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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 elements to answer the questions below.
barium
calcium
carbon
copper
helium
hydrogen
iron
lead
lithium
sulfur
zinc
Each element can be used once, more than once or not at all.
Name an element which

(a) forms two acidic oxides,

(b) has an ion which, in aqueous solution, reacts with aqueous sodium hydroxide to give a
green precipitate,

..................................................................................................................................... [1]
(c¢) has an atom with an electronic configuration with only four occupied shells,
..................................................................................................................................... [1]
(d) has two giant molecular structures,
..................................................................................................................................... [1]
(e) has anion which, in aqueous solution, is used to test for sulfate ions,
..................................................................................................................................... [1]
(f) reacts with water to form an alkaline solution.
..................................................................................................................................... [1]
[Total: 6]
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A2 Both respiration and combustion add carbon dioxide to the atmosphere.

(b) Rgspiration is a process that occurs in living organisms where glucose, CH,,0,, reacts
with oxygen.

Write the overall equation that represents respiration.

(c) Respiration is an exothermic reaction.

(i) Explain, in terms of the energy changes that occur during bond breaking and bond
making, why respiration is an exothermic reaction.

(ii) Complete the energy profile diagram for respiration.
On your diagram label the
e products,

¢ enthalpy change for the reaction, AH,
*  activation energy, E,.

A

reactants

energy

progress of reaction
[3]

[Total: 7]
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A3 Aluminium is a metal and both iodine and bromine are non-metals.

(@) How does the number of valency electrons help to explain why aluminium is a metal a
iodine and bromine are non-metals?

(b) At room temperature iodine is a solid and bromine is a liquid.

Describe the difference between both the arrangement and the motion of particles in a
solid and a liquid.

..................................................................................................................................... 2]
(¢) lodine and bromine form the compound iodine bromide, IBr.
Draw the ‘dot-and-cross’ diagram for IBr.
Only draw the outer shell electrons.
[1]
(d) Describe how bromine is used to test for unsaturation in organic compounds.
..................................................................................................................................... 1]
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(e) Aluminium is used to make alloys for the aircraft industry. One reason for thi
aluminium does not corrode very easily.

(i) State one other reason why aluminium is used in the manufacture of aircraft.
(ii) Explain why aluminium does not corrode very easily.

[Total: 9]
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A4 The structures of some of the compounds that can be manufactured from crude oil ar

T I |
H—C—C|—C|)—(|)—H H—C|)—C—O—H C|)=(|)
H H H H H H H H
butane ethanol ethene
T |
AR SR A B A I
H H H H H H H H H C
/|\
octane H H H
propene

(@) Octane is found in the petrol fraction separated from crude oil.

Name the process by which petrol is separated from crude oil and state the physical
property which allows this process to be carried out.

..................................................................................................................................... [2]
(b) Hexadecane, C,;H,,, can be cracked to produce a mixture of alkanes and alkenes.
Construct an equation to show the cracking of hexadecane to produce octane.
..................................................................................................................................... [2]
(c) Propene can be polymerised to make poly(propene).
Draw a section of the structure of poly(propene).
(2]
(d) Ethanol is manufactured by a hydration reaction.
State both the reagents and conditions for this reaction.
..................................................................................................................................... [2]
[Total: 8]
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A5 Analysis of compound X shows it has the following composition.

element percentage by mass
hydrogen 3.40
nitrogen 12.0
oxygen 41.0
vanadium 43.6

(@) Show that X has the formula H,NO,V.

[2]
(b) Suggest one property of aqueous X caused by the presence of vanadium.
..................................................................................................................................... [1]
(c) Aqueous sodium hydroxide is added to solid X and the mixture is warmed.
A colourless gas that turns moist red litmus blue is evolved.
Deduce the formula of each of the two ions present in X.
..................................................................................................................................... [2]

(d) An acidified aqueous solution of X reacts with aqueous potassium iodide to form iodine.

State and explain what you can deduce about the chemical nature of X.

..................................................................................................................................... [2]
(e) When solid X is heated only V,0O,, water and gas Z are formed.
Name gas Z.
..................................................................................................................................... [1]
[Total: 8]
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A6 A 0.2509 sample of iron filings is added to 25.0cm? of 0.100mol/dm?3 aqueous co

sulfate.
Cu?*(aq) + Fe(s) = Fe?*(aq) + Cu(s)

(a) Explain, using electron transfer, why iron is oxidised in this reaction.

(b) Show, by calculation, which reactant is in excess.

(c) What would you observe in this reaction?

(d) Copper powder is added to aqueous silver nitrate.

Predict whether or not a reaction will take place. Explain your answer.

© UCLES 2013

[3]

[Total: 7]
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Section B

Answer three questions from this section in the spaces provided.
The total mark for this section is 30.
B7 An antacid tablet contains a mixture of magnesium hydroxide, Mg(OH),, and calcium
carbonate, CaCO,.
Stomach acid contains dilute hydrochloric acid.

A student adds a 0.500 g antacid tablet to 50.0cm?3 of 1.00mol/dm? hydrochloric acid, HCL
The acid is in excess.

The graph shows how the total volume of gas produced at r.t.p. changes with time.

120
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total volume
of gas 60
produced/cm3
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N

N
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(a) Describe, with the aid of a labelled diagram, the apparatus needed to collect thi

[2]
(b) (i) Write equations for the reactions of HCI with Mg(OH), and also with CaCO,.
Mg(OH),
CaCO,
............................................................................................................................. [2]

(ii) Calculate the amount, in moles, of carbon dioxide formed at r.t.p. once the reaction
had stopped.

amount iN MOoIes = ..o [2]

(iii) Calculate the mass of CaCOj in the tablet.

mass of CaCOy = ..o, g [2]

Question B7 continues on page 12.
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(c) The student repeats the experiment. This time she uses a 0.500g antacid ta
50.0cm? of 2.00mol/dm? HC! instead of 50.0cm? of 1.00mol/dm3 HCL

Describe and explain what will happen to the rate of reaction.

[Total: 10]
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Question B8 starts on page 14.
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B8 Alcohols are a homologous series of organic compounds.

The table shows information about some alcohols.

alcohol molecular formula melting point density
/°C /g/cm3
methanol CH,O -98 0.79
ethanol C,H;O -114 0.79
C,;HgO -126 0.80
butanol C,H,,0
decanol 7 0.83

(@) Which group of atoms (functional group) must be present in the homologous series of

alcohols?
..................................................................................................................................... [1]
(b) Name the alcohol with the molecular formula C;HgO.
..................................................................................................................................... [1]
(c) (i) Deduce the general formula for an alcohol.
............................................................................................................................. [1]
(ii) A molecule of decanol has ten carbon atoms.
What is the molecular formula for decanol?
............................................................................................................................. [1]

(d) Itis more difficult to estimate the melting point of butanol than to estimate its density.
Use the data in the table to explain why.
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() When warmed in the presence of concentrated sulfuric acid, butanol rea
ethanoic acid to form an ester.

Name and draw the structure, showing all the atoms and all the bonds, of this ester.

structure

(2]
(f) Ethanol reacts with oxygen in the air to form ethanoic acid.
Describe another method by which ethanol can be converted into ethanoic acid.
..................................................................................................................................... [2]
(9) Butanol can burn in a limited supply of air.
Name two products of this reaction.
..................................................................................................................................... [1]

[Total: 10]
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B9 Methane reacts with water to produce hydrogen and carbon monoxide.
CH,(9) + H,0(g) = 3H,(g) + CO(g) AH = +210kJ/mol

This reaction is endothermic.

The reaction is normally carried out at a pressure of 30 atmospheres and a temperature of
850°C.

(@) The reaction is carried out at 30 atmospheres pressure and at 600 °C rather than 850 °C.
Predict and explain the effect of lowering the temperature on

(i) the rate of reaction,

............................................................................................................................. [2]
(ii) the position of equilibrium.
............................................................................................................................. 2]
(b) The reaction is carried out at 50 atmospheres rather than 30 atmospheres, and at
850°C.
Predict and explain the effect of raising the pressure on the position of equilibrium.
..................................................................................................................................... [2]
(c) The reaction uses a catalyst.
(i) What effect does a catalyst have on the position of equilibrium?
............................................................................................................................. [1]
(ii) Explain how a catalyst causes the rate of reaction to increase.
............................................................................................................................. [1]
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(d) Calculate the energy absorbed by the reaction when 560g of CO is formed.

energy absorbed = ... kd [2]

[Total: 10]
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B10 Solid sodium chloride and magnesium oxide have the same structure and bonding.

This is the structure of sodium chloride.

18

The table shows the melting point of these two compounds.

(@) (i)

(ii)

(b) (i)

(ii)

© UCLES 2013

compound melting point/°C
magnesium oxide 2852
sodium chloride 801

What are the formulae for a magnesium ion and an oxide ion?

Suggest why magnesium oxide has a much higher melting point than
sodium chloride.

Construct an equation for the anode reaction in the electrolysis of pure
sodium chloride at 1000 °C.
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(c¢) Sodium chloride is dissolved in distilled water.

Excess aqueous silver nitrate is added to this solution and 0.232 g of a white precipit
is formed.

(i) Construct an ionic equation, including state symbols, for the formation of the white
precipitate.

(ii) Calculate the mass of sodium chloride present in the solution.

mass of sodium chloride = .......cccceeeeiiiiii e g [3]

[Total: 10]
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