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Section A
Answer all the questions in this section in the spaces provided.

The total mark for this section is 45.

A1 Choose from the following organic compounds to answer the questions below.

butane
butanoic acid
butyl ethanoate
ethanol
ethyl butanoate
methane
methanol
methyl propanoate
propane
propanoic acid

propanol
Each compound can be used once, more than once or not at all.

(a) Name a compound that reacts with magnesium to make hydrogen.

............................................................................................................................................... [1]
(b) Which compound can be oxidised to make propanoic acid?
............................................................................................................................................... [1]
(c) Name two compounds that react together to make an ester.
.................................................................... =1 g o RN | I
(d) Which compound has the following structure?
H H H H H
H-G—CG—C0— GG H
NRR RN
............................................................................................................................................... [1]
(e) Name a compound which has a molecule with eleven atoms only.
............................................................................................................................................... [1]
[Total: 5]
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A2 Some calcium compounds are used by farmers.
(@) Calcium hydroxide dissolves in water to form limewater.

When carbon dioxide is bubbled through limewater, a white precipitate of calcium carbonate
is formed.

Construct the equation for this reaction.

............................................................................................................................................... [1]
(b) Calcium hydroxide is used to neutralise acidic soils.

Explain, using an ionic equation, why calcium hydroxide can neutralise acidic soils.

............................................................................................................................................... [2]
(c) A farmer uses ammonium nitrate as a fertiliser on an acidic soil.

He then uses calcium hydroxide to neutralise the acidic soil.

Explain one disadvantage of using calcium hydroxide to neutralise this acidic soil.

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

(d) The farmer uses another fertiliser.
This fertiliser has the following percentage composition by mass.
Ca, 17.1%; H, 1.7%; P, 26.5%; O, 54.7%

Calculate the empirical formula of this compound and suggest the formula of the anion
present in the fertiliser.

empirical formulais ...........cccceiii .

=1 1o o I - T [4]
[Total: 9]
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A3 Ozone molecules are continually being broken down and formed in the upper atmosphere.
(@) The equation shows one way in which ozone is formed in the upper atmosphere.

O, + O = 04 AH = —-392kJ/mol

(i) Explain, in terms of bond breaking and bond forming, why this reaction is exothermic.

....................................................................................................................................... [2]
(ii) When one mole of oxygen molecules reacts, 392kJ of energy is released.
Calculate the amount of energy released when 48.0g of oxygen molecules react.
energy released = .....ccceiiieiiiiii kd [2]
(b) Name a pollutant that depletes ozone in the upper atmosphere.
............................................................................................................................................... [1]
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(c) Ozone molecules decompose into oxygen molecules in a reversible reaction.
20,4(9) == 30,(9) AH= +143kJ/mol
The reaction reaches an equilibrium if carried out in a closed system.

(i) The reaction is studied at a temperature of 400 °C.

Describe and explain what happens to the position of equilibrium if the pressure is
increased.

(ii) The reaction is studied at 25 atmospheres pressure.

Describe and explain what happens to the position of equilibrium if the temperature is
decreased.

(iii) Describe and explain what will happen to the rate of the reaction if the temperature is
decreased.

[Total: 11]
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A4 Two isotopes of sulfur are ?28 and ?28.

(@) What is meant by the term isotopes?

............................................................................................................................................... [1]
33
(b) Complete the table for 7S.
number of neutrons
number of protons
electronic configuration
(3]
(c¢) Sulfur forms simple molecules which have a relative molecular mass of 256.
Suggest the formula of a sulfur molecule.
............................................................................................................................................... [1]
(d) Sulfur has a low melting point and does not conduct electricity.
(i) Explain why sulfur has a low melting point.
....................................................................................................................................... [1]
(ii) Explain why sulfur does not conduct electricity.
....................................................................................................................................... [1]
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(e) Sulfur reacts with potassium to form potassium sulfide.

Write the formula and the electronic configuration of the positive ion and of the negative ion in
potassium sulfide.

positive ion
formula ... electronic configuration ............ccccccvieeeeinnnne

negative ion

formula .........cccooeiiiiii electronic configuration ...........cccoccceeeiiiiiennns
(2]
(f) Sulfur reacts with hydrogen to form hydrogen sulfide, H,S.
Draw the ‘dot-and-cross’ diagram to show the bonding in a molecule of hydrogen sulfide.
Only draw the outer shell electrons.
(2]
(g) Hydrogen sulfide reacts with sulfur dioxide to form sulfur and water.
Write the equation for this reaction.
............................................................................................................................................... [1]
[Total: 12]
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A5 The flow chart shows some reactions of copper(II) nitrate, Cu(NO,),.

black solid brown gas colourless gas that relights
CuO(s) A a glowing splint
B
A A A

heat strongly

Cu(NOy)x(s)

dissolve in water

Cu(NO3),(aq)
reagent X warm with NaOH(aq)
and Al(s)
green ppt colourless gas light blue ppt
CuCO4(s) C D

(@) When two moles of Cu(NO;), is heated strongly, two moles of CuQO, four moles of A and one
mole of B are made.

(i) Write the formula for B.

© UCLES 2015 5070/21/M/J/15
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(b) Aqueous copper(Il) nitrate is warmed with aqueous sodium hydroxide and aluminium powder.

Name C and D.

(c) Suggest the name of reagent X and construct the ionic equation, with state symbols, for the
formation of the green precipitate, CuCO,(s).

name of reagent X

ionic equation

[Total: 8]
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Section B
Answer three questions from this section in the spaces provided.

The total mark for this section is 30.

B6 An aqueous solution of ammonium nitrite, NH,NO,,, decomposes when heated gently.
NH,NO,(aq) — N,(g) + 2H,0(l)
(a) Describe how you could show that aqueous ammonium nitrite contains ammonium ions.

............................................................................................................................................... [2]
(b) A sample of 25.0cm? of 0.500 mol/dm?3 aqueous ammonium nitrite is heated.
Calculate the volume of nitrogen formed, measured at room temperature and pressure.
volume of nitrogen = ..., [3]

() Ammonium nitrate, NH4N03, decomposes when heated, in a similar way to ammonium nitrite.

Suggest the formulae of the two products made in this reaction.

© UCLES 2015 5070/21/M/J/15
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(d) Describe how a pure sample of aqueous ammonium nitrate can be prepared from dilute
nitric acid.

[Total: 10]
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B7 Molybdenum is a transition element.
It is used to make steel that is extremely hard.

Molybdenum can be manufactured by heating together molybdenum(VI) oxide, MoO,, and
aluminium.

(a) Construct the equation for this reaction.

............................................................................................................................................... [1]
(b) Explain why this reaction involves both oxidation and reduction.

............................................................................................................................................... [1]
(c) What mass of molybdenum can be made from 125 g of molybdenum(VI) oxide?

[A,: Mo, 96]

mass of molybdenum = ... g [3]

(d) Which metal is the less reactive, aluminium or molybdenum?

Explain your answer.

............................................................................................................................................... [1]
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(e) Molybdenum has a melting point of 2623 °C.

(i) Describe metallic bonding, with the aid of a labelled diagram.

[Total: 10]
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B8 Large quantities of poly(chloroethene) are manufactured annually.

The flow chart shows the steps involved in the manufacture of poly(chloroethene).

crude oil salt solution
Y Y
ethene chlorine
y
dichloroethane
y
chloroethene
Y
poly(chloroethene)

(@) Name the two processes used to manufacture ethene from crude oil.

............................................................................................................................................... [2]
(b) The salt solution is electrolysed using a carbon anode (positive electrode).
Write the equation for the reaction occurring at the anode.
............................................................................................................................................... [1]
(c) Draw the structure, showing all the atoms and all the bonds, of the dichloroethane.
(1]
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(d) When dichloroethane, C,H,Cl,, is heated strongly chloroethene, C,H,Cl, is formed.

Name the other product of this reaction.

............................................................................................................................................... [1]
(e) The structure of chloroethene is shown.
H H
\ /
C=C
/ \
H Cl
Draw part of the structure of poly(chloroethene).
(2]
(f) A factory uses 2250 tonnes of chloroethene to make poly(chloroethene).
(i) Deduce the maximum mass of poly(chloroethene) the factory could make.
MAaXiMUM MASS = ..evvveeeeereeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeees tonnes [1]
(ii) The actual yield of poly(chloroethene) is 2175 tonnes.
Calculate the percentage vyield.
percentage yield = ... % [2]
[Total: 10]
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B9 Alkanes are a homologous series of saturated hydrocarbons.

The table shows information about some alkanes.

alkane molecular melting point | boiling point
formula /°C /°C
ethane C,Hg -183 -89
butane C,Hyo -138 0
hexane CgHys -95 69
decane CioHas -30 174
dodecane CioHog -10 216

(a) Dodecane is a liquid at 25°C.

How can you make this deduction from the data in the table?

(b) Butane melts at —138°C.
Use the kinetic particle theory to explain what happens when butane melts.

(c) A sample of ethane gas at 0°C is at a pressure of 1 atmosphere.
The pressure is increased but the temperature is maintained at 0°C.

Describe and explain, in terms of the kinetic particle theory, what happens to the volume of
the gas.

© UCLES 2015 5070/21/M/J/15
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(d) Suggest a method of separating a mixture of hexane, decane and dodecane.

Explain your answer.

(e) Draw the structure, showing all the atoms and all the bonds, for two isomers with the molecular
formula C4H1O.

(2]
(f) The structure of hexane is shown.

H HHHHH

Ll
AN AN

H HHHHH

Draw the structure, showing all the atoms and all the bonds, of an organic product of the
reaction of hexane with chlorine.

(1]
[Total: 10]
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