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1  Protons, neutrons and electrons are subatomic particles.

 (a)  Complete the table to show the relative mass and relative charge of a proton, a neutron and an 
electron.

particle relative mass relative charge

proton

neutron

electron 1840
1

[3]

 (b)  Bromine has two isotopes.

 (i)  Define the term isotope.

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

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

 (ii)  Explain why the two isotopes of bromine have the same chemical properties.

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

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

 (c)  The table shows the number of protons, neutrons and electrons in some atoms and ions.

  Complete the table.

particle number of
protons

number of
neutrons

number of
electrons

7Li3

-34 2S16

19 22 18

[5]

[Total: 12]
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2  Period 3 contains the elements sodium to argon. This question asks about the chemistry of each of 
the Period 3 elements or their compounds.

 (a)  Sodium nitrate is a white crystalline solid. When heated it melts and the following reaction 
occurs.

2NaNO3(l)  →  2NaNO2(l)  +  O2(g)

  A 3.40 g sample of sodium nitrate is heated.

  Calculate the

 •  number of moles of NaNO3 used,

.................................. mol

 •  number of moles of O2 formed,

.................................. mol

 •  volume of O2 formed, in dm3 (measured at r.t.p.).

.................................. dm3

[3]

 (b)  Magnesium reacts slowly with warm water to form a base, magnesium hydroxide.

 (i)  Explain what is meant by the term base.

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

 (ii)  Write a chemical equation for the reaction between magnesium and warm water.

  .......................................................................................................................................  [2]
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 (c)  Aluminium oxide is amphoteric. It is insoluble in water.

  Describe experiments to show that aluminium oxide is amphoteric.

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

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

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

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

 (d)  Silicon(IV) oxide has a giant structure.

 (i)  Name the type of bonding in silicon(IV) oxide.

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

 (ii)  Give two physical properties of silicon(IV) oxide.

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

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

 (e)  Calcium phosphate is used in fertilisers. The bonding in calcium phosphate is ionic. 
Calcium phosphate contains the phosphate ion, PO4

3–.

 (i)  What is ionic bonding?

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

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

 (ii)  Deduce the formula of calcium phosphate.

  .......................................................................................................................................  [1]
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 (f)  Sulfur tetrafluoride, SF4, can be made by combining gaseous sulfur with fluorine.

S(g)  +  2F2(g)  →  SF4(g)

  The reaction is exothermic.

 (i)  Complete the energy level diagram for this reaction. Include an arrow which clearly shows 
the energy change during the reaction.

energy

S(g)  +  2F2(g)

[3]

 (ii)  During the reaction the amount of energy given out is 780 kJ / mol.

  The F–F bond energy is 160 kJ / mol.

  Use this information to determine the bond energy, in kJ / mol, of one S–F bond in SF4.

S  + F→F F
F F

S

F

F

F

.................................. kJ / mol  [3] 
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 (g)  Chlorine and compounds of chlorine are important in water treatment and in laboratory testing 
for water.

 (i)  Chlorine is added to water to make the water safe to drink.

  Explain why adding chlorine makes water safe to drink.

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

 (ii)  A compound of chlorine is used in the laboratory to test for the presence of water.

  Name the compound of chlorine used in this test and describe the colour change seen in 
a positive result of this test.

  name of compound  .............................................................................................................

  colour change from ...................................................  to   ...................................................
[3]

 (h)  Argon is an unreactive noble gas.

 (i)  Explain why argon is unreactive.

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

 (ii)  Give one use of argon.

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

[Total: 27]
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Question 3 starts on the next page.
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3  When aqueous sodium thiosulfate and dilute hydrochloric acid are mixed, a precipitate of insoluble 
sulfur is produced. This makes the mixture difficult to see through.

Na2S2O3(aq)  +  2HCl (aq)  →  S(s)  +  2NaCl (aq)  +  H2O(l)  +  SO2(g)

  The time taken for the cross to disappear from view is measured.

  A student adds the following volumes of aqueous sodium thiosulfate, dilute hydrochloric acid and 
distilled water to the conical flask.

  The time taken for the formation of the precipitate of sulfur to make the cross disappear from view 
is recorded.

experiment
number

volume of
sodium thiosulfate

/ cm3

volume of 
hydrochloric acid

/ cm3

volume of
distilled water

/ cm3

time taken for 
cross to disappear 

from view / s

1 10 10 40 56

2 20 10 30 28

3

 (a)  State the order in which the aqueous sodium thiosulfate, hydrochloric acid and distilled water 
should be added to the flask.

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

  ..............................................................................................................................................  [1]
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 (b)  In experiment 3 the student wanted the sodium thiosulfate to be double the concentration used 
in experiment 2.

 (i)  Complete the table to show the volumes which should be used and the expected time 
taken for the cross to disappear from view in experiment 3. [2]

 (ii)  Use collision theory to explain why increasing the concentration of sodium thiosulfate 
would change the rate of reaction.

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

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

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

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

 (c)  The student repeated experiment 1 at a higher temperature.

  Use collision theory to explain why the rate of reaction would increase.

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

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

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

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

[Total: 8]
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4  Electroplating steel objects with silver involves a three-step process.

 step 1   A coating of copper is applied to the object.

 step 2   A coating of nickel is applied to the object.

 step 3   The coating of silver is applied to the object.

 (a)  A diagram of the apparatus used for step 1 is shown.

+ –

copper (anode)

steel object (cathode)

aqueous copper(II) sulfate
electrolyte

 (i)  The chemical process taking place on the surface of the object is

Cu2+(aq)  +  2e–  →  Cu(s)

  Explain whether this process is oxidation or reduction.

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

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

 (ii)  Explain why the concentration of copper ions in the electrolyte remains constant throughout 
step 1.

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

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

  .......................................................................................................................................  [2]
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 (b)  Give two changes which would be needed in order to coat nickel onto the object in step 2.

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

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

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

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

 (c)  Copper, nickel and silver are transition elements.
  Typical physical properties of transition elements are a high density and a high melting point.

  Give three different properties of transition metals which are not typical of other metals.

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

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

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

[Total: 8]
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5  Sulfuric acid is produced by the Contact process. The steps of the Contact process are shown.

starting
material

step 1 sulfur
dioxide

sulfur
trioxide

sulfuric
acid

oleum
step 2 step 3 step 4

 (a)  Sulfur is a common starting material for the Contact process.

  Name a source of sulfur.

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

 (b)  Describe step 2, giving reaction conditions and a chemical equation. Reference to reaction 
rate and yield is not required.

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

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

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

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

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

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

  ..............................................................................................................................................  [5]

 (c)  Step 3 involves adding sulfur trioxide to concentrated sulfuric acid to form oleum.

  Complete the chemical equation for this reaction.

H2SO4  +  SO3  →  ................................
[1]
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 (d)  Dilute sulfuric acid is a typical acid.

  A student adds excess dilute sulfuric acid to a sample of solid copper(II) carbonate in a 
test-tube.

 (i)  Give three observations the student would make.

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

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

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

 (ii)  Give the names of all products formed.

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

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

 (e)  Concentrated sulfuric acid has different properties to dilute sulfuric acid.

  When concentrated sulfuric acid is added to glucose, C6H12O6, steam is given off and a black 
solid is formed.

 (i)  Name the black solid.

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

 (ii)  What type of reaction has occurred?

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

[Total: 12]
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6  Petroleum is a source of many important chemicals.

 (a)  Name two industrial processes which must take place to produce alkenes from petroleum.

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

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

 (b)  Ethene, CH2=CH2, and propene, CH2=CHCH3, can both be converted into polymers.

 (i)  What type of polymerisation takes place when ethene forms a polymer?

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

 (ii)  What is the empirical formula of the polymer formed from ethene?

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

 (iii)  Propene has the structural formula CH2=CHCH3.

  Draw two repeat units of the polymer made from propene.

[2]

 (c)  Ethene will react with steam to form ethanol.

  Propene will react with steam to form two isomers, both of which are alcohols.

  Suggest the structures of these alcohols.

[2]
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 (d)  Esters are organic chemicals noted for their characteristic smells. Ethanoic acid and methanol 
will react to form an ester.

 (i)  Name the catalyst needed to form an ester from ethanoic acid and methanol.

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

 (ii)  Name the ester formed when ethanoic acid reacts with methanol.

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

 (iii)  Draw the structure of the ester formed when ethanoic acid reacts with methanol. Show all 
bonds.

[2]

 (iv)  Give the name of a polyester.

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

[Total: 13]
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