Equilibrium Notes
Equilibrium is established when the rate of the forward reaction = the rate of the reverse reaction. 

2 H2O ( H3O+1 + OH-1
The double arrow (, indicates that the reaction is reversible

Reversible reaction

· Reaction that can be reversed so that products react to form reactants

· Example: 2H2(g) + O2(g) ( 2H2O(g)

· Forward: 2H2(g) + O2(g)(  2H2O(g)
· Reverse: 2H2O(g) ( 2H2(g) + O2(g)

Complete reaction

· Reactions that go to completion

· Solid is formed and precipitates out of solution

· Gas is formed and escapes from solution

Dynamic Equilibrium

· Particles in constant motion

· Reactants collide to form products

· At some point amount of products has increased and they collide to form reactants

Equilibrium Constant

· Gives a measure of the percent yield of a reaction

· Used to determine

· If a reaction is at equilibrium

· The stability of the reactants compared to the products

· If reactants or products are favored

· If Keq > 1, products are favored

· If Keq < 1, reactants are favored

· If Keq = 1, than neither side is favored

· What will happen if concentrations are changed

· Symbol = Keq

· Keq is only good for one temperature.  If rxn is conducted at a different temperature, a new Keq is needed.
How to write equilibrium expressions:

· Given the following reaction  aA + bB ( cC + dD
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· Given the following reaction: 2H2O(g) ( 2H2(g) + O2(g)
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· Pure solids and liquids are not included in equilibrium expressions
· Given the concentrations of reactants and products at equilibrium (these are NOT the initial starting concentrations), you can put them into the equation above and calculate the same number – this is what makes it a constant.  

· The set of concentrations at equilibrium are said to be the position of equilibrium
Example:  

	
	(Example 1) Concentration of substance after equilibrium is reached
	(Example 2) Concentration of substance after equilibrium is reached
	 This example is showing that even when the concentrations at equilibrium have changed (because starting amounts were changed), the value of Keq is the same

	[H2]
	10 M,
	20 M
	

	[O2]
	5 M
	1.25 M
	

	[H2O]
	2 M
	2 M
	

	Keq
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· You can also use Keq to find out of a reaction is at equilibrium

· Let’s say that you start a reaction by mixing H2 and I2 gas.   You need to know when the reaction has reached equilibrium so you periodically measure the concentration of H2, I2, and HI that are present

· After 1 minute the concentrations are as follows

	[H2]
	8 M,

	[O2]
	4 M

	[H2O]
	1 M

	Keq
	Keq=(82)(4)/12 = 256


· The reaction is not at equilibrium yet because the concentrations do not show an equilibrium constant of 125.  
· The reaction will proceed in a direction that increases the amount of products (forward direction)

Le Chatelier’s principle

· A reaction at equilibrium will proceed in a direction that relieves the stress put upon it. 

· The equilibrium position changes but the equilibrium constant does not change unless temperature changes

· Possible stresses:

· Temperature 
· Look at whether reaction is exothermic or endothermic

· If exothermic, a temperature increase will make rxn proceeds to the left (to reactants)

· If endothermic, a temperature increase will make a rxn proceed to the right (to products)

· Increasing temperature increases the reaction rate

· Changing the temperature is the only thing that changes the Keq because it affects the free energy of the reaction

· Volume

· Look at the number of moles of gas

· Decreasing the volume increases the pressure and will cause the reaction to proceed towards the side with fewer moles of gas

· Decreasing volume increases reaction rate for both the forward and the reverse reactions.  But the side that has more moles of gas has an advantage because there are more collisions per unit time

· Changing the volume does not change the Keq
· Pressure

· Look at the number of moles of gas

· Pressure can be changed in two ways

· Changing volume

· See above for explanation

· Changing pressure this way does change reaction rate

· Changing pressure this way does NOT change Keq

· Adding an inert gas

· Changing pressure this way does NOT change reaction rate

· Changing pressure this way also does NOT change Keq

· Concentration

· Look at reactants/products

· If a reactant’s concentration is increased, reaction shifts towards products

· If a product’s concentration is increased, reaction shifts towards reactants

· You can change concentration by
· Adding reactant or product
· Removing reactant or product

· Adding something that reacts completely (or almost completely) with the reactant or product. 

· If you add something that forms a precipitate with one of the reactants or products you are effectively removing that reactant or product

Example: 2H2(g) + O2(g) + energy ( 2H2O(g) 

· If [H2] increases, 

· reaction will proceed to right to produce more product and used up the excess [H2]
· If [H2] is decreased

· Reaction will proceed to left to make up some of the H2 that was lost

· If temperature is increased,

· Because energy is a reactant, reaction will proceed to right to use up the added energy

· If temperature is decreased

· Because energy is a reactant, reaction will proceed to left to make up some of the energy that was lost

· When pressure is increased (or Volume decreased)

· Reaction will proceed to make fewer moles of gas, will shift to right

· When pressure in decreased (or Volume increased)

· Reaction will proceed to make more moles of gas, will shift to left
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