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37th Austrian Chemistry Olympiad
National Competition


Practical part – June, 8th 2011

Task 7:  ....../......../14

Task 8: ....../......../15

Task 9: ....../......../11


  Total:     .........../40

Name:........................................                          Number:............

Hinweise

· You have 5 hours to solve the competition tasks. 
· You may only use this paper, draft paper, a non programmable calculator, and a blue or black biro, nothing else. 

· Write your answers in the boxes provided. Only these answers will be collected and marked.  If you don’t have enough space, you can 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. 
· You have to wear safety goggles (our your own optical glasses) and a lab coat throughout the whole time of the competition.
Some data:

Atomic masses of some elements in u:
H: 1.01

C: 12.01


N: 14.01


O: 16.00



K: 39.10


Fe: 55.85
Task 7
                                                                                            14 Points
Qualitative Analysis
You have got 11 inorganic samples consisting of one cation and one anion each. Three out of theses samples contain K+ as cation.
Additionally you have at hand:

· Ammonia solution (2 M) 

· Iron(III)-chloride solution (0,5 M)

· Burner
· MgO-rod
· Test tubes
· Apparatus for electrolysis
· pH-paper and tweezers
· spot test grid
7.1.
Write correct formulae for the salts in solution as well as explicit justifications for your assumptions into the table.
	Sample
	Formula
	Jusitification

	1
	
	

	2
	
	

	3
	
	

	4
	
	

	Sample
	Formula
	Jusitification

	5
	
	

	6
	
	

	7
	
	

	8
	
	

	9
	
	

	10
	
	

	11
	
	


Task 8
                                                                                            15 Points
Quantitative Analysis
General
Your task is to find the formula for the grass green compound Kx[Fe(C2O4)y].zH2O. For this purpose you have the pure substance itself, water, H2SO4, KMnO4, Zn, as well as the usual lab apparatus at hand. 
Aside from finding the stoichiometric numbers x, y and z, yould should also comprehend the principle of this determination on the basis of the working procedure. Iron has the oxidation number +3 in this complex. The chemicals at your disposal are sufficient for three determinations. 
Procedure
a) Preparation
1.8 to 2.0 g of the complex were accurately weighed into a 100 mL volumetric flask, and dissolved in about 50 mL of H2SO4-solution (2 mol/L). The flask must be filled to the mark with water. Then, 10.0 mL of the well mixed sample will be used for each determination.
b) Titration 1:
An aliquot is pipetted into a 150 mL-beaker, 20 mL of H2SO4-solution (2 mol/L) and 20 mL water are added. This mixture is heated on a magnetic stirrer up to 70°C (thermometer) under constant stirring. It is titrated at this temperature with KMnO4-solution (0.0200 mol/L) to the first pink colouring (V1 > 20 mL).

c) Titration 2:

1.5 g of zinc are added to the titrated sample from b), and it is heated to 70°-90°C for 5 minutes, whereby the beaker must be covered with a watch glass. The solution (suspension) should turn colourless. The hot suspension is filtrated quantitatively into a second titration flask. The filter is washed with 20 mL H2SO4-solution (2 mol/L) and a little water. The filtrate is again titrated with KMnO4-solution (0.0200 mol/L) (V2 < 5 mL). 
	Mass of complex:


Protocol

8.1.
Write down values for V1 and V2.

	V1 =
	V2 =


8.2.
Which species are determined in b) and c) respectively?
	b)
	c)


8.3.
Write down balanced equations for the titration reactions in b) and c) and for the two reactions taking place with zinc.  
	b)

	c)

	

	


8.4.
Calculate x, y and z and write the sum formula and the name of the complex into the boxes.
	

	x =
	y =
	z =

	Sum formula:

	Name:


Task 9                                                                                                      11 Points
Synthesis of paracetamol
Paracetamol is one of the most used pain relieving drugs and part of many analgetics. A synthesis starts from 4-aminophenol which reacts with acetic acid anhydride (ethanoic acid anhydride) to give the desired product. You should perform the synthesis, check the purity of the product by TLC, and analyze whether the drugs „Mexalen“ and „Gewadal“ contain paracetamol. 

Synthesis of the crude product:

For the TLC-analysis, transfer some crystals of 4-aminophenol into an empty Eppendorf tube.
2.73 g of 4-aminophenol are transferred from test tube „Am“ into the 100 mL- Erlenmeyer flask, 8 mL of water and a stirring bar are added. While stirring the suspension, add 3.5 mL of acetic acid anhydride (ϱ = 1.08 g/mL; from test tube „Ac“) drop wise with a long glass Pasteur-pipette. The flask is heated up to 80oC (maximum 90oC) on the magnetic stirrer. The suspension will turn clear. After reaching the desired temperature, the Erlenmeyer flask is kept at that level under constant stirring.
The Erlenmeyer flask is first cooled under running water, then it is put for 10 minutes into an ice bath. 

The crude product is filtered off under suction, and washed with 2-3 mL of water. 

Recrystallisation:

The crude product is put back into the meanwhile cleaned (water, kitchen roll) 100 mL-Erlenmeyer flask, mixed with 20 mL water, and a boiling stone is added.  Using the magnetic stirrer the suspension is cautiously heated to boiling. If the crystals do not dissolve completely, then add some water. The colourless solution is cooled down to room temperature until crystallisation starts. The suspension is further cooled in an ice bath for 10 minutes and then filtered off by suction using the meanwhile cleaned glass frit. The purified product is transferred onto the pre-weighed watch glass and handed to the supervisor for drying (drying conditions: 30 minutes at 105°C).  

For TLC some crystals of the purified product are transferred into an empty Eppendorf tube.
After receiving back your product, determine the yield and the melting point. 
TLC-analysis:

The samples with 4-aminophenol and your product as well as the samples 3 (contains some crystals of „Mexalen“) and 4 (contains some crystals of „Gewadal“) are dissolved with 2-3 drops of ethanol each (ethanol in Pasteur pipette „Et“). Using capillaries (Pasteur pipettes) the samples are spotted on a TLC-plate, the solvent is evaporated, and the TCL-plate is developed using heptane/ethylethanoate/ethanol = 45/45/6 as mobile phase. 
Indicate all spots present by circling with a pencil and calculate the Rf-values for 4-aminophenol and paracetamol.  

Protocol:

9.1.
Hand in the product on the watch glass and the TLC-plate to the supervisor.
9.2.
Write down the reaction equation (using structural formulae) for this synthesis. 
	


9.3.
What is the mechanism of this reaction?

	


9.4.
Note the mass of your product, calculate the theoretical yield, and thus also your yield in % of the theory.
	m =
	yield (th):
	yield (%):

	


9.5.
Write the melting point into the box provided.
9.6.
Write the Rf-values of the starting material (AM) and of the product (PA)  into the boxes.
	FP =
	Rf(AM) =
	Rf(PA) =


9.7.
Draw your TLC-plate 1:1.
9.8.
Is there any paractamol in „Mexalen“ or „Gewadal“?

GEW:





MEX:
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