
Chemical Kinetics and 
Equilibruim



Chemical Kinetics

-Concerned with reaction rates

-Amount of time it takes for a reaction to 
produce products

-Reaction rate is the change in the 
concentration of a reactant or a product 
with time.



Activation Energy (Ea)

-The minimum amount of energy required 
to convert reactants into products.

-It is a positive quantity.

-Faster reactions have small Ea.



Activation Energy (Ea)

-Slow reactions have large Ea. 

-It is independent of temperature and 
concentrations
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How do Reactants become Products?
-Reactants must hit each other hard enough to 
break their old bonds. 
-They must hit each other in the right 
orientation to form new bonds. 

Any situation that makes 
these two things happen 
more often will speed up 
the reaction. (Frequency)

Concentration Concentration 
TemperatureTemperature
Surface AreaSurface Area
CatalystsCatalysts
PressurePressure



Effect of Concentration
-If you increase the concentration of the 
reactants, there are more reactants 
around to run into.  Thus, more reactions 
happen faster and the products are 
formed faster.

-If you decrease the concentration of 
the reactants, the reaction slows down.

Higher concentration = faster reaction



Effect of Temperature
According to kinetic theory as the temperature 
increases the particles in a substance move about 
more quickly.

Reaction at 300C Reaction at 500C

As the temperature increases the number of 
collisions increases as well as the energy of the 
collisions. 

Higher temperature = faster reaction



Effect of Surface Area
When solids take part in chemical reactions only the surface 
particles are exposed so they are the only ones that can 
collide with particles of other reactants.

The surface particles 
are ‘exposed’ and can 
react.

‘Inner’ particles are protected and 
cannot collide with other particles 
until they become ‘exposed’.



Effect of Surface Area 
If we break up this ‘lump’ into smaller 
pieces the number of particles has not 
changed but there are now more ‘surface’ 
particles.

There is now a greater surface area 
with more exposed particles so more 
collisions can occur, hence faster 
reaction.

Larger surface area = Larger surface area = 
faster reaction.faster reaction.



Effect of a Catalyst
-A catalyst is a substance that increases the 
speed of a reaction, without being used up. A 
catalyst can be ‘recovered at the end of a 
reaction and used again.

-The lower activation energy in the presence of a 
catalyst means the reaction will be faster. More 
of the collisions have enough energy to react. 
There is a lower ‘energy barrier’.

Catalyst = faster reaction.



Pressure
The rate of reaction between gases is increased by 

increased pressure.
In effect pressure is the gas equivalent of 

concentration.
These two gas jars 
contain the same number 
of gas particles.

Low pressure, 
particles far apart.

Higher pressure, 
particles closer 
together.

The higher pressure jar has 
more particles per unit 
volume which means a 
higher concentration, hence 
faster reaction.

Higher pressure = faster reactioHigher pressure = faster reactionn



Equilibrium
-Chemical equilibrium occurs when a reaction 
and its reverse reaction proceed at the same 
rate.

-As a system approaches equilibrium, both the 
forward and reverse reactions are occurring.

-At equilibrium, the forward and reverse 
reactions are proceeding at the same rate.



Equilibrium
-Once equilibrium is achieved, the amount of 

each reactant and product remains constant.



Le Chatelier’s Principle

-If a stress is applied to a system at 
equilibrium, the system will change to 
relieve that stress and re –establish 
equilibrium



Factors that Effect Equilibrium

-Concentration
-Temperature
-Pressure

–For gaseous systems only!
–Only when there is an unequal number 

of moles of gas on each side of the 
equation.



Concentration Changes

• Add more reactant  Shift to products
• Remove reactants  Shift to reactants

•Add  more product  Shift to reactants

•Remove products   Shift to products



Temperature Changes
Exothermic Reactions

• Consider heat as a product in 
exothermic reactions.
–Add heat  Shift to reactants
–Remove heat   Shift to products

A + B = AB + Heat



Temperature Changes
Endothermic Reactions

• Consider heat as a reactant in 
endothermic reactions.
–Add heat  Shift to products
–Remove heat  Shift to reactants

A + B + heat = AB



Pressure Changes

• Only affects equilibrium systems with 
unequal moles of gaseous reactants 
and products.



Volume & Pressure
• Look at the number of moles

• CO + 3H2 ↔ CH4 + H2O
•  4 moles         2 moles

• If you decrease the volume (which is 
increasing the pressure) you are getting 
cramped & the molecules will want to go to the 
side with the fewest # of moles

• If you increase the volume (which is 
decreasing the pressure) you have room & will 
want to go to the side with the most # of 
moles



Volume & Pressure

• If the number of moles are the 
same,there will be no change when to 
the system when volume & pressure are 
changed.

• For example…
• H2 + I2 ↔ 2HI
• Volume & pressure  no change



Presence of a Catalyst

• A catalyst lowers the activation 
energy and increases the reaction 
rate.

• It will lower the forward and reverse 
reaction rates,

• Therefore, a catalyst has NO EFFECT 
on a system at equilibrium!



Concentration
CO + 3H2 ↔ CH4 + H2O

1. Which way does the equilibrium shift if 
[CO] is increased?

– Products 
2. Which way does the equilibrium shift if 
[CH4] is decreased?

– Products
3. Which way does the equilibrium shift if 
[H2] is increased?

– Products
4. Which way does the equilibrium shift if 
[H2O] is increased?

– reactants



Temperature
CO + 3H2 ↔ CH4 + H2O  H = -206KJ
• Increase the temperature
         -Reactants
• Decrease the temperature
          -Products



• Can you increase the amount of product in 
each of the following equations by 
increasing the pressure? Explain.



CO2(g) + H2(g)  CO (g) + H2O (g)

  No, because there is the same 
number of gas molecules on each 
side



 4 CuO (s)  2 Cu2O (s) + O2 (g)

 No favor reactant side since it has fewer 
gas molecules



 2 SO2 (g) + O2 (g)  2 SO3 (g)

 Yes, product side has less gas molecules


