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INSTRUCTIONS:  Answer question one and any other two questions. 

 

QUESTION ONE – (30 MARKS) 

a) Define the term rate of reaction       (1 Mark) 

b) Briefly discuss how the following factors  affect the rate of reaction: 

(i) Temperature          (2 Marks) 

(ii)  Complexity of reaction mechanism     (3 Marks) 

(iii)Reaction medium       (3 Marks) 

c) Consider the reaction	�����+ Br���� → 2�����  
(i) Write the rate law.       (1 Mark) 

(ii)  What is the order of the reaction?     (2 Marks) 

(iii)  Is it an elementary reaction?      (1 Mark) 

d) The decomposition of hydrogen peroxide (H2O2) was studied by titrating it at different 

intervals with acidified KmnO4. 

(i) Calculate the velocity constant for it from the data below assuming it to be of the 

first order. 
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t(sec)   0  600  1200 

KmnO4  22.8  13.8  8.2  (5 Marks) 
   

(ii)  Write stoichiometric equation for the reaction.   (1 Mark) 

e) The thermal decomposition of ����(g) to form ������ and �����is a first order reaction. 

The rate constant for the reaction is  5.1 x 10��	���at 318 K. What is the half-life of this 

process?         (2 Marks) 

f) Show that the following mechanism for; 

2NO(g) +Br2 (g)   →2NOBr(g) also produces a rate law consistent with experimental law 

rate  = K�NO��	�Br�� 

 

Step 1        

K1

K-1
NO(g) + NO(g) N2O2(g) (fast , equilibrium)

   

Step 2      
K2

N2O2 + Br2
2NOBr(g) slow

 (5 Marks) 

g) Explain the difference among unimolecular, bimolecular and termolecular elementary 

process. Why are termolecular processes very rare?        (4 Marks) 

QUESTION TWO (20 MARKS) 

a) Briefly discuss the conditions that must prevail for a reaction to take place?  (4 Marks) 

b) Define the terms; 

(i)       Order of  a reaction           (1 Mark) 

(ii)  Molecularity                                   (1 Mark) 
c) The following mechanism has been proposed for the gas-phase reaction of chloroform 

CHCl3 and chlorine. 

Step 1   
Cl2

K1

K2
2Cl(g) (fast

 

Step 2          

K2
Cl(g)  + C Cl3(g) HCl(g) + CHCl3(g)(slow) 

Step 3       

K3
Cl(g) + CCl3(g)

CCl4(g)  (fast)
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(i) What is the overall reaction?      (2 Marks) 

(ii)  What are the intermediates in the reaction?    (1 Mark) 

(iii)  What is the molecularity of each of the elementary steps?  (2 Marks) 

(iv) What is the rate-determing step?      (1 Mark) 

(v) What is the rate law predicted by the mechanism?   (1 Mark) 

d) The rate constants of a reaction at 270C and 37oC are 1.3 x 10 -3 S-1 and 2.6 x 10����� 
respectively. Determine ; 

(i) Its activation energy        (3 Marks) 

(ii)  The frequency factor        (2 Marks) 

(iii)  Its rate constant at 470C       (2 Marks) 

QUESTION THREE (20 MARKS) 

a) State the law of mass action.       (1 Mark) 

b) (i)   What is half life?        (1 Mark) 

(ii)   The half – life period of a reaction of the first order is 300S. Calculate its rate constant 

in seconds and minutes.       (3 Marks) 

c) The order rate constant for the decomposition of a certain insecticide in water at 12oC is 

1.45����. A quantity of this insecticide is washed into a lake in June, leading to a 

concentration of 5.0 x 10��g  !��of water. Assume that the effective temperature of the 

lake is 12oC. 

(i) What is the concentration of the insecticide in June of the following year.(3 Marks) 
 

(ii)  How long will it take for the concentration of the insecticide to drop to 3.0 x10��g 
cm��         (3 Marks) 

 
d) Hydrolysis of ethylacetate by NaOH, using equal concentration of the reactants; was 

investigated by titrating 25ml of the reaction mixture at different times against a standard 
acid solution. From the data given below show that this is a second order reaction. 

 Time (t) minutes  0 5 15 25 35 

 Titre vale (T) ml  16.00 10.24 6.13 4.32 3.41  (5 Marks) 

e) With suitable examples distinguish between concurrent and consecutive reactions. 
           (4 Marks) 
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QUESTION FOUR (20 MARKS) 

a) State three kinetic characteristics of first order reactions.   (3 Marks) 

b) For a reaction A → product, a graph of (A) versus time is a straight line. What is the order 

of this reaction?         (1 Mark) 

c) The initial rate of reaction A + B →C was measured for several different starting 

concentration of A and B, with the results given below: 

Experiment                 �A� M                            �B� M                  Initial rate(M/s) 

1                                    0.10                              0.1                      4.0 x	10�� 

2    0.10   0.2     4.0 x	10�� 

3    0.20   0.1                      160 x	10�� 

         Using these data, determine; 

(i) The rate law for the reaction      (4 Marks) 

(ii)  The magnitude of the rate constant     (2 Marks) 

(iii)  The rate of reaction when �A� = 0.05M and �B� = 0.1M   (2 Marks) 

d) The following data have been obtained for the rate constant of the decomposition of a 

compound in the gas phase. 

T(K)         700      730          760      820   850 

K(M���)            0.016        0.038        0.108          0.79              2.2 

(i) Write an expression of the Arrhenius equation    (2 Marks) 

(ii)  Plot a graph of log K against %
&'              (3 Marks) 

(iii)  Determine the activation energy for the reaction.    (3 Marks) 


