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Q1.           

Airbags protect occupants by inflating when a car crashes.

Airbags rely on chemical reactions to produce large volumes of gases quickly.
In some airbags, solid sodium azide (NaN3) decomposes forming nitrogen gas and
sodium as the only products.

(a)  Write an equation for the decomposition of sodium azide.

State symbols are not required.

(1)

(b)  A passenger airbag requires 120 dm3 of gas to fill it.

Calculate, using the ideal gas equation, the mass of sodium azide required to fill
a passenger airbag in this reaction under standard conditions (101 000 Pa, 25°C).

Give your answer to an appropriate number of significant figures.

(6)

(c)  Two further reactions take place in the airbag.

(i)  Reaction A produces more nitrogen to inflate the airbag.

Calculate the atom economy, by mass, for the production of nitrogen in reaction A

Give your answer to an appropriate number of significant figures.

. 

(3)

(ii)  State the type of reaction taking place in reaction B.

(1)

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

 

(Total for question = 11 marks)
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Q2.           

This question is about alkenes.

Alkenes contain a carbon to carbon double bond that consists of a σ bond and a π bond.

(a)  Complete the diagram to show the areas of electron density for each bond. Label the σ bond
and the π bond.

(2)

(b)  Propene, C3H6 , is an alkene. The reagents needed for three reactions of propene are shown.

(i) In each box, draw the structure of the organic product of the reaction.

(3)

(ii)  Propene also reacts with hydrogen bromide, HBr.

Give the mechanism for this reaction to form the major product.
Include curly arrows, and relevant lone pairs and dipoles.

(3)

(c)  Alpha-ocimene contains three carbon to carbon double bonds. It is found in plants and has a
sweet smell. The skeletal formula of alpha-ocimene is shown.

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

https://stemup.co.uk


(i)  Give the molecular formula of alpha-ocimene.

(1)

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

(ii)  On the skeletal formula, draw a circle around the part of the molecule that gives rise to the
geometric isomerism of alpha-ocimene.

(1)

(iii)  Draw the skeletal formula of the other geometric isomer of alpha-ocimene.

(1)

(iv)  In an experiment, 0.050 mol of alpha-ocimene reacted with 3.6 dm3 of hydrogen, H2, in the
presence of a catalyst.

Deduce the structure of the product of this reaction.
You must show your working.

[Molar volume of H2 = 24 dm3 mol−1]

(3)

Calculation

Structure

 

(Total for question = 14 marks)

 

 

Q3.           

This question is mainly about alkenes.

(a)  A few drops of bromine water are added to separate test tubes of propane and propene and
the mixtures are shaken.
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Describe what is seen at the end of each experiment.

(2)

Propane

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

Propene

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

(b)  Give the reagents and conditions for each of these conversions.

(i)  CH2==CH2 → CH3CH2OH

(1)

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

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

(ii)  CH2==CH2 → CH2OHCH2OH

(1)

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

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

(c)  Draw the structure of Z-3-methylpent-2-ene.

(1)

(d)  Exactly 720 cm3 of hydrogen gas, measured at room temperature and pressure (r.t.p.),
reacted with 0.010 mol of an alkene to form an alkane.

Deduce the number of double bonds in one molecule of the alkene.
You must show your working.

[Molar volume of gas at r.t.p. = 24 000 cm3 mol−1]

(2)

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

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

(e)  A student drew a mechanism for the addition of bromine to ethene.
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Describe the three changes needed to correct this student's mechanism.

(3)

Change 1

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

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

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

Change 2

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

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

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

Change 3

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

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

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

(f)  Part of the structure of a polymer is shown.

Draw the structure of the monomer used to make this polymer.

(1)

 

(Total for question = 11 marks)

 

 

Q4.           

This question is about the compound ammonium dichromate(VI), (NH4)2Cr2O7.

(a)  (NH4)2Cr2O7 breaks down at around 180 °C, producing an oxide of chromium, nitrogen and
water as the only products.

(i)  Write an equation for the reaction.
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State symbols are not required.

(2)

(ii)  Give a name for this type of reaction.

(1)

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

(b)  When 0.00100 mol of ammonium dichromate(VI) was heated, 25.2 cm3 of nitrogen gas,
measured at laboratory temperature, was formed.

Calculate the temperature in the laboratory, in degrees Celsius, using the ideal gas equation.
Use atmospheric pressure = 101 kPa.

(4)

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

Use dots (●) for the nitrogen electrons and crosses (X) for the hydrogen electrons.

(2)

(ii)  Explain the shape of the ammonium ion using electron-pair repulsion theory.

(2)

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

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

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

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

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

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

(d)  Ammonium dichromate(VI) comes with several warnings on its packaging.

(i)  Some of the symbols shown are used for ammonium dichromate(VI).

Identify the symbols for ammonium dichromate(VI) by placing a tick ( ) in the box under each
relevant symbol.
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(2)

(ii)  Suggest why ammonium dichromate(VI) is not stored in the same cupboard as alkanes.

(1)

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

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

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

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

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

 

(Total for question = 14 marks)

 

 

Q5.           

How many atoms are there in 36.0 g of water?

[Avogadro constant = 6.02 × 1023 mol−1]

(1)

   A    3.010 × 1023

   B    1.204 × 1024
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   C    2.408 × 1024

   D    3.612 × 1024

 

(Total for question = 1 mark)

 

 

Q6.           

This question is about alkenes.

(a)  An alkene has a molar mass of 112 g mol−1.

Deduce the molecular formula of this alkene.

(1)

(b)  There are a number of different alkenes with the molecular formula C4H8.

(i)  Draw the structure of the branched-chain alkene with the molecular formula C4H8.

(1)

(ii)  Give the structures and names of the two geometric isomers with the molecular formula
C4H8.

(2)
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(c)  Two reactions of 1-methylcyclohexene are shown.

(i)  Draw the skeletal formula of compound X formed in Reaction 1.

(1)

(ii)  Give the reagent and condition needed for Reaction 2.

(2)

Reagent
.............................................................................................................................................

Condition
.............................................................................................................................................

(d)  Iodine monochloride, ICl, reacts with alkenes in a similar way to hydrogen bromide.

Complete the mechanism for the reaction of iodine monochloride with propene to form the 
major product.
Include curly arrows, the relevant lone pair and the structures of the intermediate and product.

(4)

(e)  A section of a polymer showing two repeat units is given.

Give the name of the monomer that forms this polymer.

(1)
S T E M U P . C O . U K
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.............................................................................................................................................

(f)  0.0100 mol of an alkene reacts completely with exactly 600 cm3 of hydrogen gas, measured
at 298 K and 1.24 × 105 Pa
        pressure, to form an alkane.

Use the ideal gas equation to deduce the number of double bonds in one molecule of the alkene.
You must show your working.

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

(4)

 

(Total for question = 16 marks)

 

 

Q7.           

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.
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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)

(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)

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

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

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

 

(Total for question = 14 marks)

 

 

Q8.           

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.
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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.

[Ar values: H = 1.0 O = 16.0 S = 32.1 Fe = 55.8]

(5)

 

(Total for question = 13 marks)

 

 

Q9.           

This question is about nitrogen.

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

(i)  Complete the table.
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(1)

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

(3)

(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)

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

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

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

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

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

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

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

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

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

(3)

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

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

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

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

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

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

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

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

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

(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)

 

 

Q10.           
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This question is about the alkene 2-methylpropene.

The formulae show two different ways of representing a molecule of 2-methylpropene.

(a)  Give the empirical formula of 2-methylpropene.

(1)

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

(b)  Give a reason why 2-methylpropene does not show geometric isomerism.

(1)

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

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

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

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

(c)  Draw the mechanism for the reaction between 2-methylpropene and bromine, Br2. Include
curly arrows, and relevant lone pairs and dipoles.

Use formula 1 to represent 2-methylpropene.

(4)

(d)  Two reactions of 2-methylpropene are shown.

(i)  In Reaction 1 the reagent A is acidified potassium manganate(VII).

Give the skeletal formula of organic product Q.

(1)

(ii)  Give the colour change seen during Reaction 1.
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(1)

From ............................................................ to ............................................................

(iii)  Identify, by name or formula, reagent B in Reaction 2.

(1)

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

(iv)  Explain why 2-bromo-2-methylpropane is the major organic product in Reaction 2.

(2)

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

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

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

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

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

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

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

(e)  Draw two repeat units of poly(2-methylpropene).

(2)

(f)  A sample of 2-methylpropene was prepared from 2-methylpropan-2-ol.

The yield of this reaction was 58.2%.

Calculate the mass of 2-methylpropene formed from 6.85 g of 2-methylpropan-2-ol.
Give your answer to an appropriate number of significant figures.

(4)
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(Total for question = 17 marks)

 

 

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 aqueous solution contains the greatest number of ions?

   A    200 cm3 of 1.5 mol dm−3 MgCl2

   B    400 cm3 of 0.8 mol dm−3 MgSO4

   C    500 cm3 of 1.0 mol dm−3 NaCl

   D    1000 cm3 of 0.25 mol dm−3 Na2SO4

 

(Total for question = 1 mark)

 

 

Q12.           

For each question, select one answer from A to D and put a cross in the box . If you
change your mind about an answer, put a line through the box  and then mark your
new answer with a cross .

Potassium chlorate(V) decomposes on heating to form oxygen.

2KClO3 → 2KCl + 3O2

What is the atom economy (by mass) for the formation of oxygen?

[Ar values: O = 16.0 Cl = 35.5 K = 39.1]

   A    13.1 %

   B    26.1 %

   C    39.2 %

   D    64.3 %
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(Total for question = 1 mark)

 

 

Q13.           

What is the atom economy, by mass, for the formation of iron in this reaction?

Fe2O3 + 3CO → 2Fe + 3CO2

[Ar values:      C = 12.0      O = 16.0      Fe = 55.8]

(1)

   A    29.7 %

   B    45.8 %

   C    55.9 %

   D    71.7 %

 

(Total for question = 1 mark)

 

 

Q14.           

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)
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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.

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

(4)

 

(Total for question = 15 marks)

 

 

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 .

A sample of seawater with a mass of 1 kg contains 6 × 10−9 g of gold.

How many atoms of gold, to one significant figure, are there in 1 g of this seawater?

[Ar value: Au = 197            Avogadro constant = 6 × 1023 mol−1]

   A    2 × 1010

   B    4 × 1012

   C    2 × 1013

   D    4 × 1015

 

(Total for question = 1 mark)

 

 

Q16.           

For each question, select one answer from A to D and put a cross in the box . If you
change your mind about an answer, put a line through the box  and then mark your
new answer with a cross .

The equation for the complete combustion of hexane is shown.

C6H14 + 9½O2 → 6CO2 + 7H2O

How many molecules of carbon dioxide are formed when 2 × 10−3 mol of hexane undergoes
complete combustion?
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[Avogadro constant L = 6.02 × 1023 mol−1]

   A    1.20 × 1021

   B    7.22 × 1021

   C    8.43 × 1021

   D    3.18 × 1023

 

(Total for question = 1 mark)

 

 

Q17.           

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)

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

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

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

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

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)

 

 

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 .

The formula of barium chloride is BaCl2.

Which is correct for barium chloride?

[ Ar values: Ba = 137.3    Cl = 35.5 ]

   A    barium chloride exists as a molecule

   B    barium chloride is a compound
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   C    the empirical formula of barium chloride is BaCl

   D    the Mr of barium chloride is 172.8

 

(Total for question = 1 mark)

 

 

Q19.           

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)

(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)

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

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

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

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

(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)

(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)
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Q20.           

This question is about bromine.

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

(1)

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

(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)
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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

 

(Total for question = 11 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 maximum permitted concentration of sulfur in diesel fuel is 10 mg of sulfur in 1 kg of diesel
fuel.

(a)  What is this concentration of sulfur in ppm?

(1)

   A    0.00001

   B    0.01

   C    10

   D    10 000

(b)  3.2 kg of this diesel fuel is burned in air.

What is the maximum volume, in dm3, of sulfur dioxide which can be produced, measured at
room temperature and pressure (r.t.p.)?

[Molar volume of a gas at r.t.p. = 24 dm3 mol−1]

(1)

   A    0.024
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   B    0.77

   C    2.4

   D    24

 

(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  .

A mass of 0.23 g of sodium was added to 350 cm3 water to form hydrogen and a solution of
sodium hydroxide.

Na(s) + H2O(l) → NaOH(aq) + 1⁄2H2(g)

(a)  What is the concentration, in mol dm−3, of sodium hydroxide in the solution formed?

(1)

   A    0.010

   B    0.029

   C    0.29

   D    0.66

(b)  What is the maximum volume, in cm3, of hydrogen which could be formed, measured at
r.t.p.?

[Molar volume of a gas at r.t.p. = 24 dm3 mol−1]

(1)

   A    120

   B    240

   C    480

   D    2800

(c)  The sodium hydroxide solution was neutralised with sulfuric acid.
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Which is the ionic equation for this reaction?

(1)

(d)  Sodium hydroxide solution was added to magnesium sulfate solution.

The equation for the reaction is shown.

2NaOH(aq) + MgSO4(aq) → Mg(OH)2(s) + Na2SO4(aq)

What is the atom economy (by mass) for the production of magnesium hydroxide?

[Ar values:     H = 1.0     O = 16.0     Na = 23.0     Mg = 24.3     S = 32.1]

(1)

   A    29.1 %

   B    41.0 %

   C    48.4 %

   D    50.0 %

 

(Total for question = 4 marks)

 

 

Q23.           

For each question, select one answer from A to D and put a cross in the box . If you
change your mind about an answer, put a line through the box  and then mark your
new answer with a cross .

Iron(III) oxide is reduced by hydrogen in a two-step process.

Step 1: 3Fe2O3 + H2 → 2Fe3O4 + H2O

Step 2: Fe3O4 + 4H2 → 3Fe + 4H2O

What is the maximum mass of iron that could be produced from 39.9 tonnes of Fe2O3 ?

[Ar values: H = 1.0 O = 16.0 Fe = 55.8]
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   A    6.98 tonnes

   B    13.95 tonnes

   C    27.90 tonnes

   D    41.85 tonnes

 

(Total for question = 1 mark)

 

 

Q24.           

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 mass of 4.08 g of hydrated copper(II) sulfate, CuSO4· 5H2O, was dissolved in deionised water to
form 250 cm3 of solution.

What is the concentration of the copper(II) sulfate solution formed, in mol dm–3?

(1)

   A    0.0163

   B    0.0256

   C    0.0654

   D    0.102

 

(Total for question = 1 mark)

 

 

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 .

A mass of 2.50 g of sodium chloride reacts with excess lead(II) nitrate solution forming lead(II)
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chloride with a
yield of 95 %.

What is the mass of lead(II) chloride, PbCl2, formed?

2NaCl  +  Pb(NO3)2  →  PbCl2  +  2NaNO3

[Mr values: NaCl = 58.5 PbCl2 = 278.2]

(1)

   A    5.65 g

   B    5.94 g

   C    11.3 g

   D    11.9 g

 

(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 .

A piece of copper is shown.

How many moles of copper atoms are there in this piece of copper?

[Density of copper = 8.96 g cm–3]

   A    0.675

   B    1.48

   C    6.05

   D    54.2
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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.           

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 solution of sodium chloride, NaCl, is prepared by dissolving 10.0 g of the solid in distilled water
and making the solution up to 250.0 cm3.

What is the concentration of the solution, in mol dm−3 ?

[Mr NaCl = 58.5]

   A    0.171

   B    0.684

   C    10.0

   D    40.0

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

 

(Total for question = 1 mark)

 

 

Q28.           

There is 0.045 g of solute in 1500 g of a solution.

What is the concentration of the solution in parts per million (ppm)?

(1)

   A    3.00
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   B    6.75

   C    30.0

   D    67.5

 

(Total for question = 1 mark)

 

 

Q29.           

What is the concentration, in mol dm−3, of a solution containing 7.84 g of phosphoric(V) acid,
H3PO4, in 400 cm3 of solution?

(1)

   A    0.02

   B    0.08

   C    0.20

   D    19.6

 

(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  .

Which aqueous solution has the highest concentration, in mol dm-3, of chloride ions?

   A    0.1 g dm-3 HCl

   B    0.1 g dm-3 NaCl

   C    0.1 g dm-3 KCl

   D    0.1 g dm-3 BaCl2
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(Total for question = 1 mark)
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Q1.           

Zingiberene is the compound that gives ginger its characteristic flavour. Its IUPAC name is
2-methyl-5-(6-methylhept-5-en-2-yl)cyclohexa-1,3-diene.

(a)  On the structure of zingiberene, draw a circle around the '2-methyl' group referred to in the
IUPAC name.

(1)

(b)  Deduce the molecular formula of zingiberene.

(2)

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

(c)  When zingiberene reacts with excess hydrogen bromide, there are a number of possible
products. The structure of the major product is shown.

(i)  Name the type and mechanism of the reaction.

(1)

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

(ii)  The diagram shows a simplified structure of zingiberene, in which part of the molecule is
represented by A.

Complete the mechanism for the reaction of zingiberene with one molecule of hydrogen
bromide.

Include curly arrows, and any relevant dipoles and lone pairs.

(4)

(iii)  For the reaction in (c)(ii) there are two possible products:
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Explain why I is the major product, by referring to your mechanism.

(2)

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

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

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

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

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

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

(d)  Zingiberene reacts with hydrogen gas in the presence of a catalyst.

(i)  Identify the catalyst, by name or formula.

(1)

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

(ii)  2.0 mol of zingiberene react completely with hydrogen at 150 °C and a pressure of 120 kPa.

Calculate the minimum volume of hydrogen needed under these conditions, stating your units.

[Ideal gas equation is pV = nRT Gas constant (R) = 8.31 J mol−1 K−1]

(4)

 

(Total for question = 15 marks)

 

 

Q2.           
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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 .

When zinc is added to copper(II) sulfate solution, copper is formed.

(a)  Which of these is the best name for this type of reaction?

(1)

   A    addition

   B    displacement

   C    neutralisation

   D    substitution

(b)  Which is the ionic half-equation for a process that takes place during this reaction?

(1)

   A    Cu2+ + e– → Cu+

   B    Cu+ + e– → Cu

   C    Zn → Zn+ + e–

   D    Zn → Zn2+ + 2e–

 

(Total for question = 2 marks)

 

 

Q3.           

This question is about the amount of water of crystallisation in hydrated magnesium sulfate,
MgSO4•x H2O.

(a)  The value of x in the formula was determined in an experiment.

Procedure

Step 1 A crucible was weighed, a spatula measure of hydrated magnesium sulfate was added
and the crucible was reweighed.

Step 2 The crucible containing the hydrated magnesium sulfate was heated using the apparatus
shown.
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Step 3 After heating for two minutes, the crucible containing the magnesium sulfate was allowed
to cool and was reweighed.

(i)  Complete the table of results.

(1)

(ii)  Use these results to calculate the value of x in MgSO4•x H2O.

Give your answer to the nearest whole number.

[Ar values: H = 1.0 O = 16.0 Mg = 24.3 S = 32.1]

(4)

(b)  The correct value of x is greater than the value calculated in (a)(ii).

Suggest a way of improving the method to obtain a more accurate result, using the same
apparatus.
Justify your answer.

(2)

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

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

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

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

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

 

(Total for question = 7 marks)

 

 

Q4.           

A sample of hydrated calcium sulfate, CaSO4.xH2O , was heated to constant mass. 3.405 g of
anhydrous calcium sulfate and 0.900 g of water were formed.

What is the value of x?

[Relative formula mass: CaSO4 = 136.2]

(1)

   A    0.5

   B    2

   C    3

   D    4

 

(Total for question = 1 mark)

 

 

Q5.           

Limonene is an oil extracted from the skin of citrus fruits such as oranges or lemons.
It is found in some cleaning products such as those used to remove chewing gum.

Limonene has the structure shown.
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(a)  Deduce the molecular formula of limonene.

(2)

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

(b) (i)  A few drops of acidified potassium manganate(VII) solution are mixed with a sample of
limonene.

State the colour change.

(1)

From ....................................................................... to .......................................................

(ii)  Draw the skeletal formula of the structure of the organic product formed when the reaction
in (b)(i) is carried out with excess acidified potassium manganate(VII).

(1)

(iii)  Name the type of reaction that limonene undergoes in (b)(i).

(1)

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

(c)  On heating, limonene reacts to form two molecules of a smaller hydrocarbon, Q.

Q can be polymerised to form R, a polymer used to improve the grip of car tyres.

A section of R is shown.

Draw the structure of Q.

(1)

(d)  Give two ways in which chemists can help minimise problems caused by the disposal of
polymers.

(2)

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

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

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

(e)  Limonene is extracted from orange peel using a solvent.

Possible solvents are hexane and liquid carbon dioxide.

Liquid carbon dioxide can be obtained by allowing solid carbon dioxide to melt under high
pressure.

(i)  Suggest one advantage and one disadvantage of using liquid carbon dioxide rather than
hexane to dissolve the limonene. Assume that the carbon dioxide does not escape into the
atmosphere.

(2)

Advantage

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

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

Disadvantage

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

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

(ii)  Orange peel contains 1.63 % of limonene by mass.

A chewing gum remover contains 30 cm3 of limonene per bottle.

Calculate the mass of orange peel, in kg, needed to obtain 30 cm3 of limonene.

[Density of limonene = 0.841 g cm–3]

(3)

 

(Total for question = 13 marks)

 

 

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 .

In 1.31 g of a chloride of titanium, there is 0.528 g of titanium.

What is the empirical formula of this titanium chloride?

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

https://stemup.co.uk


[ Ar values: Ti = 47.9 Cl = 35.5 ]

   A    TiCl

   B    TiCl2

   C    TiCl3

   D    Ti2Cl4

 

(Total for question = 1 mark)

 

 

Q7.           

Alkanes and alkenes are obtained from crude oil.

(a)  Describe how a sample of octadecane can be obtained from a mixture of alkanes.

(2)

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

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

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

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

(b)  (i)  Octadecane can be cracked to produce butene and one other product.

Complete the equation. State symbols are not required.

C18H38      →      2C4H8      +

(1)

(ii)  One of the products of this cracking reaction is but-1-ene.

Give the skeletal formulae for the other three alkene isomers of C4H8

(2)
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(iii)  Some reactions of but-1-ene are shown.

Give the name and structural formula of each of the products.

(4)
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(c)  Draw the displayed formula of poly(but-1-ene) showing two repeat units.

(2)

(d)  State one advantage and one disadvantage of using incineration for the disposal of
polymers, other than the effect on climate.

(2)

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

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

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

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

(e)  (i)  Butane is used as a fuel.

The equation for the complete combustion of butane is shown.

2C4H10(g) + 13O2(g) → 8CO2(g) + 10H2O(l)

35.0 cm3 butane is completely burned in 300 cm3 oxygen.
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Calculate the final total volume of gas in cm3 .

All volumes are measured at the same temperature and pressure.

(3)

(ii)  Explain the main hazard when using butane as a fuel in a portable heater in an enclosed
space.

(2)

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

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

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

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

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

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

 

(Total for question = 18 marks)

 

 

Q8.           

This question is about the production of squalane, a liquid alkane which occurs naturally in
human skin and is used in cosmetics.

(a)  Suggest two properties that make squalane useful in cosmetics.

(2)

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

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

(b)  Give the molecular formula of squalane.

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

(c)  Squalane can be produced from squalene, an alkene present in shark liver oil, by reaction
with hydrogen gas in the
       presence of a suitable catalyst.

(i)  Give the name of a suitable catalyst for the hydrogenation of squalene.

(1)

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

(ii)  Squalane used in cosmetic products must contain no more than 0.2 ppm by mass of catalyst.

Calculate the maximum permitted mass of catalyst in a product containing 50 g of squalane.

(1)

(iii)  A reactor at 200°C contains 8500 mol of liquid squalene, and hydrogen gas at a pressure of
4.0 × 105 Pa.

Under these conditions, the complete hydrogenation of squalene requires 500 m3 of hydrogen
gas.

Calculate the number of C=C bonds in one molecule of squalene.

You must show your working.

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

(4)

(iv)  Write the equation, using molecular formulae, for the complete hydrogenation of squalene
to squalane.
         State symbols are not required.

(1)

(d)  Globally, 2.8 million dm3 of squalene is used each year.
       Traditionally squalene was obtained exclusively from shark liver oil, which is a mixture of
liquids.

The liver of a shark yields 300 g of squalene.

(i)  Suggest the name of a suitable technique to obtain squalene from shark liver oil.

(1)

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

(ii)  Calculate the minimum number of sharks that would be needed to produce 2.8 million dm3

of squalene.

[Density of squalene = 0.86 g cm-3]

(2)
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(iii)  Many large corporations now use squalane obtained entirely from plants.

Squalane can be obtained sustainably from corn starch with a yield of 23 % by mass.

The production of 1 tonne of corn starch requires 0.093 hectares of land.

Calculate the area of land, in km2, required to produce 2500 tonnes of squalane from corn
starch.

[1 tonne = 1000kg      1 hectare = 0.01 km2]

(3)

(e)  The E-isomer of beta-farnesene can also be obtained from corn starch.

(i)  Explain why beta-farnesene exhibits geometric isomerism and has only two geometric
isomers.

You may label the structure and use this in your answer.

(2)

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

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

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

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

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

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

(ii)  Draw the skeletal formula of the geometric isomer of E-beta-farnesene, giving a reason why
this is named the
         Z-isomer.

(2)

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

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

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

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

(f)  The compound alpha-farnesene, C15H24 , is a structural isomer of beta-farnesene.
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The structural formula of alpha-farnesene is

(CH3)2C=CHCH2CH2C(CH3)=CHCH2CH=C(CH3)CH=CH2

(i)  State what is meant by the term structural isomers.

(2)

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

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

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

(ii)  State the number of geometric isomers of alpha-farnesene.

(1)

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

(iii)  Complete the diagram to show another structural isomer of C15H24 .

(1)

 

(Total for question = 24 marks)

 

 

Q9.           

The partial oxidation of butane in the presence of a catalyst has been investigated as a possible
source of hydrogen.

C4H10(g)  +  2O2(g)  →  4CO(g)  +  5H2(g)

(a)  What is the most significant hazard associated with the pollutant CO(g)?

(1)

   A    it is a major contributor to the formation of acid rain
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   B    it strongly absorbs infrared radiation

   C    it is toxic at low concentrations

   D    it is the main cause of ozone layer depletion

(b)  A mixture of 40 cm3 of butane and 20 cm3 of oxygen reacts in a sealed system to form
carbon monoxide and hydrogen.

What is the total volume of gas in the system at the end of the reaction, in cm3?

(1)

   A    30

   B    60

   C    90

   D    120

 

(Total for question = 2 marks)

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

 

 

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 .

Ammonium iron(II) sulfate, (NH4)2Fe(SO4)2·6H2O, is a double salt that is used as a source of
iron(II) ions.

(a)  What is the relative formula mass of the double salt?

[Ar values:   H = 1.0   N = 14.0   O = 16.0   S = 32.1   Fe = 55.8]

(1)

   A    277.9

   B    284.0

   C    392.0

   D    447.8
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(b)  Ammonium sulfate is used in the preparation of the double salt.

What types of bond are present in ammonium sulfate?

(1)

   A    ionic only

   B    covalent and ionic only

   C    dative covalent and ionic only

   D    ionic, covalent and dative covalent

(c)  What is the total number of ions present in 0.1 mol of the double salt?

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

(1)

   A    1.80 × 1023

   B    2.41 × 1023

   C    3.01 × 1023

   D    6.62 × 1023

 

(Total for question = 3 marks)

 

 

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 .

What is the relative formula mass of hydrated sodium carbonate, Na2CO3. 10H2O?

[Ar values: H = 1.0 C = 12.0 O = 16.0 Na = 23.0]

   A    106

   B    142

   C    263

   D    286
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(Total for question = 1 mark)

 

 

Q12.           

What is the relative formula mass of hydrated ammonium iron(II) sulfate, (NH4)2Fe(SO4)2.6H2O?

[Relative atomic masses (Ar ):    H = 1.0    N = 14.0    O = 16.0    S = 32.1    Fe = 55.8]

(1)

   A    284

   B    302

   C    312

   D    392

 

(Total for question = 1 mark)

 

 

Q13.           

This question is about silicon and carbon.

(a)  Silicon is a semiconductor.

(i)  Data obtained using the mass spectrum of silicon are shown.

Calculate the relative atomic mass of silicon to two decimal places.

(2)
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(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)

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

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

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

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

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

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

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

https://stemup.co.uk


(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)

 

 

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  .

There are 6.02 × 1023 atoms in 0.25 mol of

   A    He

   B    H2O

   C    BH3

   D    CH4

 

(Total for question = 1 mark)

 

 

Q15.           
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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
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)
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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)

 

 

Q16.           

This question is about the reactions of propene.

(a)  Write an equation for the incomplete combustion of one mole of propene to form carbon
dioxide, carbon monoxide,
       carbon and water as the only products. Include state symbols.

(2)

(b) State one similarity and one difference that would be seen when propene is mixed with
separate samples of
       acidified potassium manganate(VII) solution and of bromine water.

(2)

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

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

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

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

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

(c)  Propene reacts by addition polymerisation to form poly(propene).

Draw the structure of poly(propene), showing two repeat units.

(1)

(d)  Propene reacts with bromine monochloride, BrCl, to form 1-bromo-2-chloropropane as the
major product.

(i)  Complete the diagram of bromine monochloride to show the dipole.

(1)

(ii)  Draw the mechanism for the formation of 1-bromo-2-chloropropane in this reaction.
         Include curly arrows, and relevant lone pairs.

(3)

(e)  Propene reacts with steam in the presence of an acid catalyst to form a mixture of the
alcohols propan-1-ol and propan-2-ol.

Complete the mechanism for the formation of propan-2-ol, by adding curly arrows.
Include the species formed in the final step.

(3)

 

(Total for question = 12 marks)
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Q17.           

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 .

Propane burns completely in oxygen as shown.

C3H8(g)  + 5O2(g)  →  3CO2(g)  + 4H2O(l)

100 cm3 of propane was mixed with 600 cm3 of oxygen and the mixture was ignited.

What is the total volume, in cm3, of the gas mixture at the end of the reaction?
All gas volumes were measured at room temperature and pressure.

   A    300

   B    400

   C    700

   D    800

 

(Total for question = 1 mark)

 

 

Q18.           

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)

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

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

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

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

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

(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)

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

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

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

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

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

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

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

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

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

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

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

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

(i)  Complete the table for a PCl5 molecule.

(3)
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(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)

 

(Total for question = 16 marks)

 

 

Q19.           

For each question, select one answer from A to D and put a cross in the box . If you
change your mind about an answer, put a line through the box  and then mark your
new answer with a cross .

The concentration of nitrogen dioxide in a sample of air is 0.5 ppm.

What is the percentage of nitrogen dioxide molecules in this sample of air?

   A    0.5 %

   B    0.005 %
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   C    0.00005 %

   D    0.0000005 %

 

(Total for question = 1 mark)

 

 

Q20.           

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 conversion has the lowest percentage atom economy (by mass) for the formation of
CaCl2?

   A    Ca + Cl2 → CaCl2

   B    Ca + 2HCl → CaCl2 + H2

   C    CaCO3 + 2HCl → CaCl2 + H2O + CO2

   D    CaCO3 + 2NaCl → CaCl2 + Na2CO3

 

(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 .

What is the percentage atom economy, by mass, for the production of hydrogen in the reaction
shown?

[Ar values: H = 1.00    C = 12.0    O = 16.0]

   A    8.8%
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   B    17.6%

   C    21.4%

   D    82.4%

 

(Total for question = 1 mark)

 

 

Q22.           

Organic waste may be disposed of by landfill or incineration.
Both processes produce gases.

(a)  The main gases produced from a typical landfill are shown in the table.

(i)  Name the process that forms these gases in landfill.

(1)

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

(ii)  State the main environmental problem caused by landfill gases, identifying the gas or gases
responsible.

(2)

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

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

(iii)  One tonne of landfill waste produces approximately 12.5 dm3 of landfill gases per day.

Calculate the mass of carbon dioxide produced in a year by a typical landfill site which contains
90 000 tonnes of waste.
Assume that the gas volume is measured at room temperature and pressure (r.t.p.).
[Molar volume of gas at r.t.p. = 24.0 dm3 mol−1]
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(3)

(b)  Suggest two advantages of incineration over landfill.

(2)

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

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

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

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

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

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

(c)  Environmental groups prefer recycling to both landfill and incineration.

Suggest one advantage of recycling.

(1)

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

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

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

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

 

(Total for question = 9 marks)

 

 

Q23.           

Which pair of substances contains the same number of moles at room temperature and pressure
(r.t.p.)?

[Ar values Ca = 40, Li = 7, Al = 27, Mg = 24. Molar volume of gas at r.t.p. = 24 dm3 mol−1]

(1)

   A    24 dm3 of chlorine, Cl2, and 20 g of calcium, Ca

   B    24 dm3 of oxygen, O2, and 14 g of lithium, Li

   C    1.2 dm3 of hydrogen, H2, and 2.7 g of aluminium, Al
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   D    1.2 dm3 of nitrogen, N2, and 1.2 g of magnesium, Mg

 

(Total for question = 1 mark)

 

 

Q24.           

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 .

How many molecules are there in 44.0 g of carbon monoxide?

   A    3.83 × 1023

   B    6.02 × 1023

   C    9.46 × 1023

   D    1.89 × 1024

 

(Total for question = 1 mark)

 

 

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 .

A compound has Mr = 84 and its composition by mass is 71.4% carbon, 9.6% hydrogen and
19.0% oxygen.

What is the molecular formula of this compound?

[ Ar values: H = 1.0    C = 12.0    O = 16.0 ]

   A    C4H3O2
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   B    C4H4O2

   C    C5H8O

   D    C6H10O

 

(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 .

What is the molecular formula of the compound shown?

   A    C2HO2

   B    C4H2O4

   C    C4H4O4

   D    C4H6O4

 

(Total for question = 1 mark)

 

 

Q27.           

A 0.210 g sample of a volatile organic liquid C is injected into a gas syringe and heated in an
oven.
At 100 kPa and 358 K, the syringe contains 72.5 cm3 of gas.

(a)  Calculate the molar mass of C.

[pV = nRT R = 8.31 J mol−1 K−1]
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(4)

(b)  The organic liquid C is a hydrocarbon.

Give a possible name or formula for C, using your answer in (a).

(1)

 

(Total for question = 5 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 mixture results in a precipitation reaction?

   A    dilute sulfuric acid and potassium hydroxide solution

   B    iron and calcium chloride solution

   C    chlorine water and potassium bromide solution

   D    silver nitrate solution and potassium bromide solution

 

(Total for question = 1 mark)

 

 

Q29.           

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 mixture results in a displacement reaction?

   A    iron and copper(II) sulfate solution

   B    lead(II) nitrate solution and sodium iodide solution
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   C    dilute hydrochloric acid and sodium hydroxide solution

   D    zinc and magnesium sulfate solution

 

(Total for question = 1 mark)

 

 

Q30.           

Propene, C3H6, is produced in the dehydration of propanol.

C3H7OH → C3H6 + H2O

What is the mass, in g, of propene formed from 3.42 g of propanol when the yield is 85.2 % ?

[Relative molecular masses (Mr):      C3H7OH = 60      C3H6 = 42]

(1)

   A    2.04

   B    2.39

   C    2.91

   D    4.16

 

(Total for question = 1 mark)
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