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Introduction 

Equilibrium is actually a state, when forces from both the side become equal. According to 
chemistry: It is a point in a chemical reaction, when rate of forward reaction becomes equal 
to rate of backward reaction.  Or we can say, it is the state when concentration of reactants 
becomes equal to concentration of products. 
Types of equilibrium 
There are two types of equilibrium: 

o Chemical equilibrium 

o Ionic equilibrium 

 Let us study both the types of equilibrium in detail: 

Physical equilibrium: It is achieved in all physical processes, when all state variables like 
pressure, temperature etc becomes constant. These are basically of three types: 

 
Let us take examples referring to above type of equilibrium: 

o Solid to  liquid  or liquid to solid 
For example: Conversion of ice to water. 
In this forward reaction is: Ice to water (Melting). 
In this backward reaction is: Water to Ice (Freezing). 
So, when equilibrium is achieved: Rate of melting = Rate of freezing. 

 
o Liquid to  gas or gas to liquid 

For example: Conversion of water to water vapour. 
In this, forward reaction is: Evaporation 
In this, backward reaction is: Condensation 

At equilibrium: Rate of evaporation = Rate of condensation 
 

o Solid to gas or gas to liquid 
For example: Sublimation of Naphthalene, Camphor etc. 
In this forward reaction is: Evaporation. 
In this backward reaction is: Solidification.  
At equilibrium: Rate of evaporation = Rate of solidification. The state variable that becomes 
constant is temperature. 

General characteristics of physical equilibrium 

o The measurable properties become constant. 

o It can be established only in closed vessel. 

o At equilibrium, the opposing forces become equal. 

o The equilibrium is dynamic in nature .That is the reaction keeps on going only the rate 
becomes constant. 

o At equilibrium, the concentration becomes constant. 



o The magnitude of equilibrium value, gives indication about the extent of reaction. 

 

 
Equilibrium involving chemical processes 
In this we are going to consider a special reaction: Reversible reaction. 

Reversible reaction: The reaction that can be achieved from both sides. We come across 
lot of examples, one is given below: 

 

   

We can also find the concentration of reactants and products at equilibrium as shown below: 

 

Law of mass action 
It states that: Rate of a reaction is directly proportional to concentration of reactants raised 
to their respective moles. 
Consider a reaction: aA + bB --> cC + dD 
According to this law: 

 
    Or, R =K[A]a[B]b 
Where ‘K’ is rate constant or velocity constant. We can attain equilibrium from both sides: 
For forward reaction: 

  

Therefore, 

 
For backward reaction: 

 
Therefore, 

 



At equilibrium: Rate of forward reaction = rate of backward reaction 
That is: Kf[A]a[B]b = Kb[C]c[D]d 
But, Kc=Kf/Kb (where Kc is equilibrium constant) 
Kc = [A]a[B]b/[C]c[D]d 
At particular instant of time: The equilibrium constant is called as reaction quotient (Q). 

That is: Q=[C]c[D]d /  [A]a[B]b 
At equilibrium Q=Kc 
For example: 

 
Kc = [HI]2/[H2][I2] 
In case of gases, we can also express it in terms of their partial pressures : 
For example: 

 

Kp=[pHI]2/[pH2][pI 2] 
Relationship between Kp and Kc 
According to gas equation that is : PV=nRT 
Or P=nRT/V 
Or P=CRT 

 

Where ‘ng ‘is change in number of gaseous moles . 

Please note: 

o If change in gaseous moles=0 then kp = kc 
o If change in gaseous moles is greater than 1 ,then Kp= kc RT or kp > kc 
o If change in gaseous moles is less than zero, then kp < kc 

Characteristics of Equilibrium constant (K) 
1. Its value depends upon temperature and is independent of concentration of reactants or 

products, with which we start reaction. 
2. If the reaction reverses, the value of k also gets reversed. 

For example: If for forward reaction k =4 then, on reversing the value of k will be ¼ . 

3. If whole reaction is divided by 2, then the value of k also gets root of K. 

4. If whole reaction is multiplied by 2, then value of k also gets multiplied by the same number 
2 or 3 i.e Kn. 

5. If the reaction takes place in two or more steps, then the value of K for complete reaction is 
given by K=K1.K2 
Characteristics of chemical equilibrium 

1. The Rate of forward reaction = Rate of reverse reaction. 
2. Catalyst does not affect the equilibrium .It just helps to achieve equilibrium faster. 



3. The Equilibrium is attained only is closed vessel. 
4. Equilibrium can be achieved from either direction. 
5. At equilibrium concentration of reactants and products becomes equal. 

Chemical equilibrium 
It is of two types: 

o Homogeneous 

o Heterogeneous 

Homogenous: Is that when the reactants and products are in same phase. 
Heterogeneous: When reactants and products are in different phase . 
Characteristics of K 

1. At equilibrium, K is applicable only when concentration of reactants is equal to concentration 
of products. 

2. The value of K is independent of initial concentration of reactants. 
3. Equilibrium constant has a definite value for each reaction. This value remains same till the 

time temperature remains constant. 
4. For reversible reaction, K also reverses. 
5. Value of K is independent of catalyst. 

Application of Equilibrium constant 
1. Predicting the extent of reaction: The equilibrium constant is directly proportional to 

extent of reaction. 

o If value of k is large, the reaction goes in forward reaction. 

o If value of k is less, the reaction goes in backward reaction. 

o If k>103, the extent in this case is large and a reaction proceed almost to completion. 

o If value of k is less than 10-3, then the reaction proceeds to smaller extent. 
o If value of k is between 10-3 to 103, then there is a appreciable concentration of reactants 

and products. 
2. Predicting the direction of reaction: It tells us whether the reaction is going towards 

product or reactant. Reaction quotient = Q. 

o If Q<K, then reactants predominate. 

o If Q=K, then the reaction is at equilibrium. 

o If Q>K, then the products predominate. 

3. Calculation of equilibrium constant and concentrations. 

K= [Products]/ [Reactants] 

Factors affecting state of equilibrium “Le Chartlier’s principle 
Le chartlier’s principle: We know that at equilibrium, the state variables become 
constant. If we disturb any state variable, the reaction gets disturbed and the reaction 
diverts itself in a direction where disturbance is reduced. 
So, according to this “ if any kind of reaction is subjected to any kind of stress, then the 
reaction proceeds in a direction where the stress gets reduced “. 

o Effect of change in concentration : For this consider a reaction: 

 

o In this if concentration of nitrogen gas is increased, the reaction will get disturbed. It will 
proceed in a direction in which the concentration of nitrogen gas is reduced i.e in forward 
direction. 



It is to be noted: 

o If concentrations of reactants are increased, then the reaction favors products. 

o If concentration of products is increased, then the reaction favors backward reaction. 

o Effect of temperature: We have two types of reactions: Endothermic and Exothermic. 

o If we increase the temperature, the reaction proceeds in such a direction in which the 

heat is absorbed i.e endothermic side is favoured. 

o If we decrease the temperature, the reaction proceeds in such a direction in which the 
heat is released i.e exothermic side is favoured. 

o Effect of change of Pressure 

o If we increase the pressure, it will take the reaction towards lesser number of moles i.e 
towards products. 

               

o If we decrease the pressure, it will take the reaction towards more number of moles that 
is towards reactants 

    

(d)Effect of change in Volume 

o According to Boyle’s law, we know pressure is inversely proportional to volume .So, if we 
increase the volume, moles per litre decreases. Therefore, the reactions move in that 
reaction in which moles per litre is increased. 

o If we decrease the volume, moles per litre increase .Therefore, the reaction move in that 
reaction in which moles per litre is decreased. 

o Introduction of Inert gas 

o Whenever inert gas is introduced in any reaction, the inertness of reaction occurs but 
doesn’t affect equilibrium. 

o Inert gas introduced at constant volume does not affect equilibrium. Inert gas introduced 
at constant pressure: leads to increase in volume, moles per litre decreases and the 

reaction moves in the direction where moles per litre increases. 

o Effect of catalyst: It just increases the rate of reaction without getting consumed. 

Relation between K and standard free energy change 

 

 


