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How far does a chemical reaction proceed? 

Many reactions, however, do not go to completion. For example decomposition of N2O4(colorless) to NO2(dark brown):

N2O4(g)                    2NO2(g)
As time passes the concentration of N2O4 decreases and concentration of NO2 increases until both concentration level off at constant amount. Why do the reaction appear to stop after concentrations reach their constant amount?

The results show the concentrations reach constant amount, not because the reactions stop, but because the rate of the forward reaction is equal the rate of reverse reaction. We have Chemical Equilibrium in this situation. Chemical equilibrium is a dynamic process. We use two arrow to show chemical equilibrium:

N2O4                        2 NO2     

Equilibrium expression and eqilibrium Constant Kc:              

aA + bB                      cC + dD  Based on Law of Mass Action, equilibrium expression is: 

             [C]c [D]d
Kc =                               [   ] = concentration of chemical species at equilibrium (molarity)

             [A]a[B]b

The equilibrium constant (Kc) for a reaction at a particular temperature always has a same value. It is a number that tells us  the ratio of concentration of the products to reactants at equilibrium at a particular temperature.

Example:                                                                    [NH3]2                 

1. 2N2(g) + 3H2(g)                           2NH3         K1 = 

                                                                                    [N2]2[H2]3
2.When we reverse the reaction :                                                     [N2]2[H2]3

2NH3                                     2N2 + 3H2      K2 =1 / K1             K2=          

                                                                                                              [NH3]2           

 3. When the balanced equation for a reaction is multiplied by a coefficient:                                                                                                                             

                                                                                                   [NH3]

 N2 + 3/2H2                                   NH3    K3 = (K1)1/2            K3   =              

                                                                                                [N2][H2]3/2         

Equilibrium Constant Kp:  Because gas pressure are easily measured , equilibriun equations for gas-phase reactions are often wirtten using partial pressure rather than molar concentrations.           N2O4 (g)                       2 NO2  (g)      (n =2-1=1

                (PNO2)2                                                       [NO2]2

Kp =                                        Kc=

                 PN2O4                                                       [N2O4]     
Kp= Kc (RT) (n                     (n = difference in the sum of the coefficient s for the gaseous products and reactants.
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Predicting the direction of Reaction                                                         page2
Using reaction quotient (Q), we can predict direction of reaction:

                                                                        [NH3]2
N2 + H2                 2 NH3         Q =                                             

                                                                      [N2] [H2]

1. If Q = K  The system is at equilibrium.

2. If Q< K  The system will shift to the right to make more product.

3. If Q > K, the system will shift to the left to decrease the products.

We use the amount of Q to determine the direction of the move toward equilibrium. 

Le Chatelier’s Principle: If a change disturbs the chemical equilibrium, net reaction occurs in the direction that reduces the change. The change could be in:

· The concentration of reactants or products 

· The pressure or volume

· The temperature

Example:    N2(g) + 3H2 (g)                                       2NH3 (g)         (H= -92.2 KJ


· Change of concentration: If we increase the concentration of N2 or H2, the reaction will shift to the right to make more NH3.

· Change of pressure: If we increase the pressure, the equilibrium will shift to the side with less volume (we have 2 moles product and 4 moles reactants, this means the volume of product is less) so the net reaction shift to the right.

· This reaction is exothermic ( releases heat), If we increase the temperature the reaction will shift to the left.

Homogeneous Eqiulibria and Heterogeneous Eqiulibria:

We have homogeneous eqilibria, when all reactants and products are in a single phase, usually either gaseous or solution. Heterogeneous equilibria are those in which reactants and products are present in more than one phase:

 Example:    N2(g) + 3H2 (g)                                       2NH3 (g)         ​homogeneous eqilibria

                         

CaCO3(s)                          CaO(s) + CO2(g)               heterogeneous equilibria

              [CaO] [CO2]              

K =                                            because of the concentration of pure solids or pure liquids 

                 [CaCO3]

are constant :  K = [CO2]

Calculating equilibrium and concentration from initial concentration, Example:
The equilibrium constant for following reaction is 57.0 at 700K, if 0.1 mol of H2 react with 0.1 mol of I2 in a 1.0L container ,what are the concentration of H2,I2,and HI at equilibrium?(x = the amount of H2 that reacts with I2)

                                                   H2(g)    +     I2(g)                                     2IH(g)                     
   Initial concentration          0.1M             0.1M                          0.0

  Equilibrium concentration      0.1-x            0.1-x                        2x 

57 =  (2x)2 / (0.1-x)2         (57)1/2 = 2x / 0.1-x         7.55 = 2x / 0.1-x        x = 0.079 M  

[H2] =[I2] = 0.1-0.079 = 0.021 M              [IH] = 2 x = 0.158 M 
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