HONORS CHEMISTRY II 




NOTES

EQUILIBRIUM
#2. EQUILIBRIUM

Equilibrium is a word that implies balance or steadiness. 

Chemists define equilibrium as the exact balancing of two processes, one of which is the opposite of the other.

#3. REACTION TYPES

Most reactions you have learned proceed from reactants to products until the limiting reactant is used up.
BUT
SOME reactions “stop” far short of completion when in a closed container. These systems have reached a dynamic equilibrium between reactants and products.

#4. CHEMICAL EQUILIBRIUM

Chemical equilibrium is a dynamic state where the concentration of the reactants and the concentration of products have remained constant for a time period.

#5. TYPES OF EQUILIBRIUM PHYSICAL STATES

The reactions can be liquid-vapor, vapor-vapor, liquid-liquid. Equilibrium is not usually reached when a liquid reactant becomes a solid, but there are exceptions such as iodine vapor and iodine crystals.

#6. REVERSIBLE REACTIONS
The reaction can proceed in either direction.

    N2O4(g)  (( 2NO2(g)

The forward reaction is to produce NO2.

         “Equilibrium is to the right.”

The reverse reaction is to produce N2O4.

         “Equilibrium is the left.”

#7. EQUILIBRIUM POSITION


The equilibrium position –left, center, or right – is determined by many factors:

    1. Initial concentration of reactants

    2. Relative energies of reactants/products

    3. Relative degree of “organization” of reactant/product.

#8. EQUILIBRIUM CONSTANT
Law of Mass Action (1864 by Guilberg & Waage) describes the equilibrium condition.

For any reaction of a double, single displacement, synthesis or decomposition:

            LAW OF MASS ACTION

  j A  + k B  ((  l C  + m D

Where A,B,C,D represent the chemical species and j,k,l,m are their coefficients.

#9.  LAW OF MASS ACTION CONSTANT

Keq = [C]l  [D]m
        [A]j [B]k
Brackets indicate the concentration of a species at equilibrium and K is the equilibrium constant. The unit of concentration is Molarity.

#10.  EQUILIBRIUM EXPRESSION
This equation is known as the equilibrium expression.  It means that, for a given reaction at a given temperature, the ratio of the concentrations of the products to reactants will always be equal to the same number – the equilibrium constant Keq.

#11. Practice Problems

Write the equilibrium expression for the following reactions:

A.  H2(g)  +  F2(g)  ((  2HF(g)
B. N2(g)  + 3H2(g)  (( 2NH3(g)
#12. Practice Problems
Write the equilibrium expression for the following:

A. solid phosphorus pentachloride is decomposed to liquid phosphorus trichloride and chlorine gas.
B. Deep-blue solid copper (II) sulfate pentahydrate is heated to drive of the water vapor to form white solid copper (II) sulfate.

#13. EQUILIBRIUM CONSTANT
Chemical equilibrium represents a balance between the forward and the reverse reactions.  

Changes in the experimental conditions may disturb the balance and shift the equilibrium so that more or less product is formed.

#14. EQUILIBRIUM CONSTANT
The equilibrium constant helps to predict the direction in which the reaction mixture will proceed to achieve equilibrium or to calculate the concentration of the reactant or product after equilibrium is reached.

The magnitude of the equilibrium constant ‘K’ indicates the tendency for a reaction to occur.

#15. EQUILIBRIUM CONSTANT
If the value of K is much larger than 1, it means at equilibrium the system consists of mostly products.  K>1.

If the value is less than 1, the system consists of mostly reactants.  K<1.
#16. EQUILIBRIUM CONSTANT
The size of ‘K’ and the time required to reach equilibrium are NOT directly related.  

Time depends on reaction rate which is determined by activation energy.  

Size of ‘K’ is determined by thermodynamic factors such as energy difference between products and reactants.

#17. Results  
of three experiments for the reaction:
N2  + 3H2 ((2NH3
                Initial Concentration           Equilibrium Concentrations

Experi   [N2]0   [H2]0    [NH3]0       [N2]     [H2]   [NH3]       [NH3]2     = K

ment                                                                      

1        1.0 M   1.0 M     0          0.921   0.763   0.157            = 0.0602

2         0         0          1.00M    0.399   1.197   0.203            = 0.0602

3        2.0       2.0       3.00M       2.59   2.77    1.82              = 0.0602

#18. EQUILIBRIUM CONSTANT
Whenever N2,H2 and NH3 are mixed together at this temperature, the system always comes to an equilibrium position  of K = 6.02 x 10 –2 regardless of the amounts of the reactants and products that are mixed together initially.

It is important to understand that the equilibrium concentrations are not always the same, however the equilibrium constant , which depends on the ratio of the concentrations, remains the same at that temperature.

# 19.EQUILIBRIUM POSITION vs  EQUILIBRIUM CONSTANT
Each set of equilibrium concentrations is called an equilibrium position. 

There is only one equilibrium constant for a particular system at a specific temperature, but there are infinite number of equilibrium positions.

#20. EQUILIBRIUM CONSTANT UNITS

There are usually no units given with Keq.  

It is considered a dimensionless quantity.

#21. HETEROGENOUS EQUILIBRIA

So far, all of the above apply to homogenous equilbria, i.e. all species are is the same state-gaseous.

Many equilibria involve more than one state of matter, 

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

#22. . HETEROGENOUS EQUILIBRIA

Experimental results show that the position of the heterogeneous equilibrium does not depend on the amounts of pure solids or liquids present.

This is due to the fact that the concentrations of pure solids/liquids cannot change, so they are constant.

#23.     CaCO3 (s)   (( CaO(s)  + CO2 (g)

The equilibrium expression becomes:

     K= [CO2]
Ex: 2H2O (l)  (( 2H2 (g)  + O2 (g)

   K= [H2]2[O2]
Ex: 2H2O (g)  (( 2H2 (g)  + O2 (g)

     K = [H2]2[O2]

            [H2O]2
#24. SUMMARY:

The equilibrium constant helps to predict the direction in which the reaction mixture will proceed to achieve equilibrium or to calculate the concentration of the reactant / product after equilibrium is reached.

#25. REACTION QUOTIENT
When reactants and products are mixed it is useful to know whether a mixture is at equilibrium or not. 

If the system is not at equilibrium, it can be determined which direction the system will need to shift to reach equilibrium.

Apply the Law of Mass Action using initial concentrations instead of final concentrations. This becomes the Q value.
#26. REACTION QUOTIENT
Compare the value of Q to the value of K.

Three possible conclusions can be obtained:

 
Q=K the system is at equilibrium

Q>K  the system will shift to the left (use up products and forming reactants)

Q<K  The system will shift to the right (consume reactants and forming products)

