36th IChO     Problemas práticos
· Normas de segurança
siga as normas de segurança tal como foram descritas no caderno de problemas preparatórios, em particular você deve usar óculos de segurança durante todo o experimento, não levar comidas ou bebidas para o laberatório.


· Violação das normas de 
você receberá uma advertência, ao repetir 

     segurança                                           novamente: será posto fora da prova.

· Caderno de problemas
10 páginas com 2 problemas. Comece com o problema 1 e continue até um hint ser dado para iniciar o problema 2.
· Tempo
5 horas, será dado aviso 30 minutos antes do final.

· Folhas de respostas:
3 páginas
· Seu nome e código do estudante
escreva em cada uma das folhas de respostas. 

· Respostas 
somente nos locais apropriados (caixas) nas folhas de respostas, nada será considerado se escrito fora destes locais. Cálculos relevantes devem ser apresentados.

· Use somente a caneta e a calculadora fornecidas
· Resultados
o número de algarismos significativos nas respostas numéricas devem estar de acordo com o erro experimental. Não seguindo isso será aplicada penalidade. 
· Bureta
faça a leitura na melhor precisão possível. 

- 
Reagentes extras 
caso necessite de Na2EDTA, Na2S2O3, solução supercondutora, sólido supercondutor, polycarbonato ou bisphenol A? Solicite ao instrutor. Para cada quantidade solicitada desses reagentes você receberá uma penalidade de  -5 pontos.
· Perguntas
no que diz respeito a segurança, aparelhagem, reagentes, organização, ida ao toalete: pergunte ao instrutor.

· Descarte do material usado
somente nos depósitos apropriados.

· Exame na língua inglesa  
disponível se solicitado para esclarecer dúvida.  
· Após o sinal de STOP
ponha suas folhas de respostas no envelope (não feche), entregue-o ao instrutor de sua sala. Leve o caderno de problemas a caneta e a calculadora.

Após o sinal de STOP você deve parar imediatamente seu trabalho. Um atraso de 5 minutos em obedecer resultará em nota Zero nesse exame.
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Aparelhagem

Durante o exame prático algumas vidrarias de sua bancada serão usadas mais de uma vez. Limpe-as cuidadosamente. 

Os hoods e o equipamento a ele acoplado serão usados por vários estudantes. Os números de seu hood e da sala de seu instrutor estão indicados em sua bancada.
	aparelhagem
	
	aparelhagem

	2 beakers (100 mL) 
	
	1 heating plate with magnetic stirrer

	1 beaker (pesado, rotulado 
“beaker A”) 

1 beaker (pesado, rotulado
“beaker B”) 
	
	1 magnetic stirring bar

3 melting-point tubes in a test tube  

	1 beaker (400 mL)
	
	


(labelled “tube B”)

	1 pair of “rubber fingers” for handling hot

   beakers
	
	1 measure for melting point tubes

1 Pasteur pipette (2 mL, grad.) with ball

	1 bottle with dem. water (500 mL)
	
	1 Peleus ball

	2 brackets for condenser and flask 
	
	1 pipette (25 mL)

	1 bracket for the burette with sleeve
	
	1 plastic plug (NS 29)

	1 burette (25 mL)
	
	1 glass-ceramics (Ceran™) plate

	1 suction filter (90 mm)
	
	1 pair of protective glasses

	1 condenser (NS 29)
	
	1 role of pH paper

	1 Erlenmeyer flask (100 mL, NS 29)
	
	2 shards (2.5 cm x 2.5 cm)

	4 Erlenmeyer flask (300 mL)
	
	2 sleeves for the brackets

	1 g fibreglass
	
	1 spatula 

	6 filter papers for problem 1
	
	1 micro spatula 

	6 filter papers for problem 2
	
	2 stands

	1 filter rack
	
	1 suction bottle (500 mL) with ring

	2 folded filter papers for problem 1
	
	1 Teflon coupling (NS 29)

	1 funnel for analysis 
( =   80 mm
	
	4 test tubes

	1 funil para líquidos 
( = 100 mm
	
	1 test-tube rack

	1 funnel for powder 
( =   80 mm
	
	1 volumetric flask (100 mL)

	1 funnel for the burette
	
	1 volumetric flask (250 mL)

	2 glass rods 15 cm
	
	75 cm glass tube

	1 glass rod 21 cm
	
	1 pair of tweesers

	1 graduated cylinder (10 mL)
	
	1 wiper

	1 graduated cylinder (100 mL)
	
	1 test-tube brush

	
	
	


Chemicals for each student

	No
	chemicals
	formula
	conc.
	amount
	R phrases
	S phrases

	1
	polycarbonate (Makrolon)
	-
	solid
	2.54 g
	-
	-

	2
	ethanol
	C2H5OH
	96 %
	150 mL
	11
	7-16

	3
	hydrochloric acid
	HCl
	25 %
	60 mL
	36/37/38
	26

	4
	sodium chloro acetate
	ClCH2COONa
	solid
	5 g
	25-38-50
	22-37-45-61

	5
	sodium hydroxide
	NaOH
	solid
	4 g
	35
	26-37/39-45

	6
	sodium-hydroxide solution
	NaOH
	10%
	100 mL
	35
	26-36/37/39

-45

	7
	disodium-EDTA solution
	Na2-EDTA
	0.1000

mol L-1
	100 mL
	22-36/37/38
	26-36

	8
	sodium acetate
	CH3COONa
	solid
	10 g
	-
	-

	9
	sodium-iodide solution
	NaI
	10 %
	80 mL
	-
	22-24/25 *

	10
	sodium-thiosulfate solution
	Na2S2O3
	 0.01000 mol L-1
	100 mL
	-
	-

	11
	starch solution
	-
	-
	20 mL
	-
	-

	12
	sulfuric acid
	H2SO4
	2 mol L-1
	50 mL
	35
	26-30-45

	13
	superconductor solution
	LaxM(2-x)CuO4
	-
	-
	22 1)
	22-24/25 1)

	14
	superconductor solid
	LaxM(2-x)CuO4
	solid
	250 mg
	22 
	22-24/25 

	15
	xylenol orange indicator 
	-
	solid
	500 mg
	8
	16-41

	27
	bisphenol A 2) 
	C15H16O2
	solid
	
	36/37/38-43
	24-26-37

	28
	bisphenol A 3)
	C15H16O2
	solid
	
	36/37/38-43
	24-26-37


1) for the solid compound

2)  will be handed out by the instructor on request during problem 1

3) will be handed out after the first step of problem 1 in the appropriate instructor room

Chemicals that have to be used in common (to be found in the hoods)

	No
	chemicals
	formula
	conc.
	
	R phrases
	S phrases

	16
	acetic acid
	CH3COOH
	2 mol L-1
	
	10-35
	23.2-26-45

	17
	ammonia solution
	NH3 (aq)
	25 %
	
	34-50
	26-36/37/39-45-61

	18
	ammonium-carbonate solution
	(NH4)2CO3
	2 mol L-1
	
	36/37/38 *
	26-37/39 *

	19
	ammonium-oxalate solution
	(NH4)2C2O4
	0.25 

mol L-1
	
	21/22 *
	24/25 *

	20
	ammonium-sulfate solution
	(NH4)2SO4
	1 mol L-1
	
	-
	-

	21
	calcium-sulfate solution
	CaSO4
	satur.
	
	-
	-

	22
	perchloric acid
	HClO4
	10 %
	
	34
	23-26-36-45

	23
	potassium-dichromate solution
	K2Cr2O7
	0.05 

mol L-1
	
	43
	24-37-45-60


* for the solid compound

Chemicals to perform a blank test which can be obtained from the instructor:

	No
	chemicals
	formula
	conc.
	
	R phrases
	S phrases

	24
	barium-chloride dihydrate
	BaCl2 ( 2 H2O
	solid
	
	20-25
	45

	25
	calcium-chloride hexahydrate
	CaCl2 ( 6 H2O
	solid
	
	36
	22-24

	26
	strontium-chloride hexahydrate
	SrCl2 ( 6 H2O
	solid
	
	-
	22-24/25


Risk phrases (R)
R   8
Contato com material combustível pode provocar fogo.
R 10
Inflamável.

R 11
Altamente inflamável.

R 20
Harmful by inhalation.

R 22
Harmful if swallowed.

R 25
Toxic if swallowed.

R 34
Causes burns.

R 35
Causes severe burns.

R 36
Irritating to eyes.

R 37
Irritating to respiratory system.

R 38
Irritating to skin.

R 43
May cause sensitization by skin contact.

R 50
Very toxic to aquatic organisms.

Combination of risk phrases

R 21/22
Harmful in contact with skin and if swallowed.

R 36/37/38
Irritating to eyes, respiratory system and skin.

Safety phrases (S)

S 7
Keep container tightly closed.

S 16
Keep away from sources of ignition - No smoking.

S 22
Do not breathe dust.

S 23
Do not breathe gas/fumes/vapour/spray (appropriate wording to be specified by the manufacturer).

S 23.2
Do not breathe vapour.

S 24
Avoid contact with skin.

S 26
In case of contact with eyes, rinse immediately with plenty of water and seek medical advice.

S 30
Never add water to this product.

S 36
Wear suitable protective clothing.

S 37
Wear suitable gloves.

S 41
In case of fire and/or explosion do not breathe fumes.
S 45
In case of accident or if you feel unwell, seek medical advice immediately (show the label where possible).

S 60
This material and its container must be disposed of as hazardous waste.
S 61
Avoid release to the environment. Refer to special instructions / Safety data 


sheets.

Combination of safety phrases (S)
S 24/25
Avoid contact with skin and eyes.

S 36/37/39
Wear suitable protective clothing, gloves and eye/face protection.

S 37/39
Wear suitable gloves and eye/face protection.

1.
Two-Step Organic Synthesis of 2,2-Bis(p-phenyleneoxyacetic 
acid)propane (Bisphenol A bis(carboxymethyl)ether)  

       (100 points)

Introduction

In the first step the sodium salt of bisphenol A results as an intermediate from the alkaline hydrolysis of a polycarbonate. By adding an acid this salt is converted into the free 2,2-bis(4-hydroxyphenyl)propane (bisphenol A).
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In the second step bisphenol A reacts with sodium chloroacetate to form the phenolic ether, bisphenol A bis​(carboxymethyl)ether.
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In each step the product has to be isolated.


(Drying and weighing will be done by the organizer.)

· For the product of step 2 three melting point tubes have to be filled.


(Filling of the melting point tubes in step 1 will be done by the organizer.)


(The melting points will be determined by the organizer.)

· When the organizer receives your labelled beaker A of step 1 you will get 2.00 g of bisphenol A as starting material for the second step.

· Answer the additional questions on the answer sheet P1.

Procedures

Step 1
Preparation of bisphenol A by alkaline hydrolysis of a polycarbonate

Preparation:

· Put 2.54 g of polycarbonate (No. 1), 4.0 g of sodium hydroxide (No. 5) and 3 mL of demineralized water into a 100 mL Erlenmeyer flask with glass-ground joint. 

· Close the flask with a plastic plug and swirl it gently so that the solution does not contact the glass-ground joint. For aeration open the plastic plug occasionally. Strong heating can be observed, as the sodium hydroxide partially dissolves.

· Remove the plastic plug after about 4 minutes, add a magnetic stirring bar and put the flask onto a heating plate. Put a reflux condenser above the neck of the flask. Use a Teflon coupling as a connection between flask and condenser. Fix the apparatus tightly to a stand.

· Finally, add 20 mL of ethanol through the condenser while stirring the reaction mixture.

· Heat the reaction mixture under reflux for 60 minutes. In the beginning adjust the thermostat of the heating plate to maximum. When the mixture starts boiling reduce the heat carefully, so that the mixture is kept under light reflux.

· A colourless precipitate is formed on heating.
During this waiting period you are highly advised to start working on the analytical chemistry experiment.

Isolation:
· Stop heating after one hour, allow the reaction mixture to cool down to ambient temperature, remove the condenser, add 25 mL of demineralized water and transfer the reaction mixture into a 400 mL beaker. Rinse the Erlenmeyer flask with 25 mL of demineralized water.

· Finally, fill up to 150 mL with demineralized water.

· If the reaction mixture is not clear, the mixture has to be filtered over fibre glass into an Erlenmeyer flask
· Add slowly 15 mL of hydrochloric acid (No. 3) stirring the mixture simultaneously with a glass rod. A rather oily or sometimes crystalline precipitate is formed.

· Ask your instructor for some seed crystals of bisphenol A (No. 27) in order to accelerate the crystallisation. 

· Stir the reaction mixture thoroughly with the glass rod. For a quantitative crystallisation continue stirring from time to time till the supernatant aqueous solution is nearly clear.
· Collect the crude product by vacuum filtration, wash it twice with 10 mL portions of demineralized water and transfer it quantitatively into the tared and labelled beaker A. 

· For drying and weighing deliver your labelled beaker A into the instructor room.
· Afterwards you will get a small jar filled with 2.00 g of bisphenol A (No. 28), your starting material of the second step.

· On delivery of your product and on receipt of the starting material you have to sign.

Step 2
Reaction of Bisphenol A with Chloroacetic Acid forming 2,2-Bis(p-phe​nyleneoxyacetic acid)propane (Bisphenol A bis(carboxymethyl)ether)

Preparation:

· Pour all the bisphenol A (No. 28) you have received from the organizer when you had finished step 1 into a 100 mL Erlenmeyer flask with glass-ground joint.
· Add 10 mL of an aqueous sodium-hydroxide solution (No. 6), 1 mL of demineralized water and a magnetic stirring bar. 

· Put the flask onto a heating plate. Put a reflux condenser above the neck of the flask. Use a Teflon coupling as a connection between flask and condenser. Fix the apparatus tightly to a stand.
· Heat the reaction mixture with gently stirring until a clear solution is formed.

· Remove the heating plate and the condenser and add 5.0 g of the sodium salt of chloroacetic acid (No. 4) to the reaction mixture. 

· After reconnecting the flask with the reflux condenser, heat the mixture to reflux with vigorous stirring for 30 min.

· Initially a clear solution is formed on heating. In some cases a colourless solid precipitates. If the complete mixture becomes solid in the course of the reaction, heating must be stopped.

· After that, 50 mL of ethanol are added carefully through the condenser (beware of boiling delay!). The mixture is stirred and heated under reflux for 5 minutes. A colourless solid precipitates, or the crystallisation which has already started is completed.

Isolation:
· After cooling for 5 minutes, transfer the reaction mixture with 50 mL of ethanol (No. 2) quantitatively to a beaker. The reaction mixture should be stirred vigorously.

· The magnetic stirring bar is removed and the reaction mixture is filtered through a suction filter. Solids which separate in the filtrate are rejected. Rinse the beaker with 10 mL of ethanol (No. 2). The precipitate is washed twice with 10 mL portions of ethanol (No. 2). (The filtrate must be disposed of in the organic solvent waste!)

· Transfer the precipitate quantitatively into a beaker, add a stirring bar and dissolve it in 150 mL of demineralized water. The mixture must be stirred vigorously. Larger parts of the solid must be crushed with the spatula. 

· If the solution is not clear, it has to be filtered over a folded filter glass into an Erlenmeyer flask. The slow addition of 5 mL of hydrochloric acid (No. 3) to the stirred reaction mixture results in the formation of a colourless precipitate. 

· Collect the crude product by vacuum filtration, wash it twice with 10 mL portions of demineralized water and transfer it quantitatively into the tared and labelled beaker B. 

· Take a small sample of the product with a micro spatula, crush it and dry it on a shard. Fill three melting point tubes with the homogenized, dried sample. For a close-packed and 5 mm high filling, use the 75 cm glass tube and the measure.

· Put all three melting point tubes into the test tube B, which is labelled with your student code, and give it together with your labelled beaker B with the product to the instructor. On delivery you have to sign. 
2. 
Qualitative and Quantitative Analysis of a Superconductor











       (113 points)

Introduction

Superconductors based on lanthanum cuprate (La2CuO4) have the general composition of LaxM(2-x)CuO4 (M = Ca, Sr, Ba). 

This problem consists of two parts: 

-
the qualitative determination of the alkaline earth metal(s)

-
the quantitative determination of lanthanum and copper.

Read the burette as accurately as possible.

Report your results on the answer sheets.
Answer the additional questions and write the results with adequate accuracy.

Procedures

2.1 Qualitative determination of the alkaline earth metal(s) (If the hood is occupied start with the titration 2.2)

In this experiment you have to use the superconductor as a solid (LaxM(2-x)CuO4; No. 14). 

At the beginning, lanthanum has to be separated as an insoluble residue. 

All steps must be carried out in the hood!

Dissolve the complete sample in about 5 mL of perchloric acid (No. 22) by heating the mixture. Add 5 mL of demineralized water afterwards.
Cool down the solution until it is lukewarm.

Add about 5 mL of demineralized water and then ammonia solution (No. 17), until the reaction mixture shows an ammoniacal reaction. Lanthanum precipitates as hydroxide and copper forms an intense blue-coloured tetraammine complex. The precipitate is filtered off and washed with demineralized water. 

An excess of ammonium-carbonate solution (No. 18) is added to the filtrate and the mixture is being boiled for some minutes. The alkaline earth metal(s) will precipitate as carbonate(s). The precipitate is filtered off and washed several times with a small amount of demineralized water. 

Then, the precipitate is dissolved in acetic acid (No. 16). Add sodium acetate (No. 9) and an excess of potassium-dichromate solution (No. 23). In the presence of barium, yellow BaCrO4 precipitates. After boiling the mixture for one minute barium chromate is filtered off and washed with demineralized water. 

If there is no barium chromate precipitation, proceed in a way as if there were precipitation. 

Ammonia solution (No. 17) is added to the clear filtrate until it shows an ammoniacal reaction. Add an excess of ammonium-carbonate solution (No. 18) and boil the mixture for some minutes. In the presence of strontium and/or calcium, white carbonate(s) precipitate(s). 

The precipitate is filtered off and washed several times with demineralized water. 

Then, it is dissolved in a mixture of about 2 mL of demineralized water and a few drops of hydrochloric acid (No. 3). This solution is devided between two test tubes: 

· Saturated calcium-sulfate solution (No. 21) is added to one of the test tubes. In the presence of strontium a small amount of white strontium sulfate precipitates. To accelerate the precipitation, you can grind the inner surface of the test tube with a glass rod for several minutes. 

· Ammonium-sulfate solution (No. 20) is added to the second test tube. In the presence of strontium and/or calcium, white sulfate(s) precipitate(s). The precipitate is filtered off and washed with a very small amount of demineralized water. 

1 mL of ammonium-oxalate solution (No. 19) is added to the filtrate. In the presence of calcium, white calcium oxalate precipitates after a few minutes.

Preparation of the superconductor parent solution

There is a superconductor solution (LaxM(2-x)CuO4; No. 13) in a volumetric flask. 

Fill it up with demineralized water to a volume of 250 mL. From now on this solution is called “parent solution”.

2.2 Quantitative determination of the total content of lanthanum and copper 
Transfer 25.00 mL of the parent solution into an Erlenmeyer flask. 

Add about 5-6 piled spatula of sodium acetate (CH3COONa; No. 8) and 2 micro spatula of xylenol orange indicator (No. 15) to this solution and make up with demineralized water to a volume of about 75 mL. 

The pH-value has to be about pH 6 before the determination. 
Titrate the solution with Na2-EDTA solution (No. 7). The colour of the solution changes several times (at the beginning: light violett). At the end, it has to be intensely light-green. 

Repeat this procedure as many times as necessary. 

2.3 Quantitative determination of the copper content

Transfer 25.00 mL of your parent solution (No. 13) into the 100 mL volumetric flask and fill up with demineralized water to a volume of 100.0 mL. 

For each titration, transfer 25.00 mL of this solution into an Erlenmeyer flask and add sodium hydroxide solution (No. 6), until the solution shows a slightly alkaline reaction. During this procedure, a blue precipitate forms. Add sulfuric acid (No. 12) until the blue precipitate dissolves. The solution has to be acidic (pH < 2) and will contain a small amount of a white precipitate. 

Add 10 mL of sodium-iodide solution (No. 9), and swirl the Erlenmeyer flask for about 1 minute. Titrate the solution with sodium-thiosulfate solution (No. 10). Add some starch solution (No. 11) as an indicator just before the end of the titration. At the end, the solution has to be colourless for at least 60 seconds. 

Repeat this procedure as many times as necessary.
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