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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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Task 1

 
   





              17  points
Some information about four metals
This more or less long task deals with four metals which play a very important role in technology. They are not too far away from each other in the periodic table of elements.  For each of these metals there is a set of problems which is connected with analytical and/or physical chemistry. 
Which metals are we talking about?
In order to answer this question there is a series of information available: 
· The sum of the molar masses of the metals equals about 227 g.

· A very important oxide of metal ( contains ≈40 % oxygen by mass, and is the most important white pigment in industry. 
· Metal ( is also used in airplane construction.
· Metal ( occurs in many compounds with different oxidation numbers.  The compounds and their aqueous solutions respectively show the following colours: 
· Me(+2)…….colourless
· Me(+3)…….light brown
· Me(+4)…….black
· Me(+6)…….green
· Me(+7)…….violet
· Metal ( exhibits ferromagnetism at room temperature.

· Some people react allergic when coming into skin-contact with metal (. 
· Metal ( is the only which produces a colourless, very poorly soluble sulphide. (KSP = 2·10-24). 1,375 ng of the sulphide dissolve in 10 L of water.
1.1.
Write the formulae and the names of the metals  ( to ( on the answer sheet.
1.2.
Give reasons for your assumptions by calculations wherever this is possible.
Concerning metal (
Metal ( is today produced on big scale using the method by W. Kroll (1932). Thereby the tetrachloride of the metal is reduced with magnesium. The tetrachloride is gained from one of the most important ores of this metal Fe(O3 by reaction with chlorine and carbon at 900°C. The metallic sponge produced by this method is purified using aqua regia (3 mol HCl + 1 mol HNO3) and then molten to bars under argon. 
The annual world production amounts to more than 100000 t.
1.3.
Write down a balanced equation for the production of the tetrachloride. Aside from the tetrachloride iron(III) chloride and carbon oxide are produced. 
1.4.
Write down a balanced equation for the Kroll-process.

1.5.
In aqua regia, chlorine, NOCl and water are produced from HCl and HNO3. Write down a balanced equation for this reaction.

1.6.
If we start with 1.0 t of the ore in question, which mass of metal ( can be produced. The yield in the first process is 85%, and in the Kroll-process 95 %. Show your calculation.

1.7.
What is the volume of the necessary chlorine amount in part 1.3. for 1.0 t of ore, if a stoichiometric proportion is chosen? (p = 1,0 bar)? Show your calculation.

Concerning metal (
Metal ( is a „star“ of redox chemistry.

It is possible to oxidize a lot of materials using one of the metal species in acidic solution. This species ((O4-) is thereby converted to (2+.

It is also possible to use this species in basic solution as an oxidant, the final product however is (O2.

The species (O42- disproportionates to (O4- and (O2.

1.8.
Write down a balanced equation for the disproportion reaction.
1.9.
Write down a balanced equation for the reaction of (O4- with C2O42- in acidic surrounding.

1.10.
Write down a balanced equation for the reaction of (O4- with BaO2 in basic surrounding.

1.11.
15.3 mL of a solution of  (O4- (c = 0,0200 mol/L) were used to titrate potassium oxalate monohydrate in acidic solution. Calculate the mass of the potassium salt in the sample. 
Concerning metal (
Metal ( crystallizes forming a cubic face centred lattice, and has the density 8.91 g·cm-3.

1.12.
How many atoms of ( are found in a unit cell of the element?

1.13.
Calculate the length of the lattice constant.

1.14.
The maximum of the 2nd-order reflection of the [111]-plane in the unit cell of ( will occur at an angle of 20.38°. Calculate the energy of the X-radiation which as used for the recording, using the unit keV.
Concerning metal (
The positively charged (2+) ion of metal ( forms a hexaquo complex in aqueous solution. One of the H2O-ligands is exchanged against OH- in an extremely rapid reaction.
The kinetical data of this reaction (c0(aquo complex) = c0(OH-) = 0.0050 mol/L) were investigated through laser supported kinetical analysis in the nanosecond region. 
	t(ns)
	40
	80
	120
	160
	200

	ct (mmol/L)
	3.57
	2.78
	2.27
	1.92
	1.67


1.15.
Write down a balanced equation for the ligand exchange reaction. 
1.16.
Calculate the reaction order and the rate constant of the reaction.

Hint: Start from the obvious possibility.

1.17.
Calculate the half life of the reaction.
As a closer: 

About all the metals, their oxides and their behaviour towards C and CO
C and CO act as reducers with many metal oxides, although the reductive effect is strongly temperature dependant.  Additionally the reductive species are connected via the following equilibrium:
2 CO ⇄ CO2 + C 
ΔRHO = -172.5 kJ and ΔRSO = -176.5 J/K

1.18.
At which temperature is the equilibrium shifted from the left to the right side (or vice versa), if you assume that the caloric data are independent of  the temperature? Show by a calculation.
It is possible to show that among all the different pressure conditions there is a temperature interval where CO2 decomposes directly into C and O2, without formation of CO. This happens for 1 bar and 400°C:

CO2 ⇄ O2 + C 
ΔRHO = 283.3 kJ and ΔRSO = -13 J/K

1.19.
Where is the equilibrium at the given conditions? Show by a calculation.
1.20.
At which values of the reaction quotient will the system react towards the right side? Show by a calculation.
An Ellingham-diagram offers a useful depiction of the reduction possibilities with C-species for different metals, in which ΔRGO per mol O2 is drawn against the temperature for different oxidations of metals or C-species. 

1.21.
Which fundamental equation of thermo chemistry is the basis of this diagram? 
1.22.
Using the graph, try to find the minimum temperature for the reduction of the metal oxides of metals ( to ( by carbon, and name the oxidation product. Write the respective numbers and formulae into the table on the answer sheet.
1.23.
From which temperature on is carbon (oxidation to CO) the best reducing agent? 
1.24.
The sharp bends in the Me/MeOx-lines correspond to phase conversions of the metals. Why does the slope increase so much in the case of evaporaton of a metal? Tick the right answer on the answer sheet. 
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Task 2
                                                                               12 points
Ionic equilibria
A.
Some information about zinc hydroxide
Zinc(II)-hydroxide has a solubility product of KSP =1.80·10-17. 

2.1.
Calculate the solubility of zinc(II)-hydroxide in water. 

2.2.
Calculate the pH-value of a saturated solution of zinc(II)-hydroxide, not taking into account the possible formation of a complex.
The standard potentials of the following reactions are: 
[Zn(OH)4]2- + 2 e- ⇌ Zn(s) + 4 OH-

E° = -1.285 V

Zn2+ + 2e- ⇌ Zn(s)



E° = -0.762 V

2.3.
Calculate the complex formation constant for tetrahydroxozincate(II) from Zn2+ and OH-.

2.4.
Calculate the solubility of zinc(II)-hydroxide at a pH of 9.58 not taking into account the possible formation of tetrahydroxozincate(II). 
2.5.
Now calculate the solubility of zinc(II)-hydroxide at a pH of 9.58 taking into account the possible formation of tetrahydroxozincate(II).
2.6.
Compare the results of 2.4., and 2.5., and comment using two sentences at most.
B.
Borderline cases for buffer equations
The Henderson-Hasselbalch-equation is often used to calculate the pH of conjugate buffer solutions.  In deriving this equation the main supposition is, that the buffer acid as well as the buffer base are sufficiently weak so that simplifications are possible. In the following task we will investigate in which cases it is possible to apply the equation and in which not
Dichloro acetic acid has a pKA-value of 1.290. 

2.7.
Applying the Henderson-Hasselbalch-equation, calculate the pH of a mixture of dichloro acetic acid/sodium dichloro acetate with the respective concentrations of 0.100 mol/L,.
Subsequently, let us check the result of 2.7. Imagine a solution (volume =1.00 litre) of dichloro acetic acid with a concentration of 0.100 mol/L. 

2.8.
Calculate the pH of this solution (you may neglect the auto protolysis of water, and assume that all activity coefficients are 1). 


Also calculate the concentrations of all ion species in this solution. 
Now, 0.1 mol of solid sodium dichloro acetate are added. This causes a corresponding shift of the equilibrium. 

2.9.
Calculate the pH of the new solution applying the same assumptions as above.  What is the difference (in %) of the mathematical solution following Henderson-Hasselbalch compared to the exact value of the H3O+-concentration?

Task 3
                                                                                              4 Points
Theoretical chemistry – cyclic polyenes
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The energy levels of cyclic polyenes with the general formula CNHN may be calculated using the following formula:
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Whereby  k = 0, ±1, ±2, ..., ±(N-1)/2 for odd N, and k = 0, ±1, ±2, ..., N/2 for even N.

3.1.
Calculate the energy levels of the cycloheptatrienyl-cation (in terms of α and β). 

3.2.
Draw the MO-diagram of the cycloheptatrienyl-cation and indicate the respective energy levels with the corresponding Ek-values. Use arrows drawing the π-electrons. Indicate, whether the ion is an aromate or not.
3.3.
In the case of the cycloheptatrienyl-cation, what is the energy difference between the HOMO and the LUMO-level, if we take -3.40 eV for β? 

3.4.
Calculate the wave number of the light which causes such an excitation.
Task 4
                                                                                              7 Points

Chemistry of chromium complexes

Cr3+-ions show a high tendency to form complexes in which the coordination number of chromium is 6 in all cases. (This is also true for the Cr2+-complex in this task.) Let us look at some of these many chromium complexes in the following.   

Adding ammonia to a Cr(III)-salt solution results in the formation of Cr(OH)3, a bluish green-grey, water containing precipitate. Cr(OH)3 is amphoteric, the reaction with acid gives a violet complex compound A, the reaction with aqueous NaOH a deep green complex compound B.

4.1.
Give the formulae for the complex ions in A and B.
4.2.
Write down balanced equations for the reactions of Cr(OH)3 with acid, and with base. 
4.3.
The colours of the solutions of A and of B differ. Mark the matching statement on the answer sheet which gives the right explanation for this fact. 
The complex ion of A reacts acidly in aqueous solution (pKs = 3.95). The conjugate base of this complex ion dimerises easily using hydroxo bridges to give the complex ion X with the formula [Cr2(OH)2(H2O)8]a∓

4.4.
Write down the reaction equation for the protolysis. 
4.5.
Draw the configuration formula of X and determine the charge a∓  of the complex ion.
The ammin-complexes of Cr3+ are very well investigated, e.g. triammintrichlorochrom(III)-complex C. In adding oxalate-ions to C (-O-CO-CO-O-; abbreviation „ox“), the mono dentate ligands are stepwise replaced by the bidentate ligands  „ox“. So you can get complex D, in which one Cl- - and one NH3-ligand are substituted by one „ox“. 

4.6.
Write down the formulae of the complex ions C and D.
4.7.
Complete the ligands in the configuration formulae of C and D on the answer sheet (use a small arch with 2 O-atoms for „ox“).
4.8.
Indicate eventually appearing pairs of enantiomeres in C and D.
The complex ion A is reduced with zinc-amalgam to give a sky-blue, not very stable Cr2+-complex ion  (maximum absorption at λ = 700 nm).

4.9.
Draw the occupation of the d-orbitals for the two possible Cr2-complexes according to the ligand field theory.
4.10.
Calculate the magnetic moments of both complexes using the spin-only-formula. 
4.11.
Find expressions for the LFSE (ligand field stabilisation energy) of both complexes in units of Δo and Dq, add the spin pairing energy (P) if necessary. 
Task 5
                                                                                            11 Points

Chemistry of terpenes

Cadinenes are terpenes which first were isolated from juniper, and which are also found in the etherical oils of certain pepper species. The most important representative of this class of compounds is ß-cadinene. To clarify the structure, ß-cadinene was dehydrated with sulfur to give cadaline (C15H18) which itself may be synthesized from carvone according to the following reaction scheme: 
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Additional hints:

· ZnBrCH2COOC2H5 reacts in the first step like a Grignard-compound and gives the 1,2-additon product.

· [ B ] cannot be isolated, it immediately isomerizes.

· A 1H-NMR-spectrum is found on the next page.

· The IR-spectrum of I shows a sharp, intensive peak at 1680 cm-1.

· A MS is also give and should be allocated to one of the compounds in the scheme. 
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5.1.
Draw the constitutional formulae of compounds A, B, C, D, E, F, G, H, I, and J into the respective boxes on the answer sheet.
5.2.
Allocate the signals in the 1H-NMR-spectrum to the respective H-atoms.
5.3.
Which compound matches the MS? 
5.4.
What is the mechanism of reaction F → G?
5.5.
What is the mechanism of reaction H → I?
Cadaline is a derivate of naphthalene. Total hydration of naphthalene produces two decahydro-naphthalenes, also called decalins. 

5.6.
Draw the configuration formulae of cis-decalin and of trans-decalin. 
5.7.
Draw in both cases the chair conformation.
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The position numbers in decalin are: 

The IUPAC-Name of ß-cadinene is:

(1S,4aR,8aS)-1-Isopropyl-4,7-dimethyl-1,2,4a,5,8,8a-hexahydronaphthalene
5.8.
Draw the configuration formula of ß-cadinene.
5.9.
To which group of terpenes does ß-cadinene belong?
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Today ß-cadinene is synthesized from α-bisabolene under influence of an acid.

The reaction between 1 mol of α-bisabolene and 1 mol of peroxo acid delivers preferentially one epoxide.

α-Bisabolene undergoes an ozonolysis with subsequent reductive processing. 

5.10.
Draw the configuration formula of the epoxide.
5.11.
Draw the constitutional formulae of the products of the ozonolysis. 
Task 6
                                                                                            9 Points

Saccharide chemistry

An important reaction to identify (mono)saccharides as well as to determine their absolute configuration is the formation of osazones. In the reaction of 1 mol of D-lyxose with 1 mol of phenylhydrazine (C6H5NHNH2) substance A is generated, the reaction with another mol of phenylhydrazine gives the B, which subsequently reacts with another mol phenylhydrazine  to form the osazone C.

The reaction of D-lyxose with hydrogen cyanide generates the compounds D1 and D2. The subsequent treatment with Ba(OH)2 and heating afterwards gives the die γ-lactones E1 and E2. After reduction of E1 and E2 the pyranoide monosaccharides F1 and F2 are produced.
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6.1.
Draw the Fischer projection formulae of A-C into the respective boxes on the answer sheet.
6.2.
Draw the Fischer projection formulae of the structures of those sugars which form an identical osazone.
6.3.
Draw the Fischer projection formulae of D1 and D2 on the answer sheet. 
6.4.
Draw the Haworth formulae of the lactones E1 and E2. 
6.5.
Draw the Haworth formulae of the monosaccharides F1 and F2 into the respective answer boxes.  
6.6.
Choose the monosaccharide F1 or F2 which exhibits R-configuration on C-2. Allocate the corresponding stereo descriptors according to CIP to all the asymmetric centres.
6.7.
Draw the Haworth formula of the disaccharide 4-(-D-xxxpyranosyl-α-D-glucopyranosid. 
(note: xxx…chosen monosaccharide)
� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





Ellingham-diagram
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