
Chemistry 102 Winter 2010 
 

 
Announcements 
1. Key for Exam 1 posted outside of PS 158. 
2. Homework keys: library electronic reserves 

with password of “student” 
3. Next midterm exam on Feb. 17, Wednesday. 

• 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 rate as a change in concentration. 
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Chemical kinetics 
 
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. 
Fig. 12.2, p. 417 and Table 12.1, p. 418. 
 
reaction rate = Δ[Cv+] / Δt 
 
average reaction rate: the average change in 
concentration over a given period of time. 
 
Example: Table 12.1 for 10s  20s 
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Negative sign means consumption of reactants.   
 
Rates are always positive, so we use the absolute 
value of the rate of change of a particular 
reactant or product. 
 
So reaction rate =  
 
 
Example: Table 12.1 for 50s  60s 
 
 
 
 
 
 
 
 
Fewer reactant molecules means fewer reactions 
are taking place.  The reaction rate is slower 
because fewer molecules are available to react. 
 
Kinetic Molecular Theory fits the observation of 
a reaction rate depending on the concentration of 
reactants.  More reactants, faster rate. 
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instantaneous reaction rate: the change in 
concentration at a particular point in time. 
Fig. 12.3, p. 421. 
 
Rate of change at a particular point on a curve is 
a slope.  The instantaneous rate is the slope in 
Fig. 12.3. 
 
Δy = Δ[Cv+]  
Δx       Δt 
 
Notice the slope is changing … 
At 0s, 
 
 
At 80s, 
 
 
  
What is happening to the rate of reaction? 
 
 
Does this make sense? 
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We can write a mathematical expression that 
summarizes the relationship between reactant 
concentration and reaction rate. 
 
rate = k [Cv+] 
 
This expression is known as the rate law (rate 
equation).  k = rate constant, a proportionality 
constant that depends on temperature (will 
explain more in later lectures). 
 
Examples: 
2 NO2(g)  +  F2(g)    2 NO2F(g) 
rate = k[NO2][F2] 
 
2 NO(g)  +  2 H2(g)    N2(g)  +  2 H2O(g) 
rate = k[NO]2[H2] 
 
2 NO(g)  +  Cl2(g)  2 NOCl (g) 
rate = k[NO]2[Cl2] 
 
The rate law must be determined 
experimentally!  The exponents cannot be 
predicted from the stoichiometric coefficients in 
the balanced reaction. 
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The exponents tell us the order of the reaction 
with respect to each reactant and the overall 
reaction order. 
     order  reaction order 
rate = k [Cv+] 
 
 
 
rate = k[NO2][F2] 
 
 
 
 
 
rate = k[NO]2[H2] 
 
 
 
 
 
 
 
Notice the rate law shows the rate of reaction in 
terms of all the reactants, not just one reactant. 
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What can be determined from the stoichiometric 
coefficients is the relationship between rates of 
reactant consumption and rates of product 
formation. 
 
2 NO2(g)   2 NO(g)  +  O2 (g)  
 
rate(NO2) =  -0.046 mol/L-s = Δ[NO2]/ Δt 
 
rate(O2) = +0.023 mol/L-s = Δ[O2]/ Δt 
 
Positive sign means production.  (O2) 
Negative sign means consumption.  (NO2) 
 
Notice that the rate of disappearance of NO2 is 
twice as fast as the rate of appearance of O2. 
(2 molecules consumed to make 1 molecule). 
 
What is the rate of appearance of NO? 
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Reaction rates and stoichiometry 
 
– 1  (– 0.046 mol/L-s)  = 0.023 mol/L-s  
   2 
 
– 1 Δ[NO2] = Δ[O2] 
   2    Δt       Δt 
 
(O2 rate is 1/2 the NO2 rate, and opposite sign) 
 
Generic relationship for any reaction, 
aA  +  bB    cC  +  dD  
 
rate = – 1 Δ[A] = – 1 Δ[B] = 1 Δ[C] = 1 Δ[D] 
     a    Δt      b   Δt  c   Δt    d   Δt 
 
Practice: 4 NO2(g)  +  O2(g)    2 N2O5(g) 
If the rate of disappearance of O2 is 0.0037 
mol/L-s, what is the reaction rate?  What is the 
rate of appearance of N2O5? 
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Method of Initial Rates 
 
Because the rate depends on the concentration of 
reactants, we can set up a series of experiments 
using different concentrations to determine the 
rate law for a chemical process. 
 
2 NO(g)  +  2 H2(g)    N2(g)  +  2 H2O(g) 
 
rate = k[NO]x[H2]y 

 
We will set the initial concentration for each 
experiment, and then measure the initial rate. 
 
When we change the initial concentration of 
NO, we will see how the initial reaction rate 
changes and be able to calculate x, the order of 
reaction with respect to NO. 
 
Likewise, we can change the concentration of 
H2, measure the new rate, and calculate y, the 
order of reaction with respect to H2. 
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Example: 
2 NO(g)  +  2 H2(g)    N2(g)  +  2 H2O(g) 
 
rate = k[NO]x[H2]y 
 

  Initial [   ]   Initial Rate 
Exp  [NO] (M) [H2] (M) (mol/L-s) 
  1  0.10  0.10  1.23 x 10-3 

  2  0.10  0.20  2.46 x 10-3 

  3  0.20  0.10  4.92 x 10-3 

 
rate 2 
rate 1 
 
 
 
 
rate 3 
rate 1 
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2 NO(g)  +  2 H2(g)    N2(g)  +  2 H2O(g) 
 
rate =  
 
How can we calculate k, the rate constant?
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Practice: Based on the data provided, determine 
the rate law and the rate constant for 
BF3(g)  +  NH3(g)    F3BNH3(g). 
 

  Initial [   ]   Initial Rate 
Exp  [BF3] (M) [NH3] (M) (mol/L-s) 
  1  0.250  0.250  0.2130 

  2  0.250  0.125  0.1065 

  3  0.200  0.100  0.0682 

  4  0.350  0.100  0.1193 
  5  0.175  0.100  0.0596 
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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 Δ[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 rate 

constant (m = k). 
 
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. 
 
ln [A]t = – kt + ln[A]0   
 
And ln [A]t 1/2 = – kt1/2 + ln[A]0 .  
 
Because ln [A]t 1/2 = 1/2 [A]0 , 
 
ln 1/2[A]0 = – kt1/2 + ln[A]0 . 
 
Algebra leads to … 
 
– ln2 = – kt1/2 
 
t1/2 = ln(2)/k = 0.693/k 
 
For all 1st order reactions, t1/2 = 0.693/k. 
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Announcements 
1. Key for Exam 1 posted outside of PS 158. 
2. Homework keys: library electronic reserves 

with password of “student” 
3. Next midterm exam on Feb. 17, Wednesday. 

• 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 
2/12/10 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. 
 
Before next class, 
1. Study Chapter 12.1-12.3. 
2. Work on OWL HW. 
 


