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Q1.           

This question is about compounds containing chlorine.

(a)  A precipitate of silver chloride is formed when silver nitrate solution reacts with sodium
chloride solution.

A student wrote an ionic equation for the reaction.

Ag2+(l) + 2Cl–(l) → AgCl2(s)

Explain why this equation is incorrect, even though it is balanced.

(2)

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

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

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

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

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

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

(b)  A sample of a compound is analysed and found to contain only 3.09 g carbon, 0.26 g
hydrogen and 9.15 g chlorine.

The molar mass of the compound is 97.0 g mol–1.

Calculate the molecular formula of this compound.

You must show your working.

(3)

(c)  Nitrogen trichloride has the formula NCl3.

(i)  A sample of nitrogen trichloride contained only nitrogen atoms with mass number 14, and
chlorine atoms with mass numbers 35 and 37.

Give the formula and mass/charge ratio for each of the four ions responsible for the molecular
ion peaks in the mass spectrum of nitrogen trichloride.

(2)

(ii)  Complete the table to predict the shape and Cl—N—Cl bond angle in nitrogen trichloride.

(3)
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(d)  Aluminium chloride exists as an ionic lattice in the solid state and as a covalent dimer, Al2Cl6,
in the gas phase, just above its boiling temperature.

(i)  Explain why aluminium chloride in the solid state has significant covalent character.

(2)

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

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

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

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

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

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

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

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

(ii) Describe how two AlCl3 molecules are joined together in the dimer.

Include a diagram in your answer.

(2)

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

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

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

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

 

(Total for question = 14 marks)

 

 

Q2.           
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This question is about iron and some of its compounds.

(a)  Complete the table to show the numbers of subatomic particles in 56Fe2+.

(1)

(b)  A sample of iron contains the following isotopes.

Calculate the relative atomic mass of this sample of iron.
Give your answer to three significant figures.

(2)

(c)  Magnesium reacts with aqueous iron(II) sulfate in a displacement reaction.

Write the ionic equation for this reaction.
Include state symbols.

(2)

(d)  25.00 g of a compound contains 6.98 g of iron and 6.03 g of sulfur.

The remaining mass is oxygen.

Calculate the empirical formula of this compound.

[Ar values: O = 16.0 S = 32.1 Fe = 55.8]

(3)

(e)  When 6.95 g of FeSO4.xH2O is heated, 2.00 g of iron(III) oxide, 0.80 g of sulfur dioxide and
1.00 g of sulfur trioxide
        are produced.
        The only other product is water.

Deduce the overall equation for the reaction using these data.
State symbols are not required.

You must show your working.
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[Ar values: H = 1.0 O = 16.0 S = 32.1 Fe = 55.8]

(5)

 

(Total for question = 13 marks)

 

 

Q3.           

This question is about nitrogen.

(a)  The table shows the successive ionisation energies of nitrogen.

(i)  Complete the table.

(1)

(ii)  Plot a graph of log (ionisation energy) against ionisation number.

(3)
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(iii)  Give a reason why the logarithm of the ionisation energy, rather than just the ionisation
energy, is used to plot this graph.

(1)

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

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

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

(iv)  Explain what can be deduced from the graph about the electronic structure of nitrogen.

(3)

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

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

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

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

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

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

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

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

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

(v)  Explain why the first ionisation energy of oxygen is lower than that of nitrogen.

(3)
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.............................................................................................................................................

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

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

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

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

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

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

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

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

(b)  Nitrogen gas consists of nitrogen molecules.

(i)  Draw a dot-and-cross diagram to show the bonding in a molecule of nitrogen.

(1)

(ii)  Calculate the number of nitrogen atoms in 5.60 g of nitrogen gas.

[Avogadro constant = 6.02 × 1023 mol–1]

(2)

(iii)  A sample of nitrogen gas occupied 108 cm3 at a temperature of 25 °C and a pressure of
1.36 × 105 Pa.

Using the ideal gas equation, calculate the number of moles of nitrogen gas in this sample.

[pV = nRT    R = 8.31 J mol–1 K–1]

(4)

 

(Total for question = 18 marks)

 

 

Q4.           

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.
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(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.

(3)

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

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

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

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

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

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

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

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

(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.

(1)

(ii)  Predict the shape of a  ion.

Justify your answer.

(3)
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Shape ............................................................................................

Justification

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

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

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

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

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

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

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

 

(Total for question = 16 marks)

 

 

Q5.           

This question is about atomic structure and gases.

(a)  Chlorine exists as two isotopes with mass numbers 35 and 37.

(i)  State the number and type of each of the particles in the nucleus of a chlorine-35 atom.

(2)

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

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

(ii)  Complete the electronic configuration of a chloride ion, Cl−, using the s, p, d notation.

(1)

1s2 .....................................................................................................................................

(iii)  A sample of chlorine contains 75.53 % of chlorine-35 atoms.

Calculate the relative atomic mass of this sample of chlorine.
Give your answer to two decimal places.

(2)

(b)  Fluorine has one naturally occurring isotope with mass number 19.
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Chlorine and fluorine react to form chlorine trifluoride, ClF3 .

(i)  Draw a dot-and-cross diagram to show the bonding in a molecule of chlorine trifluoride.

Show the outer shell electrons only.

(2)

(ii)  State, in terms of electrons, what is unusual about the dot-and-cross diagram you have
drawn.

(1)

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

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

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

(iii)  Complete the mass spectrum to show the peaks you would expect for the molecular ion
ClF3

+ .

(3)

(iv)  Calculate, using the ideal gas equation, the volume in cm3 occupied by 0.0200 mol of ClF3
gas at a temperature of 60 °C and a pressure of 1.28 × 105 Pa.

Give your answer to an appropriate number of significant figures.

[ pV = nRT      R = 8.31 J mol−1 K−1]

(4)

 

(Total for question = 15 marks)
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Q6.           

This question is about barium and barium compounds.

(a)  The graph shows the first eight ionisation energies of barium.

(i)  Write an equation, including state symbols, for the third ionisation energy of barium.

(1)

(ii)  State how the graph confirms that barium is in Group 2 in the Periodic Table.

(1)

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

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

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

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

(b)  An acidified aqueous solution of barium chloride, BaCl2, is used to test for sulfate ions.

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

Show the outer electrons only.

(2)

(ii)  Calculate the mass of barium chloride needed to form 150 cm3 of BaCl2(aq) with a
concentration of 0.200 mol dm–3.

Give your answer to an appropriate number of significant figures.

(2)

(iii)  The barium chloride solution is acidified to prevent carbonate ions giving a false positive
result.
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Write the ionic equation for the reaction of hydrochloric acid with carbonate ions. State symbols
are not required.

(1)

(c)  Give a reason why solid barium chloride does not conduct electricity.

(1)

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

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

 

(Total for question = 8 marks)

 

 

Q7.           

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.

(3)

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

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

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

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

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

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

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

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

(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
chlorine electrons and crosses (×) for the sulfur electrons. Show the outer shell electrons only.

(2)
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(ii)  Suggest a value for the Cl—S—Cl bond angle. Justify your answer.

(3)

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

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

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

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

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

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

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

 

(Total for question = 13 marks)

 

 

Q8.           

Naturally occurring bromine has two isotopes: bromine-79 and bromine-81.

(a)  State what is meant by the term isotopes.

(1)

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

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

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

(b)  Complete the table to show the numbers of subatomic particles in the two isotopes of
bromine.

(2)
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(c)  The mass spectrum of a sample of bromine is obtained.

(i)  Draw a dot-and-cross diagram to show the bonding in a molecule of bromine.

Only the outer electrons should be shown.

(2)

(ii)  Describe the formation of the molecular ion of bromine in the mass spectrometer. Include an
equation.

State symbols are not required.

(2)

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

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

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

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

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

(iii)  On the mass spectrum grid, draw the peaks for the bromine molecular ions, showing the
relative peak heights.

The bromine isotopes in this sample have the same relative abundance.

(2)
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(d)  The percentage abundances of the isotopes in a different sample of bromine are shown.

Calculate the relative molecular mass of this sample of bromine, giving your answer to two
decimal places.

(3)

 

(Total for question = 12 marks)

 

 

Q9.           

This question is about bromine.

(a)  Complete the electronic configuration for a bromine atom, using the s, p, d notation.

(1)

[Ar] ....................................................................................................................................
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(b)  Bromine exists as two isotopes with mass numbers 79 and 81.

(i)  Complete the table to show the numbers of subatomic particles in a 79Br atom and a 81Br−

ion.

(2)

(ii)  A sample of bromine contained equal amounts of the two isotopes.

Complete the mass spectrum to show the peaks you would expect for Br2
+ from this sample of

bromine gas.

(2)

(iii)  Calculate the number of bromine molecules in 2.00 g of Br2.

[Avogadro constant = 6.02 × 1023 mol−1]

(2)

Number of molecules = ...........................................................

(c)  A sample of bromine gas occupied 200 cm3 at a temperature of 77 °C and a pressure of 1.51
× 105 Pa.

Calculate, using the ideal gas equation, the amount in moles of bromine molecules in this
sample.

[pV = nRT          R = 8.31 J mol−1 K−1]

(4)

Amount of bromine molecules = ........................................................... mol
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(Total for question = 11 marks)

 

 

Q10.           

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 .

What is the total number of orbitals in a sulfur atom which contain at least one electron?

   A    3

   B    5

   C    8

   D    9

 

(Total for question = 1 mark)

 

 

Q11.           

This question is about copper and its compounds.

(a)  Complete the electronic configurations of Cu and Cu2+.

(2)

Cu [Ar] .............................................................................................................................................

Cu2+ [Ar]
.............................................................................................................................................

(b)  A sample of copper contains the isotopes 63Cu and 65Cu.

(i)  Complete the table to show the numbers of subatomic particles in the atoms of these two
isotopes of copper.

(2)
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(ii)  Explain the term isotopes, using the information in the table.

(2)

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

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

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

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

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

(iii)  State why the two isotopes of copper have the same chemical reactions.

(1)

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

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

(iv)  The relative atomic mass of copper in this sample is 63.4.

Calculate the percentage abundances of the isotopes 63Cu and 65Cu in this sample.
You must show your working.

(2)

(c)  Copper(II) sulfate, CuSO4, can be made by reacting solid copper(II) carbonate with dilute
sulfuric acid.

(i)  Write an equation for the reaction that occurs.

State symbols are not required.

(1)

(ii)  An experiment was carried out to produce pure, dry crystals of hydrated copper(II) sulfate,
CuSO4•5H2O.

Copper(II) carbonate was mixed with 50.0 cm3 of 1.00 mol dm–3 sulfuric acid until no more
reacted.
The mass of CuSO4•5H2O obtained was 10.87 g.

Calculate the percentage yield for this reaction, giving your answer to an appropriate number of
significant figures.
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[Molar mass of CuSO4•5H2O = 249.6 g mol−1]

(4)

 

(Total for question = 14 marks)

 

 

Q12.           

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 .

Isotopes are atoms of an element that have different

   A    electronic structures

   B    numbers of electrons

   C    numbers of protons

   D    numbers of neutrons

 

(Total for question = 1 mark)

 

 

Q13.           

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 is the electronic configuration of the Sc3+ ion?

   A    1s2 2s2 2p6 3s2 3p6

   B    1s2 2s2 2p6 3s2 3p5 3d1

   C    1s2 2s2 2p6 3s2 3p6 3d1 4s2

   D    1s2 2s2 2p6 3s2 3p6 3d4 4s2
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(Total for question = 1 mark)

 

 

Q14.           

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 ion does not have the electronic configuration shown?

   A    K+

   B    Ca2+

   C    Ti2+

   D    Sc3+

 

(Total for question = 1 mark)

 

 

Q15.           

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 .

What is the electronic configuration of the nitride ion, N3– ?

   A    1s2 2s2

   B    1s2 2s2 2p3

   C    1s2 2s2 2p4

   D    1s2 2s2 2p6
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(Total for question = 1 mark)

 

 

Q16.           

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 .

What is the electronic configuration of a nitrogen atom?

 

(Total for question = 1 mark)

 

 

Q17.           

Which is the electronic configuration of nitrogen?
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(Total for question = 1 mark)

 

 

Q18.           

This question is about the chlorides of beryllium and calcium.

(a)  Complete the electronic configurations of the atoms of beryllium and calcium using the s, p,
d notation.

(2)

Be    1s2

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

Ca    1s2

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

(b)  In the gaseous state, beryllium chloride is molecular.

Draw a dot-and-cross diagram to show the bonding in a molecule of beryllium chloride, BeCl2.

(2)

(c)  In the solid state, beryllium chloride forms a polymeric structure.

The diagram shows part of this structure.

The diagram uses lines and arrows to represent the two different types of covalent bond.

Describe how each type of bond is formed.
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(2)

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

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

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

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

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

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

(d)  The Cl—Be—Cl bond angle is different in the two forms of beryllium chloride.

Predict the two bond angles, justifying your answers by referring to electron-pair repulsion
theory.

(4)

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

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

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

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

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

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

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

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

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

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

(e)  Anhydrous calcium chloride is a crystalline, ionic solid which melts at 772 °C.

Draw a dot-and-cross diagram for calcium chloride.
Show the outer electrons only.

(2)

(f)  Explain why gaseous beryllium chloride and solid calcium chloride have different types of
bonding.

(3)

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

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

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

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

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

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

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

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

 

(Total for question = 15 marks)

 

 

Q19.           

What are the maximum numbers of electrons in a 2p orbital and in the third quantum shell?

 

(Total for question = 1 mark)

 

 

Q20.           

Which element is in the d-block of the Periodic Table?

(1)

   A    argon
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   B    chlorine

   C    iron

   D    sodium

 

(Total for question = 1 mark)

 

 

Q21.           

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 is the equation for the second ionisation energy of an element, A?

   A    A(g)  → A2+(g)  + 2e−

   B    A+(g)  → A2+(g)  + e−

   C    A2+(g)  → A3+(g)  + e−

   D    A2+(g)  → A4+(g)  + 2e−

 

(Total for question = 1 mark)

 

 

Q22.           

Which equation represents the first ionisation energy of iodine?

   A    I2(s) → 2I+(g)  + 2e−

   B    I2(g)  → 2I+(g)  + 2e−

   C    1⁄2I2(s) → I+(g)  + e−

   D    I(g)  → I+(g)  + e−

Use this space for any rough working. Anything you write in this space will gain no
credit.
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(Total for question = 1 mark)

 

 

Q23.           

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 .

The mass spectrum of a sample of silicon is shown.

What is the best estimate for the relative atomic mass of silicon in this sample?

   A    28.0

   B    28.2

   C    28.8

   D    29.0

 

(Total for question = 1 mark)
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Q24.           

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 .

The graph shows the first ionisation energies of some consecutive elements from Periods 2 and 3
of the Periodic Table.

The letters used to label the elements are not their chemical symbols.

(a)  Which element has only one p orbital containing a pair of electrons?

(1)

   A    element U

   B    element V

   C    element W

   D    element X

(b)  Which element is the least reactive?

(1)

   A    element S

   B    element X

   C    element Y

   D    element Z

(c)  Which element has the greatest second ionisation energy?

(1)

   A    element S
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   B    element T

   C    element X

   D    element Y

 

(Total for question = 3 marks)

 

 

Q25.           

This question is about the Group 4 element germanium and some of its compounds.

(a)  Naturally-occurring germanium consists of five stable isotopes.

Explain what is meant by the term isotopes.

(2)

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

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

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

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

(b)  The mass spectrum of a sample of germanium is shown.

Calculate the relative atomic mass of this sample of germanium.

(2)

(c)  Give the electronic configuration of a germanium atom.

(1)
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.............................................................................................................................................

(d)  Germane is a compound with the formula GeH4.

It can be formed by the reaction shown.

Na2GeO3  +  NaBH4  +  H2O  →  GeH4  +  2NaOH + NaBO2

(i)  Calculate the atom economy, by mass, for the formation of germane.

Use Ar of Ge = 72.6

(2)

(ii)  Germane can donate a proton to ammonia, forming the ion .

Draw a dot-and-cross diagram of the ion . Show the outer electrons only.

(2)

(iii)  Use your answer to (d)(ii) and electron-pair repulsion theory to predict the name of the
shape and bond angle of the ion 

(2)

Name of the shape

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

Bond angle

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

(iv)  Germane is toxic and the maximum permitted concentration is 0.640 mg m–3 in air.

Calculate the maximum number of germane molecules permitted in a laboratory with a volume
of 231 m3.

[Avogadro constant (L) = 6.02 × 1023 mol–1]

(4)

(e)  A halide of germanium, GeX4, reacts with water as shown.

GeX4  +  2H2O  →  GeO2  +  4HX

1.50 g of GeX4 was added to excess water.
The insoluble GeO2 was removed by filtration.
The solution of hydrogen halide formed was then added to
excess magnesium carbonate, forming 335.5 cm3 of carbon dioxide
at room temperature and pressure (r.t.p.).

MgCO3  +  2HX  →  MgX2  +  CO2  +  H2O
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[Molar volume of a gas at r.t.p. = 24 000 cm3 mol–1]

(i)  Calculate the number of moles of carbon dioxide formed.

(1)

(ii)  Deduce the number of moles of HX formed when GeX4 reacted with the excess water.

(1)

(iii)  Deduce the number of moles of GeX4 that reacted with the excess water.

(1)

(iv)  Calculate the molar mass of GeX4 and hence identify X.

(2)

 

(Total for question = 20 marks)

 

 

Q26.           

This question is about the structure and bonding of Group 5 chlorides.

(a)  Nitrogen trichloride, NCl3 , has a molecular structure.

The displayed formula of a molecule of NCl3 is shown.

Complete the table for this molecule.

(3)

(b)  Under standard conditions, phosphorus(V) chloride (PCl5) is a solid made up of  cations
and  anions.
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Antimony(V) chloride (SbCl5) is a liquid made up of SbCl5 molecules.

(i)  Explain why PCl5 has a higher melting temperature than SbCl5 .

(2)

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

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

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

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

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

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

(ii)  Draw a dot-and-cross diagram to show the bonding in a molecule of SbCl5.

Use dots (•) to represent the Sb electrons, and crosses (x) to represent the Cl electrons. Show
outer electrons only.

(2)

(c)  At low temperatures, SbCl5 converts to Sb2Cl10 which contains dative covalent bonds.

(i)  State what is meant by the term dative covalent bond.

(1)

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

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

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

(ii)  Complete the diagram to show the dative covalent bonds in Sb2Cl10 .

(1)

(d)  Arsenic also forms a pentachloride with the formula AsCl5 .

Give one possible reason why nitrogen is the only Group 5 element that does not form a
pentachloride.
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(1)

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

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

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

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

 

(Total for question = 10 marks)

 

 

Q27.           

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 ion has the electronic configuration 1s2 2s2 2p6 3s2 3p6 in its ground state?

   A    Al3+

   B    Cl−

   C    N3−

   D    Na+

 

(Total for question = 1 mark)

 

 

Q28.           

The diagram shows the first ionisation energy for the elements from sodium to silicon.

S T E M U P . C O . U K

https://stemup.co.uk


What is the approximate first ionisation energy, in kJ mol−1, of phosphorus (atomic number 15)?

   A    400

   B    500

   C    700

   D    1000

 

(Total for question = 1 mark)

 

 

Q29.           

Which is the electronic configuration of a carbon atom in its ground state?

 

(Total for question = 1 mark)
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Q30.           

The first six ionisation energies of an element, in kJ mol–1, are shown.

578        1817        2745        11578        14831        18378

Which group of the Periodic Table includes this element?

   A    Group 2

   B    Group 3

   C    Group 4

   D    Group 5

 

(Total for question = 1 mark)

 

 

Q31.           

What is the maximum number of electrons in the 3p subshell, and in the third quantum shell of
an atom?

 

(Total for question = 1 mark)

 

 

Q32.           

The hydroxide ion, OH–, has a total of 9 protons.
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How many neutrons and electrons are there in this ion?

 

(Total for question = 1 mark)

 

 

Q33.           

A sample of silicon contains the following isotopes.

What is the relative atomic mass of silicon, to one decimal place, in this sample?

   A    28.0

   B    28.2

   C    29.0

   D    29.8

 

(Total for question = 1 mark)

 

 

Q34.           

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
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answer with a cross .

The mass spectrum of a sample of an element is shown.

(a)  What is the Ar of the element?

(1)

   A    42.0

   B    48.0

   C    63.6

   D    64.0

(b)  Which species could be responsible for the peak at m / z = 32.5?

(1)

   A    32S+

   B    63Cu2+

   C    65Cu2+

   D    98Tc3+

 

(Total for question = 2 marks)
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Q35.           

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 equation represents the second ionisation energy of magnesium?

   A    Mg(g)  → Mg2+(g)  + 2e−

   B    Mg+(g)  → Mg2+(g)  + e−

   C    Mg(s) → Mg2+(s) + 2e−

   D    Mg+(s) → Mg2+(s) + e−

Use this space for any rough working. Anything you write in this space will gain no
credit.

 

(Total for question = 1 mark)

 

 

Q36.           

The graph shows the first ionisation energies for the elements with atomic numbers from 3 to 12.

(a)  Write the equation for the first ionisation energy of nitrogen. Include state symbols.
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(2)

(b)  Explain the changes in first ionisation energy for the elements with atomic numbers from 3
to 10.

(4)

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

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

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

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

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

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

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

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

(c)  Explain why the first ionisation energy of element 11 is lower than that of element 3.

(2)

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

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

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

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

 

(Total for question = 8 marks)

 

 

Q37.           

This question is about the ionisation energies of the elements in Period 2 of the Periodic Table.

(a)  The first ionisation energies of the Period 2 elements are shown.
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(i)  Give an equation that represents the first ionisation energy of lithium. Include state symbols.

(1)

(ii)  Explain why there is a general increase in the first ionisation energy across the period.

(2)

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

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

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

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

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

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

(iii)  Explain why the first ionisation energy of oxygen is lower than that of nitrogen.

(2)

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

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

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

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

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

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

(b)  All the successive ionisation energies of nitrogen are shown in the table.
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Explain the trend in the successive ionisation energies of nitrogen.

(2)

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

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

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

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

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

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

 

(Total for question = 7 marks)

 

 

Q38.           

The decrease in first ionisation energy down Group 1 in the Periodic Table is caused by the 
increase in

(1)

   A    force of attraction between the nucleus and outer electron

   B    number of neutrons in the nucleus

   C    number of protons in the nucleus

   D    shielding of the outer electron from the nuclear charge

 

(Total for question = 1 mark)
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Q39.           

What is the equation for the third ionisation energy of aluminium?

(1)

   A    Al(g) → Al3+(g) + 3e−

   B    Al(s) → Al3+(s) + 3e−

   C    Al2+(g) → Al3+(g) + e−

   D    Al2+(s) → Al3+(s) + e−

 

(Total for question = 1 mark)
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Q1.           

The first three ionisation energies of carbon are shown.

Which is the approximate fourth ionisation energy, in kJ mol−1, of carbon?

(1)

   A    3500

   B    6200

   C    11 000

   D    38 000

 

(Total for question = 1 mark)

 

 

Q2.           

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)

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

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

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

(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)

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

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

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

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

(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)

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

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

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

.............................................................................................................................................
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(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.

(2)

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

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

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

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

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

 

(Total for question = 13 marks)

 

 

Q3.           

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 .

The numbers of subatomic particles present in four species W, X, Y and Z are given in the table.
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Which of these species are isotopic?

   A    W and X

   B    W and Y

   C    X and Z

   D    Y and Z

 

(Total for question = 1 mark)

 

 

Q4.           

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 .

The graph shows log (ionisation energy) against ionisation number for the successive ionisations
of an element.

In this element, how many quantum shells contain electrons, and how many electrons are in the

S T E M U P . C O . U K

https://stemup.co.uk


outer quantum shell?

 

(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 .

Iodine exists as one isotope with mass number 127.

Chlorine exists as two isotopes with mass numbers 35 and 37.

How many molecular ion  peaks are there in the mass spectrum of ICl3?

   A    2

   B    3

   C    4

   D    5

 

(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
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answer with a cross  .

The diagram shows a mass spectrometer.

(a)  Which process occurs in region R?

(1)

   A    the sample is vaporised using a heater

   B    electrons are removed from molecules or atoms and positive ions are formed

   C    electrons are added to the molecules or atoms and negative ions are formed

   D    ions are accelerated by an electric field

(b)  Which statement is correct for region T?

(1)

   A    ions with a greater mass have a smaller deflection

   B    ions with a greater mass have a greater deflection

   C    ions with a greater charge have a smaller deflection

   D    ions are speeded up by a magnetic field

 

(Total for question = 2 marks)

 

 

Q7.           

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
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with a cross .

Mass spectrometers are used in chemical analysis.

(a)  In which region of this mass spectrometer are the ions accelerated?

(1)

   A    region P

   B    region Q

   C    region R

   D    region S

(b)  Four iron ions are present in a stream of ions in a mass spectrometer. The paths of these
ions are shown.

Which of these ions will follow path 1 through the mass spectrometer?

(1)

   A    54Fe+

   B    54Fe2+

   C    56Fe+

   D    56Fe2+
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(c)  Naturally-occurring chlorine has two isotopes, 35Cl and 37Cl.

How many peaks due to the singly-charged molecular ions are seen in the mass spectrum of
chlorine, Cl2?

(1)

   A    1

   B    2

   C    3

   D    4

 

(Total for question = 3 marks)

Use this space for any rough working. Anything you write in this space will gain no
credit.

 

 

Q8.           

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 .

The mass spectrum of a sample of an element has only two peaks.

What is the approximate relative atomic mass of the element in this sample?

   A    191.5

   B    192.0
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   C    192.5

   D    193.0

 

(Total for question = 1 mark)

 

 

Q9.           

Data from the mass spectrum of a sample of pure iron is given in the table.

Which species is most likely to cause the peak at m/z = 28?

(1)

   A    28Fe+

   B    56Fe2+

   C    28Si+

   D    84Sr3+

 

(Total for question = 1 mark)

 

 

Q10.           

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  .
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The Period 2 element with the highest melting temperature is

   A    aluminium

   B    boron

   C    carbon

   D    silicon

 

(Total for question = 1 mark)

 

 

Q11.           

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 atoms has the most neutrons?

 

(Total for question = 1 mark)

 

 

Q12.           

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 .

The element manganese has the atomic number Z = 25.

What are the numbers of s, p and d electrons in an atom of manganese?
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Use this space for any rough working. Anything you write in this space will gain no
credit.

 

(Total for question = 1 mark)

 

 

Q13.           

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  .

A p-block element in Period 3 of the Periodic Table reacts to form an ionic compound.

What could be the electronic configuration of the ion formed by this element?

   A    1s22s22p63s2

   B    1s22s22p63s23p6

   C    1s22s22p63s23p63d10

   D    1s22s22p63s23p63d104s24p6

 

(Total for question = 1 mark)

 

 

Q14.           

An outline of part of the Periodic Table is shown.
The letters are not the usual symbols of the elements.
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(a)  Which elements are in the s-block of the Periodic Table?

(1)

   A    R and U

   B    T and Y

   C    V and W

   D    X and Z

(b)  Which element has four occupied quantum shells, with six electrons in the outermost shell?

(1)

   A    V

   B    X

   C    Y

   D    Z

(c)  In which pair do the ions have the same electronic configuration?

(1)

   A    R+ and T2−

   B    T2− and Y2−

   C    U2+ and T2−

   D    U2+ and W−

 

(Total for question = 3 marks)
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Q15.           

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 .

The two stable isotopes of bromine have relative masses of 79 and 81.

Which is the correct pattern of peaks in the mass spectrum of molecular bromine?

 

(Total for question = 1 mark)
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Q16.           

This question is about phosphorus and some of its compounds.

(a)  The atomic number of phosphorus is 15.

(i)  Complete the electronic configuration of a phosphorus atom using the electrons-in-boxes
notation.

(1)

(ii)  Explain why the first ionisation energy of phosphorus is greater than that of sulfur.

(2)

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

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

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

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

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

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

(b)  Phosphorus has a melting temperature of 44 °C.

Silicon has a melting temperature of 1410 °C.

Explain why the melting temperature of phosphorus is much lower than that of silicon.

(3)

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

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

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

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

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

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

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

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

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

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

(c)  Phosphorus(V) chloride, PCl5 , exists as covalent molecules in the gaseous state.

(i)  Complete the table for a PCl5 molecule.

(3)

(ii)  In the solid state, phosphorus(V) chloride is ionic.

The cation and anion each have one phosphorus atom but a different number of chlorine atoms.

The cation is tetrahedral and the anion is octahedral.

Predict the formula of each ion. Include the charge on each ion.

(2)

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

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

(d)  In an experiment, 8.00 cm3 of 0.250 mol dm−3 sodium hydroxide, NaOH, reacted completely
with 10.0 cm3 of 0.100 mol dm−3 phosphoric acid, H3PO4 .

Use these data to deduce the balanced equation for this reaction.
You must show your working.

(3)

(e)  Hydrated magnesium phosphate has the formula Mg3(PO4)2.yH2O .

A sample of this compound contains 78.5% by mass of anhydrous magnesium phosphate.

Deduce the value of y.

You must show your working.

[Molar mass of anhydrous magnesium phosphate, Mg3(PO4)2 = 262.9 g mol−1]

(2)
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(Total for question = 16 marks)

 

 

Q17.           

This question is about phosphorus and sulfur.

Which species contains 15 protons, 16 neutrons and 18 electrons?

(1)

   A    P3−

   B    P3+

   C    S2−

   D    S2+

 

(Total for question = 1 mark)

 

 

Q18.           

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 .

A stable ion, M3+, contains 18 electrons.

In which block of the Periodic Table is element M found?

   A    s

   B    p

   C    d

   D    f

 

(Total for question = 1 mark)
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Q19.           

A sample of neon contains the following isotopes.

What is the relative atomic mass of neon to two decimal places?

(1)

   A    20.00

   B    20.09

   C    20.18

   D    21.00

 

(Total for question = 1 mark)

 

 

Q20.           

This question is about silicon and carbon.

(a)  Silicon is a semiconductor.

(i)  Data obtained using the mass spectrum of silicon are shown.
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Calculate the relative atomic mass of silicon to two decimal places.

(2)

(ii)  Suggest a reason why there is a small peak in the mass spectrum of silicon at m/z = 14

(1)

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

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

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

(iii)  Complete the table to show the number of protons and neutrons in each isotope of silicon.

(1)

(b)  Silicon dioxide, SiO2, is the main constituent of sand and has a giant lattice structure similar
to that of diamond.

Crystalline silicon dioxide is used on the surface of semiconductor devices to provide a
heat-resistant, electrically insulating layer.

Explain how the structure and bonding of silicon dioxide make it useful for this application.

(3)

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

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

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

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

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

(c)  Calcium silicate is formed in the removal of silicon dioxide impurities in the extraction of iron
from its ores. A sample of calcium silicate composed of calcium, silicon and oxygen was found to
contain 12.0 g of calcium, 8.43 g of silicon and 14.47 g of oxygen.

Determine the empirical formula of calcium silicate.
You must show your working.

(3)

(d)  Carbon dioxide is a gas at room temperature. A fizzy drink is canned at 5.0 °C and 1.3 × 105

Pa and contains approximately 3 g of carbon dioxide.

Calculate the volume, in cm3, occupied by 3.00 g of carbon dioxide gas at 5.0 °C and 1.3 × 105

Pa.

[pV = nRT      R = 8.31 J mol−1 K−1]

(4)

 

(Total for question = 14 marks)

 

 

Q21.           

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 .

The atomic number of the element scandium is 21 and the mass number of its only isotope is 45.

(a)  What is the number of electrons in a scandium ion, Sc+ ?

(1)

   A    20

   B    21

   C    22

   D    23

(b)  In a mass spectrometer, scandium forms Sc+ and Sc2+ ions.

What is the m / z value for the mass spectrum peak due to the Sc2+ ions?
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(1)

   A    22.5

   B    33.0

   C    45.0

   D    90.0

 

(Total for question = 2 marks)

 

 

Q22.           

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 equation represents the second ionisation energy of chlorine?

 

(Total for question = 1 mark)

 

 

Q23.           

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 statement about subatomic particles is correct?

   A    neutral atoms always contain the same number of protons and electrons

   B    neutral atoms always contain the same number of protons and neutrons

S T E M U P . C O . U K

https://stemup.co.uk


   C    electrons have a relative mass of 1 and a charge of −1

   D    protons have a relative mass of 1 and no charge

 

(Total for question = 1 mark)

 

 

Q24.           

This question is about the element sulfur.

(a)  Complete the diagram to show the electronic configuration for a sulfur atom in the ground
state.
       Include labels for each subshell.

(2)

(b)  Write an equation for the first ionisation energy of sulfur.
       Include state symbols.
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(2)

(c)  Explain why the first ionisation energy of sulfur is less than the first ionisation energies of 
both phosphorus and chlorine.

(3)

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

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

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

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

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

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

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

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

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

(d)  A sample of sulfur contains four isotopes.

(i)  State what is meant by the term isotopes, in terms of subatomic particles.

(2)

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

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

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

(ii)  Calculate the relative atomic mass of sulfur in this sample.

Give your answer to two decimal places.

(2)

(e)  The mass spectrum of a sample of sulfur with 32S as the only isotope is shown.
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(i)  Calculate the number of sulfur atoms in the molecular ion.

You must show your working.

(1)

(ii)  Suggest the formula of the most stable ion shown by this spectrum.

(2)

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

 

(Total for question = 14 marks)

 

 

Q25.           

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 .

The bar chart shows the melting temperatures of the first twenty elements.
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The bar chart shows that melting temperatures

   A    of giant covalent structures are the highest in Period 2 and in Period 3

   B    of metals are always higher than non-metals

   C    increase going down each group

   D    increase across Period 2 and Period 3

 

(Total for question = 1 mark)

 

 

Q26.           

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 .

An atom of  forms a nitride ion, N3–.

What are the numbers of protons, neutrons and electrons in this ion?
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(Total for question = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no
credit.

 

 

Q27.           

This question is about the structure of atoms.

(a)  State what is meant by the term orbital.

(2)

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

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

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

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

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

(b)  State the shape of an s orbital and the shape of a p orbital.

(1)

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

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

(c)  Describe what can be deduced about the electronic structure of sodium from its successive
ionisation energies.

(3)

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

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

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

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

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

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

(d)  (i)  The log of the fourth ionisation energy for six elements is shown in the table.

Plot a graph of these data.

(3)
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(ii)  Use your graph to estimate the fourth ionisation energy for sodium, in kJ mol–1.

(1)

(iii)  Suggest why the fourth ionisation energies of neon and sodium are similar in magnitude
even though the elements are in different periods of the Periodic Table.

(1)

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

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

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

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

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

 

(Total for question = 11 marks)

 

 

Q28.           

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 equation represents the third ionisation energy for element J?

   A    J2+(g) → J3+(g) + e–

   B    J3+(g) → J4+(g) + e–

   C    J(g) → J3+(g) + e–

   D    J(g) → J3+(g) + 3e–

 

(Total for question = 1 mark)

 

 

Q29.           
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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 sketch graph shows the trend in first ionisation energy values going down Group 1 in the
Periodic Table?

 

(Total for question = 1 mark)

 

 

Q30.           

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 .
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In which series are the elements in order of increasing melting temperature?

 

(Total for question = 1 mark)
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