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Dr. C. Rogers  ---  Chem 205  GENERAL CHEMISTRY I  ---  SAMPLE TEST QUESTIONS     

CHEMICAL KINETICS

# 1.  Why do the average rates of most reactions change with time?

# 2.  Catalytic converters in automobiles combat air pollution by converting NO and CO into N2 and CO2:


2 CO + 2 NO (  N2 + 2 CO2

a) How is the rate of disappearance of N2 related to the rate of disappearance of CO? 

b) How is the rate of appearance of CO2 related to the rate of disappearance of NO?

c) How is the rate of disappearance of CO related to the rate of disappearance of NO?

d) Write expressions for the rate of the reaction according to disappearance of each reactant and appearance of each product.  

# 3.  Two first-order decomposition reactions of the form A ( B + C have the same rate constant at a given temperature.  Do the reactants in the two reactions have the same half-lives at this temperature?

# 4.  Two reactions in which there is a single reactant have nearly the same rate constant; however, one reaction is first order, and the other is second order.  

a) If the initial concentration of the reactants are both 1.0 mM, which reaction will proceed at the higher rate?

b) If the initial concentration of the reactants are both 2.0 M, which reaction will proceed at the higher rate?

# 5.  Chlorine dioxide (ClO2) is a disinfectant used in municipal water-treatment plants.  It dissolves in basic solution, producing ClO3- and ClO2- :

2 ClO2(g) + 2OH-(aq) ( ClO3-(aq) + ClO2-(aq) + H2O(l)
	Experiment
	[ClO2]0
	[OH-]0
	Initial rate (M/s)

	1
	0.060
	0.030
	0.0248

	2
	0.020
	0.030
	0.00827

	3
	0.020
	0.090
	0.0247


The following kinetic data were obtained for the reaction at a certain temperature:

Determine the rate law and the rate constant for this reaction.
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# 6.  There are two structural isomers of ClO2:

The isomer with the  Cl-O-O skeletal arrangement is unstable and rapidly decomposes according to the reaction:

2 ClOO ( Cl2 + 2 O2

	Time (s)
	[ClOO] (M)

	0.00
	1.76(10-6

	0.67
	2.36(10-7

	1.3
	3.56(10-8

	2.1
	3.23(10-9

	2.8
	3.96(10-10


The data at the right were collected for the 

decomposition of ClOO at 298 K.

Determine the rate law for the reaction and the value of the rate constant at 298K.

# 7.  Nitrous oxide (N2O) is used as an anesthetic (laughing gas) and in aerosol cans to produce whipped cream.  It is a potent greenhouse gas and decomposes slowly to N2 and O2 :

2 N2O ( 2 N2 + O2
a) If the plot of ln[N2O] as a function of time is linear, what is the rate law for the reaction?

b) How many half-lives will it take for the concentration of the N2O to reach 6.25% of its original concentration?

# 8.  The rate law for the reaction between NO and H2 is second order in NO and third order overall.  The reaction of NO with Cl2 is first order in each reactant and second order overall.  Why can we safely say that these two reactions do not proceed by similar mechanisms?

# 9.  Write rate laws for these elementary steps; identify them as uni-, bi-, or termolecular steps:

a) Cl + O3 ( ClO + O2
b) 2 NO2 ( N2O4
c)   14 C (   14 N +   0
# 10.  The rate laws for the thermal and photochemical decomposition of NO2 are different:

rate of thermal decomposition = k[NO2]2
     vs.       rate of photochemical decomposition = k[NO2]

Which of the following proposed mechanisms are possible for the thermal decomposition of NO2 and which are possible for the photochemical decomposition of NO2? 


a)   NO2 + NO2   (   N2O4
                  b)  NO2 + NO2    (    NO + NO3             c)  NO2     (    N + O2


      N2O4    (    N2O3 + O

            NO3      (    NO + O2

     N + NO2  (  N2O2

      N2O3 + O    (    N2O2 + O2






        N2O2    (    2 NO

      N2O2    (    2 NO

# 11.  Why is the value of Ea for an exergonic reaction ("energy-releasing", i.e., G < 0) less than the Ea value for the same reaction when it proceeds in reverse?

# 12.  Consider the following reaction:      A + B ( C ( D + E

Draw reaction profiles (energy vs. reaction coordinate diagram) for the following three scenarios:

a) C is an activated complex (transition state)

b) the reaction has two elementary steps; the first step is rate-determining and C is an intermediate

c) the reactions has two elementary steps; the second step is rate-determining and C is an intermediate

	T (K)
	k (M-1s-1)

	303
	6.5(107

	308
	7.0(107

	313
	7.5(107


# 13.  Chlorine atoms react with methane to form HCl and the highly reactive species CH3.  At 298, the rate constant for the reaction is 6.0(107 M-1s-1.  When the experiment was repeated at three other temperatures, the data at the right were collected.

Calculate the values of the activation energy Ea and the pre-exponential factor (A; also called the frequency factor) for the reaction.

# 14.  The rate of a chemical reaction is too slow to measure at room temperature.  We could either raise the temperature or add a catalyst.  Which would be a better solution for making an accurate determination of the rate constant?
# 15.  Does a substance that increases the rate of a reaction also increase the rate of the reverse reaction?  Explain.

# 16.  The following two-step process results in the depletion of ozone in the stratosphere:

a) Explain why NO is considered a catalyst for the overall reaction of O with O3.

b) Write rate laws for each step of this mechanism.

c) Which elementary step in this reaction should be faster?  Why?
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Step 1:  NO(g) + O3(g) ( NO2(g) + O2(g)


Step 2:  O(g) + NO2(g) ( NO(g) + O2(g)


-----------------------------------------------------------------------------------


Net reaction:  O(g) + O3(g)   ( 2 O2(g)











