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DO NOT WRITE ON THIS BOOKLET
Chemistry Literacy Skills
National 4 and 5

Unit 3 – Chemistry in Society
Skills developed:
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It is vital in chemistry you have opportunities to use, develop and consolidate literacy skills. Literacy skills are not only transferable, but are essential to success in chemistry.
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Properties of Metals (Nat 4)

The information in the table has been mixed up copy and complete the table rearranging the properties and uses to match the correct metal.

	Metal
	Property
	Use

	Aluminium


	●
Liquid at room temperature
●   Good electrical conductor
	Electrical tilt switch that connects or disconnects a circuit as it is tilted



	Gold


	●
Unreactive

●
Malleable

●   High density


	Car body

	Iron


	●
Low density

●
Strong

●
Quite expensive


	Jewellery 



	Copper
	●   Good electrical conductor

●
Unreactive 

●   Soft, ductile and malleable
	Flashings on homes to keep rain out at joins between walls and roofs

	Mercury
	●
Strong

●
Malleable

●   Cheap
	Water pipes, electrical cables 



	Lead
	●
Very unreactive

●
Very attractive (lustrous)

●
Malleable

●   Very expensive
	Aircraft bodies




Reactions of Metals (Nat 4) 
[image: image39.wmf]1
The diagrams below show two of the alkali metals reacting with water.
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a 
Which is the most reactive, metal X or metal Y? Explain your answer.

b 
Metal Y is potassium. Which metal do you think metal X might be?
c 
What do you think will happen if you put a piece of caesium in water? Explain your answer.

2
There is a flame above the potassium that is reacting with water. What is burning?

3 
Universal indicator was put into the water before the metals were added.
a 
What colour would it be before the metals were added? Explain your answer.
b 
What would happen to the colour as the reaction took place? Explain your answer.
4 
Copy and complete these word equations to show what happens when lithium and sodium react with water.



lithium + water ( lithium hydroxide + 






sodium + 

 ( 

 

  + hydrogen

4 The alkali metals react with oxygen to form metal oxides. If you cut a piece of lithium, the shiny surface will become 'cloudy' within a few minutes as a layer of lithium oxide (Li2O) forms on the metal surface. 

 
a) 
Explain why the alkali metals are stored in oil.

b) 
Suggest how long it will take sodium oxide to form if a freshly cut surface of sodium is exposed to the air. Explain your answer.
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Electrolysis (Nat 5)
1. The metals of Group 1 and 2 are extracted by electrolysis of their molten chlorides.
a) What is meant by ‘electrolysis’?

b) Write ion-electron equations for the reactions taking place at the electrodes during the electrolysis of molten sodium chloride, adding oxidation or reduction after the appropriate equation.

2. During the electrolysis of molten zinc(II) chloride, zinc metal is formed at the negative electrode and chlorine gas at the positive electrode.
a) Write an ionic formula for zinc(II) chloride.
b) Give ion-electron equations for the reactions taking place at 


i) the negative electrode


ii) the positive electrode


iii) at which electrode is oxidation taking place


iv) at which electrode is reduction taking place

3.
a) When brine (water containing salt (NaCl) is electrolysed, what products are formed? 

b) What ions are present in brine? 
c) What will be produced at the positive electrode?
d) What will be produced at the negative electrode?
e) Why is hydrogen gas produced? 
f) What is the test for hydrogen gas? 
g) Explain in detail the electrolysis of brine, stating what is observed, what is produced and why those products are formed. Write in full sentences, good English, using scientific language.
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Metals and Bonding (Nat 5)
1. Which part of the periodic table contains the transition metals?
2. Look at the statements below. 
A
Conduct electricity
B
Form coloured compounds
C
Have high melting and boiling points
D
Hard

a)
Which statements show the properties of all metals?

b)
Which statements show the properties of transition metals?
3. These statements are about metals and metallic bonding. Some of them include mistakes. 

Decide if the statement is true or false.


If a statement is not correct, change it so that it is correct.

	a) Metal atoms all need to lose one electron to get a full outer shell.

	b) The electrons in metals can move around in between the ions.

	c) A metal is a layer of negative ions in a ‘sea of electrons’. 

	d) The layers of ions in a metal can move over each other.

	e) When a voltage is applied to a metal, all the ions move.


4. Use your correct or corrected statements to answer the following questions. Write the letters for the sentences in the correct order.

a) Why do metals conduct electricity?

b) Why are metals malleable?
Alloys (Nat 4)

Copy and complete the passage

Pure iron is ________  and easily shaped. This is because its atoms are arranged in a regular way that lets layers of atoms ________over each other. Pure iron is too soft for many uses. The ___________ of a metal are changed by including other elements, such as ___________. A mixture of _________or more elements, where at least one element is a metal, is called an____________. These contain atoms of different sizes, which distort the regular arrangements of atoms. This makes it more ___________ for the layers to __________ over each other, so alloys are __________ than the pure metal.

properties

two
steel

slide

harder 
 carbon
difficult


soft

alloy

Titanium (Nat 5)
Titanium is a silvery white metal, which is very strong and resistant to corrosion.  Like aluminium it has an oxide layer which makes it resistant to corrosion.  It is more dense than aluminium but less dense than other transition metals.  

Titanium has a very high melting point, about 1660oC, so we can use it at very high temperatures.
Uses

Instead of steel and aluminium in the bodies of high performance aircraft and racing bikes because of its low density and strength.

In nuclear reactors due to its ability to stand up to high temperatures and replacement hip joints due to its ability to not corrode.

Now answer the following questions

1. Give three reasons why titanium is such a useful metal.

2. Why is titanium resistant to corrosion?

3. Why is titanium a very expensive metal?

4. Why do we not make titanium by electrolysis?

5. Why do we have to make titanium in an atmosphere without air?
Reactivity of Metals (Nat 4/5) 


Questons 1, 2, and 3 refer to the following metals

A silver

B potassium

C lead

D zinc

1. Which metal is most likely to be found uncombined?
2. Which of these metals can displace copper from copper(II) sulphate solution, but cannot displace iron from iron(II) sulphate solution?
3. Which metal cannot displace hydrogen from dilute hydrochloric acid? 
4. The results of experiments with the metals A, B, C and D are shown below: 


	Metal
	Reaction with cold water
	Reaction with dilute acid

	A
	No reaction
	Hydrogen formed

	B
	Hydrogen formed
	Hydrogen formed

	C
	Very slow reaction
	Hydrogen formed

	D
	No reaction
	No reaction


a) Use the information in the table to give the order of reactivity of the four metals, least reactive first. 

b)  Suggest a name each for the metals A, B, C and D.

5. A pupil carried out an experiment on potassium oxide, tin oxide and mercury oxide. On heating the three metal oxides it was found that one decomposed to form the liquid metal and oxygen gas. On heating with carbon, one of the other metal oxides reacted to form the metal.

a) Which metal oxide would decompose on heating alone?

b) Which metal oxide would decompose on heating with carbon?

c) Suggest a method of extracting the final metal from its oxide.
6. Of three metals X, Y and Z, only X must be extracted from its ore using electrolysis. Y and Z can be extracted from their oxide ores by heating their oxide ores with carbon. When Y and Z are added to dilute acid Y does not react and Z fizzes. The order of these metals in the reactivity series is

A XYZ

B XZY

C ZXY

D YZX

7. When magnesium is added to copper sulphate solution, the ribbon starts to break up at the surface, a brown solid forms, and the solution eventually becomes colourless. Explain this observation.
8. The table shows part of the reactivity series of metals:  
most reactive
potassium



sodium




calcium



magnesium



aluminium



zinc



iron



nickel



lead



copper



silver

           least reactive

gold

a) Metals are extracted from ores.  What is an ore? 

b) Metals are usually extracted by heating them with carbon or by electrolysis.

c) Predict which method is used to extract each of the following metals:

i) magnesium
ii) lead            
iii) gold            
d) Iron could be extracted from iron oxide by electrolysis or heating with carbon.  Why is heating with carbon the preferred method?

9. Many metals burn when heated in oxygen, combining with it to form a metal oxide.


a) What is substance X used to supply oxygen?

b) How can this and other reactions be used to place the metals in order of reactivity?

c) What important factor relating to the metals must be kept the same to make this a fair test.

10. A pupil carried out an experiment with iron oxide, sodium oxide and silver oxide. On heating the three metal oxides, it was found that one decomposed to form the metal and oxygen gas. On heating with carbon, one of the two metal oxides reacted to form the metal.

a) Which metal oxide would decompose on heating alone?

b) Which metal oxide would react to form the metal when heated with carbon?
d) Suggest how the final metal could be extracted from its metal oxide.
Metal Ores and Extraction of Metals (Nat 4)


Write a question to match the answer.

1. Silver and gold

2. Naturally occurring compounds containing metals

3. Blast furnace

4. Coke, iron ore and limestone

5. Slag

6. Carbon monoxide

7. Heating Mercury oxide

8. Metal + oxygen
9. Heating with carbon

10. Metal + carbon dioxide
11. Electrolysis

12. Electricity was not discovered until the last century

13. Reduction

Reactions of Metals (Nat 5)


1. Which of the following metal oxides is most easily reduced to the metal?
A iron(III) oxide

B tin(II) oxide

C zinc(II) oxide

D lead(II) oxide

2. Iron is extracted from its ore in a blast furnace from iron(III) oxide ore in a blast furnace which is fed with the ore, coke and limestone at the top, while a blast of air enters at the bottom. Most of the reduction to iron is brought about by the reaction with carbon monoxide.
a) Explain how carbon monoxide is formed in the blast furnace.

b) Write a balanced equation for the reaction of iron(III) oxide with carbon monoxide.

c) Why is limestone fed into the blast furnace?

3. This is the balanced ionic equation for the reaction of potassium with water.



2K(s) +2H2O(l) ( 2K+OH-(aq) + 2H2(g)

Write balanced ionic equations for the reactions of the following alkali metals with water:
a) 
lithium                b) rubidium

4. This is the balanced ionic equation for the reaction of potassium with oxygen.

4K(s) +O2(g) ( 2(K+)2O2-(s)

Write a balanced ionic equation for the reaction of the following metals with oxygen:
a) 
magnesium               b) aluminium

5. This is the balanced ionic equation for the reaction of potassium with hydrochloric acid.



2K(s) +2H+Cl-(aq) ( 2K+Cl-(aq) + H2(g)

Write balanced ionic equations for the reactions of the following metals with acid:
a) 
magnesium + sulphuric acid              b) nitric acid + sodium

6. A piece of zinc is added to copper(II) chloride solution
a) State what happens

i)   to the piece of zinc

ii)  to the copper(II) ions

iii) to the colour of the solution

b) write ion-electron equations for the oxidation and reduction reactions
c) combine the ion-electron equations to give the redox equation.

7. When copper metal is placed in colourless silver nitrate solution, the solution turns blue in colour and due to the formation of copper(II) ions and crystals of silver form on the copper.
a) Write a word equation for the reaction taking place

b) Write a balanced ionic equation, complete with state symbols.
c) Name the spectator ion in the reaction and rewrite the equation omitting the spectator ions.

8.  Reactive metals react with acid to form salt and hydrogen.
a) Which metals relative to the position of hydrogen in the electrochemical series can displace hydrogen from an aqueous solution of an acid?
b) Write a balanced ionic equation, complete with state symbols for the reaction between zinc metal and hydrochloric acid forming zinc(II) cloride.

c) State what type of reaction is taking place

d) Name the spectator ion in the reaction and rewrite the equation omitting the spectator ions.

9. Louise put a copper coin into silver nitrate solution. The coin turned grey.

a) Write ion-electron equations for the oxidation and reduction reactions

b) Combine the ion-electron equations to give the redox equation.

10. A student carried out a series of experiments involving the displacement of one metal by another. Four different metals were used two of them, P and Q were from unlabelled bottles. Each metal was placed, in turn, in various salt solutions. The results are shown below a tick indicated a reaction took place a cross shows no reaction occurred.
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a) Suggest names for metals P and Q which would give the results shown in the table.
b) What would have been the colour of the solution after the copper had reacted with the silver nitrate solution?

c) For this reaction write the balanced ionic equation. 

d) Name the spectator ion and rewrite the equation emitting the spectator ions.

11. Complete the word equations for each reaction 

a) manganese dioxide + carbon →
____________   +  ____________ dioxide

b) copper oxide + ____________  →  carbon dioxide +  ____________

c) iron + carbon monoxide  → ____________  + ____________  ____________

d) Circle the reducing agent in each of the above reactions.
12. Write oxidation and reduction half equations and then combine them to form redox equations for the following chemical reactions:

a) zinc added to silver nitrate solution.

b) iron(III) nitrate added to potassium iodide solution.

Alloys (Nat 4)
Pure iron is too soft to be useful as a building material.  Steel is iron with small amounts of carbon added.   Alloy steels are made by mixing iron or steel with other metals.  Different steels have different properties and so are suitable for different uses.

	Type
	What it contains
	Properties
	Relative cost

	pure iron
	iron
	soft and weak
	low

	steel (low carbon)
	iron

+ about 0.1% carbon
	harder and stronger than iron but easily shaped
	low

	steel (high carbon)
	iron

+ about 1% carbon
	harder but more

brittle than steel
	low

	stainless steel
	iron

+ 18% chromium

+ 10% nickel
	hard and very resistant

to corrosion
	high

	titanium steel
	iron

+ 0.5–2% titanium
	able to withstand

very high temperatures
	high

	manganese steel
	iron

+ 14% manganese
	extremely hard
	high


a. Which of the metals or alloys listed in the table are alloy steels?

b. Use the information in the table to choose the best steel for each of the following uses.  Give reasons for your answers.

a) Paper clips
b) 
Cutlery
c) 
Cooker top
d) 
Razor blades
e) 
‘Points’ for railway lines (to guide trains from one track to another)

f) 
Engine parts that have to operate at very high temperatures.

Displacement Reactions (Nat 4)

Complete these word equations using information from the electrochemical series. If no reaction occurs state NO REACTION

a) zinc + copper sulphate →

b) silver + copper nitrate →

c) lead + mercury nitrate →

d) sodium + magnesium oxide →

e) nickel + aluminium iodide →

f) gold + silver nitrate →

g) tin + iron sulphate →

h) calcium + magnesium chloride →

i) copper + sulphuric acid →

j) zinc + hydrochloric acid →

Displacement Reactions (Nat 5)

Complete these formula equations. If no reaction occurs state NO REACTION

a) Mg + CuSO4 →

b) Zn + Fe2O3 →

c) Ca + Al​2O3 →

d) Ag + Pb(NO3)2 →

e) Mg + H2SO4 →

f) Na + CaS →

g) Cu + HCl →

h) Hg + SnCl4 →

i) Fe + ZnCl2 →

j) Au + HNO3 →

Spectator Ions Again (Nat 5)


Whenever a metal reacts it always turns in to a positive charged ion by losing it’s outer electrons to whatever it is reacting with. The other reactant must gain these electrons and form an negative charged ion. We can show these ions as shown in the example below:

Word equation



sodium 
+
water
   →
sodium hydroxide 
+
hydrogen

Chemical equation



2Na(s)
+
2H2O(l)
→
2NaOH(aq)
+
H2(g)
Ionic equation


2Na(s)
+
2H2O(l)
→
2Na+(aq)
+
2OH-(aq)   +
H2(g)
If ions are not involved in a reaction, they are called spectator ions and are not shown in the final ionic equation:

Word equation


   magnesium 
+
hydrochloric 
→
magnesium 
+
hydrogen 





acid 


chloride 

Chemical equation





Mg(s)
+
2HCl(aq)
→
MgCl2aq)

+
H2(g)
Ionic equation

  Mg(s)
+
2H+(aq)    +
 2Cl-(aq)   →  Mg2+(aq)
+
2Cl-(aq)  +
H2(g)

Spectator ions are removed

Ionic equation




Mgs)

+
2H+(aq)
→
Mg2+(aq)
+
H2(g)

1. Write ionic equations for the following chemical reactions:

a) Potassium 
+ 
water  →
potassium hydroxide
+
hydrogen

b) Zinc
+
hydrochloric acid
   →
zinc(II) chloride
+
hydrogen

c) Copper 
+
oxygen
→
copper(II) oxide
2. For each of the following equations, cancel out the spectator ions to show the ions which actually react.

a) K+(aq) + OH-(aq) + H+(aq) + NO3-(aq) → K+(aq) + NO3-(aq) + H2O(l)

b) Ba2+(aq) + 2Cl-(aq) + 2Na+(aq) + SO42-(aq) → Ba2+SO42-(s) + 2Na+(aq) + 2Cl-(aq) 

c) Ca2+(aq) + 2OH-(aq) + 2H+(aq) + 2Cl-(aq) → Ca2+(aq) + 2Cl-(aq) + H2O(l)

d) Mg2+(aq) + SO42-(aq) + Pb2+(aq) + 2NO32-(aq) → Pb2+SO42-(s) + Mg2+(aq) + 2NO3-(aq)

3. For each of the following write a word equation, rewrite each substance to show the ions present and then cancel out spectator ions to form the ion equation.

a) Potassium hydroxide (aq) with copper(II) chloride (aq).
b) Lithium hydroxide solution with dilute nitric acid.
c) Magnesium with hydrochloric acid.
d) Magnesium carbonate with nitric acid.
Electrochemical Cells (Nat 4)


1. Complete the following sentence about the components of an electrochemical cell:

  A basic electrochemical cell requires two 



  metals, connected by an external circuit and between the metals there needs to be an 





; an ionic solution or paste that 



 the circuit. The electricity produced is the flow of 





 from one metal to the other.
2. A simple cell can be made up using a lemon and two different metals.
a) The lemon juice is an electrolyte. What is the purpose of an electrolyte in a cell?

b) Clearly state the direction of electron flow in the wire.

c) What would happen to the reading in the voltmeter if the iron is replaced with a piece of zinc?

3.  Linking together different metals can produce electricity.
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a) What is an electrolyte.

b) What is the purpose of the electrolyte.

c) Which pair of metals would give the highest voltage.

d) Which metals would give the lowest voltage when connected to copper.
4. A simple dry cell can be made from everyday materials.
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The paste is made from salt (sodium chloride), water and porridge. Porridge is composed mainly of starch.

a) Clearly state the direction of electron flow through the wire.
b) Why would calcium carbonate not be used as an electrolyte?
c) Would the voltage be higher or lower if an aluminium can was used?

5. Three metals are tested in the experiment below.
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The results are shown in the table.
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a) State which one of the four metals (R, S, T and zinc) is the highest in the electrochemical series.

b) Arrange the four metals in order of their position in the electrochemical series, with the first.

Magnesium/Copper Cell (Nat 5)

Copy the labelled diagram of the cell

1. Do electrons flow through the metal wire or ion bridge?

2. Explain the direction of electron flow and show this on the diagram.
3. Indicate at which electrode oxidation and reduction takes place.

4. What is the purpose of the ion bridge?

5. Explain why salt is used and yet sugar, for example is unsuitable to make the electrolyte.

6. Which metal is higher up in the electrochemical series

7. Write ion-electron equations for the oxidation and reduction reactions which occur

8. Will he magnesium electrode increase or decrease in mass?

9. Will he copper electrode increase or decrease in mass?

10. What will eventually happen to the colour of the copper(II) sulphate solution.
A Cell With No Metals (Nat 5)


Copy the labelled diagram of the cell
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1. Explain the direction of electron flow and show this on the diagram.
2. Indicate at which electrode oxidation and reduction takes place.

3. What is the purpose of the ion bridge?

4. i) 
  What happens to the iron(III) ions in the reaction?

ii)   Write an ion-electron equation for this reaction.

iii)   Is this oxidation or reduction?

5. i)    What happens to the iodide ions in the reaction?

ii)   Write an ion-electron equation for this reaction.

iii)   Is this oxidation or reduction?

iv)  What reagent could be used to test for the product?

v)   What colour change is observed?

Cells and Redox (Nat 5) 

1. Refer to the diagram
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a) In which direction do the electrons flow through the meter. Explain your answer.
b) Name a metal which could replace magnesium and produce a flow of electrons in the opposite direction.
c) What would happen to the meter reading if the copper rod was replaced with an iron rod?

d) What would happen to the meter reading if the salt solution was replaced by sugar solution? Explain your answer.

2. Oxidation takes place at the magnesium electrode.
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a) In which direction will electrons flow through the meter?

b) Write the ion-electron equation for the reaction at the magnesium electode.

c) Write the ion-electron equation for the reaction at electrode X.
3. a) Using magnesium, copper, magnesium sulphate solution and copper sulphate solution, state what A, B, C and D must be to give a flow of electrons in the direction shown

b)

i) What is E on the diagram known as?
ii) Why is it necessary?

4. In the chemical cell shown, the reddish-brown colour caused by iodine molecules gradually fades.
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The reaction taking place at the the carbon electrode in beaker B is 

I2(aq) + 2e- → 2I-(aq)

a) What type of reaction is taking place at the carbon electrode in beaker B?

b) In which direction do the electrons flow through the wire. Explain clearly.

c) Give an ion-electron equation for the reaction which takes place a the zinc electrode in beaker A

d) Combine the two equations to give the overall redox reaction.

5. The following cell was set up.
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a) In which direction will electrons flow through the wires?

b) Write ion-electron equations for the reactions taking place at the zinc and copper electrodes, adding the word reduction and oxidation as appropriate.

c) Combine the two equations to give the overall redox equation.
d) Which electrode will increase in mass?
Corrosion an Unwanted Reaction (Nat 4)


When some metals are exposed in the open air, they tend to break up at the surface. The surface of the metal changes from an element to a compound. This process is called corrosion and in the special case of iron, it is called rusting.

1. What type of materials break up at the surface when exposed to the weather?

2. What type of change occurs at the surface?

3. What name is given to this process?

4. Do all metals corrode at the same rate?

5. What special name is used for the corrosion of iron?
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6. In which test tube does the iron rust?

7. Explain why the nails in the other tubes do not rust.

8. What are the two requirements for rusting?

Corrosion (Nat 4/5)

1. Corrosion is a chemical reaction which affects different metals to different extents.

a) What is the meaning of the word ‘corrosion’?

b) Why does iron corrode at a faster rate than copper when the two metals are in the same environment?

c) Why is it incorrect to describe the corrosion of a metal such as aluminium as ‘rusting’?

d) Which two substances must normally be present for iron to corrode?

2. Tin plated steel, which is mainly iron, is widely used to make food containers.
In what way does the tin provide physical protection of the underlying metal from corrosion?

Why is the corrosion of the iron very rapid, under corroding conditions when the tin coating is broken?

3. Steel car bodies are attached to the negative terminal of the battery in an effort to slow down corrosion. An investigation into this process was set up.
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Explain fully how the results of the experiment support the decision of motor car manufacturers to attach the negative terminal to the steel car bodies.

4. The steel used in the construction of the forth road bridge was sprayed with molten zinc after construction had taken place.
a) How are iron and steel objects normally coated with zinc?

b) What name is given to the process of coating iron with zinc?

c) Explain why zinc can protect the steel of the bridge from corrosion even if the coating is broken and the steel exposed.

d) Why is this process of protection referred to as sacrificial protection?

5. Dissolved compounds can speed up the corrosion of metals.
a) Give two reasons why the dissolved acids in acid rain speed up the corrosion of iron.

b) Explain why the common salt, which is spread on icy roads during winter, speed up corrosion of iron but any sugar, used in a similar way does not.

6. In an investigation into corrosion the following experiment was set up.
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After a few minutes a pink colour formed in the solution, but no blue colour was formed. Metal X could have been

A tin

B copper

C silver

D magnesium
7. Archaeologists’ found some corroded silver coins and a badly rusted sword. The silver coins where restored by wrapping them in zinc foil in a beaker of salt solution.
a) What type of reaction took place

b) The iron blade was attached to its handle by a copper band. Explain why the copper was uncorroded, the iron had rusted badly.

Explain why, although the copper was uncorroded, the iron had rusted badly.

Sacrifical Protection (Nat 4)

1. Apart from iron, what are the two other substances required for rusting?

2. What is the name of the process that the iron undergoes when it first rusts?

3. The following experiment was set up to investigate rusting:


a) What indicator would show the beginning of rusting?

b) Explain why the indicator went only pink in the experiment when there was zinc wrapped around the iron nail?

c) What name is used to describe iron objects coated with a layer of zinc?

Sacrifical Protection (Nat 5)

1. Copy the diagrams of the cells.
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a) Ferroxyl indicator turns blue with Fe2+ ions and pink with OH- ions. Colour the diagrams blue and pink to show were Fe2+ and OH- ions are produced.

b) Show the direction of electron flow in each diagram.

2. The magnesium /iron cell

a) Which metal corrodes in this cell?

b) Write an ion-electron equation for the reaction at each electrode.

c) State which is oxidation and which is reduction.

3. The iron/copper cell

a) Which metal corrodes in this cell?

b) Write an ion-electron equation for the reaction at each electrode.

c) State which is oxidation and which is reduction.

4. Copy and complete the following conclusion.

Iron does not rust when attached to a metal which is .................. up in the electrochemical series; when iron is linked to a metal which is ........................... in the series the iron rusts ................ .

Fuel Cells (Nat 5)
For many years scientists have been hoping that hydrogen fuel cells may be able to replace engines running on fossil fuels, but one problem is that hydrogen fuel cells are extremely expensive.

The diagram on the right shows how a hydrogen fuel cell works. Hydrogen gas is forced at high pressure through a catalyst at the anode side of the fuel cell. The catalyst causes the hydrogen gas to split into positive H+ ions and negative electrons, e–. The high pressure forces the positive hydrogen ions through the polymer electrode membrane, but the electrons flow through the external circuit forming a current that can be used to power an electric motor. At the cathode side of the fuel cell, more catalyst causes electrons and positive hydrogen ions to combine with oxygen from the air to form water, which flows out of the fuel cell.

The catalysts used to split hydrogen gas into positive and negative ions use precious metals, mainly platinum (Pt) but also palladium (Pd) and ruthenium (Ru), making the fuel cells expensive. 

Questions

1 Why do we need to find a replacement for engines using fossil fuels?

2 What is a catalyst?

3 Explain why a fuel cell does not go flat in the same way a battery goes flat.

4 Suggest a possible source of the oxygen and hydrogen used in the cell.

5 (i) Write the ion-electron equation for the formation of hydrogen ions.

(ii) Is this oxidation or reduction?

Challenge

Supporters say that hydrogen fuel cells are much less damaging to the environment than engines burning fossil fuels. Suggest a reason why. 

Critics say that hydrogen fuel cells are not as ‘green’ or as harmless to the environment as they appear at first glance. Can you suggest reasons why this might be so?

Plastics 1 (Nat 4)


Give a concise definition for each of the following terms

a) Natural fibre

b) Biodegradable

c) Unsaturated molecule

d) Monomer

e) Polymer

f) Addition Polymerisation
g) Repeating unit

h) Thermoplastic Polymer

i) Thermosetting Polymer

 Plastics 2 (Nat 4)
Plastics are examples of polymers. Carpets and clothes are made of polymers; foods can contain polymers. The building blocks of polymers are monomers.


1. Which box in the grid above shows a polymer made in plants/

2. Which two boxes show monomers?

3. For which of the following would you not use a thermoplastic?
A a curtain hook

B a frying pan handle

C an ice cube tray

D a yoghurt pot

4. From which of the following are most plastics and synthetic fibres made?
A crude oil

B natural gas

C wood

D coal

Burning plastics (Nat 4)

1. Why is it dangerous to burn some plastics?

2. Give examples of the gases that can be produced from the burning of

a) Polythene

b) Polychloroethene (PVC)

c) Polyurethene

d) Polystyrene

Vocabulary (Nat 5)

Unscramble the words and find their meanings

1. PSCLASTI 

2. STYNTICHE 

3. NRAALTU 

4. BIOGDEADRBALE 

5. THERMPLOASICT 

6. THSETTMOERING 

7. OMNMEOR 

8. PLOYRSME  

9. CARCNGKI 

10. ADIDTONI PLYORISMEIONAT
11. ONCDSENATION PYOLEMRTIONISA

Fertilisers (Nat 4)

1. 
a) Name the three elements essential to grow healthy plants?

    
b) State the specific function which each of the elements has in the growing plant?

     
 c) How does the plant take up those elements dissolved in water from the soil?

2. Ammonium nitrate fertiliser can be made by the NITRAM Process as shown.
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Name reagent X.
3. Nitrate fertilisers are made from nitric acid.
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a) Name reagent A.

b) Name the other product of this reaction.

c) Name the kind of reaction taking place.

d) State two reasons why nitrate compounds are useful fertilisers.
4. Given ammonia solution and dilute phosphoric acid (H3PO4), explain how a dry sample of the salt ammonium phosphate would be obtained?
Nitrogen Cycle (Nat 4/5)

Nitrogen is an element which is essential for plant growth.

The following diagram shows the relationship between nitrogen in some of its compounds. It’s called the nitrogen Cycle.
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Use the diagram to help you answer the following questions.

1. What converts ammonia into nitrates in the soil?

2. In which form is nitrogen taken into a plant?

3. Give three ways in which ammonia can be produced.

4. What are the 2 natural processes by which atmospheric nitrogen gets into the soil?

5. Explain why adding nitrogen to the soil by using a fertiliser is less economic than depending on nitrifying bacteria in plants such as peas and clover.

6. Explain why tropical forests depend on a large number of lightening storms to provide nutrients for their growth.

7. What type of chemical compound do plants use to make proteins?

8. Urea is slightly soluble. Why might it be a good fertiliser in very rainy areas?
9. Why would it be a good idea to return treated sewage to the soil rather than dump it a sea?

10. What effect can fertilisers have on:

i. the purity of water supplies?

ii. our health?

Nitrogen Salts  (Nat 5)

1. Write balanced equations for the reaction of

i)   Ammonia with nitric acid

ii)  Ammonia and sulphuric acid

iii) The alkali and the acid to form potassium nitrate

2. What type of reaction is taking place?

3. Give two reasons why ammonium nitrate and ammonium sulphate and potassium nitrate are all used as fertilisers.

Fertilisers (Nat 5)

Set a question to match each of the answers shown below.

1. Nitrogen (N), Phosphorous (P) and Potassium (K)

2. Water soluble

3. Soda lime and ammonia salt

4. Moist pH paper turns blue

5. 450oC and 200 atmospheres

6. At high temperatures, yield of ammonia is low, and at low temperatures, the reaction occurs too slowly.

7. Iron

8. The industrial manufacture of nitric acid

9. Ammonia and oxygen

10. Platinum

11. The Haber process

12. Because the reaction is exothermic and supplies sufficient heat to keep the reaction going.
Haber (Nat 5)
This diagram is of the reactor involved in the Haber process.  


1.
Copy the diagram and ccomplete the labels.

2. For each statement below, state whether it is true or false.  For each false statement write out a correct version.

a) The temperature used in the Haber process is 350°C.

b) A catalyst is used in the Haber process because it increases the yield of ammonia.

c) Increasing the pressure in the Haber process increases the yield of ammonia.

d) Increasing the temperature in the Haber process increases the yield of ammonia.

e) The reason a higher temperature is not used in the Haber process is that it will lower the yield of nitrogen.

f) A platinum catalyst is used in the Haber process.

g) One reason that a higher pressure is not used in the Haber process is that it could be dangerous.

h) For companies that manufacture ammonia a faster reaction rate is more important than a 100% yield.

Fertilisers and the Chemical Industry (Nat 5)
1. Ammonia is a very useful product produced by the chemical industry.

a) Name the industrial process to make ammonia?

b) What is the catalyst used in the above process?

c) Write an equation for the formation of ammonia in this process?

2. A pupil heated soda lime with an ammonium salt. An alkaline gas was produced which had a characteristic fishy smell.

a) Draw a diagram to show how the experiment could be carried out

b) Write the chemical formula for the gas?

c) Write an ionic equation to show what happens when this gas dissolves in water?

d) What could be used in this experiment to show that the gas was alkaline and what would be the results expected?

3. Describe with the aid of a diagram, how to show that ammonia dissolves very readily in water to give an alkali?

4. a) Name the industrial process by which ammonia is oxidised, by reacting with oxygen?

b) Name the catalyst required in the above process?

c) (i) At the end of this process, brown fumes of a gas were produced. What is the name of this gas and write its' chemical formula?

(ii) The gas above in (i) can be dissolved in water to produce which important commercial product?

5. Nitric acid may be produced in the laboratory by passing a stream of dry ammonia gas, mixed with excess air, over a heated platinum catalyst. This produces nitrogen monoxide gas which is readily oxidised to nitrogen dioxide gas by the oxygen in the excess air used. The nitrogen dioxide gas may then be dissolved in water to form nitric acid.
Arrange the following pieces of apparatus so that they can be used to produce nitric acid. Put the letters in the correct order. 
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Vocabulary (Nat 5)
Unscramble the words and find their meanings

1. NTRUIETSN 

2. RSRFETILISE 

3. NIINITRFYG BTACREIA 

4. ABHRE RPEOCSS 

5. SOWALDT RPCOSES 


Nuclear Chemistry (Nat 5)

1. Alpha, beta and gamma radiation have different penetrating properties. Name the radiation which is
a) able to penetrate 5 cm of lead

b) stopped by a sheet of paper

c) stopped by a sheet of aluminium

2. The following experiment was carried out using a radioisotope which emitted alpha, beta and gamma radiation.
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a) i) Why is the radioisotope surrounded by a lead block.

    ii) Explain the paths taken by the three different types of radiation.

b) Why are the nuclei of radioisotopes unstable?

3. Some smoke detectors make use of radiation which is very easily stopped by tiny smoke particles moving between the radioactive source and the detector. 
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The most suitable type of radioisotope for a smoke detector would be
A
an alpha-emitter with a long half-life

B 
a gamma-emitter with a short half-life

C 
an alpha-emitter with a short half-life

D 
a gamma-emitter with a long half-life.

4. The isotope 
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Co has a half life of 5.3 years and is used to supply gamma radiation from outside the body of a patient.

Give two reasons why this isotope would not be suitable for use inside the body.
Radioisotopes Problem Solving (Nat 5)
This section includes a list of problems that have been solved in real life using radioactivity. Each problem can be solved using a radioisotope from Table 2.

For each problem say:

(a) How you would use radioactivity to solve the problem (draw diagrams if possible)
(b) Which radioisotope you would use, and why.
	Isotope
	State
	Type of Radiation
	½ Life

	polonium-210
	solid
	alpha
	138 days

	hydrogen-3
	gas
	beta
	12 years

	strontium-90
	solid
	beta
	28 years

	cobalt-60
	solid
	gamma
	5 years

	iridium-192
	solid
	gamma
	74 days

	xenon-133
	gas
	gamma
	5 days


Problem 1 
Polythene sheeting

Your company makes polythene sheeting by passing thick sheets of polythene through rollers. How will you make sure the sheeting is of even thickness?

Problem 2 
Petri dishes

Your company manufactures plastic Petri dishes. They are used for growing bacteria in laboratories, so it is important that they are sterile when delivered to the customer. They cannot be sterilized by heating because the plastic would soften. What will you do?

Problem 3 
Lungs

You are a hospital consultant specializing in treating breathing problems. You suspect that one of your patients has a blockage in an air passage in one of her lungs. How can you check?

Problem 4 
North Sea oil rig

You work for an engineering company that builds North Sea oil rigs. The legs of the rigs are set into the sea bed with concrete. It is essential that the concrete contains no faults or air pockets; otherwise the rig may blow over in a storm. How can you check?
Chemical analysis  - Qualitative (What is Present) (Nat 4/5)

1. Give details of the chemical tests that could be used to distinguish between the following carbohydrates. Remember to describe the results of the each test.

a) Starch and Sucrose

b) Sucrose and Glucose

2. Paper chromatography can be used by a forensic scientist to find out which one of four pens labelled (A, B, C and D) was used to write a ‘poison-pen’ letter.

a) Which pen contains a mixture of two dyes? Explain your answer.

b) Which pen (A, B, C or D) was used to write the note? Explain your answer.

3. As the technicians cleared the chemical store they discovered two bottles marked “hydrocarbon hept...”, the rest of the labels had faded. 
The technician suspects one is heptane and the other is heptene, what chemical test could the technician carry out to establish which bottle contains the heptene? Don’t forget to give the result of the test.
4. A geologist has two samples of grey rocks, he suspects one sample is a “carbonate” rock and the other is a silicate. Given a bottle of hydrochloric acid describe how you would confirm which rock is the carbonate.

5. Chemical tests can be used to distinguish between different compounds.
	A 
iodine solution
	B 
bromine water

	C 
lime water

	D 
Benedict’s solution
	E 
feroxyl indicator


	F 
universal indicator

	G 
flame testing

	H 
glowing splint
	I  
sodium chloride (aq)


Which box could be used to test for ....

a) an unsaturated hydrocarbon
b) fructose

c) starch

d) carbon dioxide gas

e) oxygen gas

f) silver ions

g) rusting

h) acid/alkali

i)   sodium ions

6. Tracey was given an unknown substance to investigate. She tried to get information about the elements present in the substance by heating it with copper oxide. She found that only copper, water and carbon dioxide are formed.

	A

The substance is a carbohydrate.
	B

The substance is copper carbonate.



	C

The substance contains carbon and hydrogen.
	D

The substance contains copper, carbon and oxygen only.


From Tracy’s results, which two statements about the substance in the grid could be true?

Precipitation Reactions (Nat 5)
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For each of the following reactions, name the precipitate formed.

a) barium chloride (aq)  + sodium sulphate (aq)

b) lead nitrate (aq) + calcium iodide (aq)

c) sodium phosphate (aq) + aluminium chloride (aq)

d) magnesium chloride (aq) + silver  nitrate (aq)

e) potassium phosphate (aq)  + lithium bromide (aq)
f) ammonium phosphate (aq) + aluminium nitrate (aq)
g) nickel chloride (aq) + ammonium carbonate (aq)
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