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SECTION A  
 

1. Consider the formation of ammonia (NH3): 
 

N2(g) + 3H2(g) →  2NH3(g) 
 

If the rate of appearance of NH3 at a particular instant in a reaction vessel is 
3.33 x 10–3 M.s–1, what is the rate of disappearance of H2?  

 

A. 3.33 x 10–3 M.s–1 
B. 9.99 x 10–3 M.s–1 
C. 1.11 x 10–3 M.s–1 
D. 5.00 x 10–3 M.s–1   
E. 2.22 x 10–3 M.s–1  
 

2. Which one of the following statements is correct? 
 

A. A catalyst that is present in the same phase as the reacting molecules is a 
heterogeneous catalyst. 

B. Elementary steps involving the simultaneous collision of two molecules are 
bimolecular. 

C. Absorption refers to the binding of molecules to a surface. 
D.  Because the fast step limits the overall reaction rate, it is called the rate-

determining step. 
E.  A balanced chemical equation details the individual steps that occur in the 

course of a reaction. 
 
3. Which one of the following statements is incorrect? 
 
A. The equilibrium constant of a reaction equation where the coefficients have 

been multiplied throughout by a number is the equilibrium constant raised to 
a power equal to that number. 

B. Reducing the volume of a gaseous equilbrium mixture causes the system to 
shift in the direction that increases the number of moles of gas. 

C. If a pure solid is involved in a heterogeneous equilibrium, its concentration is 
not included in the equilibrium-constant expression for the reaction. 

D.  The reaction quotient (Q) will equal the equilibrium constant (KC) only if the 
system is at equilibrium. 

E.  A catalyst increases the rate at which equilibrium is achieved, but it does not 
change the composition of the equilibrium mixture. 

 
4. What is primarily responsible for the high solubility of ammonia in water? 
 
A. Dispersion forces        
B. Ionic bonds        
C. Covalent bonds        
D. Hydrogen bonds    
E. London forces 
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5. In cold countries, ethylene glycol is added to water in car radiators during 
winter. This results in: 

 
A. Reducing viscosity 
B. Reducing latent heat 
C. Reduction of boiling point 
D. Reduction of freezing point 
E. None of above  
 
6. Consider the following reaction at equilibrium at 577 K: 
  

 A2C2(g) ⇌ 2A(g) + C2(g)      ………….Kc = 0.00402 
 

 If the same reaction was conducted at 977 K and the new equilibrium 
constant was found to be one – third that of the value of Kc, this would imply 
that: 

 

A. the forward reaction is exothermic 
B. an equilibrium constant is inversely proportional to temperature 
C. the reverse reaction is exothermic 
D. an equilibrium constant is directly proportional to temperature 
E. the forward reaction is endothermic 
 

7. A 0.0500 M solution of a weak base B is dissociated by 8.50%. The pH of 
the solution and the Kb for the weak base are: 

 

A. 12.9 and 1.36 x 10─1 
B. 11.6 and 3.61 x10─4 
C. 12.7 and 3.71 x 10–4 
D. 12.9 and 3.40 x 10─4 
E. 11.6 and 3.95 x 10─4 
 

8. The pH of 0.0155 mol.dm─3 solution of carbonic acid (H2CO3) is: 
 

A. 1.81 
B. 4.09  
C. 2.95  
D. 9.91 
E. 12.2 
 

9. Which of the following substances will produce an alkaline solution when 
dissolved in water? 

 

A. HCl 
B. Na2CO3 
C. NH4Cl 
D. CO2 
E. H2SO4 
    
10. 15.0 mg of a sparingly soluble salt (X3Y2(s)) with a solubility product constant 

of 1.50 x 10−21 is placed into 100 cm3 of water. If the salt produces X2+(aq) 
and Y3−(aq) ions, then its molar solubility is: 

 

A. 6.84 x 10─5 
B. 1.58 x 10─11  
C. 4.96 x 10─5  
D. 2.25 x 10─20 
E. 2.68 x 10─5  
   [10 x 3 = 30] 
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SECTION B 

QUESTION 1 

 
1.1 Compute the vapor pressure of an ideal solution containing 92.1 g of glycerin, 

C3H5(OH)3, and 184.4 g of ethanol, C2H5OH, at 40 °C. The vapor pressure of 
pure ethanol is 0.178 atm at 40 °C. Glycerin is essentially nonvolatile at this 
temperature. (8) 

 
1.3 What concentration of NaCl in water is needed to produce an aqueous 

solution isotonic with blood (π = 7.70 atm at 25oC). (6) 
 
1.4 When a 4.25 g sample of solid NH4NO3 dissolves in 60.0 g of water in a  

calorimeter, the temperature drops from 21.0°C to 16.9°C.  Calculate the 
energy involved in the dissolving of the NH4NO3. (Specific Heat Capacity of 
water: 4.18 J/g.C̊) (4) 

 
1.5 The decomposition of hydrogen peroxide (H2O2) is a first order process: 
 
 2H2O2(aq)  →  2H2O(l)  + O2(g) 
 
1.5.1 At 24.2oC, the half-life for this reaction is 15.0 minutes and 36.6 seconds. 

What is the rate constant at this temperature? (3) 
 
1.5.2 If, at 24.2oC, we begin with 0.0250 mol of H2O2 in a volume of 350 cm3, how 

long will it take for the number of moles of H2O2 to drop by 36.0%? (6) 
 
1.6 The activation energy of a first order reaction is 60.4 kJ/mol at 25oC. At what 

temperature will the rate constant triple? (5) 
 
   [32] 
 

QUESTION 2 

 
A concentration (P) of gaseous hydrogen peroxide (H2O2(g)) was placed into an 
evacuated container of fixed volume that was kept at 855 K. At this temperature some 
of the gaseous hydrogen peroxide decomposed to form gaseous hydrogen (H2(g)) 
and gaseous oxygen (O2(g)) until an equilibrium was established. The pressure in the 
container was measured to be 2.88 x 103 mmHg. The equilibrium constant (Kc) was 
measured to have a value of 0.176.  
A concentration (Q) of gaseous hydrogen peroxide was then carefully removed from 
the mixture in the container and the reaction was allowed to reach a new equilibrium. 
At the new equilibrium, the concentration of gaseous hydrogen was found to be 
32.6% less than it was at the initial equilibrium. 
 
Calculate the concentration of gaseous hydrogen peroxide (Q) that was removed 
from the container to cause the concentration of hydrogen at the new equilibrium to 
be 32.6% less than it was initially. 
    [18] 
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QUESTION 3 

 
A buffer solution of pH of 8.96 contains X mol of a weak base and Z mol of a salt of 
its conjugate acid. When 144 cm3 of a 0.0212 mol.dm−3 solution of hydrochloric acid 
was added to this buffer solution the pH changes by 0.250 pH units. If the Kb value 
for the weak base is 1.66 x 10─5, calculate the values of X and Z.  
   [14] 
 

QUESTION 4 

 
A mass of 200.00 g of an ore was acid leached so that the resulting 2.0 dm3 solution 
contained 0.0140 mol dm─3 of Cu2+(aq) ions and 0.205 mol dm─3 of Co2+(aq) ions. 
This solution was then, slowly made alkaline by adding a solution of hydroxide ions 
to it in order to selectively precipitate these metal ions. Finally, each of the dry 
precipitates was reduced in the presence of gaseous hydrogen to form a pure metal. 
Based upon this information, calculate: 
 
4.1 The pH at which maximum separation of the two metal ions was achieved. (10) 
4.2 The percentage mass impurity of the metal that was obtained from the 

reduction of the last precipitate. (8) 
 

   [18] 
 

QUESTION 5 

 

5.1 Distinguish between the terms “salt bridge” and “liquid junction”. (4) 
 

5.2 Balance the following reaction and construct an electrochemical cell that 
represents this reaction by using the correct cell notation and an appropriate 
junction: 

 

 Reduction of CrO4
– to Cr(OH)3 with Al to Al(OH)3 (alkali medium)  (14) 

            

    [18] 
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DATA SHEET     
 
Avogadro’s number: N = 6.02 x1023 
 
0oC = 273.15 K 
 
Standard pressure = 1 atm = 101.325 kPa = 760 mmHg = 760 torr = 1.01325 bar 
 
R  = 8.31451 L.kPa .K–1.mol–1 

     = 8.31451 J.K–1.mol–1 
     = 8.31451 x10–2 L.bar .K–1.mol–1 
     = 8.20578 x10–2 L.atm .K–1.mol–1 
     = 62.364 L.torr .K–1.mol–1 
 
 
F   = 9.6485 x 104 C.mol–1 
 
V   = J.C–1 
 
Equilibrium constants (T = 25.0oC) 
 
(Carbonic acid, H2CO3) Ka1 = 4.30 x 10–7 

(Carbonic acid, H2CO3) Ka2 = 5.60 x 10–11 

(Hydrocyanic acid, HCN) Ka =1.49 x 10–10 

(Hydrosulphuric acid, H2S) Ka1 = 1.10 x 10–7 

(Hydrosulphuric acid, H2S) Ka2 = 1.00 x 10–14 

Cu(OH)2 Ksp = 2.2 x 10─20 

Co(OH)2 Ksp = 2.5 x 10−16 

(Cu(CN)4
2–) K f = 1.00 x 1025 

 
Standard reduction potentials (T = 25.0 oC ) 
 
Eo red (Al3+/ Al) = –1.66 V 
 
Eo red (Cu2+/ Cu) = +0.337 V 
 
Eo red (H+/ H2) = 0.000 V 
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