The Equilibrium Constant
Why?

As you learned in a previous lesson, once equilibrium is established, the forward and reverse reactions continue at an equal rate.  This means that the concentrations of reactant and products do not change once equilibrium is achieved, although both the forward and reverse reactions continue to take place.  The constant ratio of products to reactants tells us important information about the system at equilibrium.

Learning Objectives

· Write equilibrium constant expressions.

· Evaluate equilibrium constant expressions using equilibrium concentrations.

· Interpret the value of the equilibrium constant.

Concepts

· Equilibrium constant expresssions

· Equilibrium position

Prerequisites

· Reversible reactions

· The concept of equilibrium

· Mathematical ratios (proportions)

· Balanced equations

· Significant figures

Model 1:  The Equilibrium Constant Expression

Note:  Square brackets around a formula are used to indicate molar concentrations.

2 HI(g)  ⇌ H2(g) + I2(g)
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N2(g) + 3 H2(g) ⇌ 2 NH3(g)
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3 Fe(s) + 4 H2O(g) ⇌ Fe3O4(s) + 4 H2(g)


[image: image3.wmf]4

2

4

2

]

[

]

[

O

H

H

K

eq

=



2 KClO3(s) ⇌ 2 KCl(s) + 3 O2(g)
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Cl2(g) + 2 KBr(aq) ⇌ 2 KCl(aq) + Br2(l)
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Key Questions

1. Are reactants or products found in the numerator of the Keq expressions?

2. Are reactants or products found in the denominator of the Keq expressions?

3. If more than one product is present, they are (multiplied or added) together.

4. If more than one reactant is present, they are (multiplied or added) together.

5. What is the origin of the exponents in the Keq expressions?

6. What two states of matter are NOT included in Keq expressions?  
7. Summarize the steps you would use to write a Keq expression. 
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Problems

8.  Identify the reactants from the following Keq expressions.

a)  
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9.  Write Keq expressions for the following chemical equations. 

a) HCl(g) + H2O(l) ⇌ H3O+(aq) + Cl-(aq)

b) CH3OH(g) ⇌ CO(g) + 2 H2(g)

c) 2 Mg(s) + O2(g) ⇌ 2 MgO(s)

d)  Cu2S(s) ⇌ 2Cu+(aq) + S2-(aq)

10. Equilibrium constants are reported as dimensionless ratios.  Use the concentrations given to calculate the value of the equilibrium constant for the reaction from question 9.            Report your answer to the correct number of significant figures.

a)  problem 9(a) if [HCl] = 0.0100 M, and [H3O+(aq)] = [Cl-(aq)] = 1.10 M
b) problem 9(b) if [CH3OH] = 1.3 M, [CO] = .21M , and [H2] = .43M

c) problem 9(c) if [O2] = 5.6M

d)  problem 9(d) if [Cu+] = 1.7 x 10-16 M and [S2-] = 8.5 x 10-17 M                           [image: image9.png]



Model 2:  Interpreting the Equilibrium Constant

In math class, you have learned about proper and improper fractions.  
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Key Questions

11.  In the expression 3/2   which is larger—the numerator or the denominator?
12. In the expression ¼, which is larger—the numerator or the denominator?

13. When a fraction is expressed in decimal form, how can you tell if the numerator or denominator is larger?

14. If the value of Keq is greater than 1, are there more reactants or products at equilibrium?  Explain how you arrived at your answer.
15. If the value of Keq is less than 1, are there more reactants or products at equilibrium?  Explain how you arrived at your answer.

16. Products are “favored” if  Keq > 1.  Explain why this statement is valid.

17. Reactants are “favored” if  Keq < 1.  Explain why this statement is valid.        [image: image15.png]


  
Problems
18.  In the reaction 2 NO(g) ⇌ ) N2(g) + O2(g)) at 1500 K, the value of the equilibrium constant is 9.1 x 104.   What is favored:  reactants or products?  Explain how you arrived at your answer.
19.  The ionic substance EJ dissociates to form E2+ and J2- ions according to the equation:  

EJ(s)  ⇌  E2+ (aq) + J2-(aq)


a) Write an equilibrium-constant expression for this equation.

b) At equilibrium, [E2+ (aq] = [J2-(aq)] = 9.34 x 10-6 M.  Calculate the value of the equilibrium constant.

c) What is favored at equilibrium:  reactants or products?  How do you know?

d)  Would you classify substance EJ as very soluble, somewhat soluble or nearly insoluble?  Explain  how you arrived at your answer.
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