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Week 8 Controlling the Yield of Reactions

Take the industrially important reaction:
N2 (g) + 3H2 → 2NH3 (g)

The amount of ammonia obtained upon mixing the 
reactants is less than stoichiometrically predicted. 
The reaction seems to be “stuck” when less than 2 
mols of ammonia have been formed.

The stage when quantities of reactants and products 
remain unchanged is called chemical equilibrium. 

Water melting 
H2O (s)  → H2O (l)

Reversible reactions

Water freezing
H2O (l) → H2O (s)

H2O (l) ∏ H2O (s)

Nickel-metal hydride (NiMH) batteries 

NiOOH (s) + MH (s) ∏ Ni(OH)2 (s) + M (s)

Ammonia
N2 (g) + H2 (g)  ∏ 2NH3 (g)

Discharging

Charging

Equilibrium explained
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Equilibrium is a dynamic state since forward and back reactions occur 
simultaneously.

During dynamic equilibrium:

• The amounts and concentrations of chemical substances remain constant
• The total gas pressure is constant (if gases are involved)
• The temperature is constant
• The reaction is ‘incomplete’ (all of the substances are present in the 

equilibrium mixture)

The Equilibrium Law

Consider the reaction

N2 (g) + 3H2 (g) ∏ 2NH3 (g)

An unlimited number of different equilibrium mixtures of N2, H2 and NH3
can be prepared:

at 400oC

There is no obvious relationship between N2, H2 or NH3.

No relationship can be seen for the values of                  or many other 
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However, the fraction                 gives an almost constant value of each mixture.

This concentration fraction is known as the reaction quotient for the reaction.

It is only at equilibrium that the reaction quotient has a constant value:
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Where K is known as the equilibrium constant.

From studies of equilibria, it is found that:

• Different chemical reactions have different 
values of K.

• For a particular reaction, K is constant for all 
equilibrium mixtures at a fixed temperature.

For the equation 
aW + bX ∏ cY + dZ at a particular temperature then:

where K is a constant.
This is known as the equilibrium law.

Note that the Equilibirum Law depends on the equation used for the 
reaction e.g.

ba

dc

K
]X[]W[

]Z[[Y]
=

Therefore, it is important that the equation be specified when an 
equilibrium constant is quoted.
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The value of K is based on equilibrium concentrations of products 
divided by equilibrium concentrations of reactants. 

Therefore, it gives an indication of how far forward the reaction 
proceeded before equilibrium was reached.

• When K is between 10-4 and 104, there will be significant amounts 
of reactants and products at equilibrium.

• When K is very large (>104) the equilibrium mixture consists mainly 
of products.

• When K is very small (<10-4), the equilibrium mixture consists 
mainly of reactants.

What does an equilibrium constant tell us? Effect of temperature on equilibria

The value of K depends on temperature. 
It is not affected by addition of reactants or products, changes in pressure, 
or the use of catalysts.

The effect of temperature on K depends on whether the reaction is 
exothermic or endothermic.

As To increases:

For exothermic reactions, the amount of 
products decreases (K decreases)
o to specify the temperature at which an 
equilibrium constant has been measured.

Calculations using equilibrium constants

The following examples deal with equilibrium reactions in which reactants are 
not completely consumed.
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Changing the equilibrium position of a reaction

This may be changed by 

1. Adding or removing a reactant or product

2. Changing the pressure by changing the volume where gases are involved

3. Dilution where solutions are involved

4. Changing the temperature

1. Adding or removing a reactant or product

Consider          N2 (g) + 3H2 (g)           2NH3

Addition of more nitrogen will cause the mixture to be out of equilibrium 
momentarily:

As N2 ↑ ⇒ forward reaction ↑ ⇒ ↑ NH3

As NH3 ↑ , N2 and H2 back reaction ↑

Ultimately, forward and back reactions 
become equal again and a new equilibrium 
is reached where concentrations of all the 
substances have changed.

The overall effect is a net forward reaction. 
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Le Chatelier’s Principle

“If a change is imposed on a system at equilibrium, the 
system will adjust itself to partially oppose the effect of 
the change.”

The equilibrium will never  completely return to its 
original state, but it will tend to oppose the effect.

This principle can be used to predict the 
consequences of adding substances to, or removing 
substances from an equilibrium mixture.

Henri Louis Le Chatelier

1850 - 1936

2. Changing the pressure

a. By changing volume
Gas pressure can be changed by increasing or decreasing the volume of 
the container while keeping temperature constant.

b. By adding an inert gas (without changing container volume)
such as helium, neon or argon.
In this case, because the concentration of the reactants does not change, 
there is not change in the equilibrium (no net forward or back reaction)

3. Dilution

Effect of dilution by adding water is the same as changing the volume in 
gaseous equilibria.
Where possible, a net reaction occurs in the direction that produces the 
greater number of particles.

e.g. Fe3+ (aq) + SCN- (aq)            Fe(SCN)2+ (aq)
2 particles in solution 1 particle in solution
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4. Changing the temperature

2NO2 (g)           N2O4 (g)  is an exothermic reaction

Heating such a reaction will cause it to try to remove energy by a net 
back reaction.

• A net backward reaction (less 
products) for exothermic reactions

• A net forward reaction (more products) 
for endothermic reactions.

An increase in temperature in an 
equilibrium mixture results in:

Do all reactions reach equilibrium?

Production of lime
CaCO3 (s) → CaO (s) + CO2 (g)

Reactions considered as continuing:

• where products are gases which escape the 
reaction mixture.

• where reactants are in minute quantities.

Extension

In competing equilibria, the equilibrium with the higher K has a 
significant effect on the equilibrium of the other.



7



8


