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What is equlibrium ? 
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Equilibrium 

 Equilibrium is a state in which there are no observable 

changes as time goes by. 

 There are two types of equilibrium: Physical and Chemical. 

– Physical Equilibrium 

• H20 (l)  ↔  H20 (g) 

 

 

 

 

– Chemical Equilibrium 

• N2O4 (g) ↔ 2NO2 
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 The state of a reversible 
reaction when the two 
opposing  reactions occur at 
the same rate and the 
concentrations of reactants 
and products do not change 
with time.  
 

 A reaction which can go in 
the forward and backward 
direction simultaneously is 
called a Reversible reaction 

 

   A + B  C + D 

 

 

 

 

 

 Chemical Equilibrium 
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Characteristic of Chemical 

Equilibrium 

 Chemical equilibrium is dynamic equilibrium 

 Constancy of concentrations 

 Equilibrium can be initiated from either side 

 Equilibrium cannot be attained in an open vessel 

 A catalyst cannot change the equilibrium point 

 Value of equilibrium constant does not depend upon the 

initial concentration of reactants 

 At equilibrium, ΔG = 0 (the maximum work that can be 

derived from a chemical reaction is equal to the free energy) 
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Law of mass action & Eq. constant 

 The law of mass action is universal, applicable under any circumstance. The 

mass action law gives us a general method to write the expression for the 

equilibrium constant of any reaction. However, for reactions that are 

complete, the result may not be very useful. Considering the following 

general chemical reaction  

   a A + b B          c C + d D 

 The mass action law states that if the system is at equilibrium at a given 

temperature, then the following ratio is a constant: 

 

 

 This is the ideal law of chemical equilibrium or law of mass action. 

 The ratio of the equilibrium concentrations of products to the equilibrium 

concentrations of reactants each raised to the power of its stoichiometric 

coefficient. 
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Law of mass action 

At a constant temperature, the rate of a chemical reaction is 

proportional to the active masses of the reacting substances. 
    

active mass,  a = c f 

Where,  

 c = molecular concentration 

f = activity coefficient 
 

For dilute solution & gases, f =1 [do not deviate appreciably from ideal 

solutions] 

For pure liquids & solids, c =1 [since rate of reaction is independent of 

amount] 
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Reaction quotient  

10/7/2025 Md. Khairul Islam, PhD, ACCE,RU 8 

A reaction quotient (Q) is a function of the activities or 

concentrations of the chemical species involved in a chemical 

reaction. 

For any chemical reaction in a system,  

 a A + b B    c C + d D 

We can always write a quotient, 

  [C]c [D]d 

 Q =  —————— (Q is reaction quotient) 

  [A]a [B]b 

If the system is NOT at equilibrium, the ratio is different from the equilibrium 

constant. In such cases, the ratio is called a reaction quotient which is 

designated as Q. A system not at equilibrium tends to become at equilibrium, 

and the changes will cause changes in Q so that its value approaches the 

equilibrium constant, K:   Q→K 



Reaction quotient  
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When a chemical reaction in a closed system is at equilibrium, the 

reaction quotient is defined as the equilibrium constant, K, which 

depends on T.  For a chemical reaction in a closed system, then 

 

 

 

 If Q < K, the reaction goes forward to increase [product] 

 if Q = K, the system is at equilibrium the law of mass action 

 if Q > K, the reaction goes backward to decrease [product] 

 



Writing Equilibrium Constant 

Expressions  

 The concentrations of the reacting species in the condensed 

phase are expressed in M.  In the gaseous phase, the 

concentrations can be expressed in M or in atm. 

 The concentrations of pure solids and pure liquids do not 

appear in the equilibrium constant expressions. 

 The equilibrium constant is a dimensionless quantity. 

 In quoting a value for the equilibrium constant, you must 

specify the balanced equation and the temperature. 

 If a reaction can be expressed as a sum of two or more 

reactions, the equilibrium constant for the overall reaction is 

given by the product of the equilibrium constants of the 

individual reactions. 
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Homogeneous Equilibrium 

Homogeneous Equilibrium- applies to reactions in 

which all reacting species are in the same phase.  

               N2O4 (g) ↔ 2NO2 (g) 
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Kp =  
NO2 

P2 

N2O4 
P 

In most cases 

Kc  Kp 

Kc =  
[NO2]

2 

[N2O4] 



Relation between Kp and Kc 

Since  PV = n R T, 

 P =  (n/V) R T = [ ] R T         

[ ] = (n / V) is the concentration 

For the reaction  a A + b B    c C + d D 

        PC
c PD

d   [C]c [D] 
d (R T)c + d 

    Kp  =  ————  =  ———————— = Kc (R T){c+d-(a+b)} 

        PA
a  PB

b        [A]a [B] 
b (R T)a + b 

  

Kp = Kc (RT)Δn 
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Heterogeneous Equilibrium Constant 
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CaCO3 (s)               CaO (s) + CO2 (g) 

[CaCO3] = constant 

[CaO] = constant 
Kp = PCO 

2 

The concentration of solids and pure liquids 

are not included in the expression for the 

equilibrium constant. 
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Thermodynamic Derivation of 

Law of Chemical Equilibrium 

Let us consider a general reaction   

aA + bB + ...             c C + d D + ... 

The chemical potential of a substance in a mixture is related 

to its activity by the expression,  

 = ° + RT ln a ... (i) 

where  ° is the chemical potential of the pure substance in 

standard state of unit activity, R is gas constant and T the 

absolute temperature. 
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Temperature Dependence of Equilibrium 

Constant (van’t Hoff ’s Equation) 
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Temperature Dependence of Equilibrium 

Constant (van’t Hoff ’s Equation) Contd. 
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Temperature Dependence of Equilibrium 

Constant (van’t Hoff ’s Equation) Contd. 



Factors that Affect Chemical 

Equilibrium 

Chemical Equilibrium represents a balance between 
forward and reverse reactions.  

Changes in the following will alter the direction of a 
reaction: 

– Concentration 

– Pressure 

– Volume 

– Temperature 
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LE CHATELIER’S PRINCIPLE 

If a change occurs in one of the variables such as 

pressure, temperature or concentration, under which a 

system is in equilibrium, the system will always react in 

direction which will tend to counteract the effect of 

change in the variable under considerations. 
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Changes in Concentration 

    
   Change  Shift in Equilibrium 
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Change Shift in 

Equilibrium 

 

Increase in [Products] left 

Decrease in [Products] right 

Increase in [Reactants] right 

Decrease in [Reactants] left 



Changes in Volume and Pressure 

• Changes in pressure primarily only concern gases.  

• Concentration of gases are greatly affected by pressure 

changes and volume changes according to the ideal gas law. 

    PV = nRT 

    P = (n/V)RT 
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Changes in Pressure and Volume 
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Change Shift in Equilibrium 

 

Increase in Pressure Side with fewest moles 

Decrease in Pressure Side with most moles 

Increase in Volume Side with most moles 

Decrease in Volume Side with fewest moles 



Changes in Temperature 

 Equilibrium position vs. Equilibrium constant 

A temperature increase favors an endothermic 
reaction and a temperature decrease favors an 
exothermic reaction. 
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