CHAPTER 12    Chemical Kinetics


AP Chemistry: Chapter 12 Study Guide

1. 
Consider the reaction 2H2 + O2  2H2O



What is the ratio of the initial rate of the appearance of water to the initial rate of disappearance of oxygen?

2. 
Consider the reaction: 4NH3 + 7O2  4NO2 + 6H2O



At a certain instant the initial rate of disappearance of the oxygen gas is X. What is the value of the appearance of water at the same instant?

3. 
For a reaction in which A and B react to form C, the following initial rate data were obtained:




[A]
[B]
Initial Rate of Formation of C




(mol/L)
(mol/L)
(mol/L  s)




0.10
0.10
1.00




0.10
0.20
4.00




0.20
0.20
8.00



What is the rate law for the reaction?

4. 
Tabulated below are initial  rate data for the reaction




2Fe(CN)63– + 2I–   2Fe(CN)64– + I2



Initial




Run
[Fe(CN)63–]0
[I–]0
[Fe(CN)64–]0
[I2]0
Rate (M/s)




1
0.01
0.01
0.01
0.01
1  10–5



2
0.01
0.02
0.01
0.01
2  10–5



3
0.02
0.02
0.01
0.01
8  10–5



4
0.02
0.02
0.02
0.01
8  10–5



5
0.02
0.02
0.02
0.02
8  10–5


What is the order with respect to each reactant, the overall order, the rate law, the value of k, and the rate if all reactants have a concentration of 0.03?

5.
 A first-order reaction is 45% complete at the end of 35 minutes.  What is the length of the half-life of this reaction?

6.
 The reaction 2NO  N2 + O2 has the following rate law:




–  EQ \F(D[NO],Dt)  = 2k[NO]2.



After a period of 2.0  103 s, the concentration of NO falls from an initial value of 
2.8  10–3 mol/L to 2.0  10–3 mol/L. What is the rate constant, k?

7.
 The reaction

2N2O5(g)  O2(g) + 4NO2(g)



is first order in N2O5. For this reaction at 45(C, the rate constant k = 1.0  10–5 s–1, where the rate law is defined as




Rate = –  EQ \F(D[N2O5],Dt)  = k[N2O5]



For a particular experiment ([N2O5]0 = 1.0  10–3 M), calculate [N2O5] after 2.6  105 seconds.

8.
 A first-order reaction is 40.% complete at the end of 50. minutes. What is the value of the rate constant (in min–1)?

9.
 At a particular temperature, N2O5 decomposes according to a first-order rate law with a half-life of 3.0 s. If the initial concentration of N2O5 is 1.0  1016 molecules/cm3, what will be the concentration in molecules/cm3 after 10.0 s?

10. 
The decomposition of ozone may occur through the two-step mechanism shown:




step 1
O3  O2 + O




step 2
O3 + O  2O2


The oxygen atom is considered to be a(n)

11. 
The decomposition of N2O5(g) to NO2(g) and O2(g) obeys first-order kinetics. Assuming the form of the rate law is




Rate = –  EQ \F(D[N2O5],Dt)  = k[N2O5]



where k = 3.4  10–5 s–1 at 25(C.



What is the initial rate of reaction at 25(C where [N2O5]0 = 5.0  10–2 M?

    What is the half-life for the reaction described?

12. 
The reaction 2NO + O2  2NO2 obeys the rate law




–  EQ \F(D[O2],Dt)  = kobsd[NO]2[O2].



Which of the following mechanisms is consistent with the experimental rate law?


a)
NO + NO  N2O2
(slow)
N2O2 + O2  2NO2
(fast)


b)
NO + O2 
[image: image1.wmf] NO3
(fast equilibrium)
NO3 + NO  2NO2
(slow)


c)
2NO 
[image: image2.wmf] N2O2
(fast equilibrium)
N2O2  NO2 + O
(slow)
NO + O  NO2
(fast)


d)
O2 + O2  O2 + O2
(slow)
O2 + NO  NO2 + O
(fast)
O + NO  NO2
(fast)


e)
none of these

13. 
The reaction 2H2O2  2H2O + O2 has the following mechanism:




H2O2 + I–  H2O + IO–



H2O2 + IO–  H2O + O2 + I–


Identify the catalyst and the reaction intermediate

14. 
The rate law for a reaction is found to be Rate = k[A]2[B]. Which of the following mechanisms gives this rate law?


I.
A + B 
[image: image3.wmf] E (fast)
E + B  C + D (slow)


II.
A + B 
[image: image4.wmf] E (fast)
E + A  C + D (slow)


III.
A + A  E (slow)
E + B  C + D (fast)

15. 
Determine (a) the rate equation and (b) the rate constant for the hypothetical reaction 
A + B  C given the following initial concentrations and initial rate data.





[A]0
[B]0
Initial Rate




Run #
(mol/L)
(mol/L)
(mol/L  s)




(1)
0.100
0.100
0.18




(2)
0.100
0.200
0.36




(3)
0.200
0.200
1.44


ANS:
a)
rate = k[A]2[B]
(b)
1.8  102 L2/mol2s


16. Draw an energy diagram for both exothermic and endothermic reactions. Be able to list or find the energy of the reactants, products, activated complex, activation energy, ΔE, etc…
Answers
1.    2:1

2.    0.86x

3.    Rate = k[A][B]2
4. 
Fe(CN)6-3    
2nd order


I-

1st order


Overall
3rd order


Rate = k[Fe(CN)6-3]2[I-]


k = 10 M-2 ∙ s-1


Rate = 3 x 10-4

5.    41 min

6.    3.6 x 10-2 M-1 ∙∙ s-1

7.    7.4 x 10-5 M

8.    1.0 x 10-2 min-1

9.    9.9 x 1014

10.   reaction intermediate

11.   
1.7 x 10-6 M ∙ s-1


2.0 x 104 sec
12.   B

13.    
catalyst = I-


Intermediate = IO-
14.   II

15.  
a) rate = k[A]2[B]


b) 1.8 x 102 M-2 ∙ s-1
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