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3.  (N05)
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5. (M06) 
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6. (M06)
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7. (M06)

[image: image7.png]‘What happens to the rate constant (¥) and activation energy (,) of a reaction when the temperature
is increased?

A Fincreases and E, is unaffected.
B decreases and E, is unaffected.
€. E, increases and  is unaffected.

D £, decreases and is unaffected




8. (M05)
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9. (M05)
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10.  (M05)
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11.  (N04)

[image: image11.png]Consider the following statements
1 The rate constant of a reaction increases with increase in temperafure.

Tl Tncrease in temperature decreases the activation energy of the reaction.

T The term 4 in the Arhenius equation (f = Ao™ ) relates to the energy requirements of the
collsions.

Which statement(s) is/are correct?
A Toay
B, Tonly

C. TandMonly

D. Mand Monly




12.  (N04) 
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13.  (N03)  The rate expression for a reaction is shown below.

                                                                                                           Rate = k [A]2 [B]2
      Which statements are correct for this reaction?

I. The reaction is second order with respect to both A and B.

II. The overall order of the reaction is 4.

III. Doubling the concentration of A would have the same effect on the rate of reaction as doubling the concentration of B.

           A.  I and II only          B.  I and III only             C.  II and III only      D. I, II and III

14.  (N03)  The rate of a reversible reaction is altered by the addition of a catalyst.  Which statement 

                correctly describes the role of the catalyst?

A. It alters the enthalpy change of the reaction.

B. It decreases the activation energy of the forward reaction.

C. It increases the activation energy of the reverse reaction.

D. It increases the rate of the forward reaction but decreases the rate of the reverse reaction.

15.  (M02)        CaCO3 (s)  + 2HCl(aq)   ((  CaCl2 (aq) + H2O (l)   +   CO2 (g)            
    Which change will increase the rate of the above reaction when 50 cm3 of 1.0 mol dm-3 HCl is added to 

1.0 g of CaCO3?

A. The volume of HCl is increased.

B. The concentration of HCl is decreased.

C. The size of the CaCO3 solid particles is decreased.

D. The pressure of CO2 is increased.

16.  (M02)  Which statement(s) about the following reaction at 100 (C is/are correct?

                                       N2 (g)  + 3H2 (g)  (  2 NH3 (g) 

I. Every collision between N2  and H2 molecules is expected to produce NH3.

II. This reaction must involve a collision between one N2 and three H2 molecules.

       A.  I only           B.  II only                      C.  Both I and II                 D.  neither I nor II

17.  (M01)  The reaction        3M  +  Q ((  M3Q

      is first order with respect to M and second order with respect to Q.  When [M] = 0.100 mol dm-3 and 

      [Q] = 0.020 mol dm-3 , the rate of the reaction is 0.010 mol dm-3 s-1.  What is the value of the rate 

      constant, in mol dm6 s-1?   

      A.  10                             B.  100                    C.  250                    D. 500

18.  (M99)  The reaction between nitrogen dioxide and carbon monoxide is given by the equation below;

                             NO2 (g)  + CO (g)  ((  NO (g)  +  CO2 (g) 

     According to the following experimental data, what is the rate equation?

	Experiment
	[NO2] in mol dm-3
	[CO ] in mol dm-3
	Initial rate in mol dm-3 s-1

	1
	0.10
	0.10
	1.0 x 10-6

	2
	0.30
	0.10
	9.0 x 10-6

	3
	0.30
	0.30
	9.0 x 10-6


       A.   rate = k [NO2] [CO]            B. rate = k [CO]2         C.  rate = k [NO2]2           D. rate = k [NO2]3

19. (M00) Doubling which one of the following will double the rate of a first order reaction?

A. Concentration of the reactant.

B. Size of the solid particles.

C. Volume of the solution in which the reaction is carried out.

D. Activation energy

20. (N01)  Use the information below to deduce the rate equation for the hypothetical reaction;

                                                              X  +  Y ((   Z

	[X] in mol dm-3
	[Y] in mol dm-3
	Relative rate 

	0.01
	0.01
	1

	0.02
	0.01
	4

	0.02
	0.02
	4


       A. rate = k [X] [Y]       B. rate = k [X]2             C.  rate = k [Y]2           D. rate = k [X]2  [Y]2 

21. (N01) The reaction between NO2 and CO to give NO and CO2 is thought to occur by the following mechanism: 

                                NO2 (g)  +  NO2  (g)  ((  NO3 (g)   +   NO (g)            slow
                                NO3 (g)  +  CO (g)  ((  CO2 (g)   +   NO2 (g)             fast

       What is the rate equation?

       A. rate = k [NO2] [CO]       B. rate = k [NO3] [CO]     C.  rate = k [NO2] 2 [CO]       D. rate = k [NO2]2  

22.  (M00)                      F2 (g)  + 2 ClO2 (g)  ((  2FClO2 (g) 

      The following data were obtained for the reaction above. Use these data to determine the 

      orders for the reactants F2 and ClO2.

	Experiment
	[F2 (g)](in mol dm-3)
	[ClO2(g)] (in mol dm-3)
	rate in mol dm-3 s-1

	1
	0.1
	0.01
	1.2 x 10-3

	2
	0.1
	0.04
	4.8 x 10-3

	3
	0.2
	0.01
	2.4 x 10-3


            Order of reaction

               F2         ClO2
       A.    1              1    

       B.    1              2

       C.    2              1

       D.    2              4

23. (M00) Some collisions between reactant molecules do not form products .  This is most likely because 

     A.  the molecules do not collide in the proper ratio.

B. the molecules do not have enough energy.

C. the concentration is too low.

D. the reaction is at equilibrium.

24. (N02)  In general, the rate of reaction can be increased by all of the following except
A.  increasing the temperature.

B.  increasing the activation energy.

      C.  increasing the concentration of reactants 

      D. increasing the surface area of the reactants.

25..  (N02) The following data was obtained for the reaction   X  +   Y ((  products
	[X] in mol dm-3
	[Y] in mol dm-3
	Initial rate (in mol dm-3) 

	0.10
	0.10
	4.0 x 10-4

	0.20
	0.20
	1.6 x 10-3

	0.50
	0.10
	1.0 x 10-2

	0.50
	0.50
	1.0 x 10-2


       What is the order of reaction with respect to X and the order of reaction with respect to Y? 

       A.  2 and 0                 B.  0 and 2                 C.  2 and 1            D. rate = 1 and 0 

26.  (N02)  The rate of a gaseous reaction is given by the expression rate = k [P] [Q].  If the volume of the  

        reaction vessel is reduced to ¼ of the initial volume, what will be the ratio of the new rate to the  

        original rate?

       A.  1 : 4                                B.  1 : 16                     C.  4 : 1                   D. 16 : 1 

27.    The reaction;  2 NOBr    ((   2NO  +  Br2 is  second order in NOBr. Under certain conditions the 

         rate of appearance of Br2 is equal to 8.0 x 10-3 mol dm-3 s-1 .  What is the rate of appearance of   

         NOBr (in mol dm-3 s-1) under the same conditions? 

         A.  1.6 x 10-2                   B.  8.0 x 10-3                 C.  4.0 x 10-3             D.  6.4  x 10-5
Paper 2 

1.  (N06)
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[image: image14.png](@) The variation of the rate constant . fora reaction with temperature is shown by the Arrhenius
equation. Tewo versions of this equation are shown in Table 1 of the Data Booklet.

() Explain the significance of the Arrhenius constant, 4. in this equation o

(i) Explain what is meant by the temm activarion energy, E, o

(i) Describe how, using a graphical method, values of 4 and £, can be obtained for a
reaction ol

(&) The equation for a reaction used in industry is

CH,CH, +Cl, - CH,CICH,Cl  AH® =-185k]

Tron(TII) chioride can be used as a catalyst for the reaction.

() Explain the difference between the terms homogeneous and heterogeneous when
applied to a catalyst. n

(i) Draw an enthalpy level diagram for this reaction. including labels for AH, E, and
the activation energy when a catalyst is used, £, A




2. (M04) Nitrogen(II) oxide reacts with hydrogen as shown by the following equation.

                                     NO (g) +   2H2 (g)  (( N2 (g)  +  2H2O(g) 

      The table below shows how the rate of reaction varies as the reactant concentrations vary.

	Experiment
	Initial [NO]

(in mol dm-3)
	Initial [H2]

(in mol dm-3)
	Initial rate of reaction

(in mol N2 dm-3 s-1)

	1
	0.100
	0.100
	2.53 x 10-6

	2
	0.100
	0.200
	5.05 x 10-6

	3
	0.200
	0.100
	10.10 x 10-6

	4
	0.300
	0.100
	22.80 x 10-6


      (a) Determine the order of reaction with respect to NO and with respect to H2.  Explain how you  

           determined the order for NO.                                                                                                            [3]

      (b) Write the rate expression for the reaction.                                                                                       [1]

      (c) Calculate the value for the rate constant, including its units.                                             
      (d) A suggested mechanism for this reaction is as follows.
                                           H2  +  NO  (   X                                             fast step 

                                   X   +   NO    ((  Y  +   H2O                                  slow step 

                               Y  +    H2  ((   N2  +   H2O                                       fast step 

          State and explain whether this mechanism agrees with the experimental rate expression in (b).    [4]    

     (e) Explain why a single step mechanism is unlikely for a reaction of this kind.                                     [2]

     (f) Deduce how the initial rate of formation of H2O compares with that of N2 in experiment 1. 

         Explain your answer.                                                                                                                          [2]

3.  (M03)  

    (a)   (i)  Draw a graph to show the distribution of energies in a sample of gas molecules.  Label the axes  

                 and label your curve T1.  Using the same axes, draw a second curve to represent the 

                 distribution of energies at a higher temperature. Label this curve T2.                                        [3]

           (ii) State and explain, with reference to your graph, what happens to the rate of a reaction  

                when the temperature is increased.                                                                                            [2]

     (b)  (i) State and explain the effect of a catalyst on the rate of reaction.                                               [3]

           (ii) Distinguish between the terms heterogeneous and homogeneous catalysts.                            [2]

          (iii) For each type of catalyst, state an example and write an equation for a reaction it catalyses.  [4]

     (c)  The data below refer to a reaction between X and Y. 

	   Experiment
	Initial concentration of X    (in mol dm-3)
	Initial concentration of Y  (in mol dm-3)
	Initial rate of reaction 

(in mol dm-3 s-1)

	1
	0.25
	0.25
	1.0 x 10-2

	2
	0.50
	0.25
	4.0 x 10-2

	3
	0.50
	0.50
	8.0 x 10-2


             (i)  Define the term order of reaction.                                                                                              [1]

             (ii) Deduce the order with respect to both Y and Y.  Explain your reasoning.                                [4]

           (iii)  Write a rate expression for the reaction and calculate the rate constant, including its units.    [4]

            (iv) Calculate the initial rate of reaction when the initial concentrations of X and Y are 0.40 mol dm-3  

                  and 0.60 mol dm-3 respectively.                                                                                                 [2]

4.  (M02)  The following data were obtained for the reaction between gases A and B.

	Experiment
	Initial concentration of A (in mol dm-3)
	Initial concentration of B ( in mol dm-3)
	Initial rate in mol dm-3 s-1

	1
	1.0 x 10-3
	2.0 x 10-3
	3.0 x 10-4

	2
	2.0 x 10-3
	2.0 x 10-3
	3.0 x 10-4

	3
	1.0 x 10-3
	4.0 x 10-2
	1.2 x 10-3


(a) Define the term overall order of reaction.                                                                                       [2]

(b) Deduce the order of reaction with respect to A and the order with respect to B.                           [2]

(c) Write the rate expression for the reaction between A and B.                                                         [1]

(d) Use the data from Experiment 1 to calculate the value of the rate constant for the reaction and state its units.                                                                                                                                [2]

(e) The reaction between gases A and B is repeated at a pressure double the original pressure.  Determine how much faster the reaction will when the pressure is doubled.                               [1]

(f) Some solids act as heterogeneous catalysts in this reaction.  State what is meant by the term heterogeneous and outline how such catalysts work.                                                                    [3]

(g) State and explain how the following changes affect the rate of reaction between A and B:          

a. Using a catalyst.                                                                                                                  [2]

b. Decreasing the temperature.                                                                                               [2]

5. (M01) Magnesium reacts exothermically with dilute sulfuric acid according to the following equation:

                               Mg(s) +  H2SO4 (aq)     ((   MgSO (aq)  +  H2 (g) 

     (a) Outline an experimental procedure by which you could obtain a value for the rate of this

          reaction.                                                                                                                                        [6]

     (b) From the results of such an experiment using excess magnesium ribbon and sulfuric acid of

          concentration 0.6 mol dm-3, the graph shown in Figure 1 was obtained. Describe how and              

          explain why the slope of the curve changes with time.                                                                [2]
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        (c) Sketch the graph shown in Figure 1 and label the curve A.

            (i) The experiment is repeated using the same mass of magnesium ribbon and the same

                volume of acid of concentration 0.3 mol dm-3. Show on the same sketch the curve you 
                would expect to obtain and label it B. Explain your choice at a molecular level.                        [3]

           (ii) The experiment is repeated using the same mass of magnesium powder and the same

                volume of acid of concentration 0.6 mol dm-3.  Show on the same sketch the curve you 
                would expect to obtain and label it C. Explain your choice at a molecular level.                        [3]

      (d) From the results of a series of experiments involving magnesium and sulfuric acid, a graph of

           rate against acid concentration was plotted (Figure 2). Use Figure 2 to deduce the order of

           reaction with respect to sulfuric acid.
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       (e) Under the conditions used, the order of reaction with respect to magnesium is zero. Give the

             rate expression for this reaction. Calculate the value of the rate constant and give its units.

             State how the value of the rate constant would change if the experiment were repeated at a

             higher temperature.                                                                                                                     [4]

        (f) Sketch an enthalpy level diagram for an exothermic reaction, showing the enthalpy change,

            (∆H), the activation energy, (Ea) , and the activation energy for the catalysed reaction, (Ecat).     [5]

6.  (M99) The following data were obtained for the reaction between A and B.

	Experiment
	Initial concentration of A (in mol dm-3)
	Initial concentration of B ( in mol dm-3)
	Initial rate in mol dm-3 hr-1

	1
	0.200
	0.200
	0.50

	2
	0.400
	0.200
	2.00

	3
	0.400
	0.800
	8.00


    (a)  Give the order with respect to A.                                                                                                    [1]

(b)  Give the order with respect to B.                                                                                                    [1]

(a) Write the rate expression for the reaction between A and B.                                                         [1]

(b) Use the data from Experiment 1 to calculate the value of the rate constant for the reaction and state its units.                                                                                                                                [1]

7.  (N04)
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[image: image18.png]Nitrogen monoide may also be converted info nitrogen dioxide at high temperature
according to the equation below

Nogg)~Co@ +

(® — NO,(9) + CO,(2)

(@) Sketch a graph of concentration of NO, (g) produced against time for this reaction and
annotate the graph to show how the initial rate of reaction could be deduced. 5l

(i) The results from a series of experiments for this reaction are shown below

Deduce, giving a reason. the order of reaction with respect to each of the reactants. 57
e s B U
mol dm’ mol dm’ mol dm’ mol dm’
1 1.00x107 1.00x107 1.00x107 440x10™
2 2.00x107 1.00x107 1.00x10" 1.76x107
3 200x107 2.00x10 1.00x107 1.76x107
4 4.00x107 1.00x107 200107 7.04x107

Explain why the order of a reaction cannot be obtained directly from the stoichiometric
equation n

(@) First order reactions have a constant Jalf-ife. Define the term halflife and explain why
itis constant for firstorder reactions n

(i) The value of  for a first order reaction is 440s™. Calculate the half-life for this
reaction. nj
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