Lesson #4:  The Equilibrium Constant

Recall:  In an equilibrium the rate of the forward rxn = rate of the reverse rxn.

Consider the following:



A +  B  (======(  C  +  D

The rate of the forward reaction is a function of [A] and [B].


Rate(f) = k1[A] [B]

where k1 is a constant
The rate of the reverse reaction is a function of [C] and [D].


Rate(r) = k2[C] [D]

where k2 is a constant
Since Rate(f) = Rate(r), then it’s also true that:


k1[A] [B] = k2[C] [D]

We can rearrange the following to isolate the constants:



k1 = [C] [D] = [Product]


k2    [A] [B]    [Reactant]
Where:            
k1 = Keq (the equilibrium constant)



k2
Orally:  dividing products by reactants is an arbitrary convention so that everyone arrives at the same value for Keq.  Always divide products by reactants!

Q:  What does the value of Keq (i.e., the equilibrium constant) communicate?

A:  The relative ratio of products to reactants.

Orally:  Recall that while the rates of forward rxn = reverse rxn, this does not mean that the concentrations of reactants and products are equal.

Three scenarios for Keq:
1. The value of Keq = 1 (neither the reactants nor products are favored)

2. The value of Keq > 1 (products are favored) i.e., the larger the Keq the more products you have.

3. The value of Keq < 1 (reactants are favored) i.e., the smaller the Keq the more reactants you have.

Consider the following:



A  +  A  (=====(  C  +  D
Therefore the Keq = [C][D]

or

Keq = [C][D]


         [A][A]




 [A]2
Note that the equation above would normally be written:


2A  (======(  C  +  D

Therefore the coefficients are exponents in the Keq expression.

Orally:  The fact that exponents are involved in the calculation of Keq means that we can’t simply look at the concentration of products and reactants and draw conclusions about the magnitude of Keq.
Rules for writing Keq expressions:

1. Include all (aq) ions and gases (i.e., substances where concentration can change)

2. Exclude solids and pure liquids (or substitute “1” where necessary).  A pure liquid means that it is the only liquid in the equilibrium expression.
Orally:  The molar concentration of a solid or pure liquid does not change appreciably, so the constant concentration of the solid or liquid is usually blended into the Keq so that we are only dealing with one constant instead of two or three.

3. Include mixtures of liquids.
Exercises:  Write the equilibrium constant expression for:

1. Cu(s)  +  2Ag+(aq)  (====(  Cu+2(aq)  +  2Ag(s)

Keq = [Cu+2]

[Ag+]2
2. 2C(s)  +  3H2(g)  (======(  C2H6(g)

Keq = [C2H6]

[H2]3
3. Pb+2(aq)  +  2Br-(aq)  (===(  PbBr2(s)

Keq =           1_____

[Pb+2][Br-]2
4. 2CH3OH(l)  (=====(  CH3OCH3(l)  +  H2O(l)

Keq = [CH3OCH3][H2O]

    [CH3OH]2
http://www.mhhe.com/physsci/chemistry/animations/chang_7e_esp/kim2s2_5.swf
Animation shows how equilibrium can be reached by starting with either reactants or products and shows how the resulting values are used to calculate the Keq.

Assign: pg56 #29-34, and 36
