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General Directions 

 

- You have 5 hours to fulfill the tasks. Failure to stop after the STOP command may result 

in zero points for the current task. 

 

- Write down answers and calculations within the designated boxes. Give your work where 

required. 

 

- Use only the pen and calculator provided. 

 

- If you need draft paper use the back side of the paper. It will not be marked. 

 

- There are 40 pages in the booklet including the answer boxes, Cover Sheet and Periodic 

Table. 

 

- The official English version is available on demand for clarification only. 

 

- Need to go to the restroom – raise your hand. You will be guided there. 

 

- After the STOP signal put your booklet in the envelope (don’t seal), leave at your table. 

Do not leave the room without permission. 

 

- You have additional 15 minutes to read the whole set. 

 

- Formulas necessary for solution of some problems can be found on the next page. 
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 Q =       W =  

 

1.2. Which quantity(ies) remain(s) constant during the adiabatic compression step? Indicate by the 

circle(s). 

 

 U H S G V 

 

To compare the energy efficiency of refrigeration cycles with different parameters and refrigerants, 

the coefficient of performance (COP) is used, which is defined as a ratio of heat removed from a 

cooled system to the work of compressor: COP = Q/W. 

 

1.3. Calculate the values of COP in a considered cycle for ammonia and chlorodifluoromethane. 

 

Calculations 

Ammonia 

 

 

 COP = 

 

Chlorodifluoromethane 

 

 

 COP = 

 

 

2.1. Why was ammonia replaced by CFCs in household refrigeration units? (Choose only one 

option) 

 a) to increase the energy efficiency of refrigeration cycles 

 b) because the density of ammonia is less than that of air under the same conditions 

 c) for user safety reasons 

 

 

 

 

A search for replacement of CFCs as refrigerants started when it was shown that their use can cause 

irreparable damage to the protective ozone layer of the atmosphere. The third, ozone-friendly 

generation of refrigerants came on the scene. Its typical representatives are fluoroalkanes. 

 

2.2. What is the cause of the damage made by CFCs to the ozone layer? (Choose only one option) 
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 a) ozone molecule easily adds to C–F bond 

 b) C–F bond is easily broken by radiation, which leads to the formation of free radicals 

 c) ozone molecule easily adds to C–Cl bond 

 d) C–Cl bond is easily broken by radiation, which leads to the formation of free radicals 

 

 

 

 

However, under the 1997 Kyoto Protocol, fluoroalkanes also had to be replaced because they 

accumulate in the atmosphere and rapidly absorb infrared radiation, causing a rise in temperature of 

the atmosphere (the greenhouse effect). The refrigerants of the fourth generation such as 2,3,3,3-

tetrafluoropropene CF3CF=CH2 have been suggested and are coming into use. 

 

2.3. Why does this compound enhance the greenhouse effect less than fluoroalkanes? (Choose only 

one option) 

 a) it is more reactive and easier to decompose 

 b) it easily reacts with ozone 

 c) it is better soluble in water 

 

 

 

 

3. Calculate the values of the COP in the refrigeration cycle considered above for two refrigerants 

of the third and fourth generations – CF3CH2F and CF3CF=CH2. Did the energy efficiency improve 

in comparison with CHF2Cl? Choose “Yes” or “No”. 

 

Calculations 

 

CF3CH2F 

 

COP =  

 

   Yes     No 

 

CF3CF=CH2 

 

 

COP =  
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4.3. Determine the temperature T3 at point 3 to which the refrigerant is cooled in a condenser. 

 

Calculations: 

 

 

 

 

 

 

 T3 = 

 

 

In the production of refrigeration units it is necessary to consider climatic factors. If a condenser is 

cooled by atmospheric air, the temperature T3 increases as the air temperature increases. 

 

4.4. How will the COP change if T3 increases while T0, T1, T2 remain the same? 

 a) Increase 

 b) Remain the same 

 c) Decrease 
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2.2. Calculate DG(5) and 5

5

r

r-

 under such conditions. 

 

Calculations 

 

 

 

 

 

 

 DG(5) =  

 

 

 

 

 

 

 5

5

r

r-

 = 

 

 

(III) ”Second law of thermodynamics restricts coupling” 

 

According to the Second Law of thermodynamics, two simultaneously occurring chemical reactions 

should decrease the system’s Gibbs energy Gsyst, 
Syst

0
G

t

D
<

D
. 

 

One of these reactions may have positive Gibbs energy and still proceed in the forward direction 

due to the coupling with the second reaction. This second reaction must have negative Gibbs energy 

and the requirements of the Second law must be fulfilled! Consider the example. 

 

The synthesis of urea under specific conditions 

  2NH3 + CO2 fi (NH2)2CO + H2O    (7) 

DG(7) = 46.0 kJ×mol
–1

 

 

is supposed to be coupled with the complete oxidation of glucose (under the same conditions) 

 

  1/6 C6H12O6 + O2 fi CO2 + H2O    (8) 

DG(8) = –481.2 kJ×mol
–1

,  
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r(8) = 6.0×10
–8

 M×min
–1

. 

 

Both reactions are presented schematically. No other reactions are considered.  

 

3. What is the maximum rate of the reaction (7) permitted by the Second Law if this reaction is 

coupled to reaction (8)? 

 

Calculations 

 

 

 

 

 

 

 

 r7(max) = 
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Formation of X2 and X3 

 

 

 

Addition of NaOH and formation of X4 

 

 

 

 

 

3. In the structural unit of X1 all atoms of only one element are in equivalent positions. Draw the 

structure of X1. 

 

 

 

 

 

 

 

 

 

 

 

 

4. Predict the products of X1 interaction with: 

 a) excess oxygen; 

 b) excess of hot concentrated sulfuric acid; 

 c) solid KClO3 with grinding. 

Write down the reaction equations. 

 

 

a)  

 

b)  

 

c)  
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Problem 6. Bread is the stuff of life 

(8 points) 

Question 1 2 3 Total 

Marks 28 4 8 40 

When you pass by the bakery, you are stopped 

by the smell of freshly baked bread. The hero of one 

of the novels said on a similar occasion: "If you tell 

me that this is not perfect, you are my enemy forever." 

The principle bread flavour component was identified 

in 1969 as compound X which occurs in equilibrium 

with its tautomer Y in a 2:1 ratio. Unfortunately, both 

forms are labile, and after some hours bread has no the same nice smell.  

 This tautomeric mixture of X and Y was synthesized in 1993 from piperidine by the 

reaction sequence given in Scheme 1. It is noteworthy that the initial ratio of X and Y was 1:4; on 

standing this ratio gradually changed to an equilibrium one. 

Scheme 1. 

 

Compound B which is characterized by 3-fold axis of symmetry (i.e., rotation by 120° results 

in a molecule indistinguishable from the original) occurs in equilibrium with its diastereomer C. 

The interconversion of these two forms proceeds via intermediate A which is also intermediate in B 

and C formation as well as their transformation to D. Compounds A, B, and C have the same 

elemental composition: wC = 72.24%, wH = 10.91%, wN = 16.85%. 

1. Write down the structural formulae of compounds A-E, X, Y. 

A 

 

 

 

 

 

B 

 

 

C 

 


