
How Fast do Chemicals React in the Ocean? 
(Ch. 17 Reaction Rates - Kinetics)

1. Expressing Reaction Rates

-the average rate of an action or process to 
be the change in a given quantity during 
a specific period of time.

Average rate = quantity

 t



For chemical reactions, this equation defines 

the average rate at which reactants 

produce products, which is the amount of 

change of a reactant in a given period of 

time.

Most often, chemists are concerned with 

changes in the molar concentration 

(mol/L, M) of a reactant or product 

during a reaction.



Therefore, the reaction rate of a chemical 

reaction is stated as the change in 

concentration of a reactant or product per 

unit time, expressed as mol/(L∙s).

Brackets around the formula for a 
substance denote the molar
concentration. For example, [NO2] 
represents the molar concentration of 
NO2. 

Reaction rates must always be positive. 



2) Collision Theory:

b) The following three statements summarize 

the collision theory. 

1.  Particles must collide in order to react. 

2. The particles must collide with the correct 

orientation.

a) According to the collision theory, atoms, 
ions, and molecules must collide with each 
other in order to react.



2) Collision Theory:

b) The following three statements summarize 
the collision theory

3. The particles must collide with enough 
energy to form an unstable activated 
complex, which is an intermediate particle 
made up of the joined reactants. 



2) Collision Theory:

Example:

H2(g) + I 2(g) activated complex 2HI(g)



?
Incorrect orientation Correct!



activated 

complex forms

bonds break

+



The more collisions, the higher the reaction 

rate

The higher the concentration the higher the 

reaction rate

Collisions, Rxn rate

Concentration    Rxn rate

Increase the frequency of effective collisions, 

increase reaction rate





In an exothermic reaction, molecules collide 
with enough energy to overcome the activation  
energy barrier, form an activated complex, then 
release energy and form products at a lower 
energy level.



In the reverse endothermic reaction, the 
reactant molecules lying at a low energy 
level must absorb energy to overcome the 
activation energy barrier and form high-
energy products. 



a) The nature of the reactant

Example

4Al + 3O2  2Al2O3

OR

2C8H18  + 25O2   16CO2 + 18H2O

Occurs faster

 number of bonds to be broken, types of bonds 
broken

 precipitation of reactants – rapid

 chemical weathering of rock – slow

3) Factors Affecting Reaction Rates

Slow



b) Concentration of reactants

i) As the number of the particles go up, 

the number of effective collisions? 

____________

ii) Example: smoking in hospitals???

Increases



Oxygen and combustion?

No smoking in hospitals



c) Surface area of a solid reactant

_____ Surface area, ______ Rate of Reaction

 As you increase the surface area of the 

reactant the rate of reaction also increases. 

Example: kindling on a fire



d) Temperature

____ Temp, _____ KE, 

_____ # of effect. 

collisions, ____ Rate

 Increase the temperature increase the kinetic energy, 
which in turn  increases the number of effective 
collisions, producing as higher rate of reaction. 

Example: A 10 C rise in temperature will effectively 
double the rate of reaction in many reactions.



e) Catalyst

Alters the rate of chemical reactions without 

itself being used up or permanently changed 

in the reaction

 Provides new easier path for the reaction 

mechanism





4. Reaction mechanism – statement of steps in 
overall reaction, includes initial reactants, 
intermediate products and final or end 
product.

Net equation:  AB(g) 2E

Actual reaction  AB(g) 2C(g) 2D(g) 2E(g)



Each step has it’s own reaction rate

 Rate of the net reaction is determined by 

the rate of the slowest intermediate step.



Example: 

2NO(g) + 2H2(g)  N2(g) + 2H2O(g)

Mechanism for this reaction -

2NO  N2O2 

N2O2 + H2  N2O + H2O

N2O + H2O  +  H2  N2 + H2O

FAST

SLOW

RATE 

DETERMINING 

STEP?

FAST


