CHAPTER 7.2: EQUILIBRIUM LAW IN CHEMICAL REACTIONS

· The mathematical description of the equilibrium condition arose to the development of the “law of mass action” formula.

· This relationship was called the equilibrium law.
                  K  =  [C]c[D]d
                         -----------

                          [A]a[B]b
WHERE:

A, B, C, D are chemical entities in gas or aqueous phases

a, b, c, d are the coefficients in the balanced chemical equation

K is a constant called the equilibrium constant
THE EQUILIBRIUM CONSTANT:
THE MAGNITUDE OF K:

· When K > 1, products are favoured.  The equilibrium lies far to the right.  Reactions where K is greater than 1010 are usually regarded as going to completion.
· When K = 1, there are approximately equal concentrations pf reactants and products at equilibrium.
· When K < 1, reactants are favoured.  The equilibrium lies far to the left.  Reactions in which K is smaller than 10-10 are usually regarded as not taking place at all.
Notice that the subscript “c” has been left off K in these general statements.  This reflects the fact that there are other equilibrium constants that these statements apply to, not just equilibrium constants involving concentrations.
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EQUILIBRIUM LAWS FOR GASEOUS REACTIONS

· When a gas is part of a mixture of gases its contribution to the total pressure of the mixture is called the “partial pressure”.

· Therefore, for gaseous reactions, the equilibrium law can be written using molar concentration values or partial pressure values.

Eg)  N2(g)  +  3 H2(g)  <=>  2 NH3(g)   

Using molar concentration values:

                   Kc = [NH3(g)]2
                          --------------

                         [N2(g)][H2(g)]3
using partial pressure values

                   Kp  =  p2NH3(g)
                             -----------

                             pN2(g) X p3H2(g)
                       Kc         Kp
BUT                Kc         Kp
                      Kp  =  Kc (RT)Δng

R = universal gas constant   (8.314 kPa L / mol K  or  

                                             0.0821 atm L / K mol)

T =  temperature in K

Δng = change in # moles gas between reactants and products.

Δng = # moles of products (gases)  -  # moles of reactants                  (gases)

Examples on board!!

