
Reaction Rates



Rate

 Rate – a measure of speed of any change that occurs within 
an interval of time

 Reaction rate – amount of reactant changing per unit time



Collision Theory

 Collision theory – atoms, ions, and molecules can react to form products 
when they collide with each other, provided they have enough kinetic 
energy and are in the correct orientation



Activation Energy

 Remember activation energy from thermochemistry?

 Activation energy – minimum energy required to start a 
chemical reaction

 A larger activation energy

would cause a slower 

reaction rate



Activation Energy



Activated Complex

 Activated complex – unstable arrangement of atoms that forms 
momentarily at the peak of the activation-energy barrier.

 The activated complex only forms if the molecules collide, have 
sufficient energy, and are in the correct orientation.



Factors Affecting Reaction Rates

 The factors that can affect a chemical reaction rate:

 Temperature

 Concentration / Pressure

 Particle Size

 Agitation (Stirring)

 Catalyst



Temperature

 An increase in temperature 
usually causes an increase in 
reaction rate

 As temperature increases, the 
speed and energy of the 
molecules increases
 Molecules collide with more energy, 

enough to climb activation energy 
barrier

 Molecules collide more frequently



Concentration

 An increase in concentration 
causes an increase in reaction 
rate

 As concentration increases, the 
number of collisions of the 
molecules increases
 More molecules, so molecules 

collide more frequently



Pressure

 An increase in pressure causes 
an increase in reaction rate if 
the reaction contains gases
 Will not affect solids & liquids

 As pressure increases, the 
volume available decreases.

 Changing the pressure of 
reacting gases is exactly the 
same as changing 
concentration
 Molecules collide more 

frequently



Particle Size

 An increase in surface area causes 
an increase in reaction rate

 Smaller particle size = larger surface 
area

 More of the chemical exposed for 
reaction

 Increased collision frequency, 
increased reaction rate



Agitation

 Stirring causes the reaction 
rate to increase

 Stirring causes more of the 
reactants to be exposed to 
each other
 Causes more collisions and an 

increase in reaction rate



Catalyst

 The addition of a catalyst 
causes an increase in the 
reaction rate

 The catalyst lowers the 
activation energy, decreasing 
the energy with which the 
molecules must collide 
 More reactants have the energy to 

collide and form products



Graph



Rate

 Reaction rate – amount of reactant changing per unit time

 ΔConcentration

Δ time

 Change in Concentration

Change in time



Calculating Reaction Rate

 To calculate reaction rate, use the following equation:

Reaction rate = - ([Concentration reactant] at time 2 (t2) – [Concentration reactant] at time 1 (t1))

t2 – t1

 T2 – Time 2

 T1 – Time 1

 [Concentration] – Molarity



Calculating Reaction Rate

 Given the following data, calculate the rate of disappearance of H2O2
from 20 seconds to 60 seconds.

2 H2O2 (aq)  2 H2O (l) + O2 (g)

 Calculate rate:

 Rate = - ([0.1439M] – [0.1879M]) = 0.0011 M/s

60s - 20s

 Rate = 0.0011 M/s

Time (s) Concentration 
of H2O2 (mol/L)

0 0.2000

20 0.1879

40 0.1625

60 0.1439

80 0.1227



Calculating Reaction Rate

 Given the following data, calculate the amount of O2 formed at 60 seconds.

2 H2O2 (aq)  2 H2O (l) + O2 (g)

 Calculate the amount of H2O2 converted (lost)

 Subtract starting amount – current amount

 0.2000M – 0.1439M = 0.0561 M H2O2 lost

 Convert to OTHER compound using balanced equation:

 0.0561mol H2O2    1 mol O2 =  0.0281 M O2 created

2 mol H2O2

Time (s) Concentration 
of H2O2 (mol/L)

0 0.2000

20 0.1879

40 0.1625

60 0.1439

80 0.1227


