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13A 1 Equilibrium constant, KC 

HOMOGENEOUS REACTIONS 

A homogeneous reaction is one in which all reactants and products are in the same phase. For example, all are 

gases or all are in aqueous solution. 

 

In this section, we will study quantitatively how changes in concentration affect the equilibrium position. 

For the reversible reaction: 

This value is called 

the equilibrium constant and is given the symbol Kc. 

 

There are two ways of obtaining a value for the equilibrium constant: 

   the first is by experimentation, and this is the method we will look at in this section 

   the second is by calculation using thermodynamic equations, and this will be covered in Section 13A.5. For a 

general reaction: 

 

DETERMINATION OF THE EQUILIBRIUM CONSTANT 

To determine the value of the equilibrium constant for a reaction, known amounts of reactants are allowed to 

reach equilibrium with their products. At equilibrium, the amount of one of the substances is measured and the 

amounts of the others can be calculated using the stoichiometry of the equation. 
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However, the concentration of a solid at a given temperature is determined by its density, which has a constant 

value. Hence, the expression can be simplified to: 

 

13A 2 Equilibrium constant, Kp 

HOMOGENEOUS REACTIONS 

For reversible reactions involving gases we can express the concentrations of the reactants and products in terms 

of their partial pressures. The partial pressure of an individual gas in a mixture of gases is defined as the pressure 

that the gas would exert if it alone occupied the volume of the mixture. The total pressure of the mixture is then 

equal to the sum of the partial pressures of all the gases present in the mixture. 

 

If we have a mixture of two gases, A and B, then the total pressure, p, of the mixture is related to the partial 

pressures of A and B by the following equation: 

 

CALCULATING PARTIAL PRESSURES 

The partial pressure of an individual gas in a mixture of gases is calculated by multiplying its mole fraction by the 

total pressure, for example: 
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HETEROGENEOUS REACTIONS 

SOLIDS AND GASES 

For solids that are in equilibrium with gases, the partial pressure terms of any solids are not included in the 

expression for Kp. You will recall that Kc has a similar rule. 

 

 
 

13A 3 Factors affecting equilibrium constant 1 

EFFECT OF TEMPERATURE ON Kp, AND Kc 

In this section we will discuss the effects of temperature on equilibrium constants. Table A gives the values of the 

equilibrium constant, Kp, at different temperatures for two gaseous reactions. 
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CHANGE IN TEMPERATURE ALTERS THE EQUILIBRIUM POSITION 

If the equilibrium constant for a reaction changes with a change in temperature, then it follows that the equilibrium 

position also changes. This is illustrated by the data in table C, which shows the value of Kc, and the amounts of 

reactants and products at equilibrium for the reaction between hydrogen and iodine to form hydrogen iodide: 

 

13A 4 Factors affecting equilibrium constant 2 

EFFECT OF CONCENTRATION 

The most important thing to appreciate is that the only factor that can change the value of Kc, is a change in 

temperature. That is, Kc, is constant at a given temperature. 

 

When the concentration of one of the components of an equilibrium mixture is altered, there is an immediate 

change in the reaction quotient, Qc, which is the mathematical relationship between the concentrations of the 

components. 

 

At this point, the reaction quotient is no longer equal to the equilibrium constant, Kc. Therefore, the equilibrium 

composition changes until the reaction quotient and equilibrium constant become equal. The following examples 

illustrate this process. 

REACTION QUOTIENT, Qc 

 

QUALITATIVE PREDICTIONS 

In Topic 9 (Book 1: IAS) we said that qualitative predictions do not always give us the correct result. The worked 

example below shows this. 
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EFFECT OF PRESSURE 

As with concentration, a change in pressure, at constant temperature, on an equilibrium system containing gases 

has no effect on the value of either Kc or Kp. 

 

Once again, any change in the equilibrium position occurs in order to maintain the equilibrium constant at a 

constant value. 

 

If the partial pressure of only one of the component gases is changed, then the overall effect on Kp, can be 

predicted in the same way the effects of changes in concentration on Kc, were described in the previous section. 

 

However, if the total pressure of a gaseous system is suddenly increased or decreased, then the partial pressures of 

all the gases will either increase or decrease. The effect on the position of equilibrium can be explained using the 

equilibrium law. This is shown in the following worked example. 

 

EFFECT OF ADDING A CATALYST 

A catalyst does not influence the value of the equilibrium constant or equilibrium position for a reaction. It 

increases the rate of both forward and backward reactions, but does not affect the final concentrations of reactants 

and products at equilibrium. Therefore, a catalyst does not affect the equilibrium constant. 
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13A 5 RELATING ENTROPY TO EQUILIBRIUM CONSTANTS 

 

RELATIONSHIP BETWEEN TOTAL ENTROPY CHANGE, ΔS total AND THE EQUILIBRIUM CONSTANT, K 

For a reversible reaction that can reach equilibrium, the equilibrium position can be reached from either side of the 

reaction. This means that both the forward and the backward reactions are spontaneous, so ΔS total must be 

positive in both directions. 

 

You may think this is impossible. To explain it we can look at the equilibrium reaction 
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The differences in colour in fig B show how the position of equilibrium changes as the temperature changes. 

In hot water, the mixture becomes darker brown. The equilibrium position has shifted to the right to produce more 

NO2.  

 

Note that the volume has become larger because the mixture expands as it gets hotter. 

 

In iced water, the mixture becomes lighter brown. This shows that the equilibrium position has shifted to the left to 

produce more N2O4.  

 

Note that the volume has become smaller because the reaction mixture has cooled. 

Fig C shows how it is possible for the reaction to be spontaneous in each direction. 

 

 

 

RELATIONSHIP BETWEEN EQUILIBRIUM CONSTANT AND POSITION OF EQUILIBRIUM 

There is no firm rule about the relationship between the equilibrium constant, K, and the position of equilibrium of 

the reaction. However, as a general rule we can say that a very large value of K suggests that the position of 

equilibrium is well over to the products side (i.e. the right-hand side of the equation). 

 

Similarly, a very small value of K suggests that the position of equilibrium is well over to the reactants side (i.e. the 

left-hand side of the equation). 


