
Chemistry 102 Winter 2010 
 

 
Announcements 
1. Next midterm exam on Feb. 22, Monday. 
• Chapter 11.1-11.3 (note these sections are 
based on Chapter 6 concepts, e.g. ΔH, and 
Chapter 9 concepts, e.g. IMF’s), skip 
Clausius-Clapeyron and relative humidity, 
• Chapter 11.5 (note this section is related to 
bonding types and IMF’s), 
• Chapter 12.1-12.3 

 
 
Today 
1. Reaction mechanisms. 
2. Catalysts. 
 
 
 
 



Chemistry 102 Winter 2010 

 2 

Review 
 
Using calculus, we can derive integrated rate 
laws that can be graphed and that visually help 
us determine the rate law for a chemical process. 
 
1st order integrated rate law: 
ln [A]t = – kt + ln[A]0 y = mx + b 
 
2nd order integrated rate law: 
    1   =  kt  +   1    y = mx + b 
  [A]t    [A]0 
 
0th order integrated rate law: 
[A]t  = – kt + [A]0  y = mx + b 
 
Energy diagrams show the activation energy 
and reaction enthalpy. 
      
The reaction rate depends on the activation 
energy (Ea), reaction temperature, and frequency 
factor (A): 
 
k = Ae-Ea/RT 
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Reaction Mechanisms 
 
A reaction generally occurs through a series of 
steps (a sequence of molecular events), not a 
single step. 
 
Each step is called an elementary reaction and 
must be either a unimolecular or bimolecular 
reaction. 
 
The series of elementary reactions sum to the 
overall reaction, and the set of elementary 
reactions and overall reaction is called a 
reaction mechanism (or mechanism). 
 
elementary reaction: a one-step reaction that 
shows the actual nanoscale changes from 
reactants to products; can only be unimolecular 
or bimolecular reactions (must be simple). 
 
reaction mechanism: a proposed series of 
elementary reactions that describe how the 
overall reaction actually occurs. 
 
Scientists often argue about the steps (p. 444). 
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Because, we cannot actually see the nanoscale, 
no mechanism can be proven true.  Only 
incorrect mechanisms can be proven false by 
checking the experimental results, such as if the 
mechanism is consistent with the rate law. 
 
Overall reaction: 2NO2    2NO  +  O2 
 
Mechanism I says the steps are … 
1.  NO2    NO  +  O   (slow reaction) 
2.  O  +  NO2    O2  +  NO  (fast reaction) 
     2NO2    2NO  +  O2 
 
Mechanism II says the steps are … 
1.  2NO2    NO3  +  NO  (slow reaction) 
2.  NO3    NO  +  O2   (fast reaction) 
     2NO2    2NO  +  O2 
 
How can we prove one or both mechanisms 
false? 
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Because an elementary reaction shows the 
actually nanoscale changes, we can write the 
rate law from the stoichiometric coefficients for 
an elementary reaction.  
 
Also, the slowest step in the mechanism should 
yield a rate law that matches the observed rate 
law. 
 
Example: cake craving analogy 
 
Mechanism I 
1.  pull out all ingredients 
2.  mix ingredients 
3.  bake cake 
 
Mechanism II 
1.  get car keys 
2.  drive to store 
3.  buy cake 
 
How long before you get to eat cake? 
 
What step has the most impact on your rate of 
getting cake? 
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rate-determining step: the slowest elementary 
step, the bottle-neck, the step that is so slow that 
it controls (restricts, determines) the rate of the 
reaction. 
 
The rate of the overall reaction is limited by and 
equal to the rate of the slowest step. 
 
So the rate law of the overall reaction is the 
same as the rate law of the slowest step. 
 
How can we prove one or both mechanisms 
false? 
 
Check the rate law of the rate-determining step 
against the experimentally observed rate law (as 
found by the method of initial rates or integrated 
rate laws). 
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Mechanism I 
1.  NO2    NO  +  O   (slow = rds) 
2.  O  +  NO2    O2  +  NO  (fast) 
     2NO2    2NO  +  O2 
 
rate =     (theoretical rate law) 
 
Mechanism II 
1.  2NO2    NO3  +  NO  (slow = rds) 
2.  NO3    NO  +  O2   (fast) 
     2NO2    2NO  +  O2 
 
rate =     (theoretical rate law) 
 
You do experiments and find that doubling the 
concentration of NO2 causes the rate of reaction 
to be four times faster. 
 
What is the observed rate law? 
 
 
Which mechanism fits your experimental 
results? 
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Practice:  For the reaction, X2  + 2Y    2XY, 
the proposed mechanism is 
1.  X2    2X   (slow) 
2.  X  +  Y    XY  (fast) 
 
Does the mechanism yield the overall reaction? 
 
 
 
 
Flask A starts with 5 molecules of X2. 
Flask B starts with 10 molecules of X2. 
The initial rate in Flask A is half the initial rate 
in Flask B. 
Does the mechanism agree with the observed 
rate law? 
 
 
 
 
 
What is the rate law, and what is the order of the 
reaction? 
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Catalysts 
catalyst: a substance that allows a reaction to go 
faster by changing the reaction mechanism and 
lowering the activation energy. 

 
Fig. 12.7, p.434 vs. Fig. 12.14, p.447. 
 
Another example, 
Direct reaction:         Ea (kJ/mol) k (M-1 s-1) 
O3  +  O    2O2   17.1 4.1 x 105 
 
Catalyzed reaction: 
O3  +  Cl    O2  +  ClO    2.1 5.2 x 109 
ClO  +  O    Cl  +  O2    0.4 2.2 x 1010 
 
Note the catalyst (Cl) is not consumed in the 
reaction.  It exists at the start of the reaction and 
at the end.  One catalyst molecule can be used 
over and over. 
 
intermediate: a species produced in the reaction 
but then consumed later in the reaction; it does 
not appear in the overall reaction. 
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Industrial processes and biochemical processes 
use catalysts extensively. 
 
enzyme: a biochemical catalyst. 
 
Practice:  For the reaction, 
2Ce4+(aq) + Tl+(aq)   2Ce3+(aq) + Tl3+(aq) 
 
The accepted mechanism is … 
1.  Ce4+(aq) + Mn2+(aq)   Ce3+(aq) + Mn3+(aq) 
2.  Ce4+(aq) + Mn3+(aq)   Ce3+(aq) + Mn4+(aq) 
3.  Mn4+(aq) + Tl+(aq)   Mn2+(aq) + Tl3+(aq) 
 
Does this mechanism yield the overall reaction? 
 
 
 
Identify all intermediates in the reaction. 
 
Identify all catalysts in the reaction. 
 
If the first step was the rate-determining step, 
what would the rate law be?
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Announcements 
1. Next midterm exam on Feb. 22, Monday. 
• Chapter 11.1-11.3 (note these sections are 
based on Chapter 6 concepts, e.g. ΔH, and 
Chapter 9 concepts, e.g. IMF’s), skip 
Clausius-Clapeyron and relative humidity, 
• Chapter 11.5 (note this section is related to 
bonding types and IMF’s), 
• Chapter 12.1-12.3 

 
OWL HW deadlines 

Due Date Assignment 
2/24/10 9 – Molecular Structures 
2/24/10 11 – Liquids, Solids, and Materials 
2/24/10 12 – Chemical Kinetics (Exam 2) 
3/15/10 12 – Chemical Kinetics (Final) 
3/15/10 13 – Chemical Equilibrium 

Extra Chapter 11 Problems: 1-3, 5-6, 9-11, 13-
23, 28-33, 38, 40, 63-64, 66-73, 75-78. 
Extra Chapter 12 Problems for Exam 2: 1, 9, 13- 
28, 66-70, 73, 77.  For Final Exam: also 2, 5-6, 
29-32, 42-53, 56-57, 63-65, 71-72, 74-75, 80.  
 
Before next class on Feb. 24, 
1. Read Chapter 13.1. 


