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CHEMICAL EQUILIBRIUM (dynamic): when 2 opposing reactions occur simultaneously at the same rate. It answers the question how far will the reaction go?

REVERSIBLE REACTIONS: produce products and reactants


A + B (  C + D

A&B particles combine to form C&D at the same rate as C&D combine to form A&B

Examples: 
1. rate of evaporation in a sealed container or 



2. rate of CO2 dissolving in a sealed soda can. Liquid (  Vapor

For the dissolving of solids: solid particles ´ dissolved particles

∆ G = 0 for all chemical equilibria

Mg(OH)2 (  MgO + H2O

∆G = + 8.55 kcal/mole

MgO + H2O   (  Mg(OH)2

∆G = - 8.55 kcal/mole






∆G =  0

Rate law for the forward reaction: Rf = k [MgO] [H2O]

Rate law for the reverse reaction: Rr = k [Mg(OH)2]

These two rate laws are combined to form the Equilibrium Constant
EQUILIBRIUM CONSTANT (K): tells the ratio of products to reactants. If K is very large (1 x 106), the reaction is mostly products; If K is very small (1 x 10 -6) the reaction is mostly reactants. For reaction aA + bB (  cC + dD

MgO   +  H2O   ( Mg(OH)2


I2(g) + H2(g) ( 2HI(g)

K =   [C]c[D]d     



   [Mg (OH)2]    




[HI]2 

         [A]a[B]b      



  [MgO][H2O]    
   


         [I2][H2]          

EQUILIBRIUM EXPRESSION follows the LAW of MASS ACTION:   K =  [Mg (OH)2]





  




           [MgO][H2O]

The concentrations of solids and solvents are defined to be 1.

AgCl (s) (  Ag+ (aq) + Cl-  (aq)

K   =   [Ag+ ] [Cl- ]   =   [Ag+ ][Cl- ]   =   [Ag+ ][Cl- ]


    [ AgCl ]
         1

LE CHATELIER’S PRINCIPLE: (1884) when a reversible process is disturbed, it will proceed in the direction that relieves the stress; Helps predict outcome of chemical reactions. Henri Louis Le Chatelier (1850-1936)

CONCENTRATION: increased concentration of any reactant will shift equilibrium to the products and visa versa. The value for K will not change with any increase or decrease in concentration

PRESSURE: Some, but not all, gaseous reactions are affected by changes in pressure. Increased pressure moves the equilibrium to the side with the least # of mol of gas. The value for K will not change with pressure changes



2SO2 + O2 (  2SO3  

3 mol of reactants to 2 mol products 


( pressure = ( products: 

↓ pressure = ↓ products



I2 + H2 (  2HI; 


2 mol reactants to 2 mol products


pressure changes do not affect this equilibrium

TEMPERATURE: For changes in temperature, there will be a new value for K. Heat acts like a reactant in endothermic reactions and like a product in exothermic reactions



2SO2 + O2 (  2SO3 + heat

 (temp ↓ prod;
 ↓ temp ( prod



I2 + H2 + heat  (   2HI;

 ( temp ( prod; 
↓ temp ↓ prod

EQUILIBRIA BETWEEN IONS: Saturated solutions have equilibria between undissolved solids and aqueous ions

SOLUBILITY PRODUCT CONSTANT (Ksp): the K for the dissolving of a slightly soluble salt. (Ksp - small #’s)

Ksp values can be determined from measured solubilities

Three uses of Ksp:


If the product of ion concentrations = Ksp the solution must be saturated

If it is < K sp, it is unsaturated

If it is > Ksp, it is supersaturated or will cause a precipitate
COMMON-ION EFFECT: when 2 or more substances dissolve and release a common ion, causing the less soluble salt to precipitate. If you were to mix silver nitrate and sodium chloride. Both are highly soluble. But the silver chloride is only slightly soluble and can easily precipitate out.




AgNO3 (aq) + NaCl (aq) (  AgCl (s) + Na+(aq) + NO3-(aq)

The Ksp of a salt can be used to predict whether precipitation will occur

HABER PROCESS: German chemist Fritz Haber (1868-1934) discovered the way to make ammonia from atmospheric nitrogen. Allowed Germany to keep making explosives for WWI after blockaded from Chilean nitrate deposits. Also led to synthetic fertilizers. Nobel chem 1918 





 N2  +  3H2   (   2NH3  +  Heat

