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1) The tests are stapled with an envelope on the top. In the envelope there is piece of paper on which you 
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2) Do not put any signature, or a mark on the envelope and on the test (the code should be filled in by the 

jury). If any signature or mark is found on the test or envelope, the competitor will be disqualified. 

3) You should write on the test using a blue pen, answers written with pencil will not be considered.  

4) It is not allowed to use textbooks, any other book, notebook, paper, the periodic table, cell phone etc. Cell 

phones should be left on the teacher’s desk or out of the test room. 

5) Any conversation between the competitors is forbidden. If you have any question, then the teacher in the 

room should call the responsible person for the competition.. 

6) Read the test carefully and answer the questions following the instructions by writing down the solution 

and answer in the designated space in the test. The jury will evaluate only the answers written in the 

designated space for it, and the procedures for solving the problems will be checked. The back of every 

page of the test, that is empty, can be used for free writing and it will not be checked and evaluated! 

7) The maximal number of points is 50: 40 from the theoretical problems and 10 from the experimental 

problem.  

8) The competition lasts 150 minutes. The tests that are handed after the given time will not be considered 

for scoring.  
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THEORETICAL PROBLEMS 

Write down the solution, including the method of solving and the answer in the appropriate place for it!  

Only the part within the marked frame will be checked by the jury!) 

The Periodic table of the elements can be found on the last page! 

 

Problem 1.           (10 p) 

 

Fill in the missing part (reactant/s or product/s), write the names of the reactants and products 

and balance the equations.  
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Problem 2.          10 p. 

Aspirin is a very often used medicine against pain, fever and/or inflammation. First data for 

the discovery of aspirin are from England in 1763 and describe the use of bark from willow trees in 

reducing pain and fever. The active ingredient in willow bark was later found to be salicylic acid 

(from salix, the Latin name for willow).  

A. Until 1860 the chemists Kolbe and Schmitt managed to synthesize salicylic acid starting from 

phenol and sodium hydroxide by heating with carbon dioxide under pressure, and the reaction 

mixture was subsequently acidified to yield salicylic acid according to the following reaction 

scheme (write the formula and the IUPAC name of a salicylic acid as the final product): 

 
 

   ______________________   1 p.    

 

Б. Due to its acidity, salicylic acid irritated the mucous membranes of the mouth, esophagus, and 

stomach, and this problem has been solved by a simple substitution of the “acidic” hydrogen from 

the phenolic group with an acetyl group. Write the equation of this reaction that is carried out with 

anhydride of acetic acid giving aspirin as a product.  

 

 

 

 

2 p. 

В. During synthesis of aspirin from salicylic acid, the excess of anhydride of acetic acid is removed 

by adding water. Write the equation of this reaction: 

 

 

1 p. 

Г. Then aspirin is precipitated and separated by vacuum filtration and its purity has to be tested, 

especially for the presence of salicylic acid that was not consumed in the reaction. How can the 

final product be checked for the presence of unconsumed salicylic acid? 

 

 

2 p. 

Д. If the starting material for aspirin synthesis is phenol with 95 % purity and the yield of the final 

product is 80%, calculate how much phenol (95 % purity) is needed to obtain 1 kg of aspirin? 
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4 p. 

 

Problem 3.           (8 p) 

One liquid A reacts with aqueous sodium hydroxide and the obtained product is the alcohol B 

(the product is not an alkene neither a salt of a carboxylic acid).  

In the reaction of 1.80 g of compound A with aqueous silver nitrate, 2.71 g of a yellow 

precipitate is obtained that is not soluble in ammonia. Do the necessary calculations and write down 

the formulae of compounds A and B.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

А= ____________________6 p.    B= ____________________2 p. 
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Problem 4.           12 p. 

 

Compound X is an unsaturated acyclic hydrocarbon with seven carbon atoms in the molecule, 

one of them being chiral, and only one primary, one secondary and one tertiary carbon being 

present, and no quaternary carbon.  

After a complete catalytic hydrogenation of the compound X, the compound Y is obtained that 

does not have a chiral carbon atom. The relative molecular mass of the compound Y is 100.23. 

 

А. Write the structural formula and the name of compound X following IUPAC rules. 

 

 

 

 

6 p. 

Б. Write the structural formula and the name of compound Y following IUPAC rules 

 

 

 

 

2 p. 

В. Write the rational structural formulae and names of all possible monochlorinated products 

that could be obtained by reaction of halogenation of compound Y.  

 

 

 

 

 

 

2 p. 

Г. How many of the monochlorinated products obtained by halogenation of compound Y 

have a chiral carbon atom? Write down their names according to IUPAC rules. 

 

 

 

 

 

 

 

 

 

 

 

2 p. 
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Problem 5.  IMAGINARY EXPERIMENT      (10 p) 

 

A chemist got an assignment to separate 3 substances from a mixture consisting from the 

following 3 substances: А. benzoic acid,    B. 1,4-dibromobenzene   and    C. 4-chloroaniline. 

He had the following chemicals at disposal: water, diethyl ether, aqueous hydrochloric acid, 

aqueous sodium hydrogencarbonate and anhydrous sodium sulfate. From labware, he had 

Erlenmeyer flasks, a separatory funnel and a rotary evaporator (apparatus for evaporation of solvent 

at lowered pressure).  

To do the job he worked as follows: 

I. He dissolved the mixture in diethyl ether in an Erlenmeyer flask and transferred it to the 

separatory funnel. Then he added aqueous HCl in the separatory funnel, mixed it thoroughly 

and left it for the two layers to separate well, and then he collected the lower (aqueous) layer 

in a clean Erlenmeyer flask. He repeated the same procedure, once again with aqueous HCl 

and one more time with distilled water and collected the lower layer of all three times in the 

same Erlenmeyer flask No. 1. 

II. Then, in the separatory funnel with the remaining solution in diethyl ether he added aqueous 

NaHCO3 solution and repeated the same steps: thorough mixing, separation of the lower 

aqueous layer (2 times) and the third time with distilled water. This time he collected the 

three aqueous layers in the clean Erlenmeyer flask No. 2. 

III. Finally, he collected the remaining solution in diethyl ether from the separatory funnel by 

draining it into the clean Erlenmeyer flask No. 3.  

Explain: 

I. Why did he add aqueous HCl and which substance and in which form was separated into the 

aqueous phase in this step? How can this substance be then turned back in its original form?   

4 p. 

 

 

 

 

Erlenmeyer flask No. 1: substance ____________________     

II. Why did he add aqueous NaHCO3 solution and which substance and in which form was 

separated into the aqueous phase in this step? How can this substance be then turned back in 

its original form?              4 p. 

 

 

 

 

Erlenmeyer flask No. 2: substance ____________________ 

III. Which substance and in which form was separated in the organic phase in this step?      2 p. 

 

 

Erlenmeyer flask No. 3: substance ____________________ 
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PERIODIC TABLE 

 

 

 


