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SECTION A  
 
1. For the following reaction, ∆P(C6H14)/∆t was found to be -6.2 × 10-3 atm/s. 
 
 C6H14(g) → C6H6(g) + 4H2(g) 
 
 Determine ∆P(H2)/∆t for this reaction at the same time.  
 
A. 6.2 × 10-3 atm/s 
B. 1.6 × 10-3 atm/s 
C. 2.5 × 10-2 atm/s 
D. -1.6 × 10-3 atm/s 
E. -2.5 × 10-2 atm/s 
 
2. Which colligative property is based on mole fraction? 
 
A. Freezing point depression      
B. Boiling point elevation      
C. Osmotic pressure 
D. Vapor pressure lowering        
E. Plasmolysis 
 
3. Which of the following statements is false? 
 
A. A catalyst increases the rate of the forward reaction, but does not alter the 

reverse rate.  
B. A catalyst alters the mechanism of reaction. 
C. A catalyst alters the activation energy. 
D. A catalyst may be altered in the reaction, but is always regenerated.  
E. A catalyst increases the rate of reaction, but is not consumed. 

4. For the reaction represented below, the experimental rate law is given by 
rate = k [(CH3)3CCl].  

 (CH3)3CCl(aq) + OH- → (CH3)3COH(aq) + Cl- 

 If some solid sodium hydroxide were added to a solution in which 
[(CH3)3CCl] = 0.01 M and [NaOH] = 0.10 M, which of the following would be 
true? (Assume the temperature and volume remains constant.) 

 
A. Both the reaction rate and k would increase.  
B. Both the reaction rate and k would decrease. 
C. Both the reaction rate and k would remain the same. 
D. The reaction rate would increase but k would remain the same.  
E. The reaction rate would decrease but k would remain the same. 
 
5. The pH of 0.0980 mol.dm─3 solution of sodium carbonate is: 
 
A. 8.37 

B. 10.3  

C. 11.6  

D. 5.63 

E. 9.24 
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6. Consider the reaction below:  
 

Cu(OH)2(s) ⇌  Cu2+(aq) + 2OH─(aq) 
 

0.050 g of solid copper(II) hydroxide is added to 2.00 dm3 of water in a glass 
container and the mixture is allowed to reach equilibrium. If thereafter the 
equilibrium mixture is made alkaline by adding 250 cm3 of a   0.100 mol.dm─3 

solution of ammonia, then: 
 

A. less solid copper(II) hydroxide will be left in the container 

B. more solid copper(II) hydroxide will precipitate 

C. the solubility of solid copper(II) hydroxide will reduce 

D. less solid copper(II) hydroxide will dissolve than before 

E. the concentration of free copper(II) ions will increase 

 

7. Consider the following equilibria: 
  

CuS(s) ⇌ Cu2+ (aq) + S2–(aq)   K1 
H2S(aq) ⇌ H+ (aq) + HS–(aq)   K2 
HS–(aq) ⇌ H+ (aq) + S2–(aq)   K3 
Cu2+ (aq) + H2S(aq) ⇌ CuS (s) + 2H+aq) K4 
 
Which one of the following is true? 

 
A. K4 = K2.K3.K1 
B. K4 = (K2.K3)/K1 
C.  K4 = K1/(K2.K3) 
D. K4 = K3/(K1.K2) 
E. K4 = K2/(K1.K3) 
 
8. Which of the following types of mixtures exhibit the Tyndall effect? 
 
A. True solutions and suspensions      
B. True solutions and colloids;        
C. Only true solutions      
D. Only colloids;       
E. Only suspensions 
    
9. For the reaction 2AC3(g)  ⇌  A2(g)  +  3C2(g), Kc = 0.01659. What will happen 

when 1.00 mol of AC3(g), 0.499 mol of A2(g) and 1.59 mol C2(g) are added to 
a 10.0 dm3 container and allowed to equilibrate? 

 

A. The amount of AC3 will be halved. 
B. More AC3 will be formed. 
C. More A2 will be formed than C2. 
D. More C2 will be formed than A2. 
E. The amount of A2 formed will be double the amount of C2 formed. 
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10. One difference between first-order and second-order reactions is that 

 __________.  

A. the half-life of a first-order reaction does not depend on [A]o; the half-life of 

 a second-order reaction does depend on [A]o. 

B. the rate of both first-order and second-order reactions do not depend on 

 reactant concentrations  

C. the rate of a first-order reaction depends on reactant concentrations; the 

 rate of a second-order reaction does not depend on reactant 

 concentrations  

D. a first-order reaction can be catalyzed; a second-order reaction cannot be 

 catalyzed  

E. None of the above are true. 

 

11. Consider the reaction below:  
 Cu2+ (aq)   +   4CN─(aq) ⇌  Cu(CN)4

2─(aq) 
     
 A volume of 250 cm3 of a 0.0325 mol dm─3 solution of copper (II) nitrate was 

mixed with 350 cm3 of a 0.200 mol dm─3 solution of potassium cyanide in a 
single container. The resulting mixture was then allowed to reach equilibrium. 
If thereafter a volume of 150.0 cm3 of a 0.00225 mol dm─3 solution of nitric 
acid was added to the equilibrium mixture, then 

 

A. the concentration of Cu(CN)4
2─(aq) increased 

B. the concentration of Cu(CN)4
2─(aq) remained unchanged 

C. the concentration of Cu2+ (aq) decreased 
D. copper (II) nitrate precipitated from the solution 
E. the concentration of Cu2+ (aq) increased 
 
12. Which transformation cannot take place at the anode of an electrochemical 

cell? 

 

A. H2O    H2O2   

B. VO2+
    VO2

+
   

C. I2    IO3
– 

D. CrO4
2–    Cr(OH)3  

E. [Fe(CN)6]4─ [Fe(CN)6]3─ 

 

13. The two electrodes Al(s)/ Al3+(aq) (0.550 mol.dm─3) and Cu(s)/Cu2+(aq)     
(0.00110 mol.dm─3) were combined to produce a spontaneous 
electrochemical reaction. The cell potential for this reaction at 25.0oC is: 

 

A. +2.00 V 
B. +2.08 V 
C. +1.76 V 
D. +1.91 V 
E. –2.00 V 

 
   [13 x3 = 39] 
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SECTION B 

QUESTION 1  

 

1.1 The decomposition of SO2Cl2 is a first-order reaction:  

SO2Cl2 (g) → SO2 (g) + Cl2 (g)  

 The rate constant for the reaction is 2.8 × 10-3 min-1 at 600 K. If the initial 
concentration of SO2Cl2 is 1.24 × 10-3 M, how long will it take for 
concentration to drop to 0.31 × 10-3 M? (6) 

 
1.2 A 0.500 L sample of an aqueous solution containing 10.0 g of hemoglobin 

has an osmotic pressure of 5.9 torr at 22 °C. What is the molar mass of 
hemoglobin? (6) 

 
1.3 Consider the following multistep reaction mechanism: 

Step 1:  Cl2(g) → 2Cl(g) 

Step 2:  N2O(g) + Cl(g) → N2(g) + ClO(g)  

Step 3:  ClO(g) + ClO(g) → Cl2(g) + O2(g) 

1.3.1 Write the overall reaction and the rate law of this reaction. (5) 

1.3.2 Identify the intermediate(s) and the catalyst(s) in the above reaction 

mechanism. Motivate your answers. (5) 
1.3.3 What is the molecularity of each of the above elementary processes? (3) 
 
   [25] 

QUESTION 2 
  

Given the following reaction:  
  

 COF2(g)  ⇌  CO(g) + F2(g)      
  
An amount of 7.40 mol of COF2 is initially placed into a 15.0 dm3  flexible container at 
823 K. At the initial equilibrium the pressure in the container was found to be  
3.53 x 106 Pa. 
The pressure was then changed and the reaction was allowed to reach a new 
equilibrium. At this new equilibrium, the moles of CO were 40.00% less than those 
observed at initial equilibrium. 
Calculate the total pressure in the container at the new equilibrium.  
   [20] 

QUESTION 3 

 
A mixture is first made of 240 cm3 of a 0.412 mol.dm–3 solution of silver nitrate and y 
cm3 of a 2.00 mol.dm–3 solution of ammonia. Thereafter, 280 cm3 of a 0.0116 
mol.dm─3 solution of sodium chloride is added to this mixture and the resulting 
solution is diluted to 2.50 dm3. Calculate the value of y that will just prevent the 
precipitation of silver chloride.   
   [14] 
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QUESTION 4 

 
The minerals of a 50.0 kg ore sample from a South African mine in Northwest were 
dissolved by acid leaching to make up a solution whose volume was 25.0 dm3. When 
this solution was analysed it was found to contain 0.200 mol.dm−3 of Cd2+(aq) ions 
and 0.150 mol.dm−3 of Ni2+(aq) ions. The solution was then subjected to electrolysis 
at 25.0oC. Calculate the mass percentage purity of the metal that plated last.  
  
   [18] 

QUESTION 5 

 
 

5.1 Calculate the cell potential of the following cell: 
 

           Fe     Fe(CN)6
4– (0.200 mol.dm–3)          H+ (pH of 6.00)       H2 (Pt) 

       CN– (0.100 mol.dm–3)                                     
    

   [14] 
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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) 
 
Kb1 (Sodium carbonate) = 1.79 x 10–4 

Kb2 (Sodium carbonate) = 2.33 x 10–8 

Ksp (copper(II)hydroxide) = 2.2 x 10–20 

Ksp (Silver chloride, AgCl) = 1.80 x 10–10 

K f (Ag(NH3)2
+ ) = 1.70 x 107 

K f (Fe(CN)6
4– ) = 1.00 x 1035 

 
 
Standard reduction potentials (T = 25.0 oC ) 
 
Eo red (Al3+/ Al) = –1.66 V 
 
Eo red (Cd2+/ Cd) = –0.403 V 
 
Eo red (Co2+/ Co) = –0.277 V 
 
Eo red (Ni2+/ Ni) = –0.280 V 
 
Eo red (H+/ H2) = 0.00 V 
 
Eo red (Cu2+/ Cu) = +0.337 V 
 
Eo red (Zn2+/ Zn) = –0.763 V 
 
Eo red (Fe2+/ Fe) = –0.440 V 
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