
Explaining Reaction Rates

Chapter 6.3



Collision Theory

• Collision theory is the theory that chemical 
reactions can occur only if reactants collide 
with proper orientation and with enough 
kinetic energy to break reactant bonds and 
form product bonds





2H2(g)   +  O2(g)                        2H2O(l)



Collisions

• Statistics tells us that…

– In gases there is an average of 1030 collisions per second

– If every collision resulted in a reactant molecule forming a 
product molecule, the rate of chemical reaction should be 
around 106 M/s

• However…

– Actual reaction rates for gases are on the order of 104 M/s

• What does this mean?





Activation Energy

• Activation Energy (Ea) is the minimum energy 
that reactant molecules must possess for a 
collision to be effective



An activated complex or 
transition state is an 
unstable arrangement of 
atoms containing partially 
formed and partially 
broken bonds that 
represents the maximum 
potential energy point in 
the change



Increasing either the collision frequency or the fraction 
of effective collisions will increase the reaction rate



Temperature

• Increased temperature increases the rate of 
reaction by increasing both the collision 
frequency and the fraction of effective collisions

Maxwell-Boltzmann Distribution



Temperature



Catalysts

• Catalysts increase the rate of reaction by providing an 
alternate pathway for the reaction with a lower 
activation energy



Catalysts

• The lowered activation energy increases the 
fraction of collisions that are effective



Chemical Nature of Reactants
• For any reactant, the activation energy required for a 

successful collision depends on:

• the bond type

• the bond strength

• the  number of bonds



Chemical Nature of Reactants

• The size and shape of a reactant molecule can 
also affect the collision orientation 



Concentration

• Increased concentration increases the rate of 
reaction by increasing the collision frequency



Surface Area

• Increased surface area also increases the rate of 
reaction by increasing the collision frequency



Summary



HOMEWORK

Required Reading:

p. 366-372
(remember to supplement your notes!)

Questions:

p. 372 #1-6


