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Q1 – medium demand – Grade 5
Ammonia is manufactured by the Haber process where nitrogen is reacted with hydrogen by passing the mixture over iron at certain conditions.

(a)

(i)

Complete and balance the equation

                ......(g)      +     .......H2(g)  ž      ...... NH3 (g)
[2]



(ii)

Explain why the mixture is passed over iron.



[1]



(iii) State how heat affects the speed of the reaction between the two reactants - nitrogen and hydrogen.



[1]


(b)
The graph below shows the effect of temperature and pressure on the yield of ammonia produced during 


its manufacture
[image: image1.emf]



(i)
State what happens to the yield of ammonia when:





the pressure increases.



[1]





the temperature increases. 



[1]



(ii)
The graph shows the highest yield of ammonia can be obtained by using a pressure of 500 





atmospheres. Give one reason why this condition is not normally used in industry.




[1]
Q2 – medium demand – Grade 5
The Haber process is used to manufacture ammonia.

Nitrogen gas and hydrogen gas react with each other in the presence of a catalyst.

(a) 

Name the catalyst used in the Haber process.



[1]








(1)

(b) 

Balance the following equation for the reaction

    

 
N2       +       ____ H2      ž       ____ NH3
[2]





(2)

(c) 

This is a reversible reaction. 

    


Explain what is meant by the term ‘reversible reaction’.



[1]








(1)

(d) 

The graph below shows the percentage yield of ammonia at different temperatures and pressures.








(i) 

Use the graph to complete the following sentences:

     


The percentage of ammonia __________ as the pressure increases.

     


The percentage of ammonia __________ as the temperature increases.    
[2]

     (ii) 
Use the graph to find the conditions required to give a yield of 60% ammonia.

     


temperature __________oC     pressure __________ atmospheres
[1]


(1)

     (iii) 
On the graph draw the line you would expect showing the percentage yield of ammonia 




for a temperature of 350oC.
[1]

     











(1)

(e) 

Pressures greater than 500 atmospheres increase the yield of ammonia.

   

 
Suggest two reasons why very high pressures of above 500 atm are not used.



[2]








(2)

(f) 


Temperatures lower than 300oC often give a yield of 100% of ammonia.

    


Suggest a reason why very low temperatures of less than 300oC are not used.



[1]








(1)

(g) 

After reacting the gases with the catalyst a mixture of unreacted nitrogen, unreacted hydrogen 




and ammonia is formed. The boiling points of these three gases are given in the table below.

	gas
	boiling point (oC)

	ammonia
	-33

	hydrogen
	-252

	nitrogen
	-196




Use the information to suggest a method for extracting the ammonia.



[2]







(2)

(h) 

What happens to the nitrogen and hydrogen that leave the process unreacted?

Q3 – High demand – Grade 6+
(a) 

Sulphuric acid is made from sulphur by the contact process.




Sulphur is burned to form sulphur dioxide. This is then changed to sulphur trioxide by 




reacting it with more oxygen. A catalyst is used in this stage of the process.

              2SO2   +   O2    (      2SO3    energy released = -189 kJ

    


 The reverse reaction is

              2SO3   (     2SO2    +    O2
     
What is the energy change for this reaction?



[1]








(1)

(b) 

A catalyst is used because it lowers the activation energy.


(i) 

What is meant by activation energy?



[1]








(1)

     (ii) 
Label the activation energy on the energy level diagram for the formation of sulphur trioxide.
[1]









(1)


(iii) 
What effect does a catalyst have by lowering the activation energy?



[1]





(c) 

The percentage conversion of sulphur dioxide varies with the temperature.

     


This is shown in the graph below:



(i) 

Use the graph to find the percentage of sulphur trioxide produced at a temperature of 575oC.



[1]








(1)

     (ii) 
Calculate the amount of sulphur dioxide converted when 300 tonnes of sulphur dioxide ar reacted with 




oxygen at 575oC.



[2]








(2)

    
(iii) 
Running the process at 300 oC has the advantage of 100% conversion.

         

Suggest one disadvantage of operating at this temperature.



[1]
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