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CHEM 20204 

Assignment 2 

Problem 1   [Problem 2-1,  pg 46 5th edition] 

A minor route for ozone destruction in the ozone hole involves Mechanism II with bromine 

as X’ and chlorine as X (or vice-versa). The ClO• and BrO• free radical molecules produced in 

these processes then collide with each other and rearrange their atoms to eventually yield 

O2 and atomic chlorine and bromine. Write out the mechanism for this process and add up 

the steps to determine the overall reaction. 

Problem 2 Chapter 2 Review Questions (p 65, 5th and p 87, 4th) 

a. What is a Dobson Unit? How is it used in relation to atmospheric ozone levels?

b. If the overhead ozone concentration at a point above the Earth’s surface is 250 DU,

what is the equivalent thickness in millimeters of pure ozone at 1.0 atm pressure?

c. Describe the process by which chlorine becomes activated in the Antarctic ozone-hole

phenomenon.

Problem 3 Not in Textbook 

 Consider the following reaction. 

NO +  O3 → NO2 + O2      

which has a rate constant given by k = 1.8×10-12 e-1370/T cm3 molecules−1 s−1 . Use the 
following standard heats of formation.  

Substance ΔHf
0 (kJ mol−1)

NO 90.25 

NO2 33.18 

O3 142.7 

O2 0  
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a. What is the activation energy (Ea) of this reaction?  

Hint: k=Ae-Ea/RT 

b. What is the standard enthalpy of this reaction? Is it exothermic or endothermic?  

c.  Draw the potential energy profile of this reaction. 

Problem 4           

Consider again the following reaction: 
 

NO + O3 → NO2 + O2 
 

At 25°C the reaction has a rate constant of 1.8 ×10-14 cm3 molecules-1 s-1. 
 

Use the following thermodynamic data: 
 

Substance  ΔGf°  (kJ mol−1) 
NO  86.55  
NO2 51.31  
O3  163.2  
O2  0 

 
a. Calculate the standard free energy of this reaction. Is this reaction spontaneous?  

 
b. Calculate the rate constant for the reverse reaction.  NO2 + O2 → NO + O3 

 
Hint: Determine Equilibrium constant first from ΔG 
 

Problem 5          Not in Textbook 

Given that diatomic chlorine gas is the most stable form of the element and that the ΔHf value 

for atomic chlorine is +121.7 kJ/mol, calculate the maximum wavelength of light that can 

dissociate the diatomic chlorine into the atomic form. Discuss what type of light this 

corresponds to and which level of the atmosphere this reaction will be prevalent. 

 

Problem 6          Not in Textbook 

At an altitude of 35 km, the average concentrations of O* and CH4 are approximately 100 and 

1x1011 molecules cm-3, respectively, and the rate constant k for the reaction between them 

is 3 x 10-10 cm3 molecules-1 s-1. Calculate the rate of destruction of methane in molecules per 

second per cubic centimeter under the conditions. 
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Hint: Recall that the rate law for a simple process is its rate constant times the 
product of the concentrations of its reactant concentrations. 

 

Problem 7          Not in Textbook 

 The rate constant in units of cm3 molecules-1 s-1 for the reaction of atomic oxygen with 
ozone (O + O3  → 2O2) is given by 1.47×10-11 e-2218/T where T is the temperature in Kelvin. 

 
a. Calculate the reaction rate in units of molecules cm-3 s-1 at -30°C (second 

order kinetics). Given [O] = 4.6×107 molecules cm-3 and [O3] = 3.3×1012 
molecules cm-3. 

 
b. Assuming Arrhenius behavior, calculate the activation energy (Ea) of this 

reaction at -30°C. 
 
Hint: k= Ae-Ea/RT where k= rate constant (cm3 molecules-1s-1) and Ea = 
activation energy (J/mole).   

 
Problem 8          Not in Textbook 

What two physical properties of CFCs make them ideal for various commercial     

applications, but also make them a long-term primary cause of ozone depletion? Name at 

least three common commercial applications of CFC-type compounds.   

 
Problem 9          Not in Textbook 

Define a tropospheric sink and explain what HCFCs are. What sort of reaction provides a 

tropospheric sink for HCFCs? Is their destruction in the troposphere 100% complete? Why 

are HCFCs not considered to be suitable long-term replacements for CFCs? 

 
Problem 10     [Review Questions,  pg 65 5th edition] 

Chemically, what are halons? What was their main use? 
 

 
 


