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Making Use of Le Chatelier’s Principle

Le Chatelier’s Principle is very useful in predicting how a system at equilibrium will respond to a change.  It states that when a system at equilibrium is disturbed, the equilibrium shifts so as to undo, in part, the effect of the disturbance.


There are three common ways an equilibrium may be disturbed:

· Change in the concentration (or partial pressure) of one of the reactants or products.

· Change in the temperature.

· Change in the volume of the container.

Effect of Changes in Concentration (or Partial Pressure)


If a system at equilibrium is disturbed by the addition of a reactant (or the removal of a product), Le Chatelier’s principle predicts that the equilibrium will shift right.  Shifting right will use up some of the added reactant (or replace some of the removed product), and therefore “undo, in part” the disturbance.


Similarly, if the disturbance is the removal of a reactant (or the addition of a product), Le Chatelier’s principle predicts that the equilibrium will shift left.  Shifting left will replace some of the removed reactant (or use up some of the added product), and therefore “undo, in part” the disturbance.


The same conclusions may be reached by considering the values of Q and K.  When the equilibrium is disturbed, the reaction quotient Q  changes so that it is no longer equal to K.  If the resulting Q is greater than K, the reaction will proceed backwards until once again Q equals K.  Conversely, if after the disturbance Q is less than K, the reaction will shift  forwards until Q equals K.  In all cases, the shifts stop when Q = K.  


Since concentrations of solids are constants and do not appear in expressions for Q or K, removing or adding some solid does not cause shifts.  However, shifts in the equilibrium do change the amount of solid present!
Effect of Changes in Temperature


If a reaction is endothermic (H > 0), heat is absorbed in the forward reaction and released in the backward reaction; thus in endothermic reactions, heat behaves like a reactant.  Increasing the temperature (adding heat) shifts the reaction right, since that is the direction which absorbs heat and “undoes, in part” the disturbance.  Similarly, decreasing the temperature of an endothermic reaction shifts the reaction left.


Exothermic reactions (H < 0) release heat in the forward direction, and absorb heat in the reverse direction; thus heat acts like a product in exothermic reactions.  Increasing the temperature (adding heat) shifts the reaction left since that is the direction that absorbs heat and “undoes, in part” the disturbance.  Conversely, lowering the temperature shifts it right.


The equilibrium constant K is temperature dependent and the shifts above change its value.   

	Reaction Type
	Role of heat
	Effect of T
	Effect of T

	Endothermic  (H > 0)
	reactants + heat   products
	K
	K

	Exothermic (H < 0)
	reactants    products  + heat 
	K
	K


Effect of Changes in the Volume of the Container


When the volume of a reaction vessel is decreased, the partial pressures of all gases in the container increase so the total pressure increases.  Following Le Chatelier’s principle, the reaction shifts to reduce the total pressure since that “undoes, in part” the disturbance.  This means that the shift is in the direction which contains the fewest moles gas.  


Similarly, if the volume of the reaction vessel is increased, the total pressure decreases, and the shift is in the direction which contains the most moles gas.


In either case, if both sides of the equation have the same number of moles gas, the change in the volume of the container has no effect on the equilibrium.

Effect of the Addition of a Catalyst


Catalysts speed up the rate at which equilibrium is obtained, but have no effect on the magnitude of K or Q.  They increase both the forward and backward rate of reaction.  Since catalysts do not appear in the net equation for a reaction, they are not involved in the expressions for K or Q.  

______________________________________________________________________________
Exercises
In the problems below, for each change given in the first column of the table, use Le Chatelier's principle to predict

•
the direction of shift of the equilibrium.

•
the effect on the quantity in the third column.

______________________________________________________________________________
1.  For the following reaction



5 CO(g)  +  I2O5(s)   I2(g)  +  5 CO2(g)                 Ho = -1175 kJ

for each change listed, predict the equilibrium shift and the effect on the indicated quantity.

	
	Change
	Direction

of Shift

( ;  ; or no change)
	Effect on

Quantity
	Effect
(increase, decrease, 

or no change)

	(a)
	decrease in volume
	
	Kc
	

	(b)
	raise temperature
	
	amount of CO(g)
	

	(c)
	addition of I2O5(s)
	
	amount of CO(g)
	

	(d)
	addition of CO2(g)
	
	amount of I2O5(s)
	

	(e)
	removal of I2(g)
	
	amount of CO2(g)
	


Answers:  # 1(a) , no change; (b) , increase; (c) no change, no change; (d) , increase; (e) , increase.

______________________________________________________________________________
2.  Consider the following equilibrium system in a closed container:

Ni(s) +  4 CO(g)     Ni(CO)4(g)          Ho = - 161 kJ

In which direction will the equilibrium shift in response to each change, and what will be the effect on the indicated quantity?

	
	Change
	Direction

of Shift

( ;  ; or no change)
	Effect on

Quantity
	Effect
(increase, decrease, 

or no change)

	(a)
	add Ni(s)
	
	Ni(CO)4(g)
	

	(b)
	raise temperature
	
	Kc
	

	(c)
	add CO(g)
	
	amount of Ni(s)
	

	(d)
	remove Ni(CO)4(g)
	
	CO(g)
	

	(e)
	decrease in volume
	
	Ni(CO)4(g)
	

	(f)
	lower temperature
	
	CO(g)
	

	(g)
	remove CO(g)
	
	Kc
	


Answers: # 2(a) no change, no change; (b) , decrease; (c) , decrease; (d) , decrease; (e) , increase; (f) , decrease; (g) , no change.
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