Equilibrium:
Equilibrium is a dynamic state.  Molecules continually collide with each other and the rate of the forward reaction equals the rate of the reverse reaction.

The equilibrium position is determined by many factors:

· initial concentrations

· relative energies of the reactants and products

· entropy

Nature tries to achieve minimum energy and maximum disorder.

Haber Process: N2(g) + 3H2(g)  ↔ 2NH3(g)
At 25°C, there is no apparent change in concentrations.  Why?

· system is at equilibrium

· rate of forward reaction and rate of reverse reaction is so slow that it cannot be detected

Law of Mass Action:

jA + kB ↔ lC + mD

· K = ([C]l[D]m) / ([A]j[B]k)

· If K > 1 then more products than reactants so equilibrium shifts left

· If K < 1 then more reactants than products so equilibrium shifts right

· if the reaction is reversed, then equilibrium constant is 1/K

· if the reaction is multiplied by an integer n, then Kn 

This law applies to gaseous equilibria and is not accurate for concentrated aqueous solutions and gases at high pressures.  Note that there is only ONE equilibrium constant for a particular system at a given temperature, but there are an INFINITE number of equilibrium positions.

Heterogeneous Equilibria:

The concentrations of pure liquids (not solutions) and solids are constant and thus are omitted from the equilibrium expression because equilibrium does not depend on the amounts of pure solids or liquids present.

Equilibrium and Pressure:

· K involves concentrations

· KP involves pressures

· How K and KP are related:  KP = K(RT)Δn  where R = 0.0821, T = Kelvin, Δn = difference in sum of coefficients.  This is used for a gas-phase reaction.

· the size of K is determined by thermodynamic factors (i.e., energy difference between products and reactants)

The reaction quotient Q determines in which direction the reaction shifts.  It is applied the same way as the Law of Mass Action but only uses INITIAL concentrations instead of equilibrium concentrations.

There are three possible cases:

1. Q > K  system shifts LEFT because initial products are too high

2. Q = K  system already at equilibrium

3. Q < K  system shifts RIGHT because initial reactant are too high

Le Châtelier’s Principle:

If a reactant or product is added to a system at equilibrium, the equilibrium position will shift in the direction that lowers the concentration of that component.  If a component is removed, the opposite effect occurs. 

There are three ways to change pressure:

1. add or remove gaseous component

2. change volume of container

3. add an inert gas (one NOT involved in the reaction)

The above changes can alter equilibrium position, but not the equilibrium constant.

