an asterisk. How many stereoisomeres will exist?

8.10.
Vitamin C contains none of the classical acidic groups, but it is considerably acidic. It is a biprotonic acid with the pKA-values 4,2 and 11,8. Which functional groups are responsible fort he acidity? Circle the corresponding groups in the formula on your answer sheet. 

8.11.
Draw the structure of the conjugate base after the first protolysis. 

8.12.
Ascorbic acid is a good reducing agent and will be oxidized in acting as such. Draw the structure of the oxidized ascorbic acid.   
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