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Chemical Equilibrium 

Systems: 

A system is a whole made up of interacting, dynamic parts, in which each part acts to maintain the 

function of the whole. 

It is important to define the boundary of a system; that is, what is of interest and what must be 

ignored. For example, in electrical systems we are only interested in the relationship between 

current and voltage. We ignore the resistance of the wires and ammeters. 

Many systems are maintained by feedback processes. The human body is a good example of this, 

with the release of hormones being halted when hormone levels reach high levels, and resuming 

when the levels drop. 

There are two types of system, open and closed: 

 An open system allows matter and energy to flow in and out 

o An example is a toilet system. Water flows out and new water flows in 

 A closed system allows energy to enter and leave, but matter is trapped inside 

o Water in a sealed beaker evaporates, but cannot escape. It condenses back into 

water 

o A time will be reached when the rate of vaporisation is equal to the rate of 

condensation. A closed system, therefore, involves a balance between two opposing 

processes: 

 The forward rate and the reverse rate 

Many chemical processes are reversible. There are two reactions: the forward and the reverse, with 

the forward going from left to right, as written. 

 

Chemical Equilibrium: 

A state of chemical equilibrium is reached when the rate of the forward reaction equals the rate of 

the reverse reaction. A system is in a state of dynamic equilibrium when the forward rate equals 

the reverse rate. 

At this point, the reaction may seem to have stopped. However, at a molecular level the reaction 

continues. The macroscopic properties (large scale) remain constant, while at a microscopic level 

the process continues. 

At time zero, the rate of the forward reaction will have a value and the rate of the reverse reaction 

will be zero. As time goes by, the rates will equalise. 

 

 



compiled by ConorEngelb 

The Consulting Students – http://consultingstudent.wordpress.com  

While at equilibrium the rates are equal, it is possible for the yield of one ‘side’ of the reaction to be 

greater than the other ‘side’. We say that: “one side is favoured” or “the equilibrium shifts to the 

right/left”. We use a concept known as the Equilibrium Constant to predict which side will be 

favoured. The equilibrium constant is represented as    

In general, for any chemical reaction:                   
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Consider the following reaction: 

   ( )     ( )     ( ) 

This can be expanded to: 

   ( )     ( )    ( )     ( ) 

At equilibrium, concentrations remain constant: 

[H2] is constant = 1.14 mol.dm-3; [I2] is constant = 1.14 mol.dm-3; [HI] is constant = 8.41 mol.dm-3. 

Taking the above reaction: 
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If the value is high, (above 1) the forward reaction is favoured (equilibrium shifts to the right) 

If the value is low, (below 0), the reverse reaction is favoured (equilibrium shifts to the left) 

Note: Kc is constant at a given temperature and has no units 
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Changing conditions for equilibrium: 

Equilibrium is established under certain conditions of concentration, pressure and temperature. If 

these conditions change, a new equilibrium will be established. If an outside factor upsets the 

balance, the system opposes the disturbance. 

Le Chatelier’s Principle: When the conditions (ie concentration, pressure and temperature) affecting 

a chemical equilibrium are changed, the system will change in such a way as to oppose or reverse 

the effects of the change. 

Factors affecting equilibrium: 

1. Concentration: 

 If the concentration of the reactants increases, both forward and reverse rates 

increase. However, the forward rate increases more (to use up the extra reactants). 

The equilibrium favours the forward reactions and the yield of the products 

increases 

 If the concentration of the reactants decreases, both forward and reverse rates 

decrease. However, the reverse rate increases more (to produce more of the 

reactants). The reverse reactions is favoured and the yield of reactants increases 

 If the concentration of one side increases, the other side is favoured 

2. Pressure: 

 This affects gases only. Always check for gases and work only with those 

 One mole of any gas at STP occupies 22.4 dm3 

 An increase in pressure favours the side with fewer moles 

3. Temperature: 

 A rise in temperature favours the endothermic reaction 

 A drop in temperature favours the exothermic reaction 

4. Catalyst: 

 Both rates are increased 

 Has no effect on equilibrium 

 Helps reaction reach equilibrium more quickly 

Here is a worked example of a chemical equilibrium question: 

The following reaction is in equilibrium at 425⁰C:  

   ( )     ( )      ( )                
   

If the temperature is increased to 500⁰C, what will happen to the yield of ammonia? Why? 

Answer: The negative    tells us that the forward reaction is exothermic. 
The yield of ammonia will decrease. 
In increase in temperature disturbs the equilibrium 
By Le Chatelier’s Principle, the system opposes this 
It tries to decrease the temperature 
It does so by favouring the endothermic reaction 
Therefore the reverse reaction is favoured and [NH3] decreases 
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Starting from time zero: 

This is a guide on how to find Kc in a reaction starting from time zero: 
 
Given:   ( )    ( )    ( )    ( ) 
Initially, 6 moles of E and 7 moles of F are placed in an empty reaction flask and allowed to react. 
The flask has a volume of 1 dm3. After a time, the reaction reaches equilibrium. At eqm, 4.5 moles of 
G are formed. Calculate Kc at eqm. 
 

1. Draw a table, entering starting number of moles of E and F, and number of moles of H at 

eqm. At start, G and H are zero 

2. Look at column of H. Ask: what must we do to get from 0 to 4.5? Answer: add 4.5. Enter +4.5 

to the middle row 

3. Look at the mole ratio of the balanced given equation. In this example, 1:1:1:1 

 In the Used/Formed row, work from the known to the unknown. If 4.5 is in the H 

column, and the molar ratio is 1:1:1:1, then put 4.5 in each column. E and F, the 

reactants, are being used up, so make it -4.5; G and H are being formed, so make it 

+4.5 

4. Convert eqm values to concentration using given volume. Remember that conc = n/V 

5. Find Kc as before 

 Moles of E Moles of F Moles of G Moles of H 

At start 6 7 0 0 

Used/formed -4.5 -4.5 +4.5 +4.5 

At eqm 1.5 2.5 4.5 4.5 

 

[E]=1.5/1=1.5 
[F]=2.5/1=2.5 
[G]=4.5/1=4.5 
[H]=4.5/1=4.5 
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