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

Name:........................................

Hints, constants, formulae

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 sheet with information about amino acids, a scheme to detect point groups, a non programmable calculator and a blue or black biro, nothing else. 

· Write your answers into the corresponding boxes on your 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

1 year = 31557600 s




Solar constant = 1368 J/s.m2
Some formulae
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Task 1
         








        10 points
Three remarkable elements
The three elements in question are as different as they are interesting. The only connection between them is, that three consecutive elements form an arithmetic series.
The lightest one of them, called „A“ from now on, exists in nature only bound to oxygen. As an element it was generated for the first time by Joseph Louis Gay-Lussac und Louis Thénard in 1811. Nowadays „A“  is produced by the reduction of its oxide with coke. Purest „A“ is gained by the reaction of crude „A“ with HCl and subsequent reduction of the respective product with H2.
Element „A“ forms a series of hydrogen compounds, which are analogous to the alcanes. If in the most simple of these compounds two hydrogen atoms are substituted by chlorine and two are replaced by methyl groups, it will be possible after hydrolisis of these substances to synthesize condensation plastics.

The compounds of element „A“ with oxygen consist of tetrahedral building blocks, which are placed into the crystal lattice as singles, groups, or chains. The tetrahedrons can also form a three dimensional frame. A very beautiful deeply blue coloured mineral which is also used as gemstones, called lazurite or lapis lazuli, consits of such a three dimensional frame, in which three of six „A“-atoms are substituted by aluminum atoms. The blue colour is a result of S3--ions. The proportion of the tetrahedrons to the S3--ions is 6:1. As cations the mineral contains sodium ions. Lapis lazuli always appears together with another very well known rock. If a finely pulverized sample of lapis lazuli is treated with diluted hydrochloric acid, it will produce a mixture of gases, which on the one hand smells like rotten eggs,and on the other hand clouds a clear solution of calcium hydroxide. Aside from that the formation of colloidal sulfur can be observed.
1.1. Which element is „A“?
1.2. How do you call the hydrogen compounds of „A“? 
What is the general formula of these compounds?
1.3. What is the formula and the name of the hydrolized „chlorine-methyl-compound“ of the element „A“?
1.4. Write the equation of the polycondendsation of the latter. What do call the  product of this reaction (umbrella term)?
1.5. The general notation of the molecular formulae for the oxygen compounds usual is [AxOy]n. Find depending on x and y a general formula for the charge n of the formula unit in question!

1.6. What is the formula of the oxygen compound of „A“, in which 4 tetrahedrons attached via the corners form a chain, and silver ions act as cations?

1.7. Write down the formula for lapis lazuli?

1.8. What is the accompanying rock of  lapis lazuli? Give your reasons by writing a balanced reaction equation!

1.9. Write a balanced ionic equation for the formation of sulphur and the displeasing smelling gas, when powdered lapis lazuli is treated with hydrochloric acid.
1.10. Draw a Lewis formula of the trisulphide ion. Consider the geometry!

The second element „X“ received its name from the greek goddess of the moon and was discovered by Berzelius in 1817. There are three modifications of this element, a black one, a grey one, and a red one. Technically it is extracted from the anode sludge of the copper raffination.
Two oxides of this element are well known, in which the element has a mass fraction of 71.16% or 62.19% respectively. The oxide in which the element has the lower oxidation number, reacts with water to give a weak acid HaXOb. The compound formed by the reaction of water with the oxide, where the element has the higher oxidation number, yields the very hygroscopic oxygen acid HcXOd. 
The standard potential XOdx-​/XOby- at pH = 0 amounts to E° = 1.15 V.

The element forms cations with the formulae X42+, X82+ and X102+ respectively, which are stable in complex salts. Additonally, salts are known, where X22—ions are present, an example is Na2X2.
1.11. Which element is X? Show by a calculation.
1.12. What are the formulae of the two oxygen acids of X?
1.13. Choose one of the two pairs, which may act as oxidizing agents for XOby- at pH = 0. Write a balanced ionic equation for this redox reaction.
E°(Fe3+/Fe2+) = 0.771 V
E°(MnO4-/Mn2+) = 1.510 V (for pH = 0)

1.14. The X42+-ion is planar. Show that it exhibits aromatic behaviour, and draw its Frost-Musulin-scheme.
Give also its -binding order.
The third element „Z“ is found in nature as a monoatomic gas, and was discovered by Ramsay and his colleagues in 1898. It forms a series of fluorine compounds, ZF2, ZF4 and ZF6. Hydrolysis of the hexafluoride generates a substance which contains only oxygen beside the element, and explodes at 25°C. 
1.15. What is the element „Z“?
1.16. Find the oxidation numbers of „Z“ in the three given fluorine compounds.
1.17. Give namens for the geometry of the structures of the three fluorine compounds of „Z“.
1.18. Write a balanced equation for the hydrolysis of ZF6!

1.19. What is the remarkable theoretical binding behaviour in these compounds?
Task 2
                                                                                             15 points
 Physical Chemistry
Show all your calculations in the corresponding boxes on the answer sheets.
A. A heterogeneous equilibrium of gases
Consider the reaction, by which graphite (C) is burnt in pure oxygen at 1000°C to produce carbon oxide.
2.1.
Write a balanced equation using the lowest possible stoechiometrical figures. Indicate the state of the substances by using (s) for solid, (l) for liquid and (g) for gaseous.
In a closed system with a cover which may move freely (p = constant), an equlibirium is established, with KP = 1.5×1018 (at 1000°C).
2.2.
Write an expression for KP for the above reaction.
2.3.
Calculate the free standard reaction enthalpy ΔGΘ at 1000°C.
The vessel is filled with oxygen (p(O2) = 1.00 bar) and CO (p(CO) = 0.130 bar), closed, and heated up to 1000°C.
2.4.
Calculate the reaction quotient and state in which direction the system will react spontaneously. 
The reaction heat, which is observed until equilibrium is established, amounts to ΔH  = -225 kJ.

2.5.
Calculate the change of entropy ΔS.
B. A decomposition reaction
The half life of the decomposition of dinitrogenoxide (N2O) to form the elements is inversely proportional to the initial concentration c0 of N2O.
2.6.
Write down a balanced equation fort his decomposition. 
At two different temperatures the following half lives result dependant on p0 (N2O).

	T (°C)
	694
	757

	P0 (kPa)
	39.2
	48.0

	t (s)
	1520
	212


2.7. From p0 calculate the molar initial concentrations c0 (mol/L) of N2O at the given temperatures.
2.8. Calculate the rate constants of the reaction at both temperatures using the unit L×mol-1×s-1.

2.9. Calculate the activation energy of the reaction in the temperature range 694°C – 757°C.

2.10. Draw two resonance formulae of the N2O-molecule.
2.11. What is the geometry of N2O according to VSEPR?

2.12. Write down the point group of this molecule. 
C. Vaporisation of a liquid
A comfortably smelling liquid contains 52.2% (per mass) of C and 13.0% (per mass) of H, the rest is oxygen. The mass spectrum of this compound does not show a peak with m/z > 90.
The substance is produced for thousands of years by an anaerobic redox reaction in a diluted solution.
2.13. Which substance is spoken of? Write the structural formula and the name of the compound. 
2.14. Draw a Newman-projection of the most stable conformeric structure of the compound.
The vapour pressure of this liquid equals p60 = 46.7 kPa at 60°C, and p70 = 72.2 kPa at 70°C. The mean value of the vaporization enthalpy between 60°C and the boiling point has the value ΔHV = 862 J.g-1.

2.15. Calculate a mean value of the boiling point of this liquid. 
2.16. Calculate the vaporization entropy of this liquid. 
2.17. Calculate the ebullioscopic constant of the substance. 
5.00 g vanillic aldehyde (4-hydroxy-3-methoxybenzencarbaldehyde) are dissolved in 100 g of the compound.
2.18. Calculate the vapour pressure of this solution at 60°C? 
Task 3
                                                                                            10 points
Chemistry of chromium
A. An equilibrium
An important part of separating cations from each other is the separation of barium and strontium. This may be done using the different solubility of their chromates. The concentration of chromate in the solution may be regulated by changing the pH, therefore the separation may be completed. Responsible for the pH-dependence of the chromate concentration is the so called “chromate-dichromate-equilibrium”: 
2 H+ + 2 CrO42- ⇌ Cr2O72- + H2O

K = 1.50×1015
Thereby, K already contains the constant concentration of water (55.56 mol/L)
Additionally you are given the solubility products: 
KL(BaCrO4) = 8.5×10-11 



KL(SrCrO4) = 3.6×10-5
3.1. Calculate the solubility of BaCrO4 and of SrCrO4 in a strong basic surrounding, where only CrO42-​ exists.

3.2. The pH of a solution containing 0.10 mol/L of K2Cr2O7 is adjusted to 3.00 using an acetic acid/sodium-acetate buffer. Calculate the concentrations of Cr2O72- and of CrO42- in this solution. 
Additionally calculate the lowest value of the concentrations of Ba2+ and of Sr2+ in this solution, at which the precipitation of the respective chromate starts.
3.3. To produce the buffer acetic acid with a concentration of 0.10 mol/L is used. Calculate the mass of sodium acetate necessary to establish a pH = 3.00. The acid constant of acetic acid equals to Ka=1.78×10-5.

B. Redox chemistry
The name chromium derives from the variety of differently coloured species of chromium ions. The following shows an incomplete Latimer-diagram and some of the coloured species. The potentials are related to pH = 0. 
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3.4. Calculate the missing standard potentials x and y. 
3.5. Will Cr(IV) disproportionate to Cr(III) and Cr(VI)? Give proof of your answer by a calculation.

3.6. Write down the half equation for the pair Cr2O72-/Cr3+ an! Calculate the decrease of the potential of this redox pair if the pH increases by 1.00 at 298 K. Assume that the concentration of the chromium species remains constant. 
Complex chemistry
There are thousands of coloured uninuclear but also mulitnuclear complex compounds of chromium. A reddish-violet complex contains the ion [CrCl2(ox)2]3—.
3.7. What is the coordination number in this complex?

3.8. Which geometry has the complex?

3.9. What is the name of this ion?

3.10. Which stereo isomers exist from this complex? 

Task 4
                                                                                             15 points

Tropane alkaloids
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Tropane alkaloids, like atropine, hyoscyamine or cocaine are esters of aromatic acids with tropanols. The basic structure of the tropanols is tropane, a bicyclic amine, whose IUPAC-name is 8-methyl-8-aza-bicyclo[3.2.1]octane: 

4.1.1. Complete numbering the atoms in the tropane structure.

4.1.2.
Write down the constitutional formula of 3-tropanol.

The cleavage of hyoscyamine provides 3-tropanol and (S)-tropic acid. For the structure analysis of tropic acid the following data are available:

· Tropic acid is easily oxidized with K2Cr2O7/H2SO4.

· Following the scheme below hydrotropic acid is synthesized from tropic acid :
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· The elemental analysis of hydrotropic acid gives 72.0 % C and 6.67 % H, the rest is O.

· The 1H-NMR-spectrum of  hydrotropic acid shows 4 signals:

δ = 1.50 ppm, 3 H (d); 

δ = 3.71 ppm, 1 H (q); 

δ = 7.25-7.31 ppm, 5H (m); 

δ = 11.67 ppm, 1 H (s, broad);

4.2.1.
What is the molecular formula of hydrotropic acid.

4.2.2.  
Write the constitutional formula of hydrotropic acid.

4.2.3.  
Which constitutional formula can you deduce for tropic acid?

4.2.4.
Draw the configuration formula of (S)-tropic acid.

4.2.5.
Draw the constitutional formula of hyoscyamine.

The oxidation product of 3-tropanol is tropinone, the structure of which was first confirmed by Sir Robert Robinson in 1917 following the scheme below:
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The synthesis contains a Mannich-reaction twice: the first step of this reaction gives a Mannich-base.
4.3.1.
Formulate the mechanism of the reaction of succinic aldehyde with one mole of methylamine forming the imine (the reaction takes place under weak acidic condition) and the reaction of this imine with the enole of propanon (acetone) forming the Mannich-base. 

The reaction of the tertiary amine tropinone with benzyl bromide gives two quaternary ammonium salts A and B
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A and B are stereoisomers.

4.4.1.
Draw the configurational formulae of A and B.

4.4.2.  
What is the isomeric relation between them?

4.4.3.  
Which type of reaction mechanism does the reaction above follow? 

The oxidation of tropinone with CrO3 in hot concentrated H2SO4 gives tropinic acid (C8H13O4N). 

Tropinic acid shows a neutralisation equivalent of 94 ± 1, does not react with  Br2 in CCl4 and still contains the functional group of a tertiary amine. 

4.5.1. 
Draw the constitutional formula of tropinic acid.

If the dimethylester of 3-oxopentanoic acid instead of propanon is used in the tropinone synthesis of Robinson, the corresponding diester of the tropinone C is generated, which may serve as an intermediate product for the synthesis of the cocaine structure.  

The following reaction scheme shows a synthetic path for cocaine:
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4.6.1.
Draw the constitutional formulae of the compounds D,E and F.

(Note that compound C contains two ß-ketoester groups).

4.6.2.
Which reagent stands for the „?“ in the  step F ( cocaine?
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Natural cocaine has the following configuration: 

4.7.1. Mark all chiral centres in this formula. 

4.7.2. How many stereoisomers of cocaine are theoretically possible? 

4.7.3. Assign the configuration (R or S) for one of the chiral centres.

Task 5
                                                                                              5 points

Peptides und mass spectrometry

5.1. 
Draw the right configurational formula of the tripeptide Leu-Val-Ser (consider the configuration of naturally occurring amino acids)!

The sequence of a pentapeptide consisting of five different amino acids is to be determined by mass spectrometry. Analysing the given data you should consider that during measurement the peptide was on its isoelectric point and that the given masses are related to the corresponding fragment of the molecule (without any other atoms). Consider further that cleavage always occurs at the peptide bond. For analysis use the table of constitutional formulae and molecular masses of different amino acids.

The following peaks were found in the mass spectrum:

71, 73, 131, 147, 188, 204, 218, 259, 278, 349, 351, 406, 422, 537, 610.

5.2. 
The analysis was made with a time of flight mass spectrometer (MALDI-TOF MS). The protein consumed an energy of 3.00×10-15 J by acceleration in a high voltage field. This energy is transformed completely into kinetic energy. How long is the time of flight for the whole pentapeptide (M = 610 g/mol), when the mass spectrometer has an evacuated tube of flight at a length of 2.50 m? 

Answer the following three questions and justify your answers by calculation:

5.3. 
Considering the mass fragments, name the three amino acids that have to be within the chain.

5.4.
Which amino acid forms the N-terminal end of the peptide?


Which amino acid forms the C-terminal end of the chain?

Task 6
                                                                                               5 points
The sun
The sun has a diameter of 1.392×106 km and an average density of 1.408 g/cm3. It consists of 73.46% (by mass) hydrogen. The sun generates energy totally (100%) from the fusion of hydrogen to give helium:
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Thereby 26.72 MeV of energy are liberated per helium nucleus.  This causes a luminous intensity of 3.846×1026 J/s for the whole sun. The nuclide 
[image: image4.wmf]+
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has a relative atomic mass of 1.0078 u.

6.1. Calculate the mass of the sun.
6.2. From the luminous intensity calculate the mass of hydrogen which must take part in one second in the fusion reaction.
6.3. Using the current stock of hydrogen, how many years has the sun left to emit radiation with constant intensity? 
6.4. Calculate the mass defect per second for the energy of the fusion of hydrogen.
6.5. The average distance between earth and sun amounts to 1.496×108 km. Calculate the radiation energy of the sun, which hits vertically 1.0 m2 of the earth surface (= solar constant). Assume that the total energy emitted reaches the orbit of the earth.
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