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I. MULTIPLE-CHOICE QUESTIONS WITH SINGLE CORRECT ANSWER 
(Answer by choosing only one of the options (A), (B), (C) or (D)) 

Periodic table with some essential data is given at the end of the test! 
 
 

1. In a closed container, under certain 
conditions, the molecules of NOBr 
decompose into NO and Br₂ molecules, 
according to the equation: 

2 NOBr(g) ⇄ 2 NO(g) + Br2(g)    

∆rH = +16,3 kJ mol–1 

Which change(s) will lead to an increase in 
the amount of NO within this equilibrium? 

I. Temperature increase. 
II. Temperature decrease. 

(А) Only I. 
(B) Only II. 
(C) I and II. 
(D) Neither one of them. 

 
2. For the majority of the chemical reactions, 

upon reaching equilibrium, the Gibbs energy 
has the value: 
А) greater than 0 kJ 
B) less than 0 kJ 
С) equal to 0 kJ 
D) none of the provided answers is correct.  
 

3. Which combination of HCl and NaOH 
solutions will produce the greatest 
temperature change upon mixing? 
(A) 50 mL - 1mol/dm3 HCl with  

50 mL - 1mol/dm3 NaOH 
(B) 50 mL - 2 mol/dm3 HCl with  

50 mL - 2 mol/dm3 NaOH 
(C) 100 mL - 1 mol/dm3 HCl with 

50 mL - 2 mol/dm3 NaOH 
(D) 100 mL - 1 mol/dm3 HCl with 

100 mL - 1mol/dm3 NaOH  
 

4. In what order should the molecules O₂, H₂O, 
OF₂, and H₂O₂ be arranged to follow the 
trend of increasing oxidation numbers of the 
oxygen atom? 
(A) O2 , H2O, OF2 , H2O2  
(B) H2O, H2O2 , O2 , OF2 
(C) H2O2 , O2 , H2O, OF2  
(D) OF2, O2 , H2O2 , H2O 

 

5. Estimate the pH value of a KOH solution 
prepared by dissolving one small spoonful of 
solid KOH in approximately 100 mL of 
water. 
(А) рН = 1.40  

(B) рН = 2.50 
(C) рН = 8.40 
(D) рН = 12.40 
 

6. Which of the solutions prepared by dissolving 
the salts listed below, will exhibit the 
strongest basic character, assuming the 
concentration of each salt in the solutions is 
0.1 mol/dm3? 
(A) KNO3  
(B) NaNO2 
(C) NH4Cl  
(D) MgCl2 

 
7. Which of the reactions given by the chemical 

equations, will give a gaseous product? 
(А) HNO3(aq) + Cu(s) 
(B) HCl(aq) + Zn(s) 
(C) HNO3(aq) + Na2CO3 
(D) All of the above listed. 
 

8. The catalyst accelerates the chemical reaction 
by: 
(А) shifting the equilibrium. 
(B) increasing the activation energy. 
(C) reducing the reaction enthalpy. 
(D) providing an alternative reaction pathway. 
 

9. In what order does the entropy value increase 
at 25 °C? 
(A) Na(s), NaCl(s), Cl2(g)  
(B) NaCl(s), Cl2(g), Na(s) 
(C) Cl2(g), NaCl(s), Na(s) 
(D) Na(s), Cl2(g), NaCl(s) 
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10. Which of the following statements about 
chemical reactions is incorrect? 

(A) A chemical reaction proceeds until, at 
least one of the reactants is fully consumed. 

(B) In the case of a reversible reaction, at the 
stage of chemical equilibrium, the rate of the 
forward reaction equals the rate of the 
backward reaction. 

(C) A chemical reaction proceeds until both 
the limiting reactant and the excess reactant 
are completely consumed. 

(D) All of the above statements are incorrect. 
 

11. Which of the following statements is 
incorrect? 
(A) For the reversible reactions, measurable 
quantities of all participants in the reaction 
are present, except at the moment t = 0. 
(B) In reversible reactions, the extent of the 
reaction does not reach its maximum value, 
ξ ≠ ξmax. 
(C) In reversible reactions, the forward and 
backward reactions proceed at the same rate 
at every instant of time. 
(D) The formation of a stable complex 
indicates that the reaction is irreversible. 
 

12. The relationship between the rate of a 
chemical reaction and the rate of conversion 
can be represented by the equation: 
(А) υ = J / V 
(B) J = υ / V 
(C) υ = J V 
(D) J = V / υ 

 
13. The units of measurement for the quantities: 

the rate of a chemical reaction and the rate 
of change in the concentration of reactant i, 
respectively, are:  
(А) mol L–1 s–1 and mol s–1 

(В) mol s–1 and mol L–1 s–1 
(С) mol L–1 s–1 and mol L–1 s–1 
(D) mol s–1 and mol s–1 

 
14. Condensation reactions may release 

molecules of: 
(А) water; 
(В) hydrogensulfide; 
(С) ammonia; 
(D) all of the above are possible. 

 
15. What should be displayed on the x-axis and 

y-axis of the graph describing dynamic 
equilibrium in the reaction? 
(А) Time and energy. 
(В) Time and rate of reaction. 
(С) Rate of reaction and time. 
(D) Concentration and time.  
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II. TASKS/PROBLEMS 
(Write down the solution procedure and the answer in the designated place) 

 
1. The equilibrium system H2(g) + I2(g) ⇌ 2 HI(g) was analyzed, and at the state of equilibrium, 

1.25 mol of H2, 0.40 mol of I₂, and 0.50 mol of HI were detected. The temperature of the 
reaction vessel was adjusted to a value at which the equilibrium constant Kc is three times larger. 
What is the mass of HI present in the vessel under the new temperature conditions? 

 

 
 

 
 
 

 
 

 

 
 

 
 

 
 

 
 

: 

 

 
 

2. A 240 mg mixture of FeSO4·7H2O and SnSO4 was dissolved in water to a final volume of 
20 mL and acidified with a small amount of sulfuric acid. For the complete oxidation of Fe2+ 
and Sn2+ ions, exactly 9 mL of potassium permanganate solution with a concentration of 0.0332 
mol/dm3 was required. Knowing that the mixture contains only FeSO4·7H2O and SnSO4, 
calculate the mass fraction of the iron salt in the mixture. 

 
FeSO4 + H2SO4 + KMnO4  →  Fe2(SO4)3 + MnSO4 + K2SO4 + H2O 

 
SnSO4 + H2SO4 + KMnO4  →  Sn(SO4)2 + MnSO4 + K2SO4 + H2O 

 
        



 

 

Теst for II category, Regional competition in Chemistry, 12 April 2025                  4/6 

 
 

      +2                                                  +7                       +3                          +2 
10FeSO4 + 8H2SO4 + 2KMnO4  →  5Fe2(SO4)3 + 2MnSO4 + K2SO4 + 8H2O 

   
 
                               +2                                               +7                       +4                      +2 

5SnSO4 + 8H2SO4 + 2KMnO4  →  5Sn(SO4)2 + 2MnSO4 + K2SO4 + 8H2O 
 
 

 
 
 

 
 

 
 

 
 

 
 
 

 
 

 
 

 
 

 
 

 
 
 

3. The autoprotolysis of water is different at various temperatures. Accordingly, there are a lot of 
different tables that specify the value of the ionic product of water at different temperatures. For 
example, the value of Kw at a temperature of 10 °C is 2.90  10–15 mol2/dm6. 

(A) Write down the equation for the autoprotolysis of water, highlighting the aggregate state 
or solution state of the participants in the reaction, as is conventionally done in chemical 
equations. 
 

2Н2О(l) ⇌ H3O+(aq) + OH–(aq) 
 

(This reaction is reversible. This answer will not be accepted: 2Н2О(l) → H3O+(aq) + OH–(aq).) 
 
(B) Knowing that the value of the ionic product of water at 25 оС is exactly 10–14 mol2/dm6, answer 

whether the autoprotolysis of water is endothermic or exothermic and explain your reasoning. 
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As the temperature increases (in this case, from 10 °C to 25 °C), the equilibrium constant also rises. 
This necessarily implies that the temperature increase results in the production of additional 
amounts of the products, confirming that the reaction must be endothermic.  

 
(C) Calculate the рН value of pure water cooled to 10 оС? 
 

ce(H3O+)  ce(OH–) 
 
 

Kw  ce(H3O+) ce(OH–)  ce(H3O+)2 

 

ce(H3O+)   5,38  10–8 mol/dm3 
 
 

рН  –log10(5,38  10–8)  – (– 7,27)  7,27 
 
 
(D) An aqueous solution at 10 °C has a pH of 7. What is the nature of the solution (acidic, basic or 

neutral)? Why? 
 
The solution is acidic because pH < 7.27, meaning that сe(H3O+) > ce(OH–). 
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