
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), 

• Chapter 11.5 (note this section is related to 
bonding types and IMF’s), 

• Chapter 12.1-12.3 
 
 
Today 
1. Nanoscale drawings, free radicals, and bond 

enthalpies. 
2. Reaction rate as a change in concentration. 
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Exercise 12.6, p. 432 
a) 
 
 
 
 
b) 
 
 
 
 
c) 
 
 
 
 
d) 
 
 
 
 
e)
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free radical: an atom or molecule with an 
unpaired electron. (Ch. 8, p. 295) 
 
Free radicals are more reactive than molecules 
with all paired electrons (bonding pairs and 
nonbonding pairs), sometimes dangerously 
reactive (cell damage in biological organisms).  
Enzymes and antioxidants can react with free 
radicals to protect against damage. 
 
Bond enthalpies 
(Ch. 8, pp. 285-287) 
 
bond enthalpy: the change in enthalpy when 
breaking a bond between two atoms (gas phase, 
constant pressure). 
 
Bond breaking is endothermic (requires energy). 
Bond making is exothermic (releases energy). 
 
Instead of using Hess’s Law 
ΔHrxn = ΣHf (products) – ΣHf (reactants), 
we can use bond enthalpies to calculate the 
enthalpy change for a reaction. 
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 Example:  2 HI(g)    H2(g)  +  I2(g)   ΔHrxn = ? 
 
ΔHrxn = ΔHBE (initial) – ΔHBE(final) 
(*only  Δ = initial – final) 
 
Table 8.2, p. 285 
 
 
 
 
 
 
 
 
 
 
 
 
How does this compare to Hess’s Law? 
ΔHrxn = ΣHf (products) – ΣHf (reactants), 
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Practice: Write the balanced reaction for the 
decomposition of hydrogen peroxode (H2O2) 
into hydroxide radicals (HO), and draw a 
nanoscale picture to represent the balanced 
reaction.  Calculate the enthalpy change for this 
reaction using bond enthalpies. 
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In general, bond enthalpy is a measure of the 
strength of a bond.  Stronger bonds require more 
energy to break. 
 
Stronger bonds lead to shorter bonds, as the 
greater shared electron density brings the atoms 
together more strongly. 
 
Consider the C-C single, double, and triple 
bonds in Table 8.2, p. 285 and Table 8.1, p. 284. 
 
bond  BE (kJ/mol) bond length (pm) 
 
 
 
 
 
 
Note that atomic size can influence bond length. 
Consider the five strongest H-A single bonds: 
   BE (kJ/mol)    bond     bond length (pm) 
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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. 
 
Therefore, a reaction rate depends 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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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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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), 

• 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. 
 


