
DEMO VERSION OF THE FINAL ROUND TASKS  

 
 

CHEMISTRY: Demo version of the final round tasks  
 

Part 1. You should choose only one correct answer (2 points each) Altogether: 68 
points 

1.1. The radioactive isotope phosphorus-32 is used to diagnose a variety of diseases and 
therapeutic purposes. This isotope decays to form a positron. What is the daughter nucleus 
resulting from this nuclear reaction? 

A) 32S 
B) 31P 
C) 28Al 
D) 32Si 

Answer: A 

1.2. Please select the configuration corresponding to the 23V atom and 23V2+ ion in the ground 
state. 

A) [Ar]4s24p3 and [Ar]4s24p1 

B) [Ar]3d34s2 and [Ar]3d14s2 
C) [Ar]3d34s2 and [Ar]3d3 
D) [Ar]3d5 and [Ar]3d3 

Answer: C 

1.3. The reaction of a dilute nitric acid with copper leads to: 
А) copper(II) nitrate, nitrogen and water 
B) copper(II) nitrate and hydrogen 
C) copper(II) nitrate, nitric oxide and water 
D) copper(II) nitrate, nitrogen dioxide and water 

Answer: C 

1.4. In which of the above answers the particles are arranged in order of increasing of the 
chemical bond order? 

A) CN,   CN−,   CN+ 
B) CN+,   CN,   CN− 
C) CN,   CN+,   CN− 
D) CN−,   CN,   CN+ 

Answer: B 

1.5. Please determine the carbon atom hybridization in methane and phosgene molecules. 
А) sp3 in both cases 
B) sp2 in both cases 
C) sp2 in methane, sp3 in phosgene 
D) sp3 in methane, sp2 in phosgene 

Answer: D 
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1.6. Please determine the geometry of the molecules H2O and BF3. 
А) angular and trigonal planar 
B) linear and trigonal planar 
C) angular and trigonal pyramidal 
D) linear and trigonal pyramidal 

Answer: A 

1.7. Choose the right mathematical equation for the first postulate of chemical 
thermodynamics. 

A) dU = TdS – pdV 
B) dU = dQ – dW 
C) ΔU = ΔQ – ΔW 
D) dU = pdV – TdS 

Answer: C 

1.8. What is the change in the internal energy of the closed system, in which the gas-phase 
reaction took place H2 + 0.5O2 = H2O at a constant volume and T = 298 K with the formation 
of 18 g of water vapor, if it is known that ΔrH0 (298 K) = - 241.8 kJ/mol? 

A) −241.8 kJ 
B) +241.8 kJ 
C) −240.5 kJ 
D) +240.5 kJ 

Answer: C 

1.9. The entropy of benzene under cooling to -5 oC during solidification at the same 
temperature and atmospheric pressure: 

А) decreases 
Б) increases 
В) does not change 
Г) has a maximum 

Answer: A 

1.10. How many geometrical isomers has [Rh(NH3)3(Br)2Cl] molecule: 
A) 2 
B) 3 
C) 4 
D) 6 

Answer: B 

1.11. Please, calculate the pH of 10-3 M Ba(OH)2 solution. 
A) 2.7 
B) 3.0 
C) 11.0 
D) 11.3 

Answer: D 
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1.12. Please, calculate the pH of the mixed solution of 1 liter 0.04 M acetic acid and 1 liter 0.02 
M potassium hydroxide (Ка (CH3COOH) = 1.8 ⋅ 10−5) 

A) 1.8 
B) 3.2 
C) 4.8 
D) 6.3 

Answer: C 

1.13. How may you decrease the hydrolysis of the copper (II) nitrate in water solution? 
А) by heating  
B) by nitric acid addition 
C) by diluting 
D) by pressure increasing 

Answer: B 

1.14. The solubility in water (mol/L) of which of the sulphides listed below will be maximum? 
A) HgS (KL = 1.4 ⋅ 10−45) 
B) Ag2S (KL = 7.2 ⋅ 10−50) 
C) Sb2S3 (KL = 2.2 ⋅ 10−90) 
D) Bi2S3 (KL = 8.9 ⋅ 10−105) 

Answer: B 

1.15. Standard electrode potential Е0(Cu2+/Cu0) = 0.337 V. What is the potential of the copper 
electrode (T = 298 K), immersed in a 0.01 M solution of copper (II) sulfate? 

А) 0.337 V 
B) 0.169 V 
C) 0.278 V 
D) 0 V 

Answer: C 

1.16. 63Ni isotope undergoes to β-decay with a half-life time of about 100 years. From what 
substances and in what quantities will the sample consist after 300 years, initially consisting 
of 8 μg of metal 63Ni? 

A) 0 мкг 63Ni и 8 мкг 63Cu 
B) 1 мкг 63Ni и 7 мкг 63Cu 
C) 2 мкг 63Ni и 6 мкг 63Cu 
D) 4 мкг 63Ni и 4 мкг 63Cu 

Answer: B 

1.17. How many chiral carbon atoms in 1,2-dimethylcyclopentane? 
A) 7 
B) 5 
C) 2 
D) 8 

Answer: C 
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1.18. Acidity in the series acetic acid - chloroacetic acid - fluoroacetic acid - trifluoroacetic acid: 
A) increase 
B) decreases 
C) does not change 
D) no regularity 

Answer: А 

1.19. In RNA molecule you may find substituted heterocycles: 
A) tetrahydrofurane 
B) thymine 
C) piperidine 
D) indole 

Answer: B 

1.20. Carbohydrates may be synthesized by: 
A) Wurtz reaction 
B) Butlerov reaction 
C) Kolbe reaction 
D) Konovalov reaction 

Answer: B 

1.21. From bromoacetic acid in one step you may get: 
A) acetic anhydride 
B) acetonitrile 
C) glycine 
D) glycerol 

Answer: C 

1.22. The reaction of an alcohol with a carboxylic acid in the presence of sulfuric acid is called 
A) the hydrolysis reaction 
B) the reduction reaction 
C) the esterification reaction 
D) the ozonolysis reaction 

Answer: C 

1.23. Which weight form is better for gravimetric determination of calcium? 
A) CaCO3 (F = 0.4004) 
B) CaC2O4·Η2Ο (F = 0.2743) 
C) CaO (F = 0.7147) 
D) СaSO4 (F = 0.2944) 

Answer: B 

1.24. A solution of HCl was prepared by diluting 9.0 ml of concentrated HCl solution with a 
density ρ = 1.198 g/mL (C (HCl) = 13.14 M) to 1.0 L with water. What is the molar 
concentration of the resulting solution? 
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A) 0.1183 M 
B) 0.1 M 
C) 0.12 M 
D) 0.11 M 

Answer: C 

1.25. Which of the presented titration curves describes the process of titration 0.1000 M 
solution of hydrochloric acid with 0.1000 M solution of sodium hydroxide? 

A) 

 

C) 

 

B) 

 

D) 

 

Answer: A 

1.26. What indicator can be used to fix the end point of the titration during the titration of a 
weak acid with a strong base if the equivalence point is at pH = 9.0? 

A) Methyl orange (pH range of color transition 3.0–4.4) 
B) Phenol red (pH range of 6.8–8.4 color transition) 
C) Thymolphthalein (pH range of color transition 9.4–10.5) 
D) Phenolphthalein (pH range of the color transition is 8.2–10.0) 

Answer: D 

1.27. Place the solutions in order of increasing pH: 
1) 0.10 M H3PO4 (Ka1 = 7.1·10-3, Ka2 = 6.2·10-8, Ka3 = 5.0·10-13). 
2) 0.10 M Na2S (Ka1 = 1.0·10-7, Ka2 = 2.5·10-13). 
3) 300 mL 0.1 M CH3COONa и 250 mL 0.1 M CH3COOH (Ka = 1.74·10-5). 
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4) 0.050 M C2H5NH2 (Kb = 6.5·10-4) + 0.050 M (CH3)3N (Kb = 6.5·10-5) in equal volumes. 
5) 0.10 M tartaric acid (Ka1 = 9.1·10-4, Ka2 = 4.3·10-5) + 0,10 М NaOH in equal volumes. 
A) 4 - 1 - 5 - 2 - 3 
B) 1 - 5 - 3 - 4 - 2 
C) 5 - 1 - 3 - 2 - 4 
D) 3 - 1 - 2 - 5 - 4 

Answer: B 

1.28. Which half reaction corresponds to the process of titration 0.050 M solution of ascorbic 
acid with a 0.10 M solution of iron (III) salt in 0.20 M HCl? 

A) Fe3+ + ē = Fe2+ 
B) Fe3+ + 3ē = Fe↓ 
C) Fe2+ + 2ē = Fe↓ 
D) Fe(OH)3↓ + ē = Fe(OH)2↓ + OH‾ 

Answer: A 

1.29. Which is correct order of glucose oxidation in carbohydrate catabolism? 
A) Glucose – pyruvate – Acetyl-CoA – CO2 
B) Glucose – Acetyl-CoA – pyruvate – CO2 
C) Glucose – α-ketoglutarate – pyruvate – CO2 
D) Glucose – α-ketoglutarate –Acetyl-CoA – CO2 

Answer: A 

1.30. A reaction coordinate diagram is a plot of Gibbs free energy (G) vs. the reaction progress 
(reaction coordinate) for chemical reactions. Which diagram shows the enzyme effect on 
chemical reaction? 

A) 

 

C) 

 
B) D) 
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Answer: B 

1.31. Which organic reactants used in DNA polymerization? 
A) dNMPs 
B) NMPs 
C) dNTPs 
D) NTPs 

Answer: C 

1.32. What is the isoelectronic point (pI) of tripeptide Lys-Asn-Glu? 
 pKa1 (α-carboxyl group) pKa2 (α-amino group) pKa3 (side chain group) 
Lys 2.18 8.95 10.53 
Asn 2.02 8.80  
Glu 2.19 9.67 4.25 

A) 6.8 
B) 3.9 
C) 9.9 
D) 6.6 

Answer: D 

1.33. Determination N-terminal amino-acid is possible using: 
A) Carboxypeptidase 
B) Sanger's reagent (1-fluoro-2,4-dinitrobenzene) 
C) Cyanogen bromide (BrCN) 
D) Hydrochloric acid 

Answer: B 

1.34. Identify the nucleotides. 
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A) dGDP and UMP 
B) dGDP and CMP 
C) ADP and dUMP 
D) GDP and dCMP 

Answer: D 
 

Part 2. In each question a several answers possible (3 points each) Altogether: 12 
points 

2.1. Which of the following statements is true for a reversible exothermic elementary reaction? 
А) The activation energies of the forward and reverse reactions are equal, since they pass 

through the same activated complex. 
B) The activation energy of the forward reaction is greater than the activation energy of 

the reverse reaction. 
C) The activation energy of the forward reaction is less than the activation energy of the 

reverse reaction. 
D) The enthalpy of the reaction can be calculated from the difference in activation 

energy. 
E) Adding a catalyst will accelerate both forward and reverse reactions, reducing their 

activation barriers. 
F) After reaching a state of equilibrium between the forward and reverse reactions, their 

activation energies become equal. 
Answer format is ABC. 

Answer: CDE 

2.2. In what oxidation states does chromium form salts? 
A) +1. 
B) +2. 
C) +3. 
D) +4. 
E) +5. 
F) +6. 

Answer format is ABC. 
Answer: BCF 

2.3. Which of the following substances discolor bromine water? 
A) styrene 
B) trans-hexene-2 
C) cyclohexane 
D) benzene 
E) xylene 
F) isoprene 

Answer format is ABC. 
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Answer: ABF 

2.4. Select from all factors those that increase the solubility of poorly soluble compounds: 
A) Lack of competitive chemical reactions 
B) Introduction to the solution of extraneous electrolyte (salt effect) 
C) Addition of the same ion 
D) Addition of excess precipitant with complexing properties 
E) Addition of excess solvent 
F) Decreasing the pH of the solution 

Answer format is ABC. 
Answer: BDF 
 

Part 3. Free answer questions (5 points each) Altogether: 20 
points 

3.1. A blast furnace is a type of metallurgical furnace used for smelting to produce industrial 
metals, generally pig iron. This process at different temperatures involves many ongoing 
reactions. One of them - the reduction of Fe2O3 by CO: 

Fe2O3 solid + 3CO gas = 2Fe solid. + 3CO2 gas. 
For all compounds in this reaction the thermodynamical parameters are known: 

compound Fe2O3 solid CO gas Fe solid CO2 gas 

∆fH0
298, kJ/mol −823 −111 ? −394 

C0
p, 298, J/mol ⋅ K 104 29 25 37 

 
Determine the thermal effect of this reaction (in kJ) at 500 K (∆rH0

500), assuming that ∆rC0
p 

does not depend on temperature. 
Write down the answer up to integer values, for example: 15 kJ. 
Answer: 32 kJ 

3.2. The percentage of chromium(III) in the sample was determined by reverse titration. 50.00 
ml of a standard solution of EDTA (C(EDTA) = 0.1000 mol/L) was added to the sample 
weights, an excess of EDTA was titrated with a standard solution of Cu2+ (C(Cu2+) = 0.1000 
mol/L). The weights of the sample and the volumes of the Cu2+ solution consumed for the 
titration of excess EDTA are given in the table: 
  

1 2 3 4 
m, g 1.3248 1.3303 1.3569 1.5837 
V(Cu2+), mL 23.63 23.52 22.73 18.78 

Calculate the percentage of chromium(III) in the sample and present the result of the 
analysis if t(3, 0.95)=3.18. Write the answer in the form: number (rounded to hundredths) ± 
the confidence interval. 
Answer: (10,35±0,14) % 
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3.3. A mixture of benzene, pyridine, and pyrrole weighing 100 g was dissolved in a non-polar 
solvent and treated with metallic potassium. At the same time, 5.6 liters of gas was released 
(T=273.15 K, P=100 kPa). When burning the same amount of the initial mixture in an excess 
of oxygen, 11.2 liters (T=273.15 K, P=100 kPa) of nitrogen are formed. Determine the 
content of pyridine in the mixture (in grams up to a tenth). 
Answer: 39,5 g 

3.4. Using data Maxam–Gilbert sequencing (gel on picture) determinate last nucleotides in 
sequence 5’-32P-GCTACXXX-3’. Answer format is ABC. 

 
Answer: GTA 
 

 

   
 


