Unit II:  Lesson #1 – Equilibrium Intro

Chemical Equilibrium is a phenomenon where forward and reverse reactions occur:  

1. simultaneously and continuously (dynamic)
2. at equal rates (Not necessarily equal concentrations!!)  e.g., exchange money
3. in a closed system (important where gases are involved)

4. with constant macroscopic properties (i.e., easily observed changes) 
      (e.g., colour, pressure, temp)

Q:  How do I know when a chemical system will establish equilibrium?

A:  There are two factors (i.e., tendencies) which we need to consider:

1. Enthalpy (∆H) – the change in heat energy (i.e., endo or exothermic system)

2. Entropy (∆S) – the degree of randomness of the system.

Orally:  

Q:  What the heck do you mean by the degree of randomness?

A:  Consider the states of matter:

Solids are very orderly b/c their atoms are not free to move around (low degree of randomness), however gases can move around freely in any direction (very high degree of randomness)

Degree of randomness:

LOW  ----------------------------------( High

Solids,     liquids,     (aq) ions,    gases

Chemical systems tend to go in the direction where:

1. energy is given off (i.e., the exothermic direction).

Q:  Why?
A:  Chemical systems that are low in energy are more stable.  (Show P.E. profile to illustrate)  This is referred to a MINIMUM ENTHALPY.
2. the system will reach the highest degree of randomness.

Q:  Why?
A:  Probability.
Orally:  Yahtzee analogy.  Consider a puzzle.  How many ways can you assemble the puzzle to make the picture on the box?  ONE!  How many ways can you arrange the pieces so that you make a random mess?  MANY!  Since there are many more ways to make a random mess and only one way to make an organized picture; probability says that if we just shake the pieces around and have them collide we won’t make the picture.

Beaker analogy.

Q:  How do highly organized chemical systems ever occur if chemical systems tend to move in the order of highest entropy?

A:  We put energy (i.e., work) into the system.

e.g.,  we can make the puzzle, a beaker or even sustain a human body if we put energy into the system.

Situations where ENTROPY (∆S) (i.e., randomness) increases.  Referred to as MAXIMUM ENTROPY
1. A gas is produced.

e.g.,
CaCO3(s)  +  2HCl(aq)  -----------(  CaCl2(aq)  +  CO2(g)  +  H2O(l)

      2.  
The total number of moles of gas increases.

e.g., 
4NH3(g)  +  5O2(g)  -----------(  4NO(g)  +  6H2O(g)

3. A substance dissolves.

e.g.,  
NaCl(s)  -----------(  Na+(aq)  +  Cl-(aq)

Q:  So, how do I know when a chemical system will establish equilibrium?!

A:  

1. If both ∆H and ∆S favor the formation of products, then a completion of the reaction will occur (i.e., all the reactants are consumed and make product.)

2. If both ∆H and ∆S favor the formation of reactants, then a reaction does not occur (i.e., none of the reactants combine to form products)

3. If ∆H and ∆S favor the opposite sides of the equation an equilibrium will set up.
Exercises:  Do the first few problems from the worksheet on predicting whether a system will form an equilibrium, proceed to completion, or not react at all.
http://www.sasked.gov.sk.ca/branches/elearning/tsl/resources/subject_area/science/chem_30_resources/lesson_5/equilibrium.shtml (this link shows reactants being converted to product and vice versa)
http://chemconnections.org/Java/equilibrium/index.html
Assignment:  Entropy worksheet.
