CHAPTER 7.3: QUALITATIVE CHANGES IN EQUILIBRIUM SYSTEMS

Many chemical reactions can go in two directions, both forward and backward.  At first only the forward reaction occurs since there are no product molecules formed yet.  As time goes by, the concentration of the reactants decrease and so does the rate of the forward reaction.  However, the concentration of the products increases and so the rate of the reverse reaction increases.  Eventually, the rate of the forward reaction becomes equal to the rate of the reverse reaction and we say chemical equilibrium has been established.  Equilibrium is recognized by the fact that all observable macroscopic properties remain constant: ex) colour intensity, pressure, concentration of reactants and products.

Consider the reaction:       

                         N2O4 (g)  +   58 kJ/mole of heat    <=>      2 NO2 (g)
                    Colourless gas                                            brown gas

The above reaction can be made to go either to the left or to the right by simply changing the temperature.  If heat is added (temperature goes up) the reaction shifts to the right to use up the heat.  Therefore, more NO2 (g) is formed and the tube gets a darker brown colour.  

If the temperature is decreased (heat is removed) the equilibrium shifts to the left.  More N2O4 (g) is produced and the tube becomes a lighter brown colour.  As long as the temperature remains constant, the colour intensity remains constant.  This indicates a state of dynamic equilibrium is present.  The overall concentrations of NO2 (g) and N2O4 (g) are constant.  It is found that the reaction is still taking place but for every molecule of N2O4 (g) used up, two molecules of NO2(g) react to form 1 molecule of N2O4 (g).  this, we use the word dynamic equilibrium to indicate that the forward and reverse reactions have not stopped at equilibrium, just that the two rates are equal.

Observe figure 2 and 3 on page 451.

Le Chatelier’s Principle:

· If a stress is brought upon a system at chemical equilibrium, the system will shift in such a way as to minimize or offset the stress.

               Eg:    2 HI (g)  +  energy  <=>   H2(g)  +  I2(g)
· If heat is added (i.e. temperature increases) then the system will shift in such a way as to use up this heat.  Therefore, the reaction shifts right to use up energy (heat) and relieve the stress (added heat).

Factors that can Affect Chemical Equilibrium:

1. Temperature:  Consider the reaction:

                            2 HI (g)  heat <=>  H2 (g)  +  I2 (g)  

· If the temperature increases, the rxn shifts to the right. 

· This means the rate of the forward rxn becomes greater than the rate of the reverse rxn and more products are formed.

· The temperature decreases, the rxn shifts to the left and more reactant is produced.

· This is because the rate of the reverse rxn slows down less than the rate of the forward rxn.

· Eventually, a new equilibrium state will be established.

· Increasing the temperature increases the rate of both the forward and reverse rxns but not to the same extent.

· An endothermic reaction ( ΔH +ve ) is favoured at higher temperatures i.e. if one increases the temperature of an endothermic rxn, both the forward and reverse rxns will speed up but the forward rxn (i.e. the endothermic one) speeds up more than does the reverse rxn.

· Just why the forward rxn speeds up more than the reverse rxn is difficult to explain.

· A somewhat simplified explanation follows:  All substances react in such a way as to achieve a state of minimum potential energy or enthalpy.  Therefore, if the temperature is high and the surroundings have a large amount of energy, it is difficult for an exothermic reaction to occur since energy must be released and the surrounding molecules already have a good deal of energy.  Therefore, the endothermic rxn is favoured in which energy is taken from the surrounding molecule.
2. PRESSURE:  
· A second factor that can affect chemical equilibrium is a change in pressure on gaseous systems caused by a change in the volume of the container.

· Consider the reaction:     

                           2 NO2(g)   <=>  N2O4(g)  +  heat

                           brown             colourless

· Consider this reaction is occurring in a cylinder with a moveable plunger like a syringe.

· If the volume increases by pulling the plunger up then the equilibrium will shift to the left to the side of more moles to produce more NO2(g).

· Therefore, the pressure is somewhat brought back up as more molecules are produced in the cylinder.

· Therefore, the stress (a decrease in pressure) is relieved.

· Le Chatelier’s principle would say an increase in volume causes a lowering of pressure since there are less moles/L of molecules i.e. the concentration of all molecules decreases.

· If the reaction shifts to the left, more moles of molecules will be produced since 1 mole of N2O4(g) make 2 moles of NO2(g).

· The concentration and pressure is brought back up.

· Conversely, if the volume decreases by pushing the plunger down, the pressure increases as the concentration of all the molecules increases since there is less volume.

· This stress can be relieved if the rxn shifts to the side of fewer moles.

· Therefore, the rxn shifts to the right and more N2O4(g) is produced.

· However, in the rxn:  

                    2 HI(g)  +  heat  <=>  H2(g)  +  I2(g)
· A change in volume would not cause a shift since there are 2 moles of molecules on both sides.

· If the volume is decreased from 1.0 L to 0.5 L, then the concentration of both reactants and products will double.

3. CONCENTRATION:

· Concentration is a third factor that can cause a system at equilibrium to shift.  

· Consider the rxn:   

                           N2(g)  +  3 H2(g)  <=>  2 NH3(g)  + 92.4 kJ

· If more N2(g)  or H2(g)  is added, then the rxn will shift to the right since the rate of the forward rxn will be greater than the rate of the reverse rxn.

· This is because there will be more collisions occurring between the H2 (g) and the N2(g) molecules.

· Therefore a faster rate.

· If we increase the concentration of the NH3(g) than the rxn shifts to the left as the rate of the reverse rxn becomes greater than the rate of the forward rxn.

· Again this is due to more collisions between the NH3(g) molecules.

· Le Chatelier’s Principle would simply say the rxn or equilibrium shift left to use up some of the added NH3(g) molecules and relieve the stress.

· The stress being the addition of the NH3(g).

CHANGES THAT DO NOT AFFECT THE POSITION OF EQUILIBRIUM SYSTEMS:

1. Adding a Catalyst:

· Catalysts are not considered to be a stress on an equilibrium system.

· They do not cause a shift in the equilibrium but only allows the equilibrium to be established sooner.

· It does not change the concentrations of the reactants or products at equilibrium.

· A catalyst lowers the EA for the rxn so that it reaches equilibrium sooner.

2. ADDING AN INERT GAS:

· Adding a gas while keeping the volume constant can change the pressure of a gaseous system at equilibrium.

· If the gas is inert in the system, the equilibrium position of the system will not change.

· We can explain this by turning to rate theory: the presence of the inert gas changes the probability of successful collisions for both the reactants and products equally, resulting in no shift in the equilibrium system.

· Read: Summary: Variables Affecting Chemical Equilibrium page 456.

· Do Practice: Page 457  # 1, 2, 3, 4

· Do questions page 459-460  # 2, 3, 6, 10

