
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. Determination of rate law by integration. 
2. Activation energy. 
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Review 
 
Chemical kinetics is the study of rates of 
chemical processes, including chemical 
reactions and physical changes. 
 
reaction rate: the change in concentration of a 
reactant or product per unit time. 
 
Reaction rates are always positive. 
 
For a given chemical, a positive sign means 
production of that chemical.  A negative sign 
means consumption of that chemical. 
 
Kinetic Molecular Theory fits the observation of 
a reaction rate depending on the concentration of 
reactants: 
• More reactants (higher concentration), faster 

rate. 
 
• Fewer reactants (lower concentration), 

slower rate. 
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A rate law summarizes the relationship between 
reactant concentration and reaction rate. 
 
Cv+(aq)  +  OH-(aq)    CvOH(aq) 
rate = k[Cv+] 
 
2 NO2(g)  +  F2(g)    2 NO2F(g) 
rate = k[NO2][F2] 
 
The rate law must be determined experimentally. 
 
The most common experimental methods: 
1.  Initial rates 
2.  Integrated rate laws 
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Method of Integrated Rate Laws 
 
Using calculus, we can derive mathematical 
expressions that can be graphed and that visually 
help us determine the rate law for a chemical 
process. 
 
1st order rate law: 
 
rate = k[A] = – Δ[A] = – d[A] 

     Δt     dt  
integrate over time (from 0 to t) … 
 
ln [A]t = – kt + ln[A]0  y = mx + b 
 
Three key features: 
1. A graph of ln [A]t vs. t is linear (Fig. 12.5). 
 
2.  The slope of the line is equal to the negative 

of the rate constant (m = – k) (Fig. 12.5). 
 
3. The reaction has a half-life (t1/2) that is the 

same at all times during the reaction. 
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t1/2 (half-life): the time it takes for half of the 
reactant to disappear. 
 
1. ln [A]t = – kt + ln[A]0   
 
After the time for half of A to be consumed, 
2. ln [A]t 1/2 = – kt1/2 + ln[A]0  
 
Consuming half of A means: 
3. [A]t 1/2 = 1/2 [A]0 
 
Substitution leads to … 
4. ln 1/2[A]0 = – kt1/2 + ln[A]0 
 
Algebra leads to … 
5. – ln2 = – kt1/2 
 
6. t1/2 = ln(2)/k = 0.693/k 
 
For all 1st order reactions, t1/2 = 0.693/k. 
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2nd order rate law: 
 
rate = k[A]2 = – Δ[A] = – d[A] 

      Δt      dt  
integrate over time (from 0 to t) … 
 
    1   =  kt  +   1     y = mx + b 
  [A]t    [A]0 
 
 
Two key features: 
1. A graph of 1/ [A]t vs. t is linear (Fig. 12.5). 
 
2.  The slope of the line is equal to the negative 

of the rate constant (m = k) (Fig. 12.5). 
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0th order rate law: 
 
rate = k[A]0 = k = – Δ[A] 

       Δt   
 
The rate is a constant and does not depend on 
the concentration (usually with extremely high 
initial concentration, because any decrease in 
concentration has no noticeable effect). 
 
No need to integrate, just use algebra … 
 
Δ[A] = – kΔt 
[A]t  – [A]0 = – k (t – 0) {same as (tt – t0)} 
 
[A]t  = – kt + [A]0   y = mx + b 
 
Two key features: 
1. A graph of [A]t vs. t is linear (Fig. 12.5). 
 
2.  The slope of the line is equal to the rate 

constant (m = – k) (Fig. 12.5). 
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Example: Problem-Solving Example 12.5, pp. 
428-429.  Decomposition of cyclopentene. 
 
C5H8(g)    C5H6(g)  +  H2(g) 
 
For the method of initial rates, we 
mathematically analyzed the experimental data. 
 
For the method of integrated rate laws, we 
graphically analyze the data by plotting the 
concentration data in three ways: 
1.  Graph [A]t vs. t to check for zero order. 
 
 
2.  Graph ln [A]t vs. t to check for first order. 
 
 
3.  Graph 1/ [A]t vs. t to check for second order. 
  
 
 
 
 
rate = ? = 
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Knowing the integrated rate law and some 
experimental data, we can calculate much 
information: 
 
ln [A]t = – kt + ln[A]0 
 
  1   =  kt  +   1     
[A]t   [A]0 
 
[A]t  = – kt + [A]0   
 
If we know the initial concentration [A]0 and the 
rate constant k (or can determine k somehow), 
then we can calculate the concentration [A]t at 
any time t during the reaction. 
 
Likewise, if we know [A]0 and [A]t and k, then 
we can calculate how much time t has passed. 
 
Or, if we know [A]0 and [A]t and how much 
time t has passed, then we can calculate k. 
 
And so on … four variables, know any three, 
can calculate the last one. 
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Practice:  For the first-order reaction, 
A    B  +  C, the initial concentration of the 
reactant is 0.64 mol/L, and the half-life is 30.0 s. 
a) Calculate the concentration of the reactant 

60.0 s after the start of the reaction. 
b) How long would it take for the concentration 

of the reactant to decrease to 0.040 mol/L? 
c) How long would it take for the concentration 

of the reactant to decrease to one-eighth its 
initial value? 
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Activation energy 
 
Higher temperature means faster reaction 
(k becomes larger at higher temperatures) 
 
Why? 
 
Higher temperature of surroundings provides 
more energy for more reactants to overcome the 
activation barrier. 
 
reactants    transition state    products 
     “activated complex” 
 
Figs. 12.7, 12.8, pp. 434-435.  Fig. 12.9, p. 437. 
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ΔErxn < 0 (the reaction releases energy) 
ΔErxn > 0 (the reaction absorbs energy) 
 
activation barrier = activation energy (Ea) 
 
Larger Ea means a slower reaction. 
 
Mathematically, 
 
k = Ae-Ea/RT  (Arrhenius equation) 
 
k = rate constant 
A = Arrhenius constant, frequency factor 
(depends on how often molecules collide with 
the proper orientation, p. 435, 438.) 
 
Larger Ea makes k = e-Ea/RT smaller 
=> k smaller, rxn slower 

 

Higher T makes k = e-Ea/RT larger 
=> k larger, rxn faster 
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Practice:  Draw an energy diagram showing the 
approximate energy position of the reactants and 
of the products, as well as an approximate 
activation energy, for the reaction 
2 H2(g)  +  O2(g)    2 H2O(g). 
Hint:  You will need the enthalpy of reaction. 
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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 
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. 
 
Before next class, 
1. Read 12.4-12.9. 
2. Work on OWL HW. 
 


