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Equilibrium

OBJECTIVES:
7. Outline the characteristics of a system in a state of equilibrium.

8. State and explain the effect of a catalyst (homogeneous and heterogeneous) on the equilibrium reaction.

9. State the equilibrium constant expression for a homogeneous reaction.

10. Deduce the extent of a reaction from the magnitude of the equilibrium constant.

Equilibrium – a state in which no net change takes place in a system.  It is a state of balance. 

Dynamic Equilibrium – a state in which the products and the reactants form at the same rate.

aA + bB ↔ cC + dD


If you allow this reaction to reach equilibrium and then measure the equilibrium concentrations of everything, you can combine these concentrations into an expression known as an equilibrium constant.  The equilibrium constant always has the same value (provided you don't change the temperature), irrespective of the amounts of A, B, C and D you started with.  It is also unaffected by a change in pressure or whether or not you are using a catalyst:

Consider H2 + I2 → 2HI
As the reaction proceeds, the reactants are used up and their concentrations decrease.  Fewer collisions occur and the reaction rate decreases.  The reverse reaction, the collision of 2 HI molecules to form H2 and I2, does not occur initially because the concentration of HI is zero.

As the concentration of HI increases, the number of collisions between HI molecules increases.  The reverse rate of product to reactant also increases. The rate of the forward and reverse reactions of the HI reaction are

· Rate of forward reaction = kf[I2][H2]

· Rate of reverse reaction = kr[HI]2
At equilibrium, the 2 rates are equal

· kf[I2][H2] = kr[HI]2
· kf =   [HI]2    

kr    [I2][H2]        

Since both kf and kr are constants, the ratio kf / kr is also a constant.  This new constant is the equilibrium constant Kc

· Kc =  [HI]2        

              [I2][H2]

Kc establishes a relationship between the concentration of the reactants and products of a reaction.  If Kc is small (much less than 1), equilibrium will be established before much product is formed; the reaction hardly proceeds.  If Kc is large (much greater than 1), equilibrium will be established after a great deal of product is formed; reaction rate goes almost to completion.  

Kc depends on temperature for every reaction.
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