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

Hints
· You have 5 hours time to complete the solutions of the competition tasks. 
· You may only use this paper, draft paper a periodic table of elements, a non programmable calculator, and a blue or black biro, nothing else. 
· Write your answers in the boxes provided for them. Only these answers will be marked.  If you don’t have enough space, then you may use draft paper with the remark “belongs to part x.xx“, whereby x.xx means the part of the task in italics. You may take the PTE and the draft paper with you after the competition. 
Constants and Data
R = 8.314 J/mol.K
F = 96485 A.s/mol

NA = 6.022‧1023 mol-1
c = 2.998‧108 m/s

h = 6.626‧10-34 J.s
1 eV = 1.602‧10-19 J

normal conditions: 0°C, 1.013 bar

standard conditions: 25°C, 1 bar
Some formulae
[image: image25.emf]K


RT


G


ln


-


=


D


q




K RT G ln   

[image: image26.emf]1


2


1


2


T


T


C


n


T


S


T


S


ln


.


.


)


(


)


(


+


=




1

2

1 2 T

T

C n T S T S ln . . ) ( ) (  


[image: image2.png]



[image: image3.wmf]
[image: image27.emf]F


z


t


I


M


m


×


×


×


×


=


h




F z

t I M

m



  





[image: image28.emf]÷


÷


ø


ö


ç


ç


è


æ


-


=


2


1


A


1


2


T


1


T


1


R


E


T


k


T


k


)


(


)


(


ln




















 

2 1

A

1

2

T

1

T

1

R

E

T k

T k

) (

) (

ln

[image: image29.emf]O


T


9


4


D


=


D




O T 9

4  


[image: image30.emf](


)


1


2


1


2


T


T


C


n


T


H


T


H


-


+


=


.


.


)


(


)


(




 1 2 1 2

T T C n T H T H    . . ) ( ) (

[image: image31.emf]Q


F


z


T


R


E


E


ln


×


×


×


-


D


=


D


q




Q

F z

T R

E E ln 





    







[image: image32.emf]Dq


10


O


=


D




Dq 10

O

 


[image: image33.emf]q


q


E


F


z


G


D


-


=


D


.


.




  E F z G     . .

[image: image34.emf]2


1


2


2


1


1


z


z


E


z


E


z


E


+


+


+


=


q


q


q




2 1

2 2 1 1

z z

E z E z

E





 

 









[image: image35.emf].


.


)


2


(


M


B


n


n


eff


+


=


m




. . )2 ( M B n n

eff

  


[image: image36.emf]÷


÷


ø


ö


ç


ç


è


æ


-


D


=


2


1


R


1


P


2


P


T


1


T


1


R


H


)


T


(


K


)


T


(


K


ln


























2 1

R

1 P

2 P

T

1

T

1

R

H

) T ( K

) T ( K

ln


[image: image37.emf]O


O


O


O


+  OH


-


+  C


2


H


5


OH




O

O

O

O

+  OH

-

+  C

2

H

5

OH


[image: image38.emf]A   +   B


C


D


E   +   F


G


H   +   I   +   J


F  +  K


L   +   M


I   +   N


M   +   Q




A   +   B

C

D

E   +   F

G

H   +   I   +   J

F  +  K

L   +   M

I   +   N

M   +   Q

[image: image39.emf]O


O


1


2


3


4


5


6


7


8


(-)-Frontalin




O

O

1

2

3

4

5

6

7

8

(-)-Frontalin








                      [image: image5.png]AG = AH—T-AS




[image: image40.emf]C


O


O


C


2


H


5


C


O


O


C


2


H


5


Cl


O


O


+ 


?


A


B


KOH/H


2


O


1.


2. HAc, 


D


in EtOH


(C


6


H


10


O


2


)


- CO


2


LiAlH


4


1. TsCl/Pyridin


2. NaCN/DMSO


+ CH


3


MgI


1.


2. H+/H


2


O


(C


6


H


12


O)


(C


8


H


14


O)


MCPBA


(C


7


H


11


N)


(C


8


H


14


O


2


)


H


+


unstable intermediate


      (C


8


H


16


O


3


)


via


cyclisation


C


D


E


F




COOC

2

H

5

COOC

2

H

5

Cl

O

O

+ 

?

A B

KOH/H

2

O 1.

2. HAc, 

in EtOH

(C

6

H

10

O

2

)

- CO

2

LiAlH

4

1. TsCl/Pyridin

2. NaCN/DMSO

+ CH

3

MgI

1.

2. H+/H

2

O

(C

6

H

12

O)

(C

8

H

14

O)

MCPBA

(C

7

H

11

N)

(C

8

H

14

O

2

)

H

+

unstable intermediate

      (C

8

H

16

O

3

)

via

cyclisation

C

D

E

F







                       
[image: image41.emf]O


O


1


2


3


4


5


6


7


8




O

O

1

2

3

4

5

6

7

8









   [image: image7.png]e

t




[image: image42.emf]O


C


O


O


E


t


C


O


O


E


t


O


H


C


O


O


E


t


O


H


O


O


H


O


O


yeast, sugar


H


2


O


1


2


LDA


CH


3


I


CrO


3


MCPBA


Baeyer-Villinger


oxidation 


G 


(C


9


H


14


O


4


)


LiAlH


4


H 


(C


7


H


16


O


3


)


a triol


+ 


PC


J 


+


CH


3


MgBr


H


+


,


H


2


O


(-)-frontalin


PC


K 


L 


M 


N 




O

COOEt

COOEt

OH

COOEt

OH

O

O H

O

O

yeast, sugar

H

2

O

1

2

LDA

CH

3

I

CrO

3

MCPBA

Baeyer-Villinger

oxidation 

G 

(C

9

H

14

O

4

)

LiAlH

4

H 

(C

7

H

16

O

3

)

a triol

+ 

PC

J 

+

CH

3

MgBr

H+,

H

2

O

(-)-frontalin

PC

K 

L 

M 

N 









             [image: image9.png]



   
[image: image43.wmf]q

q

E

F

z

G

D

-

=

D

.

.

[image: image11.png]P15 = P * X1








[image: image13.png]pH = pKs + lg{—




[image: image14.png]ATy = Kga *




Task 1


   





       19  points
From Physical Chemistry
A. An important reaction from technology
One possibility to produce hydrogen commercially is the reaction of methane with overheated water steam at 800°C:

CH4(g) + 2 H2O(g) ⇌ CO2(g) + 4 H2(g)

We know some thermochemical data for this reaction: 
	ΔRHo298 = 164.9 kJ
	ΔRSo298 = 172.5 J‧K-1

	CP (CH4) = 35.31 J‧mol-1‧K-1
	CP (H2O) = 33.58 J‧mol-1‧K-1
	CP (CO2) = 37.11 J‧mol-1‧K-1
	CP (H2) = 28.82 J‧mol-1‧K-1


1.1. Where is the equilibrium at standard temperature? Prove your assumption by a calculation.
	The equilibrium lies 


1.2. Calculate the equilibrium at 800°C, once ignoring the temperature dependence, the other time taking it into account.
	Without T-dependence: equilibrium lies
With T-dependence: equilibrium lies


B. What happens when gypsum is dissolved?
Calcium sulphate (popularly „gypsum“) is poorly soluble in water. The thermal solubility behaviour is more or less rather unusual compared to other salts.
A saturated solution of CaSO4 contains 0.67 g per litre at 25°C, 0.22 g per litre at 80°C.
1.3.
Will the solution warm up or cool down when the solution process takes place? Prove by calculating the solution enthalpy in the given temperature interval.

	The solution                                  during solution process.


C. Live span of a „battery“

Iron(III)-ions and iodid-ions react to give iron(II)-ions and iodine:

2 Fe3+(aq) + 2 I-(aq)  ⇄  2 Fe2+(aq) + I2(aq)

Let us assume that we can manufacture a battery consisting of a Fe3+/Fe2+- and of a I2/I- -half cell (which will not be easy to achieve).

1.4.
How long will it be possible to operate a 100 W-light bulb theoretically, if the initial concentrations in the battery are as follows:  


[Fe3+] = [I-] = 0.10 mol‧L-1; [Fe2+] = [I2] = 1.0‧10-3 mol‧L-1

Eo(Fe3+/Fe2+) = +0,77 V; Eo(I2/2 I-) = +0,62 V
	


D. The rate of a saponification
In a lab for physical chemistry a student has to solve a kinetic problem.
He added 255 mg of ethyl propanoat to a 50.0 mL-portion of water, 100 mg of sodium hydroxide to another 50.0 mL-portion of water. Then he mixed both solutions and started a stop clock. The total volume at this time was exactly 100 mL. 
From the system in which the reaction
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takes place, aliquot volumes were withdrawn from time to time, and the concentration of the hydroxide-ions was determined by acidimetric titration with HCl. At 20°C the following data were obtained:
After 5.00 minutes: [OH-] = 15.5‧10-3 mol‧L-1

After 10.0 minutes: [OH-] = 11.3‧10-3 mol‧L-1

After 20.0 minutes: [OH-] = 7.27‧10-3 mol‧L-1

1.5.
Prove by a calculation that the saponification of the ester is a second order reaction, and find a mean value for the rate constant from three single figures.
	


1.6.
After which time have 75% of the ester reacted?
	 


E. The deletion of the ozone layer
Chlorine atoms coming into the stratosphere from chlorine compounds, help to destroy the ozone layer. A simplified version not the reactions taking place may be described according to the following four reactions:



Cl2 → 2 Cl


rate constant k1




Cl + O3 → ClO + O2

rate constant k2




ClO + O3 → Cl + 2 O2

rate constant k3




2 Cl → Cl2


rate constant k4

1.7.
Derive an equation for the rate with which ozone disappears (v = [image: image16.png]205



), using the steady state approximation for ClO and Cl. This equation should only contain the concentrations of ozone and chlorine as variables.
	


F. The pressure cooker
In preparing meals by use of boiling water, it is only possible to heat up to 100°C, if the vessel is open. There is an entirely different situation when using a pressure cooker, meaning that the vessel is tightly closed.  
1.8.
Which pressure must a pressure cooker at least stand if we want to cook beef in water at 130°C?

BP(H2O) at 1.013 bar: 100°C; ΔHV(H2O) = 40.7 kJ‧mol-1

	


G. Which phosphorus?

Phosphorus is an allotropic element. In this task you should find the molecular formula of one of the phosphorus modifications. In order to do this, 150.2 mg of the element are dissolved in 50.00 mL of cyclohexane. The melting point of pure cyclohexane amounts to 6.20°C, the solution produced above melts at 5.58°C.

KKR (C6H12) = 20.2 K‧kg‧mol-1; ρ (C6H12) = 0.780 g‧mL-1
1.9.
Find the molecular formula for the phosphorus modification in question by a calculation. 
1.10.
Scetch the molecule in three dimensions.

	Calculation:


	Scetch:




H. The phase diagram of sulphur
The phase diagram of sulphur as is drawn below is a bit more difficult than one of a „normal“ pure substance. Use it to answer the respective questions. Be aware that the pressure axis is not scaled. 
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1.11.
To which temperature must sulphur absolutely be heated, so that it is a liquid up to 1400 bar?
	T =


1.12.
If sulphur is heated slowly up to 96.0°C (at normal air pressure), a phase transformation takes place. Which one?
	


1.13.
How does the entropy of sulphur change in the phase transition mentioned above? Tick the right box. 
	
	S increases very much.

	
	S decreases very much.

	
	S does not change much.

	
	That can not be stated.


1.14.
What are the triple point data of sulphur?
	T =






p =


1.15.
If solid sulphur is heated slowly starting from room temperature, it will melt at roughly 120°C. If this procedure is performed rapidly, the sulphur will melt at 114°C-115°C. Why?
	


Task 2
                                                                                 8 points
An inorganic reaction scheme
The following scheme does not contain any stoichiometric numbers. All reactions take place in water free medium.
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· A is an alkali metal which is found mainly in the mineral spodumene. It is also used to manufacture accumulators.  

· B is an element, discovered 1772 by Daniel Rutherford. This element is also the substrate of the enzyme nitrogenase which occurs in the certain bacteria (rhizobia) of legumes.

· C has a molar mass of 34.83 g‧mol-1.

· D is the only element for which the Schrödinger-equation may be solved exactly.
· E is a salt containing element A, and reacting violently with water.
· F is also a salt with a formula mass of 7.95 g‧mol-1.

· G is a salt with an oxygen content of 69.62 %, and contains two other different elements.  

· H is a salt a salt, whose aqueous soluton reacts strongly basic.

· I is an unstable compound which, on heating, explodes producing A and B. 
· J is a gaseous, pungent smelling substance of which 131 millions of tons were produced in 2010 throughout the world. 
· K is a salt which is used as catalyst in electrophilic substitutions. 
· L is an important reduction agent in organic chemistry. 
· N is a gaseous, pungent smelling substance which dissolves readily in water producing a strong electrolyte. 
· Q is a weak acid.
2.1.
Write formulae for the substances A to Q into the boxes.

	A 
	B 
	C 

	D 
	E 
	F 

	G 
	H 
	I 

	J 
	K 
	L 

	M
	N 
	Q 


Task 3
                                                                                 6 points
Phosphate in waste water
The waste water of a municipal wastewater treatment plant has a pH of 7.88 and contains 2.00 mg phosphorus per litre as phosphoric acid, dihydrogenphosphate, hydrogenphosphate, and phosphate. The acid constants of phosphoric acid are: 
pKA1 = 2.23;  pKA2 = 7.21; pKA3 = 12.32.

3.1.
Which phosphorus species have the highest concentrations at the pH mentioned above?
	


3.2. 
Calculate the concentrations of the two species from 3.1.. 
	


In order to purify the waste water, some metal salt solutions are added before bringing the water into the biological sewage treatment. These salts make sure that the phosphates are precipitated to a large extent. Mostly Fe3+ is used for that. 
The solubility product of FePO4 amounts to KLP = 9.91·10-16. 

3.3.
Which amount of Fe3+ must be added to 1.00 L of waste water to decrease the phosphorus content from 2.00 mg/L to 0.5 mg/L? Start by assuming that all the phosphorus is present in form of phosphate ions PO43-!

	


In some cases phosphoric acid condenses to produce poly phosphoric acids with the general molecular formula Hn+2PnO3n+1. Pyrophosphoric acid is a poly phosphoric acid with n=2, the tri phosphoric acid a poly phosphoric acid with n=3. 

3.4.
Draw the configuration formulae of the two poly phosphoric acids! 
	
	


In order to determine the chain length of a poly phosphoric acid, it can be titrated with a sodium hydroxide solution. Thereby a certain property of poly phosphoric acids is used: Only one of the two OH-groups at each ends of the molecule is weakly acidic, all the other OH-groups in the molecule are strongly acidic. In an acidimetric titration the two different types of OH-groups can be determined separately using two different acid-base indicators.
Let us consider a triphosphoric acid (n = 3): In a titration with diluted NaOH of a certain concentration 16.8 mL are used to reach the first equivalence point, 28.0 mL are needed to reach the second equivalence point. 

3.5.
What was the consumption per OH-group?

	


An unknown poly phosphoric acid is titrated. To reach the first equivalence point 30.4 mL are consumed, to reach the second equivalence point 45.6 mL are needed. 
3.6.
Calculate the molecular formula of this poly phosphoric acid!

	


Task 4
                                                                                 5 Points
Super acids
By definition, a super acid is stronger than 100% sulphuric acid. The strongest super acid is fluorine antimony acid, a mixture of SbF5 and HF which reacts according to:
2 HF + SbF5 ⇌ H2F+ + SbF6-
Fluorine sulphonic acid HSO3F is another very often used super acid. To further increase the acidity, it is also mixed with SbF5 which leads to a solution often called “magic acid“. It makes it possible to dissolve paraffin wax candles with it! In this mixture one mol of SbF5 reacts with two mol of HSO3F in analogy to the above mentioned example.

4.1.
Write a balanced equation for the generation of „magic acid“!

	


The ion H2F+ from Fluorine sulphonic acid is able to protonate a lot of very weak bases. 
4.2.
Write a reaction equation for the protonation of carbon oxide. Additionally draw all possible mesomeric structures of the carbon containing product. 
	


The ion SbF6- can also be produced in a reaction of xenon(II)fluoride with SbF5. In this case the XeF+-Ion will emerge. 

4.3.
Write an equation for this reaction!

	


The XeF+-Ion may react with Xe-gas and another molecule of SbF5 to give Xe2+-ions.
4.4.
Write an equation for this reaction!

	


4.5.
Draw the MO-scheme of Xe2+, state the binding order and the magnetic behaviour of this particle. 
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 Task 5
                                                                                              7 Points
Platinum complexes
Many halogen platinates containing different halogen ligands were synthesized in recent years. 
Let us start from the octahedral complex ion [PtBr6]2- and substitute the Br-ligands with Cl-ligands step by step. 
5.1.
Write down formulae for all of the mixed bromo-chloro-complexes, and use - in order to indicate stereoisomers - the descriptions cis, trans, fac, and mer.

	


5.2.
Draw one example of own choice with the stereo descriptor “cis” and one with the stereo descriptor “fac”. 

	
	


5.3.
Determine the oxidation number of Pt in [PtBr6]2-, name the complex ion, and write down the electron configuration of the 5d-, 6s- and 6p-orbitals for Pt with this oxidation number.

	


5.4.
The complex ion mentioned in 5.3. is a low-spin complex. Scetch the electron-occupation of the t2g- and eg-orbitals. Do you expect a magnetic moment?

	


Metal-carbonyl complexes are complex compounds of transition metals with carbon oxide ligands. Already in 1868 the mixed complex [Pt(CO)2Cl2] was synthesized. 

5.5.
Check by calculation, whether the 18-electron-rule is obeyed in this complex. 
	


Well known metal carbonyl complexes are also the complexes of iron with carbon oxide. They may be produced simply by reaction of finely powdered iron with CO. 
Fe    +    n  CO      ⇌    [Fe(CO)n]
5.6.
Determine the value for n for which the complex obeys the 18-electron-rule. 
	


5.7.
Draw the configuration formula of this complex.

	


When irraditiating this complex with UV-light, [Fe(CO)n] changes to give a binuclear carbonyl complex [(CO)3Fe-μ(CO)3-Fe(CO)3] and a gas.
5.8.
Write an equation for this reaction.

	


5.9.
Draw the structure of the binuclear complex which contains a Fe-Fe-bond. 

	


Task 6
                                                                                           15 Points
Frontalin – a pheromone of the bark beetle

„Frontalin“ is an aggregation pheromone of the bark beetle. It was isolated and identified 1969 for the first time from more than 6500 bark beetles (dendroctonus brevicomis). Since then many groups of organic chemists have performed synthesis of the compound. One of these synthesis is described below:

Some hints to this synthesis:

B reacts with aqueous NaHCO3 to give a gas and colourizes a cold aqueous KMnO4-solution brown.

D shows a characteristic band at 2200 cm-1 in an IR-spectrum. E shows a strong absorption band at 1710 cm-1.

MCPBA (m-chlorperbenzoic acid) forms an epoxide F from E, which delivers with diluted acid the cyclic ketale frontalin via an unstable, non cyclic intermediate.
6.1.
Which substance is referred to in the case of the question mark above the arrow in the first step of the synthesis? 
	


6.2.
Find the structures of the compounds A, B, C, D, E, F and of the unstable intermediate.

6.3.
Determine the number of stereogenic centres in frontalin and mark them with * in the formula in the box. How many stereoisomers has frontalin? 
	A


	B
	C

	D


	E
	F

	unstable intermediate

	frontalin:

stereoisomers:


The 1H-NMR of frontalin is given. Three regions are marked.




6.4.
Attach the signals which are marked with a, b and c to the respective protons in frontalin. Thereby, combine the letters with the numbers of the C-atoms to which the hydrogen-atoms which create the signal, are bound. 
	
	
	


K. Mori has found that only one form, namely (-)-Frontalin, has a biological acitivty.  

   








(-)-Frontalin

6.5.
Determine the absolute configuration at the asymmetric centre(s). 
	


6.6.
Give the IUPAC-name of (-)-frontalin.

	


1997 Nishimura and Mori developed a simple enantioselective synthesis of (-)-frontalin. It is shown in the next scheme. The determining step is a microbiological asymmetric reduction of the ß-ketoester to produce the ß-hydroxyester with the desired configuration. 

(PCC stands for pyridiniumchlorochromate)


6.7.
Determine the absolute configuration at C1 and C2 in the ß-hydroxyester.

	


6.8.
Find the structures of the compounds G, H, J, L, M and N.

	G


	H

	J


	L

	M


	N


In the reaction step J → K propanone (acetone) reacts with the triol. 
6.9.
Which type of compound is generated?
	


6.10.
What is the reason for performing this step? Mark the right answer.

(Attention: For wrong marking there will be a deduction of points, although you cannot get negative marks.)

	
	Acetone is needed in the final product.

	
	Acetone changes the stereochemistry.

	
	Acetone delivers the two methyl groups in frontalin.

	
	Acetone serves as a protection for the two OH-groups. 

	
	The consumption of PCC is therefore increased.


6.11.
Draw the configuration formula of (+)-frontalin.

	


6.12.
What is the stereochemical connection to (-)-Frontalin?
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bond order:
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magnetic behaviour:
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