Questions about Bolivian Bonanza 2011.
Lithium-ion batteries for cars
1. Give three advantages which lithium-ion batteries have over nickel-metal   hydride batteries.

2. What are lithium-ion batteries already used in?

Meeting lithium demand
3. What is the formula of lithium carbonate? (Li+ and CO32- are the ions involved)
4. What is the relative formula mass of lithium carbonate? (Use the numbers at the top of the boxes in the Periodic Table)
5. What percentage of lithium carbonate is made up of lithium?
6. What mass of lithium is there in 420 000 tonnes of lithium carbonate?

7. How much lithium carbonate is needed for a small lithium-ion battery used in a hybrid car? (Use the article)
8. At today’s prices, how much does a tonne of lithium metal cost? (Use the article)
Extraction of lithium
9. Complete this diagram to show what happens when lithium and chlorine react together:
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Match the properties to the explanation using lines:

	Property
	
	Explanation

	Lithium chloride crystals are always shaped like a cube
	
	The bonds are weak and need  a lot of energy to break them

	Lithium chloride has a high melting point and boiling point
	
	The ions are arranged in a regular way

	Lithium chloride solution conducts electricity
	
	A lot of energy is needed to break the strong ionic bonds

	If you melt lithium chloride, the liquid conducts electricity
	
	The ions are free to move around

	Solid lithium chloride doesn’t conduct electricity
	
	The ions aren’t free to move around


11. Explain why, when extracting the lithium chloride, it is preferable to allow the water to evaporate naturally rather than by heating it, even though the process is slower.

12. Lithium metal will be extracted from molten lithium chloride by electrolysis. This is a very energy intensive process. Explain why.


13. 
Look at the diagram above. Which electrode are lithium ions attracted to and why?  
14. Complete the ionic equation to show what happens to lithium ions at the electrode.   Li+ (l)  +  ……….   →    ………..                    

15. What is produced at the other electrode?                                         

16. Write an ionic equation for this reaction.                                              

17. Explain why the lithium chloride has to be melted before  electrolysis.  
18. 2LiCl ( 2Li + Cl2   This is the overall equation for the electrolysis of lithium chloride. If the only useful product was lithium, what is the atom economy as a percentage? In fact the chlorine produced is also sold – what effect will this have on the atom economy which you have calculated?
19. What mass of lithium is the theoretical yield from 8.5 million tonnes of lithium chloride?

20. Chlorine gas is made in the electrolysis of lithium chloride, what hazard is associated with chlorine?
21. Give two uses of chlorine.

Environmental problems

22. In Bolivia, lithium chloride deposits are found under large, flat plains of land. If the lithium chloride ore is going to be widely used then mining companies may decide to mine the ore. Describe the possible environmental impact of lithium chloride mining.  
23. Widespread use of electric cars powered by lithium ion batteries would reduce air pollution in city centres. Explain why electric cars would not be true zero-emission vehicles.
24. Lithium compounds are extremely toxic, so the materials in lithium-ion batteries need to be recycled rather than disposed of in landfill. Give another reason why recycling is preferable.  
Properties of lithium                                                                  

25. Describe how lithium is stored. 
26. What safety precautions should you take if adding lithium to water?

27. Draw a lithium atom, labelling its protons, neutrons and electrons.
28. Write the electron configuration of a lithium atom and a lithium ion.
29. Write the symbol for a lithium ion and explain why it forms this ion.
30. Why is Group 1 called the alkali metals?
31. What do the elements in Group 1 have in common?

32. Balance this equation for the reaction of lithium with oxygen in the air and add the state symbols.     _ Li (  ) +  O2 (  )  ( _ Li2O (  )
33. Balance this equation for the reaction of lithium with water and add the state symbols.           _Li (  )  +  _ H2O (  )  (  _ LiOH (  )
34. Draw arrows showing how the atomic number, reactivity and hardness of the alkali metals varies going down the group:

        Li
        Na
        K
        Rb
        Cs

34. Potassium is much more reactive than lithium. Explain why. Refer to the electron structure of the elements in your answer.                                                                                                       
Bolivian Bonanza

This is mostly stuff from C5, but also a little from C4 and C6. Likely topics for questions:

· Calculating amount of metal from ore

· Electrolysis and why it is carried out only on certain metals

· Environmental consequences of mining

· Ionic structure and why electrolysis only works when molten/in solution

· Atomic structure and properties of group 1 metals and their reactions (writing equations)

Questions

1. Draw a lithium atom, labelling its protons, neutrons and electrons.

2. Write the electron configuration of a lithium atom and a lithium ion.

3. Write the symbol for a lithium ion and explain why it forms this ion and not another.

4. Write a word equation and a balanced symbol equation with state symbols for the reaction of lithium with oxygen.

5. Describe how lithium should be stored safely.

6. Draw arrows showing how the reactivity, density, melting point and hardness of the alkali metals varies going down the group:

        Li
        Na
        K
        Rb
        Cs

7. What are the formulae of lithium chloride and lithium carbonate?

8. Describe the bonding in solid lithium chloride.

9. Explain why, when extracting the lithium chloride, it is preferable to allow the water to evaporate naturally rather than by heating it, even though the process is slower.

10. The resulting salt is, on average, 65%
 lithium chloride. The rest is other salts. As the water evaporates, each salt forms in a separate layer above the previous one. Explain why this happens.

11. Calculate how much lithium metal could be obtained from 1 tonne of the extracted solid salt.

12. Explain why the lithium chloride must be molten before electrolysis can take place.

13. Electrolysis would also work with the concentrated solution, but this is not done. Explain why.

14. Draw a fully-labeled diagram showing the electrolysis of lithium chloride. Draw ions being attracted to the correct electrodes.

15. Write equations showing what happens at each electrode.

16. Explain this statement: “Battery-powered cars are pointless. The air pollution petrol cars produce will still be made, only it will be produced elsewhere”.

17. Draw a life cycle for a lithium-ion battery, from “cradle to grave”, assuming it is not recycled.

18. Add an arrow to your cycle, showing the point where recycling would occur.

19. List all the pollution problems lithium mining could cause (refer to your life cycle diagram). Then suggest a solution for each.
Properties of Lithium

1) A chemistry teacher wants to demonstrate the reaction of lithium, sodium and potassium in water. 

a) Describe how the lithium is stored.                                                    (1 mark)

b) The teacher first adds a small piece of lithium to water. There is some fizzing and the lithium dissolves in the water. Write a balanced symbol equation for the reaction between lithium and water.                                                                                                       (3 marks)

The teacher then reacts sodium and potassium in the water. Potassium is much more reactive than lithium. Explain why. Refer to the electron structure of the elements in your answer.                                                                                                           

Calculations

1) A mining company has produced 400 tonnes of lithium chloride. What mass of lithium can they produce from this?  (Relative atomic masses  Li 7,  Cl 35.5)              (3 marks)

2) The lithium produced by electrolysis has to be converted into lithium carbonate. The formula for lithium carbonate is Li2CO3  .  

      If you have a 100 kg of lithium carbonate, what mass of lithium will be present? 

      (Relative atomic masses    Li 7, C 12, O 16)                                            (3 marks)

Environmental problems

2) In Bolivia lithium chloride deposits are found under large, flat plains of land. If the lithium chloride ore is going to be widely used then mining companies will set up large scale processing plants.

Describe the possible environmental impact of lithium chloride mining.   (3 marks)

3) Widespread use of electric cars powered by lithium ion batteries would reduce air pollution in city centres. Explain why electric cars would not reduce the overall level of carbon dioxide emissions into the atmosphere.                                                                    (2 marks)

Extraction of Lithium

4) a)   Lithium metal will be extracted from molten lithium chloride by electrolysis. This is a very energy intensive process. Explain why.                                      (2 marks)


b)  Look at the diagram above. Which electrode are lithium ions attracted to?       

(1 mark)

c) Complete the ionic equation below to show what happens to lithium ions at the electrode.

Li+ (l)  +  ……….   →    ………..                    (3 marks)

d) What is produced at the other electrode?                                         (1 mark)

e) Write an ionic equation for this reaction.                                              (3 marks)

f) Explain why the lithium chloride has to be melted before it can be electrolysed.  (3 marks)
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� I have made this up.





