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Practical Part – June 17th, 2009

Task 8:  ....../......../14

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

Task 10: ....../......../12
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  Total:     .........../40

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

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 non programmable calculator and 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 take with you the booklet with the problems, the information sheets and the draft paper.

· You must wear a lab coat and safety goggles (or your optical spectacles) all the time throughout your stay in the lab.
· Notice the following time schedule (only in the time gap mentioned below you have the respective apparatus at hand):
Odd numbers: reflux condenser + heating mantle……….
8.30-9.00

Even numbers: reflux condenser + heating mantle ………
9.10-9.40

Odd numbers: heating plate………………………..……….
9.20-9.50

Even numbers: heating plate ………………………..……….
10.00-10.30
Odd numbers: CRISON-conductometer…………..…….
10.15-11.15

Even numbers: CRISON-conductometer …………..……….
11.15-12.15

Some data:

Atomic masses of some non metallic elements in u:
H: 1.01

N: 14.0

F: 19.0

S: 32.0

Br: 79.9
C: 12.0

O: 16.0

P: 30.9

Cl: 35.5

I: 126.9

Some formulae:
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Task 8
                                                                                                   13 points
Qualitative Analysis
12 samples are at your hand, the identity of which is known to you. What you don’t know is, in which of the Pasteur pipettes they were put.
The samples are aqueous solutions (concentrations between 0.1 and 2 mol/L) of the following compounds:
LiI, CaCl2, Pb(ac)2, Fe(NO3)3, Na2S2O3, K2CO3, H3PO4, NH3, AgNO3,KHSO4, K2C2O4, NaOH

In order to allocate the formulae to the numbered pipettes you are supplied with an electrolysis device and a Pasteur pipette with bromo thymol blue solution (acidic: yellow, neutral: green, basic: blue) additionally to the samples themselves.  
Write your allocation (formulae of the compounds) as well as the necessary reasoning into the table on the answer sheet. Use chemical equations if possible.
Task 9                                                                                                      14 points
Two unknown acids
General
Your sample was filled into a 100 mL-measuring flask with your student number and the label:
A:………..………mg

B:………….……..mg

The sample is a mixture of two organic acids, one of them being a strong one (A), the other a relatively weak one (B). Both of them have a structure similarity to acetic acid. B shows only one peak in a 1H-NMR in D2O, A no peak at all! A shows two peaks in a decoupled 13C-NMR, B however shows three peaks. A mass spectrum of A exhibits four M+-peaks.

Your task is the determination of the amounts of both acids in your measuring flask using a conductometric titration. With the aid of the masses you should calculate the molar masses of both acids. Using the above given information in the text you should draw the structures of the acids. 
In a second experiment you will, starting from a pure solution of B (c0 ≈ 0.05 mol/L, the precise concentration will be available) produce tow dilutions (c1, c2), measure the conductivity of all the three solutions, calculate ΛC and with ΛC∞(B) = 340 S.cm2.mol-1 calculate the degree of protolysis for all three concentrations. Using Ostwald’s dilution law, you should then calculate KA. 
Procedure and Protocol
Conductometrix Titration
Notice the schedule fort he conductometers on page 2.
After filling your measutring flask up to the mark and homogenising the content take out 20.00 mL and pipette it into a titration flask. Add the necessary volume of water so that the conductometric cell is totally immersed. After writing down the κ-value, titrate with NaOH (c = 0.100 mol/L) and note the new κ-values after each addition of 1 mL. You may stop titrating after 24 mL of NaOH have been added.  
9.1.
Write down the κ-values on the answer sheet.
9.2.
Draw a diagram κ-V(NaOH) using the supplied cross section paper
9.3.
Find the two equivalent points and calculate from the titration volumes the amounts of A and B of the whole content in the flask.
9.4.
Calculate the molar masses and draw the structures of A und B.

KA-value of B

Measure the conductivity of the solution of pure B (c0 = 0.0505 mol/L).
Clean your 20 mL volumetric pipette and condition it with the solution of pure B. 
Empty the burette from the first experiment, wash it thoroughly and fill it with deionised water. 
Now use the 10 mL volumetric pipette and/or the 20 mL volumetric pipette previously conditioned, as well as the burett filled with water in order to produce two different dilutions from pure B in the purified and dried 100 mL beaker, c1 = 0.0202 mol/L, c2 = 0.0101 mol/L. Now measure κ of both solutions. 

9.5.
Fill the respective data into the table on the answer sheet and show your calculations. 
Task 10









         13 points
Synthesis of the oxime of 4-bromo acetophenon and subsequent Beckmann-rearrangement to give 4-bromo acetanilide (=N-(4-bromo phenyl)ethanamide)

Principle
The oxime of 4-bromo acetophenon is synthesized and isolated.  Treating an oxime with strong acids causes a Beckmann-rearrangement, in which the group in anti-position to OH changes to the nitrogen. The result is an amide. In our case the bromo phenyl group migrates, the result therefore is 4-bromo acetanilide. This is proof that the oxime of 4-bromo acetophenon was formed with high stereo selectivity.  
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Procedure
Mix 2.00 g 4-bromo acetophenon (pre weighed in a 100 cm3 round bottom flask) with 1.25 g hydroxylamine hydrochloride (Rg HY), 1.40 g sodium acetate-trihydrate (Rg  NaAc, has additionally a mark at  5 cm3) and 14 cm3 EtOH (50%, PE-Flasche on the bench, 10 cm3- measuring pipette). After mixing add a boiling stone. The mixture will not be homogeneous at the beginning, in heating it, the solids will dissolve. The round bottom flask is firmly attached to a reflux condenser using the flask clamp. The heating mantle is placed around the flask and the switch put to level 2 (later eventually decrease to level 1). Reflux for 20 minutes (schedule on page 2)

Remove the flask, cool by using running water to room temperature and leave it finally for 5 minutes in an ice bath for a complete crystallisation of the oxime. Filter off using a glass frit. Then wash with as little as possible 50% EtOH (about 3 cm3). A small portion of the oxime is put away in an Eppendorf tube for TLC. 
The oxime is transferred to a 100 cm3 Erlenmeyer flask, in which about 13 g of polyphosphoric acid have been placed before. By stirring with the glass rod the crystals are well mixed with the viscous acid. The Erlenmeyer flask is placed in a boiling water bath for 10 minutes. The necessary heating plates are placed in the hood (schedule on page 2). From time to time you have to stir vigorously. After 10 minutes remove the flask from the water bath and under stirring add cautiously about 25 g mashed ice (50 cm3 beaker for weighing on the small balance). The resulting precipitate is filtered off using the glass frit (meanwhile cleaned by one of the supervisors), washed five times with about 5 cm3 deionised water (test tube with mark) in order to remove the majority of the phosphoric acid. 
The crude product is recrystallised from 50% EtOH using the meanwhile cleaned Erlenmeyer flask.  (Again hand over the glass frit to the supervisors for cleaning.) Start the recrystallisaton with about 20 cm3 (measuring cylinder) and add in heat as much solvent as is necessary for total dissolution in the boiling sovent. After cooling with water use also an ice bath for about 5 minutes for further cooling. Then filter off, suck to dryness as well as possible and place the solid on a previously weighed watch glass. A small portion of the product is put away in an Eppendorf tube for TLC.  The solid is further dried in a drying cabinet for about 30 minutes at 80oC, then the yield and the melting point are determined.  

Thin layer chromatogram
Oxime and final product are dissolved in a small portion of acetone and the solutions are applied on the TLC-plate using glass Pasteur pipettes. The TLC-solvent is heptane:acetic acid ethyl ester. The spots are marked using UV-light. Calculate the Rf-values. 

Protocol
10.1.
Hand in the TLC-plate and the watch glass with your product.
10.2.
Calculate the theoretical yield.
10.3.
Give your yield (in g) and calculate the yield in % of theory.

10.4.
Write your melting pointin on the answer sheet.

10.5.
Write down the Rf-values.

10.6.
Draw the structure of the stereoisomer of the oxime, and the structure of the substance from the subsequent Beckmann rearrangement.
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