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Q1.           

This question is about the elements in Period 3 of the Periodic Table, and some of their
compounds.

(a)  The atomic radii of six of the elements are given.

(i)  Plot a graph of atomic radius against atomic number.

(2)

(ii)  Use the graph to estimate the atomic radius of silicon, Si.

(1)

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

(iii)  Suggest an explanation for the decrease in atomic radius as atomic number increases
across a period.
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(3)

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

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

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

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

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

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

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

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

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

(b)  The melting temperatures of sodium, sodium chloride and chlorine are given in the table.

Complete the table to show the type of structure, the type of bond or force broken on melting
and the particles involved.

(6)

(c)  Solid phosphorus(V) chloride contains  ions.

(i)  Draw a dot-and-cross diagram of a  ion.

Show only outer shell electrons.
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(1)

(ii)  Predict the shape of a  ion.

Justify your answer.

(3)

Shape ............................................................................................

Justification

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

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

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

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

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

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

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

 

(Total for question = 16 marks)

 

 

Q2.           

This question is about bonding.

(a)  Draw an electron density map for a molecule of oxygen.

(1)

(b)  Draw a diagram to show the shape of a water molecule.

Give the bond angle.

(2)

Bond angle ...........................................................

(c)  The compound POCl3 has a simple molecular structure.

(i)  Complete the dot-and-cross diagram for the POCl3 molecule.

Use crosses ( ) for the phosphorus electrons, dots ( ) for the chlorine electrons
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and circles ( ) for the oxygen electrons.

(2)

(ii)  Explain the shape of this molecule using the electron-pair repulsion theory.

(3)

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

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

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

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

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

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

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

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

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

(d)  The properties of metals depend on their structure and bonding.

(i)  Draw a labelled diagram to show the metallic bonding in calcium.

(2)

(ii)  Explain how the electrical conductivity, high melting temperature and

malleability of metals depend on their structure and bonding.

(3)

Electrical conductivity.......................................................................................................................

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

High melting temperature
....................................................................................................................

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

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

Malleability ...............................................................................................................................

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

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

(e)  Diamond, graphite and graphene are all forms of carbon.

(i)  Explain two ways in which the physical properties of diamond and graphite differ.

Refer to their structure and bonding in your answer.

(4)

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

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

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

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

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

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

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

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

(ii)  State how the structure of graphene is related to the structure of graphite.
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(1)

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

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

(iii)  State a use for graphene, identifying the property that makes it suitable for that use.

(2)

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

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

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

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

 

(Total for question = 20 marks)

 

 

Q3.           

This question is about the bonding in the elements of Period 3 in the Periodic Table.

The melting temperatures of the Period 3 elements are shown in the table.

(a)  Sodium, magnesium and aluminium are metals.

(i)  State what is meant by metallic bonding.

(1)

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

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

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

(ii)  Melting temperature depends on the strength of metallic bonding.

Explain why the metallic bonding in magnesium is much stronger than that in sodium.
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(3)

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

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

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

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

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

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

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

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

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

(b)  (i)  In the elements silicon, phosphorus, sulfur and chlorine, the atoms are joined by covalent
bonds.

Describe the attraction between the atoms in a covalent bond.

(1)

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

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

(ii)  Explain why the melting temperature of silicon is much higher than that of phosphorus, by
referring to their structures.

(3)

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

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

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

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

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

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

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

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

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

(c)  Sulfur reacts with chlorine to form sulfur dichloride, SCl2.

(i)  Complete the dot-and-cross diagram of a molecule of sulfur dichloride. Use dots (•) for the
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chlorine electrons and crosses (×) for the sulfur electrons. Show the outer shell electrons only.

(2)

(ii)  Suggest a value for the Cl—S—Cl bond angle. Justify your answer.

(3)

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

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

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

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

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

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

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

 

(Total for question = 13 marks)

 

 

Q4.           

Metallic bonding is the strong electrostatic attraction between

   A    anions and cations

   B    atoms and delocalised electrons

   C    ions and delocalised electrons

   D    two nuclei and a shared pair of electrons
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(Total for question = 1 mark)

 

 

Q5.           

Answer the question with a cross in the box you think is correct . If you change your
mind about an answer, put a line through the box  and then mark your new answer
with a cross .

Covalent bonding is best described as the electrostatic attraction between

   A    oppositely charged ions

   B    positive ions and delocalised electrons

   C    a shared pair of electrons

   D    two nuclei and a shared pair of electrons

 

(Total for question = 1 mark)

 

 

Q6.           

Answer the question with a cross in the box you think is correct  . If you change
your mind about an answer, put a line through the box  and then mark your new
answer with a cross  .

Which of these has the greatest electrical conductivity?

   A    SF6(g)

   B    H2O(l)

   C    Hg(l)

   D    Na2O(s)

 

(Total for question = 1 mark)
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Q7.           

Aluminium is an abundant metal with many uses.

(a)  The first four ionisation energies of aluminium are shown.

Explain how this information shows that aluminium is in Group 3 of the Periodic Table.

(2)

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

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

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

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

(b)  The graph shows the first ionisation energies for the elements in Period 3.

(i)  Explain the general increase in the first ionisation energy from sodium to argon.

(2)

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

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

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

(ii)  Explain why the first ionisation energy of aluminium is less than the first ionisation energy of
magnesium.

(2)

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

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

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

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

(c)  (i)  Describe the bonding in aluminium metal.

(2)

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

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

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

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

(ii)  Give two possible reasons why aluminium is used for overhead power cables.

(2)

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

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

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

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

(d)  New uses for waste aluminium cans are being investigated. One possible use is to make
nanoparticle alloys to produce hydrogen for fuel.

(i)  Aluminium nanoparticles react with water to produce aluminium oxide and hydrogen.

Complete the following equation. State symbols are not required.

(1)

(ii)  Give two possible reasons for producing hydrogen from aluminium rather than from fossil
fuels.
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(2)

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

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

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

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

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

 

(Total for question = 13 marks)

 

 

Q8.           

Answer the questions with a cross in the boxes you think are correct . If you change
your mind about an answer, put a line through the box  and then mark your new
answer with a cross .

Some physical properties of five substances are shown.
The letters are not element symbols.

(a)  Which of these substances could be metals?

   A    N only

   B    L and M only

   C    M and N only

   D    L, M and N only
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(b)  Which substance has properties showing that it changes from a molecular structure to ions
when it dissolves in water?

   A    L

   B    M

   C    P

   D    Q

 

(Total for question = 2 marks)

 

 

Q9.           

Magnesium is a metal in Group 2 of the Periodic Table. It reacts with chlorine to form the salt
magnesium chloride, MgCl2.

(a)  Draw a dot-and-cross diagram for magnesium chloride.

Show outer shell electrons only.

(1)

(b)  Magnesium conducts electricity when it is in the solid state. Magnesium chloride conducts
electricity when it is molten or dissolved in water but not when it is in the solid state.

Explain these observations.

(3)

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

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

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

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

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

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

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

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

(c)  Magnesium chloride can also be made by reacting magnesium oxide with dilute hydrochloric
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acid.

MgO(s) + 2HCl(aq) → MgCl2(aq) + H2O(l)

(i)  Write the ionic equation, including state symbols, for this reaction.

(1)

(ii)  Calculate the minimum volume of 2.00 mol dm−3 hydrochloric acid needed to completely
react with 2.45 g of magnesium oxide.

(3)

Minimum volume of hydrochloric acid = ........................................................... cm3

(d)  A further method for making magnesium chloride is by reacting magnesium carbonate with
dilute hydrochloric acid.

MgCO3(s) + 2HCl(aq) → MgCl2(aq) + H2O(l) + CO2(g)

Calculate the maximum mass of magnesium chloride that could be formed when 2.25 g of
magnesium carbonate is added to excess dilute hydrochloric acid.

(2)

Maximum mass magnesium chloride = ........................................................... g

(e)  Explain why the reaction to make magnesium chloride from magnesium oxide has a higher
atom economy than the reaction using magnesium carbonate.

No calculation is required.

(2)

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

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

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

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

 

(Total for question = 12 marks)
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