
Chapter 16

The Process of Chemical Reactions



Chapter
Map



Collision Theory

• Reactants must collide

– collision brings contact between reactants
– collision provides energy to break bonds



O(g) + O3(g) → 2O2(g)



Bond Breaking and Making

Initially, the energy required for bond breaking is greater than the energy supplied 
from bond making. The extra energy necessary for the reaction comes from the 
kinetic energy of the colliding particles. 



Formation of Activated 
Complex



Formation of Product



Reactions must have a 
minimum activation energy…if 

too little, no change



Collision Energy and 
Activation Energy



Reactions must have a 
minimum activation 

energy…if enough, change



Energy 
Diagram 
for O/O3 
Reaction



Endogonic Reactions



Orientation



Summary (part 1)

• The reactant particles must 
collide. 
– The collision brings together the 

atoms that will form the new 
bonds, and the kinetic energy of 
the particles provides energy for 
the reaction to proceed. 



Summary (part 2)
• The collision must provide at 

least the minimum energy 
necessary to produce the 
activated complex.
– It takes energy to initiate the 

reaction by converting the reactants 
into the activated complex. If the 
collision does not provide this 
energy, products cannot form. 



Summary (part 3)
• The orientation of the colliding particles 

must favor the formation of the activated 
complex, in which the new bond or bonds 
are able to form as the old bond or bonds 
break .
– Because the formation of the new bonds 

provides some of the energy necessary to break 
the old bonds, the making and breaking of bonds 
must occur more or less simultaneously. This is 
only possible when the particles collide in such a 
way that the bond-forming atoms are close to 
each other.



Temperature and Rate of 
Reaction



Increased Concentration of 
One Reactant



Concentration and Rates 
of Reaction



Catalyzed 
O/O3
Reaction



Catalysts and Rate of 
Reactions



Heterogeneous Catalysis



Production and Uses 
of Hydrogen Gas



Rates of Reaction for 
Reversible Reactions



Changes in Concentrations 
for a Reversible Reaction



Ski Shop Analogy for Equilibrium



Equilibrium Constant 
Expression



Heterogeneous 
Equilibrium



Equilibrium Constant 
Expressions for 

Heterogeneous Equilibria



Effect of Increased 
Concentration on 

Equilibrium



Change in Rates When 
Reactant Added



Ski Shop 
Analogy 2



Effect of Decreased 
Concentration on 

Equilibrium



Change in Rates When Product Removed



Le Chatelier's 
Principle

• If a system at equilibrium is 
altered in a way that disrupts the 
equilibrium, the system will shift 
in such a way as to counter the 
change. 
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