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Student activity
Name 

Class 

Date 



Atom economy

Specification references

· C3.3.2 Atom economy

· MS1a, 1c, 3b
Aims

This activity gives you practice in using balanced equations to calculate the atom economy of some important industrial processes and to compare different ways of manufacturing a particular product.
Learning outcomes

After completing this activity, you should be able to:

· balance simple chemical equations

· state a definition of atom economy

· calculate the atom economy of a reaction to form a desired product from the balanced equation

· explain why using reactions with high atom economy is important

· explain why a particular reaction pathway is chosen to produce a specified product. [image: image45.png]AQA Chemistry .

GCSE




Setting the scene

There are many factors that need to be considered when deciding how successful a particular industrial process is. One factor is the atom economy of the process.
The percentage atom economy can be calculated using the balanced equation for the reaction as follows:
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Questions

1
a
Explain in words what is meant by the term “atom economy”.
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(1 mark)


b
Explain why it is important for an industrial process to have a high atom economy. 
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(1 mark)

2
When calcium carbonate is heated it decomposes to form calcium oxide and


carbon dioxide. This reaction can be represented by the following equation:
CaCO3(s) ( CaO(s)  CO2(g)


This reaction is used in industry to produce calcium oxide, which is used in the building trade to make cement.

a
Calculate the Mr of CaCO3 and CaO.
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(1 mark)


b
Calculate the percentage atom economy for the production of calcium oxide. 
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(1 mark)


c
Explain why the atom economy is less than 100%. 
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(1 mark)

(Ar values: Ca  40, O  16, C  12)
3
When lead dioxide is heated with hydrogen, the following reaction occurs:
PbO2(s)  2H2(g) ( Pb(s)  2H2O(g)


This reaction can be used to extract lead from its oxide.


a
Work out the Mr of PbO2 and H2 
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(1 mark)


b
Calculate the percentage atom economy for the production of lead.
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(2 marks)


c
Lead can also be extracted from lead dioxide using carbon instead of hydrogen:

PbO2(s)  C(s) ( Pb(s)  CO2(g)



Calculate the percentage atom economy for the production of lead using this method.



[image: image18]


[image: image19]


[image: image20]
(2 marks)


d
Which method is better in terms of atom economy? 
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(1 mark)


e
State two other factors that are important in deciding which process is best.
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(2 marks)

(Ar values: Pb  207, C  12, O  16, H  1)

4
The manufacture of ethanol (C2H5OH) is a very important industrial process. It can be made in several ways.


One way is by fermentation of glucose (obtained from crops) using yeast. This process occurs at 37 °C and has a low percentage yield.

Another way is by hydration, which involves reacting ethene (obtained from crude oil) with steam. This process occurs at high temperature and pressure and has a high percentage yield.


a
The equation for fermentation is:



C6H12O6 ( 2C2H5OH  2CO2


Glucose       Ethanol



Calculate the atom economy for the production of ethanol by this process.
(2 marks)


b
The equation for the reaction of ethene with steam is:



C2H4  H2O ( C2H5OH



Ethene            Ethanol


Calculate the atom economy for the production of ethanol by this process.
(2 marks)


c
In terms of atom economy, state which reaction is preferable.
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(1 mark)


d
State two advantages of using the fermentation method for the manufacture of ethanol.


[image: image27]


[image: image28]


[image: image29]
(2 marks)


e
State two disadvantages of using the hydration of ethene method for the manufacture of ethanol.
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(2 marks)


f
Draw up a table summarising the advantages and disadvantages of the two processes.
(6 marks)

(Ar values: H  1, O  16, C  12)
Student follow up
You will be studying three important industrial processes: the Haber process for the manufacture of ammonia, the electrolysis of aluminium oxide to produce aluminium, and the reduction of iron oxide with carbon to produce iron.

Look up each of these processes and write the balanced symbol equation for each one.
Then use the method described above to calculate the atom economy for each process.
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(9 marks)
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