    Chapter 14 - Chemical Equilibrium


1. Definition  




a. Chemical equilibrium occurs when opposing reactions happen at the same rate;  




when the rate of the forward reaction equals the rate of the backward reaction.




b. aA + bB  ------>  cC + dD   (A and B are reactants; C and D are products;  a, b, c, d are 




the coefficients.)




     

c. At equilibrium:   ratef = rater. f is the forward reaction;  r is the reverse reaction.




d. Rates of reaction are directly proportional to the concentration of the reactants.





ratef = kf [reactants]        kf is the rate constant for the forward reaction.  








 [  ] means concentration.





rater = kr [products]         kr is the rate constant for the reverse reaction.




e. As the forward reaction proceeds the [reactants] decreases and ratef decreases so 





forward reaction slows down.




   As soon as some product forms the [products] increases and rater increases so

    



reverse reaction speeds up.




   A point is reached when both rates become equal and the reaction is at equilibrium.

 2.  Equilibrium Constant, K




a. At equilibrium, the reactants A and B are disappearing (being used up) to





form C and D as fast as C and D are reacting (disappearing) to re-form more A 





and B.




b. At equilibrium, the concentrations of all reactants and products are constant, 





even though both are continually disappearing and reforming.  This is called 



       
a dynamic equilibrium.





c. An equilibrium constant expression can be written for any reaction:




   
Keq  =    [C]c [D]d       This is Products                   


                     
            [A]a [B]b 
    Reactants
d. Writing equilibrium constant expressions.

i. [    ] = concentration in moles/Liter 


ii. Concentration of products divided by concentration of reactants.


iii. “a”, “b”, “x’, and ”y” are the coefficients in the balance equation.

e. Looking at the magnitude of K to determine the “position” of equilibrium:




  

 i. Keq is very large, numerator >>>denominator, lots more product than 


                                              reactants.



    

 ii. Keq is very small, denominator >>>numerator, hardly any product forms.



     

 iii. Keq is between 0.001 and 1000, appreciable amounts of both reactants and






products.

f. The value of Keq for a given reaction can only be changed by changing the           

                   temperature.




3.  Le Chatelier’s Principle

a. Definition - If a “stress” is applied to a chemical reaction at equilibrium, the reaction will 

respond by shifting toward products or toward reactants so as to relieve the 


stress.

b. Three kinds of “stress”:



    

 i. Change in concentration of reactant or product . 

  



   

 ii. Change in temperature - depends on whether rxn is exothermic (-H) or 




       endothermic (+H).  If reaction is exothermic, write heat as a product; if 



       
       reaction is endothermic, write heat as a reactant.



iii. Change in pressure - only affects reactions involving gases. 




iv. Catalysts do not shift the equilibrium.

