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Unit 3: Chemistry in Society
Key Area: Equilibrium 

Student Notes

	Name
	

	Class
	


Reversible Reactions

In a chemical reaction, r_________ are changed into p_________. Some reactions cannot be reversed, e.g. boiling an egg or wool growing on a sheep. 

However, some reactions are r___________. This means that the products can be converted back into reactants. 

Reversible reactions are shown using a double arrow, ⇌
e.g. A + B ⇌ C + D
In a _________ reaction the forward reaction and ________ reaction occur at the same time and the reaction mixture will contain both ___________ and __________. 

Dynamic Equilibrium

Consider the reversible reaction:

A + B ⇌ C + D
At the beginning of the reaction the reactants A and B are at their ______ concentrated. As the forward reaction proceeds, A and B will be used up. This means that concentrations of A and B are __________ and therefore the rate of the forward reaction also ___________. As the forward proceeds, products __ and __ will start to form and their concentrations will start to increase.
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Products C and D are not present at the start of the reaction, so at the beginning of the reaction the rate of the reverse reaction is zero. This means that the rate of the reverse reaction __________. When the rate of the forward reaction decreases, the rate of the reverse reaction increases until a balance point is eventually reached. 
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At this balance point, the rate of the forward reaction is equal to the rate of the reverse reaction. This balance point is called ____________.
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Changing Equilibrium Position

Although the rates of the forward and reverse reaction are the same when equilibrium is reached, this does not mean the concentration of reactants and products are the same. 

The position of equilibrium can be changed by:

· ________________
· ________________
· ________________
Temperature and Equilibrium
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N2O4                 ⇌           2NO2    ∆H = +ve

dinitrogen tetraoxide              nitrogen dioxide

(pale yellow)                          (brown)
Increasing the temperature will cause the equilibrium to move to lower the temperature and favour the ____thermic reaction. The forward reaction takes in energy so the equilibrium moves to the right producing more NO2 and less N2O4. So the colour becomes ________.
Decreasing the temperature will cause the equilibrium to move to raise the temperature and favour the ____thermic reaction. The reverse reaction gives out energy so the equilibrium moves to the _____ producing more N2O4 and less NO2. So the colour becomes lighter
A mixture of cobalt chloride and concentrated HCl sets up the following equilibrium: 
Co(H2O)6 2-       +  4Cl-        ⇌            CoCl4 -       +     6 H2O             ∆H = +ve
          pink                                           blue

If the temperature is increased the equilibrium will favour the forward reaction because that will lower the temperature. The equilibrium shifts to the right, therefore the solution becomes _______ in colour. 
If the temperature is reduced the equilibrium will favour the reverse reaction because that will increase the temperature. The equilibrium shifts to the left, therefore the solution becomes ______ in colour. 
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Concentration and Equilibrium

Consider the following reaction at equilibrium
A + B  ⇌  C + D
An increase in concentration of A or B will speed up the ________ reaction, thus increasing the concentration of C and D.
A similar effect can be achieved by reducing the _____________ of C or D.
A mixture of cobalt chloride and concentrated HCl sets up the following equilibrium: 
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Adding extra Cl- ions forces the equilibrium to try to remove these. The forward reaction is favoured because this uses up chloride ions.
The equilibrium has moved to the _______ so the solution becomes blue in colour.
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Figure 5 Equilibrium and pressure

The results are shown in Table 1.
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Pressure and Equilibrium

Changes in pressure only affect the position of equilibrium if a gas or gases are present. 
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Consider the following equilibrium:

N2O4                     ⇌             2NO2
dinitrogen tetraoxide                 nitrogen dioxide

(pale yellow)                          (brown)
1  mol                                       2 mol

fewer particles                           more particles
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 Lower pressure                  [image: image2.jpg]


 Higher pressure

Increasing the pressure will cause the equilibrium to move to __________ the pressure.The equilibrium will move to reduce the number of gas particles.

The equilibrium moves to the ______ producing more N2O4 and less NO2 as there are fewer moles, so the colour lightens.
Decreasing the pressure will cause the equilibrium to move to increase the pressure. The

equilibrium will move to __________ the number of gas particles.
The equilibrium moves to the right producing more ______ and less ______ so the colour darkens.



Catalysts and Equilibrium

Consider the reversible reaction:

A + B ⇌ C + D
If a catalyst is added, the rates of both the forward and reverse reactions will be increased. 
A catalyst speeds up a reaction by lowering the ___________ _________. However, in a reversible reaction it reduces the activation energy for both the _________ and reverse reactions by the same amount. Thus, a catalyst speeds up ______ the reactions to the same extent. 

The use of a catalyst does not change the position of equilibrium it only enables the position of equilibrium to be reached more ________.



Key Area Questions

1. An important feedstock in the chemical industry may be obtained from methane and steam as shown as below:

CH4(g)  +  H2O(g)       [image: image3.png]


     CO(g) + 3H2(g)        (H = +206 kJ mol-1
Which of the following conditions is likely to give the best yield of product at equilibrium?

A
  low temperature, low pressure

B
  low temperature, high pressure

C
  high temperature, low pressure

D
  high temperature, high pressure

2.
In a reversible reaction, equilibrium is reached when:

A
molecules of reactants cease to change into molecules of products

B
the concentrations of reactants and products are equal

C
the concentrations of reactants and products are constant

D
the activation energy of the forward reaction is equal to that of the reverse reaction

3.
In which of the following systems will the equilibrium be unaffected by a change in pressure?  

           A  
2NO2(g)  [image: image4.png]



 N2O4(g)
B
 H2(g)  +  I2(g) [image: image5.png]


  2HI(g)
C
 N2(g)  +  3H2(g) [image: image6.png]


  2NH3(g)
D
 2NO(g)  +  O2(g) [image: image7.png]


 2NO2(g) 

4. Which entry in the table shows the effect of a catalyst on the reaction rates and position of equilibrium in a reversible reaction?

	
	Rate of forward

reaction
	Rate of reverse

reaction
	Position of

equilibrium

	A
	increased
	inchanged
	moves right

	B
	increased
	   increased
	unchanged

	C
	increased
	decreased
	moves right

	D
	unchanged
	unchanged
	unchanged


5. Nitrogen dioxide gas can be prepared in different ways.
 It is manufactured industrially as part of the Ostwald process. In the first stage of the process, nitrogen monoxide is produced by passing ammonia and oxygen over a platinum catalyst.

NH3(g) + O2(g)  →  NO(g) + H2O(g)
(i) Balance the above equation.






   (1)

(ii) Platinum metal is a heterogeneous catalyst for this reaction.

    

What is meant by a heterogeneous catalyst?



   (1)
(iii) The nitrogen monoxide then combines with oxygen in an exothermic reaction to form nitrogen dioxide.

2NO(g) + O2(g)
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   2NO2(g)
What happens to the yield of nitrogen dioxide gas if the reaction mixture is cooled?  (1)
6. In industry, the reaction of nitrogen with hydrogen produces ammonia.

N2(g) 3H2(g) 
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      2NH3(g)
(a) Explain what will happen to the position of equilibrium if the pressure is increased.(2)
(b) What will happen to the position of equilibrium if the reaction is carried out over a catalyst?(1)

(c) In industry, the reaction does not attain equilibrium.  Give one feature of the operation conditions which leads to the Haber Process not reaching equilibrium.    (1)

Beath High School


Chemistry Department





Higher Chemistry


Unit 3 Chemistry in Society





A + B





C + D





A + B





C + D





Equilibrium: This is when the rate of the forward reaction is equal to the rate of the reverse reaction in a reversible reaction. 
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(endothermic)





To explain the effect of temperature on equilibrium we need to know which reaction is endothermic and which is exothermic. 


Increasing temperature favours the endothermic reaction and decreasing temperature favours the exothermic reaction. 
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Co(H2O)62+  + 4Cl-  ⇌  CoCl42- + 6H2O Δ +ve   





Increasing the concentration of reactants makes equilibrium shift to the right.





Decreasing the concentration of reactants makes equilibrium shift to the left. 





Increasing the concentration of products makes equilibrium shift to the left.





Decreasing the concentration of products makes equilibrium shift to the right.
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For the effect of pressure on equilibrium, we must have gases in the reaction





As you increase pressure, equilibrium moves in the direction which has the lower number of moles of gas.  
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A catalyst has no effect on equilibrium.  
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