I B Chemistry HL b

Equilibrium Notes

Name: _______________________________ Block: ______ Date: _____________

· Some reactions proceed to completion, but many stop before completion. 

·  Macroscopically you don’t see any changes. The reaction has reached equilibrium.

·  Microscopically the reactants are constantly converted into products and the products into reactants.  

· The rates of the direct and reverse reactions at equilibrium are equal and that is why you don’t see any changes at the macroscopic level. 

It is a dynamic equilibrium
 Example of an equilibrium reaction:

At equilibrium, v1= v2
Conditions for equilibrium:
· Closed system
·  Opposite reactions occur at the same ________
·  Equilibrium can be reached starting with reactants, with products, or with both.

·  Temperature is constant

Equilibrium can be represented graphically:

Reaction:

Graphs:
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Equilibrium expression
For a reaction:

The equilibrium expression is:

Examples:
1. Write the equilibrium expression for the following reaction:

      4NH3 (g) + 7O2(g)                  4NO2(g) + 6H2O(g)

2. The following concentrations were observed for the Haber process 

 3 H2(g) + N2 (g)         2 NH3 (g) at 127o


[NH3] = 3.1 x 10-2 mol.dm-3  [N2] = 8.5 x 10-1 mol.dm-3

[H2] = 3.1 x 10-3 mol.dm-3

a. Calculate the value of K at 127o


b. Calculate the equilibrium constant for the reverse reaction

c. Calculate the value of the equilibrium constant if the reaction given by: 

3/2 H2(g) + 1/2N2(g)            NH3(g)

Relationship between different ways of writing the equation and the equilibrium expression
· For the reverse reaction Kr = 1/Kf

· For a reaction that has the coefficients   multiplied by a number n, then the constant Km= Kn
· The equilibrium constant K for a given reaction at a certain temperature is always the same.

· The equilibrium constant varies with the temperature.

Equilibrium position

· Equilibrium position is a set of equilibrium concentrations.

· Do not confuse equilibrium position with equilibrium constant.

Equilibrium position
· Depends on the initial concentrations

· There is infinite number of equilibrium position for a system at a given temperature.

Equilibrium constant

· Does not depend on the initial concentration

· There is only one equilibrium constant for a system at a given temperature. 
Very small Kc

Very large Kc

Substances that do not change concentration….

Use line paper to do the next examples.

Le Chatelier principle
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Explanations:

The Haber Process
The Contact Process
Phase equilibrium
· When a volatile liquid is stored in an open container the liquid eventually evaporates, leaving the container empty. 
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· In contrast, if a liquid is stored in a sealed container, the liquid will ___________ while the vapor ______________________  simultaneously.  
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· The equilibrium vapor pressure is the ________ exerted by the _____ when ____________  between ____________and _____________ is reached.
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·  It is a measure of the _________________________, i.e. the _______________ of its molecules to escape from the _____________ and enter the _________  phase at _________________________
· When equilibrium between these two states occurs, a state of _________ equilibrium is established. 

· Note that "vapor pressure" is the common name for the ____________ vapor pressure. 

· All liquids have some fraction of molecules that have sufficient ______________ to break their attraction to other molecules and escape into the vapor phase.

· The ability to do this depends on both the _____________ of those ___________  and the _______________  of the liquid. 

The kinetic energy of the molecules at the surface of a liquid varies over a range of values:
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· __________ of the molecules have enough kinetic energy to overcome the attractive forces between the molecules. 
At higher T ______________________ have enough energy to overcome the forces so there is more _________________. 

· Vapor pressure increases when _____ increases.
The graph below shows how vapor pressure increases at temperature increases for several different substances.   
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· Since different liquids have different ____________________ forces, at the same temperature, different liquids have __________ _______ _____________. 
· The greater the IMF, the more __________ needed to leave the liquid, thus the ___________  the vapor pressure.

· From the structures of the three substances, you should be able to rationalize the ranking of IMF for the three substances.
Draw the Lewis Structures and predict the shape of diethyl ether, ethyl alcohol and water:

What are the intermolecular forces that will keep the molecules together in the liquid state?

Based on the intermolecular forces arrange the substances in order of increasing 
Vapor pressure:

Does this agree with the graph above?

From this graph, we can see that water has the greatest IMF, followed by ethyl alcohol and diethylether

· The __________ the attractive forces, the greater the fraction of molecules with enough kinetic energy to escape 

· The greater the fraction of molecules which can escape the liquid, the ___________the vapor pressure 

· The weaker the intermolecular forces, the _________ the vapor pressure.
· BOILING POINT :  ___________________________________________
______________________________________________________

     _______________________________________________________________
·    The boiling point of a liquid varies with the atmospheric pressure. If atmospheric pressure is __________________ then the boiling point of the liquid will decrease from its standard boiling point.

·    The boiling point of a liquid decreases with the __________ in pressure and vice versa

The boiling point of a liquid when atmospheric pressure is ____ atm or ____ torr is referred to as _____________________________


















When equilibrium is reached:
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