Chapter 13
Equilibrium
Chapter Objectives:  This chapter will deal with reversible reactions, rather than reactions that go to completion.  To deal with these reactions, we will use a quantity called the equilibrium constant and apply it to reactants and products in a reaction.
Reading:  Pgs. 606 - 639
Problems:  

PS Day 1 (13.1 – 13.2)
pg. 643  (# 10, 13, 21 – 27 odd)
PS Day 2 (13.3 – 13.6) 
pg. 644  (# 29, 33, 35, 39, 41, 43)
PS Day 3 (13.6 and ICE problems) 
pg. 645 (# 45-53odd, 57, 59, 62)

PS Day 4 (13.7 – end)   



pg. 646 (# 63-69odd, 81, 83)
You should be able to:

1.  Describe the dynamic nature of equilibrium.


2.  Write equilibrium constant expressions from the chemical equation.


3.  Write equilibrium constant expressions in terms of pressures, Kp, for reactions involving gases.


4.  Write equilibrium constant expressions for heterogeneous reactions.


5.  Use the value of Kc or Kp to determine the magnitude of a reaction.


6.  Use the reaction quotient to predict the direction of a reaction as it moves toward equilibrium.


7.  State LeChatelier’s Principle in your own words and use this principle to describe what happens

                  under changing conditions in a chemical system at equilibrium.


8.  State how changes in pressure or volume affect equilibria involving gases.


9.  State how temperature affects the equilibrium position.


10.  Calculate the equilibrium constant from the amount of substances at equilibrium.


11.  Calculate the amounts of substances at equilibrium from the equilibrium constants.

Chapter 13 – Equilibrium

13.1  The Equilibrium Condition


A.  In equilibrium – the rate of the forward reaction = the rate of the reverse reaction.  The

                  concentrations of the reactants and products remain constant.


B.  Equilibrium is dynamic:  It does not mean the reaction has stopped!  See bridge example, p. 612.


C.  Equilibrium is very sensitive to external forces and must constantly adjust to account for stresses &

                  to remain in equilibrium.  Whether equilibrium lies to the left, right, or middle depends on:



1.  initial concentrations



2.  relative energies of reactants/products. (Nature favors lower energy.)



3.  relative degree of “organization”.  (Nature favors disorder.)

13.2  Equilibrium Constant Expressions


A.  Equilibrium constant expression ( the ratio of equilibrium concentrations of products to

                   reactants.  Remains constant regardless of initial concentrations.


B.  Concentration Equilibrium Constant (Kc)


1.  Kc = [Products] / [Reactants] , each raised to the power of their coefficients



2.  No units are used for Kc



3.  For the reaction:  aA  +  bB  ((  cC  +  dD              Kc =  [C]c[D]d
                                             [ ] = conc. at equil                                           [A]a[B]b


4.  Kc depends on temperature.


C.  Kc gives us a number that expresses the extent of the equilibrium reaction.



1.  Not all reactions go to completion.



2.  It doesn’t tell us the rate….just the direction that is favored in equilibrium.


D.  Example:  K2S2O8(aq)  +  2KI(aq)  ((  2K2SO4(aq)  +  I2(aq)





Kc = [K2SO4]2[I2]
                                                       [K2S2O8][KI]2

E.  You could have different values of equil. concentrations and still be at equilibrium!  It is the ratio
                 that matters.  Each set of [ ]s that gives the equilibrium constant is called an equilibrium position.

F.  Modifying K



1.  When you reverse a chemical equation with the equilibrium constant, Kc, the reverse rxn
                              has the equilibrium constant, 1/Kc.

Example:  For PCl5 ((  PCl3  +  Cl2      Kc = [PCl3][Cl2]        Reverse rxn:  Kc’ =     [PCl5]        or  Kc’ = 1/Kc
                                                                               [PCl5]                                             [PCl3][Cl2]



2.  When the coefficients of a chemical equation are multiplied by a common factor, n, raise

                              the original Kc to the power n to obtain the new Kc.



Example:  For  2NO2(g) ((  N2O4(g)      Kc1 = [N2O4] / [NO2]2




     For  NO2(g) ((  ½ N2O4(g)    Kc2 = Kc11/2 = [N2O4]1/2 / [NO2]



3.  When we add the equations for individual reactions to obtain a net equation, the new Kc

                               is the product of the Kc’s of each individual step.  (Review Hess’s Law.)
13.3  Equilibrium Expressions Involving Pressures


A.  Equilibrium can be in terms of concentrations, but also in terms of pressures, if gases are involved.



Use K or Kc  if in terms of concentration.



Use Kp if partial pressure of gases.


B.  Pressure equilibrium constant:  Kp


1.  K = Kp ONLY if the sum of coefficients on either side of the balanced eqn is identical.



2.  If not, use:  Kp = (K)(RT)Δn    where R = 0.0821 L*atm/molK,  T = temp (in K),  

                                                                                    Δn = (moles gaseous products) – ( moles gaseous reactants)

13.4  Heterogeneous Equilibria

A.  Homogeneous equilibria - all reactants/products are aqueous or all are gases.

      Heterogenous equilibria – some different phases in the reaction.



1.  The [ ] of pure solids and liquids are NOT included in the equilibrium constant expression!  



2.  These concentrations are constant, so by convention, their concentration = 1



3.  Example:  NH4Cl(s)  ((  NH3(g)  +  HCl(g)          Kp = PNH3PHCl      and     Kc = [NH3][HCl]

13.5  Applications of the Equilibrium Constant


A.  Knowing K allows us to predict:


1.  the tendency of the reaction to occur.  (but NOT the speed!)



2.  whether a given set of [ ]s represents the equilibrium conditions



3.  the equilibrium position that will be achieved from a given set of initial conditions.


B.  The tendency for a reaction to occur is indicated by K.



1.  If K > 1 at equilibrium, mostly products exist.  




*  Equilibrium lies to the right.  Essentially, it goes to completion.



2.  If K < 1 at equilibrium, mostly reactants exist.




*  Equilibrium lies to the left. So the reaction - DNR.



3.  Note - Equilibrium constant expressions apply only to reversible reactions at equilibrium.

13.6  The Reaction Quotient, Q


A.  The reaction quotient, Qc or Qp, is the equilibrium constant expression, when NONequilibrium

                   concentrations exist.  (Use initial [ ]s, not equilibrium [ ]s.)

B.  Q is not constant, but allows us to predict the direction in which a net reaction must occur to

                   establish equilibrium.



1.  When Q > K, the reactants are favored.  




*  Rxn is shifting to the left to reach equilibrium and more reactants are being formed.



2.  When Q < K, the products are favored. 




*  Rxn is shifting to the right to reach equilibrium and more products are being formed.



3.  When Q = K, it is at equilibrium.  There is no shift.


C.  Solving equilibrium problems.



*  See yellow box, pg. 635!!  Use an “ICE” box.



*  STUDY “ICE BOX” EXAMPLES DONE TOGETHER IN CLASS!!



*  Note – There is a shortcut to doing the quadratic, if K is very small (less than 10-4).



*  When you get a complicated cubic equation, use the Method of Successive Approximations

                           (See Appendix 1.4 in your book!)

13.7  LeChatelier’s Principle –  When an equilibrium system is subjected to a stress, the system responds

                   by attaining a new equilibrium condition that minimizes the imposed stress.


B.  The main stresses on an equilibrium system are:



1.  Changes in concentration.



2.  Changes in temperature.



3.  Changes in pressure or volume for gaseous equilibria.


C.  The imposed stress will either not cause any shift in equilibrium or cause the system to shift left or

                     right to establish a new equilibrium condition.


D.  Changes in concentration of reactants or products.



1.  Adding or removing a pure solid or liquid does not change the concentration, so it doesn’t

                              affect equilibrium.



2.  Increasing [reactants] or decreasing [products] causes a shift to the right.



3.  Decreasing [reactants] or increasing [products] causes a shift to the left.


E.  Changes in temperature.



1.  Increasing temperature can be thought of as adding “heat”.




a.  Exothermic reactions:  heat is a product, so adding heat shifts the rxn LEFT.




b.  Endothermic reactions:  heat is a reactant, so adding heat shifts the rxn RIGHT.



2.  Decreasing temperature would cause the opposite shifts.



3.  NOTE – Changes in temperature also cause a change in the value of Kc or Kp!!!




a.  Shift right favors the forward reaction, K ( INCREASES




b.  Shift left favors the reverse reaction, K ( DECREASES


F.  Gaseous species are affected by pressure.



1.  Increasing the volume of the container decreases the pressure.




a.  Reaction shifts to the side with MORE moles (higher sum of  coefficients).



2.  Decreasing the volume of the container increases the pressure.




a.  Reaction shifts to the side with FEWER moles (lower sum of coefficients).



3.  Adding an inert gas to an equilibrium system.




a. If inert gas is added at constant external pressure, then volume increases to

                                        accommodate the added gas, thereby decreasing overall pressure.  Equilibrium shifts to

                                         the side with more moles.




b.  If an inert gas is added at constant volume, the concentrations and partial pressures of

                                           reactants and products do not change.  There is no change in equilibrium.


G.  Adding or Removing Catalysts



1.  Catalysts speed up the process of reaching equilibrium.


2.  Catalysts do not change the equilibrium point.

