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TWENTY FIRST CENTURY SCIENCE DATA SHEET

Qualitative analysis

Tests for ions with a positive charge

Ion Test Observation

calcium
Ca2+ add dilute sodium hydroxide

a white precipitate forms; the 
precipitate does not dissolve in 
excess sodium hydroxide

copper
Cu2+ add dilute sodium hydroxide

a light blue precipitate forms; 
the precipitate does not dissolve 
in excess sodium hydroxide

iron(II)
Fe2+ add dilute sodium hydroxide

a green precipitate forms; the 
precipitate does not dissolve in 
excess sodium hydroxide

iron(III)
Fe3+ add dilute sodium hydroxide

a red-brown precipitate forms; 
the precipitate does not dissolve 
in excess sodium hydroxide

zinc
Zn2+ add dilute sodium hydroxide

a white precipitate forms; the 
precipitate dissolves in excess 
sodium hydroxide

Tests for ions with a negative charge

Ion Test Observation

carbonate
CO3

2− add dilute acid
the solution effervesces; carbon 
dioxide gas is produced (the 
gas turns lime water from 
colourless to milky)

chloride
Cl −

add dilute nitric acid,
then add silver nitrate a white precipitate forms

bromide
Br −

add dilute nitric acid,
then add silver nitrate a cream precipitate forms

iodide
I−

add dilute nitric acid,
then add silver nitrate a yellow precipitate forms

sulfate
SO4

2−

add dilute acid,
then add barium chloride or 
barium nitrate

a white precipitate forms
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Answer all the questions.

1 The properties of Group 1 metals change down the group.

 (a) The table shows information about some Group 1 metals.

Group 1 metal Melting point in °C Boiling point in °C

lithium 181 1342

sodium  98  883

potassium  63  759

  (i) How do the melting points and boiling points change down Group 1?

 ...................................................................................................................................... [1]

  (ii) Rubidium comes below potassium in Group 1.

   Rubidium is a solid at room temperature (20 °C).

   Predict the melting point and boiling point of rubidium.

   melting point ....................................... °C   boiling point .......................................°C
 [2]

 (b) Potassium reacts with water.

potassium

water

  (i) What do you see when potassium reacts with water?

 ...........................................................................................................................................

 ...................................................................................................................................... [2]

  (ii) The reaction makes potassium hydroxide.

   What is the formula for potassium hydroxide?

   Put a ring  around the correct answer.

    KOH   KH2   K2O   PO [1]
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 (c) Potassium is flammable.

  (i) Which hazard symbol shows that a chemical is flammable?

   Put a ring  around the correct answer.

 [1]

  (ii) What safety precautions should be taken when using potassium?

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...................................................................................................................................... [2]

 [Total: 9]
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2 Helium is an element. It has the symbol He.

 (a) The diagram shows part of the Periodic Table.

H He

Li F

Ar

  (i) Which element is likely to have similar properties to helium?

   Put a ring  around the correct answer.

    Ar   F   H   Li [1]

  (ii) Which element is in the same period as helium?

   Put a ring  around the correct answer.

    Ar   F   H   Li [1]

  (iii) The proton number of helium is 2.

   Which element has a proton number of 3?

   Put a ring  around the correct answer.

    Ar   F   H   Li [1]

  (iv) The diagram shows part of the structure of an argon atom.

   Complete the diagram to show the arrangement of the rest of the electrons in an argon 
atom.

X

X

nucleus contains 18 protons

 [2]
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 (b) Helium was discovered when scientists noticed lines in the spectrum of light from the Sun.

  Janssen and Lockyer were two scientists who collected evidence and suggested ideas 
about helium.

Janssen, August 1868

EVIDENCE: Scientists already know that the spectrum of sodium has 
lines in the yellow part of the spectrum like this.

I have looked at this part of the spectrum from the Sun. It looks similar 
to the spectrum of sodium. It has lines like this. They are all close 
together in the yellow part of the spectrum.

JANSSEN’S IDEA: I think that I have found a new line in the spectrum of sodium.

Lockyer, October 1868

EVIDENCE: I have checked Janssen’s work. I have found that the 
yellow part of the Sun’s spectrum has lines like this.

I have checked the spectrum from pure sodium in the laboratory. The 
spectrum from the pure sodium only has lines in the yellow part of the 
spectrum like this.

LOCKYER’S IDEA: I think that this shows that there must be another element in the 
Sun. I am going to call this new element ‘helium’.

www.xtrapapers.com
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  The two scientists collected evidence and suggested ideas.

  Use the information to show:

  • the similarities and differences between the two scientists’ work
  •  how the evidence supports each of the scientist’s ideas.

   The quality of written communication will be assessed in your answer.

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 .............................................................................................................................................. [6]

[Total: 11]
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3 Silver-coloured coins contain a mixture of copper and nickel.

 (a) Copper for making coins can be extracted from different copper compounds.

  The table shows information about the copper compounds, A, B, C and D.

Compound Formula 
of copper 
compound

Atoms in the 
formula

Relative 
formula mass of 

compound

A CuO
1 copper atom

1 oxygen atom
63.5 + 16 = 79.5

B .........
1 copper atom

1 sulfur atom
95.5

C CuFeS2

................................

................................

................................

183.5

D CuCl2
1 copper atom

2 chlorine atoms ..............................
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  (i) Complete the table by filling in the boxes.

   Use these relative atomic masses to help you.

Atom Relative atomic mass

copper 63.5

iron 56

sulfur 32

oxygen 16

chlorine 35.5

 [3]

  (ii) Mineral A contains copper oxide.

   Copper metal is extracted from copper oxide in a reduction reaction.

   What happens in a reduction reaction?

 ...................................................................................................................................... [1]
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 (b) A mining company wants to build a new nickel mine.

  The company looks at some different sites for the mine. All of the sites have ore deposits of 
similar size.

  The table shows information about the sites.

Site 
number

Percentage of 
nickel in ore Area where ore is found Other information

1 1.0 50 m under the ground limited roads nearby, no local towns

2 2.2 on the deep sea floor large sea port and town nearby

3 1.8 near an earthquake zone road and sea transport nearby, town 
nearby

4 2.2 300 m under the ground road and sea transport nearby, town 
nearby

  The company decides that site 4 is the best choice because it is likely to have the lowest 
overall cost of extracting nickel.

  Explain why the cost of extracting nickel is likely to be higher at each of the other sites than 
at site 4.

   The quality of written communication will be assessed in your answer.

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 .............................................................................................................................................. [6]

[Total: 10]
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4 Aluminium is a metal that is used for overhead electricity cables and cooking foil.

 The table shows some information about the properties of aluminium.

Melting point 660 °C

Density compared to other metals low

Electrical conductivity very high

Heat conductivity very high

Other properties not magnetic

 (a) Which two properties of aluminium are important for overhead electricity cables?

  Choose properties from the table.

1  ................................................................................................................................................

2  ........................................................................................................................................... [2]

 (b) Which two properties of aluminium are important for cooking foil?

  Choose properties from the table.

1  ................................................................................................................................................

2  ........................................................................................................................................... [2]

 (c) Aluminium can be worked into different shapes easily.

  Which word describes this property?

  Put a ring  around the correct answer.

    hard   malleable   shiny   strong [1]
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 (d) Aluminium is extracted by the electrolysis of aluminium oxide.

  Aluminium oxide is an ionic compound.

  It has to be melted to make the electrolysis work.

  (i) What happens when aluminium oxide melts?

   Put a tick (3) in the box next to the correct answer.

an exothermic reaction begins

the process makes water

crystals form

the ions start to move around
 [1]

  (ii) The final products of the extraction are solid aluminium metal and oxygen gas.

   Draw straight lines to link each product to its correct formula and its correct state 
symbol.

formula product state symbol

Al

A (s)

solid aluminium metal

ALU (l)

O (g)

oxygen gas

O2 (aq)

2O
 [2]

 (e) Most other metals can be extracted by heating their oxides with carbon.

  It is not possible to extract aluminium by heating aluminium oxide with carbon.

Explain why.

 .............................................................................................................................................. [1]

[Total: 9]
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5 Zak works for a company that makes salts.

 The company has a factory beside a river.

 Part of Zak’s job is to check that the factory does not affect the pH of the water in the river.

factory

direction of
river flow direction of

river flow

 (a) Zak measures the pH of the water from the river before it flows past the factory.

  Explain why he does this.

 ...................................................................................................................................................

 .............................................................................................................................................. [1]

 (b) Zak plans to take other samples of water from the river to find out if the factory affects the pH 
of the river.

  What should Zak consider when planning to take more samples?

 ...................................................................................................................................................

 ...................................................................................................................................................

 .............................................................................................................................................. [2]

 (c) What could Zak use to test the pH of a sample of water?

  Put a tick (3) in the boxes next to the two correct answers.

pH meter

dilute sodium chloride

litmus paper

universal indicator solution

dilute potassium hydroxide
 [1]
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 (d) Zak finds that all of the water samples are slightly acidic.

  Put a tick (3) in the box next to the best explanation for this.

A substance in the water produces H+ ions.

A substance in the water produces OH– ions.

A substance in the water produces H– ions.

A substance in the water produces OH+ ions.

There are too many negative ions in the water.
 [1]

 (e) Some of the salts that the factory makes are sulfates.

  Zak wants to test the water samples to find out if they contain sulfate ions.

  Describe the test and result for sulfate ions.

  Use the Data Sheet on page 2 to help you.

test:  ...........................................................................................................................................

 ...................................................................................................................................................

result:  ........................................................................................................................................

 ...................................................................................................................................................
 [2]

[Total: 7]
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6 A company makes bath crystals.

 People like to put bath crystals into their bathwater.

 (a) The company makes large, dry crystals from solutions of salts dissolved in water.

  Describe how to make large, dry crystals from a solution that contains salts.

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 .............................................................................................................................................. [3]

 (b) A team of scientists researches the health benefits of using salts in bathwater.

  They find that the salts help to relieve some aches and pains.

  This is what one of the scientists says:

I think we should publish our research about health benefits
because other scientists could read it.

  Why do scientists publish their research for other scientists to read?

 ...................................................................................................................................................

 ...................................................................................................................................................

 .............................................................................................................................................. [2]

[Total: 5]
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7 Eve investigates the rate of reaction when a metal reacts with dilute acid.

thermometer

metal and dilute acid

 (a) Eve makes sure that the test is fair by using metal pieces of the same size in each experiment.

  Explain why the results change if she uses different sized pieces of metal.

 ...................................................................................................................................................

 .............................................................................................................................................. [2]

 (b) What is the name of the gas that is made when a metal reacts with an acid?

  Put a ring  around the correct answer.

  carbon dioxide   hydrogen   methane   nitrogen   oxygen [1]

 (c) Eve does more experiments using five different metals.
  In each experiment she reacts a metal with dilute hydrochloric acid.
  She records the time taken to make 10 cm3 gas.
  She also measures the temperature change.

  The table shows Eve’s results.

Metal
Time taken to 

make 10 cm3 gas 
in seconds

Temperature 
increase during 
reaction in °C

zinc 11 4

magnesium  8 5

copper no gas made 0

iron 16 2

calcium  6 8
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  Use Eve’s results to put the metals in order of reactivity. Explain how you used all of the data 
in the table to make your decisions.

   The quality of written communication will be assessed in your answer.

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 .............................................................................................................................................. [6]

[Total: 9]
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