Lesson #2:  Le Chatelier’s Principle

Definition – if a closed system at equilibrium is subjected to a change, processes will occur that tend to counteract that change.

Orally:  Bank account analogy

Q:  What are some of the changes?

A: 

1. Concentration - by adding/removing reactants/products (exception: solids/pure 
       liquids)  e.g., pure sugar is not more “sugary” if you have more sugar.
2. Temperature increase/decrease.
3. Gas pressure (i.e., changing concentration of the gas by changing the container size).
Orally:  Go over the sandbox principle to discuss the effect of stress/shift
Concentration Effects (Rule: Sandbox)
1. Consider the following:

2NO2(g)  (=======(  N2O4(g)
Stress (i.e., the change):  Increase the concentration of NO2
Result:  the system shifts to the right in an attempt to reduce the NO2
Q:  What does shift right mean?!

A:  The rate of the forward reaction is temporarily faster than the reverse due to the increase in [NO2].  The net result is that reactants are consumed and products are made.

Orally:  

Q:  Why is the forward rate only temporarily faster than the reverse reaction?

A:  B/c as the shift right occurs the product concentration increases which causes the reverse reaction to speed up until the forward and reverse reaction rates are equal again.

Forward : reverse

Add NO2
Forward, forward, forward : reverse

Forward, forward : reverse, reverse
Stress:  Decrease the NO2
Result:  Shift left

Stress:  Decrease the N2O4
Result:  Shift right
Temperature Effects (Rule: Sandbox)
2. Consider:
2NO2(g)  (=======(  N2O4(g)  +  Heat

Stress:  increase temperature

Orally:  Heat and temperature are not the exact same thing, but the stress is acting on the heat change of the system.  Use the sandbox principle to decide on shift when temp is involved.

Result:  shift left.

Orally:  

Q:  What does a shift left mean?

A:  It means that the reverse rate is temporarily faster than the forward reaction.  The net result is that some products are consumed and some reactants are made before the forward and reverse reactions are at equal rates again.
Gas Pressure

Rules:
A. If pressure is increased by decreasing the container size, the system shifts to the side with fewer moles of gas.  i.e., fewer gas moles = less pressure.
Orally:  Less air in a tire = less pressure

B. If pressure is decreased by increasing the container size, the system shifts to the side with more moles of gas.  i.e., more gas moles = more pressure.

C. If the moles of gas on the reactants and products is the same then no shift is possible.

3. Consider:
2NO2(g)  (=======(  N2O4(g)

Stress:  Increase gas pressure (Assume that the container size is decreasing)

Result:  The system shifts to the right.  (i.e., 2 moles of NO2 are replaced with one mole of N2O4 thereby lowering the gas pressure)

4. Consider:
PCl3(g)  +  Cl2(g)  (====(  PCl5(g)  +  Heat
Stress:  Decrease the pressure (Assume: Increase in container size)
Result:  Shift left.

Stress:  Decrease the [PCl5]

Result:  Shift right

Stress:  Increase the temperature

Result:  Shift left

Stress:  Add a catalyst

Result:  No shift.  A catalyst simply increases the forward and reverse reactions at the same time allowing for the system to reach equilibrium much faster.

Stress:   Increase pressure by adding a noble gas (i.e., group #18 elements)

Result:  No shift.  Adding a noble gas does not increase or decrease any of the substances in the equilibrium.

* The following link is an animation of Le Chatelier’s principle when concentration, pressure or temperature is changed.
http://www.mhhe.com/physsci/chemistry/essentialchemistry/flash/lechv17.swf
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