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Integrated Rate Laws

A rate law is a differential equation, and solving it gives the integrated form
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half-life, t1/2, of a substance, the time taken for the concentration of a reactant to fall to half its initial value
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half-life, t1/2, of a substance, the time taken for the concentration of a reactant to fall to half its initial value

First-order reaction half-life

Independent of initial concentration!



First-order reaction half-life
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Second-order reactions

Concentration of A at any time after the start of the reaction



Second-order reaction half-life
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Second-order reaction half-life

First-order Second-order nth-order (n≥2)

For

Only first-order reactions have a constant half-life regardless of how much reactant you start with. For 
higher-order reactions, the half-life shortens or lengthens depending on [𝐴]0.



Half-life

Only first-order reactions have a constant half-life regardless of how much reactant you start 
with. For higher-order reactions, the half-life shortens or lengthens depending on [𝐴]0.



Second-order reactions A       +    B          →      P

A reaction that is first order in each of the two reactants A and B
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Example

Find the second-order rate constant.
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Towards equilibrium…

At equilibrium, the forward and reverse rates must be the same

K = aB/aA



Towards equilibrium…

At equilibrium, the forward and reverse rates must be the same

K = aB/aA

= 0 



Towards equilibrium…

At equilibrium, the forward and reverse rates must be the same

K = aB/aA

= 0 

B → A
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Temperature dependence of reaction rates

The Arrhenius equation suggests that the rate constant of a reaction 
increases exponentially with temperature



Temperature dependence of reaction rates

The Arrhenius equation suggests that the rate constant of a reaction 
increases exponentially with temperature

accounts for collision frequency and orientation



Temperature dependence of reaction rates

transition state



Temperature dependence of reaction rates

accounts for collision frequency and orientation



Temperature dependence of reaction rates

accounts for collision frequency and orientation

Represents the probability that a molecular 
collision has enough energy to lead to a reaction
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Temperature dependence of reaction rates

𝐴 can depend on temperature, although it's often approximated as 
constant over small temperature ranges.



Temperature dependence of reaction rates



Question

What is the change in the rate constant?
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Question Which statements are true?



Question Which statements are true? All three



Non-Arrhenius Chemical reactions

• Chemical reactions involving quantum 
effects

• Reactions with temperature-dependent 
activation energies

• Thermal degradation



The role of a catalyst A substance that accelerates a reaction 
but undergoes no net chemical change



The role of a catalyst 

Provides an alternative 
path!

A substance that accelerates a reaction 
but undergoes no net chemical change
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