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Practical part – June, 16th 2012

Task 9:  ....../......../14

Task 10: ....../......../13

Task 11: ....../......../13
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  Total:     .........../40

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

Hints
· 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 for them. 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 (your own or 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
Cu: 63.55

C: 12.01
Ni: 58.69



N: 14.01
Cr: 52.00

O: 16.00
Mn: 54.94

K: 39.10
Co: 58.93



Fe: 55.85
Cd: 112.4

Task 9
                                                                                            14 Points
Qualitative and quantitative analysis
You have got 8 samples, which are solid or dissolved salts. The sample #1 is a mixture of two salts, one of them being readily soluble in water, the other one being soluble in 2 M hydrochloric acid. Aside from the qualitative analysis of both salts in sample #1, you have to determine the weighed mass of the water-insoluble substance by photometric analysis. 
At your disposal:

· sodium hydroxide solution (2M) – „NaOH“

· Ammonia solution (10%) - „NH3“

· burner
· MgO-rod
· 6 empty plastic Pasteur pipettes
· clamp
· 6 test tubes
· 1 stopper
· 1 funnel
· 2 pieces of filter paper
· pH-paper
· grid pattern for spot tests
Procedure with sample #1:
You have twice sample #1 on your desk (1A and 1B with different masses of the same salts). You may perform the quantitative analysis once or twice (depending on time available), whereby both results must be handed in, and the better of the two will be graded.
Transfer the solid sample #1 quantitatively into a small test tube and add water up to half of the test tube volume. Stopper the test tube and dissolve the water-soluble salt by intense shaking.  Filter the suspension into the big test tube and wash with little water. Take care not use too much water, in order to be able to accomplish the analytical detection of the salt in the solution. 
The solid in the filter can be dissolved directly by addition of hydrochloric acid (2 M). First, place the funnel with the filter paper on the 100 mL measuring flask. Use for dissolution a total of 10 mL hydrochloric acid which you add slowly using a plastic Pasteur pipette. Then wash again with some water. 
Now add 25 mL of ammonia (10%) into the measuring flask and fill up with deionised water.  When adding the ammonia, a mononuclear tetra-ammin complex with λmax = 630 nm is formed. In order to determine the concentration of this complex in solution, you have a standard with known concentration (written on the respective test tube) at hand. Measure against water.

Finally, analyse qualitatively the 8 samples.
Protocol 
9.1.

	Concentration of the standard written on the test tube: cS = 0.01259 mol/L

	absorption of the standard at 630nm:  AS = 0.728



	absorption(s) of the solutions from sample 1A and/or 1B: 0.704

	Calculation of the mass of the water-insoluble salt (1A or 1B):
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masse(s) of the water-insoluble salt in sample 1A and/or 1B: 
[image: image10.png]“Meyco.
=TNeuco.1a
Meuco,



 = 0.1504 g 


9.2.

	sample
	formula
	sample
	formula

	1

water-soluble salt
	KCl
	5
	AgNO3

	1

water-insoluble salt
	CuCO3
	6
	K2CrO4

	2
	Cd(NO3)2
	7
	KSCN

	3
	CaCl2
	8
	Fe(NO3)3

	4
	BaCl2
	
	


Task 10
                                                                                            13 Points
Quantitative Analysis
Determination of two parameters of milk

General
In this task the titratable acidity of milk according to Soxhlet-Henkel and the fat content of milk according to Gerber are to be determined. Both techniques are executed at the Francisco-Josephinum in Wieselburg, a scientific school for agriculture and food technology (original title: “Höhere Bundeslehr- und Forschungsanstalt für Landwirtschaft, Landtechnik und Lebensmittel-technologie”). 

The titratable acidity according to Soxhlet-Henkel (°SH) is the volume of sodium hydroxide solution (c = 0.25 mol/L) which is used up in the titration of 100 mL of a (milk) product. The titration is performed to a certain standard colour shade using phenolphthaleine as indicator. 
In the determination of the fat content, milk will be decomposed with sulphuric acid. Thus, the free fat is separated by centrifugation, and, using a certain scale in the so called butyrometer, the fat content is read off in mass percent. To facilitate the phase separation, amyl alcohol is added.
The titratable acidity must be determined in the cooled milk. Immediately before you determine the acid value, you ask the lab supervisor for your milk sample which will be given to you out of the refrigerator. After that the milk may remain on the lab bench, for the determination of the fat content, the milk needs not to be entirely fresh.
Attention:

During the addition of the sulphuric acid, while shaking and reading the butyrometer, you must wear a rubber apron aside from your goggles and your lab-coat. 
While shaking the butyrometer you have to cover it with a cotton fabric. 
After centrifugation, make sure to hold the butyrometer in a way that the rubber stopper is pointing down! 
Procedure
a) Determination of the titratable acidity
Production of the colour standard:

50.0 ml of the milk are pipetted into a titration flask and mixed with exactly 1 mL of cobalt sulphate solution (5%). The standard holds for maximum 3 hours. Don’t add any other water!
Determination of the titratable acidity:  

50.0 ml of the milk are pipetted into a titration flask. 2.0 ml of phenolphthaleine (2%) are added.

Then you titrate, while continuously swirling, with NaOH (0.10 mol/L) until you reach the standard colour shade. You should not need more than one minute for the titration. 
Some hints:


Determine a rough value in a first titration, then perform two exact titrations. 
To compare the colours, use absolutely a white sheet as background. 
Don’t add any water at any moment.

b) Determination of the fat content:

Write your number at the closed top of every butyrometer you use. 
The two Gerber-butyrometers are filled with:

· 10 ml of sulphuric acid, 91%; fill in slowly from a bottle with a portion device in the lab;  H2SO4 has to be in the butyrometer without any air bubbles in it;
· 10.75 ml of milk (place the butyrometer in a rack, and bed the milk on top of the sulphuric acid; the milk must not be mixed with the acid thoroughly, otherwise a black layer will emerge, and you have to start all over again.)

· 1ml of amyl alcohol from the plastic Pasteur pipette (on the bench)

Each of the two butyrometers is stoppered using the aluminum-rod, wrapped into a cotton fabric and shaken until all the protein has completely dissolved. In order to mix perfectly, you turn the butyrometer upside down between shaking. 
Attention: From now on the butyrometer becomes very hot in the range of the brown liquid! 
The butyrometer is placed again in the rack, rubber stopper pointing down. 
 From now on the butyrometer must not be turned upside down!
You have to wait for centrifugation. The schedule: every 20 minutes, starting from 9.00 am. 
The centrifugation is accomplished with an acceleration of 350 (+/-50) m/s2 (about 1100 rpm) for five minutes.

The butyrometer is then placed into a water bath with 65 SYMBOL 176 \f "Symbol"C for five minutes (adjacent to the centrifuge). The fat scale must be covered totally by water.
After taking out from the bath, the butyrometer is wiped with the fabric. Then it is held at eye level, and the phase border fat/liquid is adjusted to 0%. Now read the scale at lowest point of the fat meniscus. The reading must be done within one minute after withdrawal of the butyrometer from the water bath. 
After reading the scale, hand in the butyrometer to the lab assistant, he or she will dispose of the content.
Protocol

10.1.
Write down a mean value of VTIT .

	VTIT = 8.60 mL


10.2.
Calculate the titratable acidity in °SH, show your calculation steps.

	SH° = VTIT•(2/2.5)
SH° = 8.60•0,8 = 6.88


10.3.
Write down the fat content of your milk sample.

	Fat content: 3.5%


10.4.
Why is it necessary to have the rubber stopper down after centrifugation? Tick the right answer:

	
	Turning it upside down, the butyrometer cannot stand.

	X
	Fat and aqueous phase are mixed again.

	
	There might be an evolution of gases which will press out the stopper.

	
	If the stopper is on top, it is not possible to take it out after analysis. 


10.5.
Why is it necessary to read the butyrometer immediately after withdrawal from the water bath? Tick the right answer:
	
	Standing longer, the fat will decompose.

	
	By cooling down, the height of the fat column will increase. 

	
	Standing longer, the fat will be mixed again with the aqueous phase. 

	X
	By cooling down, the height of the fat column will decrease.


Task 11                                                                                                    13 Points
Synthesis of 1,4-Di-t-butyl-2,5-dimethoxybenzene
General
In this task a Friedel-Crafts-alkylation with 1,4-dimethoxybenzene and 2-methyl-propan-2-ol (t-butanol) is performed. Concentrated sulphuric acid in equimolar amounts is used to produce the electrophile. The product is purified by recrystallisation, the purity is checked by thin layer chromatography und by melting point determination. 
Reacton equation:

Procedure:

Place some crystals from test tube „Di“ into the empty Eppendorf-tube 1. 

The 100 mL-Erlenmeyer flask already contains 1.95 g 2-methyl-propan-2-ol. Add 1.50 g dimethoxybenzene (in test tube „Di“), 5 mL glacial acetic acid (in test tube „EE“), and the magnetic stirring bar. Place the Erlenmeyer flask into an ice-water-bath and cool the content to approximately 5°C (check with the thermometer) under constant stirring. At the same time, also place the test tube with 7.5 mL concentrated sulphuric acid (in test tube „S“) into the ice-water-bath. The predominant part of the dimethoxybenzene should have dissolved now, some remaining crystals will not interfere the coming process.  

After reaching 5°C, you start with the addition of sulphuric acid.  You add the acid with a glass Pasteur pipette in a way so that the temperature does not exceed 20°C. The mixture should be stirred vigorously, the complete addition should last for about 10 minutes. In the course of addition, the product will precipitate. If stirring with the magnetic stirrer is not possible any more, the flask is swirled after each addition of acid. At the end of the addition of acid, the flask is taken out of the ice bath, and the stirring is continued for 15 minutes at room temperature. 
For rework the Erlenmeyer flask is put back into the ice-water-bath. First, some pieces of ice are added to the reaction mixture, the mixture is stirred well, and then about 40 mL of water are added. The solid product is filtered off through a glass frit, washed twice with little cold water, and sucked to dryness for some minutes. 

In the meantime, the Erlenmeyer flask is cleaned with a piece of kitchen paper. The crude product is put back into the flask and recrystallised from ethanol. 
For this purpose, about 15 mL of ethanol (bottle „EtOH“) are added, and the product dissolved by heating. Eventually some more ethanol must be added. The hot solution is cooled down slowly, then put into the ice-water –bath for about 5 minutes. The recrystallised solid product is filtered off through a glass frit, washed twice with little cold ethanol, and sucked to dryness as well as possible.
The product is brought on to a weighed watch glass and handed to the supervisor for drying  (drying time 30 minutes at 70°C in a drying cabinet). You have to ask for the dry product after that time. 
After drying you determine the yield and the melting point. 
You may perform the TLC-check now or already before drying. 
Put a small amount of the product into the empty Eppendorf-tube 2. Dissolve both samples for TLC in 3-5 droplets of acetone (plastic Pasteur pipette „Ac“) and apply the solutions with the aid of Pasteur pipettes on to the TLC-plate. Develop the plate with heptane as solvent. Mark the spots under the UV-lamp. Hand in the TLC-plate to the supervisor with all necessary marking. 
Protokoll:
	11.1. Hand in the final product to the supervisor.


	11.2. Calculate the theoretical yield:

138/250 = 1.50/x  ⇒  x = 2.71 g (t-butanol in surplus!)


	11.3. Calculate your yield in g and in % of theory:
% = (own mass/2.17)×100 


	11.4. Melting point: 104°C


	11.5. Hand in your TLC-plate (with number) to the supervisor.


	11.6. Calculate the Rf-values of the starting substance and of the final product.
starting substance: ≈0.10-0.15


product: ≈0.30-0.35
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